
Humboldt Transit Authority
Office Remodel
Eureka, California

Prepared by
Whitchurch Engineering, Inc.

133 V St.
Eureka California 95501

Project Number HTA2502

PROJECT 
MANUAL 

Rev 0.
February 18th, 2026



Whitchurch Engineering, Inc. 
HTA2502 

 Office Remodel 
Eureka, California 

 

 - 1 

 

TABLE OF CONTENTS 

PROCUREMENT AND CONTRACTING REQUIREMENTS GROUP 

 DIVISION 00 – PROCUREMENT AND CONTRACTING REQUIREMENTS 

 INTRODUCTORY INFORMATION 

000110 Table of Contents 

SPECIFICATIONS GROUP 

GENERAL REQUIREMENTS SUBGROUP 

 DIVISION 01 - GENERAL REQUIREMENTS 

017419 CONSTRUCTION WASTE MANAGEMENT AND 
DISPOSAL 

FACILITY CONSTRUCTION SUBGROUP 

 DIVISION 02 - EXISTING CONDITIONS 

024119 SELECTIVE DEMOLITION 

 DIVISION 06 - WOOD, PLASTICS, AND COMPOSITES 

061000 ROUGH CARPENTRY 

064023 INTERIOR ARCHITECTURAL WOODWORK 

 DIVISION 07 - THERMAL AND MOISTURE PROTECTION 

072100 THERMAL INSULATION 

 DIVISION 08 - OPENINGS  

085113 ALUMINUM WINDOWS 

087100 DOOR HARDWARE 

 DIVISION 09 - FINISHES 

092216 NON-STRUCTURAL METAL FRAMING 

092900 GYPSUM BOARD 

095113 ACOUSTICAL PANEL CEILINGS 

099123 INTERIOR PAINTING 

 DIVISION 10 - SPECIALTIES 

101423.16 ROOM-IDENTIFICATION PANEL SIGNAGE 

FACILITY SERVICES SUBGROUP 

 DIVISION 22 - PLUMBING 

220500 COMMON WORK RESULTS FOR PLUMBING 

220523 GENERAL-DUTY VALVES FOR PLUMBING 
PIPING 

220529 HANGERS AND SUPPORTS FOR PLUMBING 
PIPING AND EQUIPMENT 

220548 VIBRATION AND SEISMIC CONTROLS FOR 



Whitchurch Engineering, Inc. 
HTA2502 

 Office Remodel 
Eureka, California 

 

 - 2 

 

PLUMBING PIPING AND EQUIPMENT 

220553 IDENTIFICATION FOR PLUMBING PIPING AND 
EQUIPMENT 

220593 TESTING, ADJUSTING, AND BALANCING FOR 
PLUMBING 

 DIVISION 23 - HEATING, VENTILATING, AND AIR CONDITIONING (HVAC) 

230130.52 EXISTING HVAC AIR DISTRIBUTION SYSTEM 
CLEANING 

230500 COMMON WORK RESULTS FOR HVAC 

230529 HANGERS AND SUPPORTS FOR HVAC PIPING 
AND EQUIPMENT 

230548 VIBRATION AND SEISMIC CONTROLS FOR 
HVAC 

230553 IDENTIFICATION FOR HVAC PIPING AND 
EQUIPMENT 

230593 TESTING, ADJUSTING, AND BALANCING FOR 
HVAC 

230713 DUCT INSULATION 

230800 COMMISSIONING OF HVAC 

230923.12 CONTROL DAMPERS 

231123 FACILITY NATURAL-GAS PIPING 

233113 METAL DUCTS 

233116 NONMETAL DUCTS 

233300 AIR DUCT ACCESSORIES 

233400 HVAC FANS 

233713.13 AIR DIFFUSERS 

233713.23 REGISTERS AND GRILLES 

235123 GAS VENTS 

235416.13 GAS-FIRED FURNACES 

 DIVISION 26 - ELECTRICAL 

260519 LOW-VOLTAGE ELECTRICAL POWER 
CONDUCTORS AND CABLES 

260523 CONTROL-VOLTAGE ELECTRICAL POWER 
CABLES 

260526 GROUNDING AND BONDING FOR ELECTRICAL 
SYSTEMS 

260529 HANGERS AND SUPPORTS FOR ELECTRICAL 
SYSTEMS 

260533.13 CONDUITS FOR ELECTRICAL SYSTEMS 

260533.16 BOXES AND COVERS FOR ELECTRICAL 
SYSTEMS 

260533.23 SURFACE RACEWAYS FOR ELECTRICAL 
SYSTEMS 

260553 IDENTIFICATION FOR ELECTRICAL SYSTEMS 

260800 COMMISSIONING OF ELECTRICAL SYSTEMS 

260923 LIGHTING CONTROL DEVICES 

262726 WIRING DEVICES 

262726.33 GENERAL-GRADE DUPLEX STRAIGHT-BLADE 



Whitchurch Engineering, Inc. 
HTA2502 

 Office Remodel 
Eureka, California 

 

 - 3 

 

RECEPTACLES 

262816 ENCLOSED SWITCHES AND CIRCUIT 
BREAKERS 

265000 LIGHTING 

END OF TABLE OF CONTENTS 

 



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

CONSTRUCTION WASTE MANAGEMENT 
AND DISPOSAL

017419 - 1

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

SECTION 017419 - CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL

PART 1 - GENERAL

1.1 SUMMARY

A. The Work of this Section includes administrative and procedural requirements for the 
following:

1. Salvaging nonhazardous demolition and construction waste.
2. Recycling nonhazardous demolition and construction waste.
3. Disposing of nonhazardous demolition and construction waste.

1.2 DEFINITIONS

A. Construction Waste: Building, structure, and site improvement materials and other solid 
waste resulting from construction, remodeling, renovation, or repair operations. 
Construction waste includes packaging.

B. Demolition Waste: Building, structure, and site improvement materials resulting from 
demolition operations.

C. Disposal: Removal of demolition or construction waste and subsequent salvage, sale, 
recycling, or deposit in landfill, incinerator acceptable to authorities having jurisdiction, 
or designated spoil areas on Owner's property.

D. Recycle: Recovery of demolition or construction waste for subsequent processing in 
preparation for reuse.

E. Salvage: Recovery of demolition or construction waste and subsequent sale or reuse in 
another facility.

F. Salvage and Reuse: Recovery of demolition or construction waste and subsequent 
incorporation into the Work.

1.3 MATERIALS OWNERSHIP

A. Unless otherwise indicated, demolition and construction waste becomes property of 
Contractor.

B. Historic items, relics, antiques, and similar objects including, but not limited to, 
cornerstones and their contents, commemorative plaques and tablets, and other items 
of interest or value to Owner that may be uncovered during demolition remain the 
property of Owner.

1. Carefully salvage in a manner to prevent damage and promptly return to Owner.
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1.4 ACTION SUBMITTALS

A. Waste Management Plan: Submit plan within 30 days of date established for the Notice 
of Award . Plan must include the following:

1. Strategies to reduce the generation of waste during Project design and 
construction.

2. Waste diversion goals for Project, identifying the materials (both structural and 
nonstructural) targeted for recycling, reuse, or salvage and identifying the target 
diversion percentage (at least 65 percent).

3. Where materials will be taken, including expected diversion rates for each 
material.

1.5 INFORMATIONAL SUBMITTALS

A. Waste Reduction Progress Reports: Concurrent with each Application for Payment, 
submit report. Use Form CWM-7 for construction waste and Form CWM-8 for 
demolition waste . Include the following information:

1. Material category.
2. Generation point of waste.
3. Total quantity of waste in tons.
4. Quantity of waste salvaged, both estimated and actual in tons.
5. Quantity of waste recycled, both estimated and actual in tons.
6. Total quantity of waste recovered (salvaged plus recycled) in tons.
7. Total quantity of waste recovered (salvaged plus recycled) as a percentage of 

total waste.

B. Waste Reduction Calculations: Before request for Substantial Completion, submit 
calculated end-of-Project rates for salvage, recycling, and disposal as a percentage of 
total waste generated by the Work.

C. Records of Donations: Indicate receipt and acceptance of salvageable waste donated 
to individuals and organizations. Indicate whether organization is tax exempt.

D. Records of Sales: Indicate receipt and acceptance of salvageable waste sold to 
individuals and organizations. Indicate whether organization is tax exempt.

E. Recycling and Processing Facility Records: Indicate receipt and acceptance of 
recyclable waste by recycling and processing facilities licensed to accept them. Include 
manifests, weight tickets, receipts, and invoices.

F. Landfill and Incinerator Disposal Records: Indicate receipt and acceptance of waste by 
landfills and incinerator facilities licensed to accept them. Include manifests, weight 
tickets, receipts, and invoices.

G. Qualification Statements: For waste management coordinator .
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1.6 QUALITY ASSURANCE

A. Waste Management Coordinator Qualifications: Experienced firm, or individual 
employed and assigned by General Contractor, with a record of successful waste 
management coordination of projects with similar requirements. Superintendent may 
serve as Waste Management Coordinator.

1. Firm employs a LEED Accredited Professional, certified by USGBC, as waste 
management coordinator.

B. Regulatory Requirements: Comply with transportation and disposal regulations of 
authorities having jurisdiction.

1.7 WASTE MANAGEMENT PLAN

A. General: Develop a waste management plan in accordance with requirements in this 
Section. Plan must include provisions for waste identification, waste reduction work 
plan, and cost/revenue analysis. Indicate quantities by weight or volume, but use same 
units of measure throughout waste management plan.

B. Waste Identification: Indicate anticipated types and quantities of demolition and 
construction waste generated by the Work. Use Form CWM-1 for construction waste 
and Form CWM-2 for demolition waste . Include estimated quantities and assumptions 
for estimates.

C. Waste Reduction Work Plan: List each type of waste and whether it will be salvaged, 
recycled, or disposed of in landfill or incinerator. Use the City of Eureka's Construction 
and Demolition Waste Management Plan . Include points of waste generation, total 
quantity of each type of waste, quantity for each means of recovery, and handling and 
transportation procedures.

1. Salvaged Materials for Reuse: For materials that will be salvaged and reused in 
this Project, describe methods for preparing salvaged materials before 
incorporation into the Work in compliance with Section 024119 "Selective 
Demolition."

2. Salvaged Materials for Sale: For materials that will be sold to individuals and 
organizations, include list of their names, addresses, and telephone numbers.

3. Salvaged Materials for Donation: For materials that will be donated to individuals 
and organizations, include list of their names, addresses, and telephone 
numbers.

4. Recycled Materials: Include list of local receivers and processors and type of 
recycled materials each will accept. Include names, addresses, and telephone 
numbers.

5. Disposed Materials: Indicate how and where materials will be disposed of. 
Include name, address, and telephone number of each landfill and incinerator 
facility.

6. Handling and Transportation Procedures: Include method that will be used for 
separating recyclable waste including sizes of containers, container labeling, and 
designated location where materials separation will be performed.
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D. Cost/Revenue Analysis: Indicate total cost of waste disposal as if there were no waste 
management plan and net additional cost or net savings resulting from implementing 
waste management plan. Use Form CWM-5 for construction waste reduction work plan 
and Form CWM-6 for demolition waste reduction work plan . Include the following:

1. Total quantity of waste.
2. Estimated cost of disposal (cost per unit). Include transportation and tipping fees 

and cost of collection containers and handling for each type of waste.
3. Total cost of disposal (with no waste management).
4. Revenue from salvaged materials.
5. Revenue from recycled materials.
6. Savings in transportation and tipping fees by donating materials.
7. Savings in transportation and tipping fees that are avoided.
8. Handling and transportation costs. Include cost of collection containers for each 

type of waste.
9. Net additional cost or net savings from waste management plan.

PART 2 - PRODUCTS

2.1 RECYCLING RECEIVERS AND PROCESSORS

A. Subject to compliance with requirements, available recycling receivers and processors 
include, but are not limited to, the following:

1. Those listed in the City of Eureka's Construction and Demolition Waste 
Management Plan .

2.2 PERFORMANCE REQUIREMENTS

A. General: Achieve end-of-Project rates for salvage/recycling of 65 percent by weight of 
total nonhazardous solid waste generated by the Work. Practice efficient waste 
management in use of materials in the course of the Work. Use all reasonable means 
to divert construction and demolition waste from landfills and incinerators. Facilitate 
recycling and salvage of materials , including the following:

1. Demolition Waste:

a. Asphalt paving.
b. Concrete.
c. Concrete reinforcing steel.
d. Brick.
e. CMU.
f. Wood studs.
g. Wood joists.
h. Plywood and oriented strand board.
i. Wood paneling.
j. Wood trim.
k. Structural and miscellaneous steel.
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l. Rough hardware.
m. Roofing.
n. Insulation.
o. Doors and frames.
p. Door hardware.
q. Windows.
r. Glazing.
s. Metal studs.
t. Gypsum board.
u. Acoustical tile and panels.
v. Carpet.
w. Carpet pad.
x. Demountable partitions.
y. Equipment.
z. Cabinets.
aa. Plumbing fixtures.
bb. Piping.
cc. Supports and hangers.
dd. Valves.
ee. Sprinklers.
ff. Mechanical equipment.
gg. Refrigerants.
hh. Electrical conduit.
ii. Copper wiring.
jj. Lighting fixtures.
kk. Lamps.
ll. Ballasts.
mm. Electrical devices.
nn. Switchgear and panelboards.
oo. Transformers.

2. Construction Waste:

a. Masonry and CMU.
b. Lumber.
c. Wood sheet materials.
d. Wood trim.
e. Metals.
f. Roofing.
g. Insulation.
h. Carpet and pad.
i. Gypsum board.
j. Piping.
k. Electrical conduit.
l. Packaging: Regardless of salvage/recycle goal indicated in "General" 

Paragraph above, salvage or recycle 100 percent of the following 
uncontaminated packaging materials:

1) Paper.
2) Cardboard.
3) Boxes.
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4) Plastic sheet and film.
5) Polystyrene packaging.
6) Wood crates.
7) Wood pallets.
8) Plastic pails.

m. Construction Office Waste: Regardless of salvage/recycle goal indicated in 
"General" Paragraph above, salvage or recycle 100 percent of the following 
construction office waste materials:

1) Paper.
2) Aluminum cans.
3) Glass containers.

PART 3 - EXECUTION

3.1 PLAN IMPLEMENTATION

A. General: Implement approved waste management plan. Provide handling, containers, 
storage, signage, transportation, and other items as required to implement waste 
management plan during entire duration of the Contract.

B. Waste Management Coordinator: Engage a waste management coordinator to be 
responsible for implementing, monitoring, and reporting status of waste management 
work plan. 

C. Training: Train workers, subcontractors, and suppliers on proper waste management 
procedures, as appropriate for the Work.

1. Distribute waste management plan to everyone concerned within three days of 
submittal return.

2. Distribute waste management plan to entities when they first begin work on-site. 
Review plan procedures and locations established for salvage, recycling, and 
disposal.

D. Site Access and Temporary Controls: Conduct waste management operations to 
ensure minimum interference with roads, streets, walks, walkways, and other adjacent 
occupied and used facilities.

1. Designate and label specific areas on Project site necessary for separating 
materials that are to be salvaged and recycled.

3.2 SALVAGING DEMOLITION WASTE

A. Comply with requirements in Section 024119 "Selective Demolition" for salvaging 
demolition waste.
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3.3 RECYCLING DEMOLITION AND CONSTRUCTION WASTE, GENERAL

A. General: Recycle paper and beverage containers used by on-site workers.

B. Recycling Incentives: Revenues, savings, rebates, tax credits, and other incentives 
received for recycling waste materials to be shared equally by Owner and Contractor .

C. Preparation of Waste: Prepare and maintain recyclable waste materials in accordance 
with recycling or reuse facility requirements. Maintain materials free of dirt, adhesives, 
solvents, petroleum contamination, and other substances deleterious to the recycling 
process.

D. Procedures: Separate recyclable waste from other waste materials, trash, and debris. 
Separate recyclable waste by type at Project site to maximum extent practical in 
accordance with approved construction waste management plan.

1. Provide appropriately marked containers or bins for controlling recyclable waste 
until removed from Project site. Include list of acceptable and unacceptable 
materials at each container and bin.

a. Inspect containers and bins for contamination, and remove contaminated 
materials if found.

2. Stockpile processed materials on-site without intermixing with other materials. 
Place, grade, and shape stockpiles to drain surface water. Cover to prevent 
windblown dust.

3. Stockpile materials away from construction area. Do not store within drip line of 
remaining trees.

4. Store components off the ground and protect from the weather.
5. Remove recyclable waste from Owner's property and transport to recycling 

receiver or processor as often as required to prevent overfilling bins.

3.4 RECYCLING DEMOLITION WASTE

A. Wood Materials: Sort and stack members per size, type, and length. Separate lumber, 
engineered wood products, panel products, and treated wood materials.

B. Metals: Separate metals by type.

1. Structural Steel: Stack members per size, type of member, and length.
2. Remove and dispose of bolts, nuts, washers, and other rough hardware.

C. Gypsum Board: Stack large clean pieces on wood pallets or in containers and store in 
a dry location. Remove edge trim and sort with other metals. Remove and dispose of 
fasteners.

D. Acoustical Ceiling Panels and Tile: Stack large clean pieces on wood pallets and store 
in a dry location.

E. Metal Suspension System: Separate metal members, including trim and other metals 
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from acoustical panels and tile, and sort with other metals.

F. Piping: Reduce piping to straight lengths and store by material and size. Separate 
supports, hangers, valves, sprinklers, and other components by material and size.

G. Conduit: Reduce conduit to straight lengths and store by material and size.

H. Lamps: Separate lamps by type and store in accordance with requirements in 40 CFR 
273.

3.5 RECYCLING CONSTRUCTION WASTE

A. Packaging:

1. Cardboard and Boxes: Break down packaging into flat sheets. Bundle and store 
in a dry location.

2. Polystyrene Packaging: Separate and bag materials.
3. Pallets: As much as possible, require deliveries using pallets to remove pallets 

from Project site. For pallets that remain on-site, break down pallets into 
component wood pieces and comply with requirements for recycling wood.

4. Crates: Break down crates into component wood pieces and comply with 
requirements for recycling wood.

B. Wood Materials:

1. Clean Cutoffs of Lumber: Grind or chip into small pieces.
2. Clean Sawdust: Bag sawdust that does not contain painted or treated wood.

C. Gypsum Board: Stack large clean pieces on wood pallets or in containers and store in 
a dry location.

1. Clean Gypsum Board: Grind scraps of clean gypsum board using small mobile 
chipper or hammer mill. Screen out paper after grinding.

D. Paint: Seal containers and store by type.

3.6 DISPOSAL OF WASTE

A. Except for items or materials to be salvaged or recycled, remove waste materials from 
Project site and legally dispose of them in a landfill or incinerator acceptable to 
authorities having jurisdiction.

1. Unless otherwise specified, do not allow waste materials that are to be disposed 
of accumulate on-site.

2. Remove and transport debris in a manner that will prevent spillage on adjacent 
surfaces and areas.

B. Except for items or materials to be salvaged or recycled, remove waste materials and 
legally dispose of at designated spoil areas on Owner's property.
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C. Burning:

1. Do not burn waste materials.

3.7 ATTACHMENTS

A. Form CWM-1 for construction waste identification.

B. Form CWM-2 for demolition waste identification.

C. Form CWM-3 for construction waste reduction work plan.

D. Form CWM-4 for demolition waste reduction work plan.

E. Form CWM-5 for cost/revenue analysis of construction waste reduction work plan.

F. Form CWM-6 for cost/revenue analysis of demolition waste reduction work plan.

G. Form CWM-7 for construction waste reduction progress report.

H. Form CWM-8 for demolition waste reduction progress report.

END OF SECTION 017419



City of Eureka • Development Services • Building Division 
531 K Street, Eureka CA 95501

(707) 441-4155 • building@eurekaca.gov

Construction and Demolition Waste Management Plan 
A. Building Project Identification Permit #

Project  Address Project Name

Contractor Phone Email

Property Owner Phone Email 

B. Project Type Check one. 

Residential           or     Commercial
Check all that apply. 

Construction             and/or         Demolition

C. Material Management
In the table below, please mark which materials you will be disposing of during your project. First, check whether the materials will be 
recycled, reused, or go to the landfill. In order to comply with building codes, 65% of the nonhazardous debris generated by the project must 
be recycled and/or salvaged for reuse. Next, check whether the materials will source separated or single stream. Source separated means 
you will be keeping materials separate and single stream means you will be keeping all debris together for the disposal facility to sort.  
Finally, write which disposal facility where you will be bringing each material debris. Check the back for a list of disposal facilities and haulers. 

Material Types
Check one per row. Check one per row. Disposal Facility

Recycle Reuse Landfill
Source 

Separated
Single 

Stream

Asphalt
Bath Fixtures

Brick, Masonry,  Tile, Cinder Block
Cardboard

Carpet and Carpet Padding
Ceiling Tile (Acoustic)

Concrete
Container: Bottles & Cans
Dirt: Must be Wet Down

Doors: Storefront, Hollow, Solid
Drywall (New): Unpainted Sheets/Scraps

Drywall (Scrap)
Electric Panels

Furnaces/Water Heaters
Green Waste: Brush, Tree Trimmings, Stumps

Metal: Scrap, Rails, Siding, etc.
PVC Pipe

Roofing, Roof Shingles
Trash: Non-recyclable Materials

Windows and Window Framing, Glass
Wood and Pallets: Unpainted

Projects may be subject to audit to ensure plan was followed.  You may be asked to provide receipts from disposal facilities.

Below, please write the facility name 
where you will bring each material.

Date

rpraszker
Line

rpraszker
Line



D. Methods to Reduce Waste Generated
Please briefly describe or list steps that will be taken to reduce waste generated during your project.

Self-Haul Disposal Facility List City Approved Hauler List

Alves, Inc.
707-825-4725 thinkalvesinc.com
4200  West End Road,  Arcata
Materials: Asphalt, Brick/Tile/Masonry, Bath Fixtures, Concrete, 
Carpet & Padding, Dirt, Drywall, Furnace/Water Heater, Scrap 
Metal, Roofing, Windows & Frames, Untreated Wood

Arcata Scrap and Salvage
707-822-4881 arcatascrapandsalvage.com
192 South G Street,  Arcata
Materials: Electrical Panels, Furnace/Water Heater, Scrap Metal

Humboldt Waste Management Authority (HWMA) 
707-268-8680 hwma.net
1059  W Hawthorne Street, Eureka
Materials: Carpet and Padding, Ceiling Tile, Green Waste, 
Untreated Wood, *Electrical Panels, *Furnace/ Water Heater,
*Scrap Metal
* As of August 2022, HWMA cannot accept e-waste, scrap metal, or freon appliances.

Kernen Construction
707-826-8686 kernenconstruction.com
2350 Glendale Drive, McKinleyville
Materials:   Asphalt, Brick/Masonry/Tile, Concrete, Windows (no 
frames)

Wes Green Landscaping
707-822-8035 wesgreencompany.com
6360  West End Road,  Arcata
Materials: Green Waste

Recology Humboldt County
707-442-5711 recology.com
555  Vance Avenue, Samoa
Materials: Garbage, Recycling, Green Waste,
Bulky Items (Appliances, Couches, etc.)

Services:  Weekly curbside service, debris 
bins, special bulky item pickup

Subject to change. Please contact businesses to confirm. 
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SECTION 024119 - SELECTIVE DEMOLITION

PART 1 - GENERAL

1.1 SUMMARY

A. The Work of this Section Includes:

1. Demolition and removal of selected portions of exterior or interior of building or 
structure and site elements.

2. Removal and salvage of existing items for delivery to Owner and removal of 
existing items for reinstallation.

1.2 DEFINITIONS

A. Remove: Detach items from existing construction and legally dispose of off-site unless 
indicated to be removed and salvaged or removed and reinstalled.

B. Remove and Salvage: Detach items from existing construction, in a manner to prevent 
damage, and deliver to Owner as indicated.

C. Remove and Reinstall: Detach items from existing construction, in a manner to prevent 
damage; prepare for reuse; and reinstall where indicated.

D. Existing to Remain: Existing items of construction that are not to be removed.

1.3 MATERIALS OWNERSHIP

A. Historic items, relics, antiques, and similar objects including, but not limited to, 
cornerstones and their contents, commemorative plaques and tablets, and other items 
of interest or value to Owner that may be uncovered during demolition remain the 
property of Owner.

1. Carefully salvage in a manner to prevent damage and promptly return to Owner.

1.4 COORDINATION

A. Arrange selective demolition schedule so as not to interfere with Owner's operations.

1.5 PREINSTALLATION MEETINGS

A. Predemolition Conference: Conduct conference at Project site .

1. Inspect and discuss condition of construction to be selectively demolished.
2. Review structural load limitations of existing structure.
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3. Review and finalize selective demolition schedule and verify availability of 
demolition personnel, equipment, and facilities needed to make progress and 
avoid delays.

4. Review requirements of work performed by other trades that rely on substrates 
exposed by selective demolition operations.

5. Review areas where existing construction is to remain and requires protection.
6. Review and finalize protection requirements.
7. Review procedures for noise control and dust control .
8. Review storage, protection, and accounting for items to be removed for salvage 

or reinstallation.

1.6 INFORMATIONAL SUBMITTALS

A. Proposed Protection Measures: Submit report, including Drawings, that indicates the 
measures proposed for protecting individuals and property , for environmental 
protection , for dust control and , for noise control . Indicate proposed locations and 
construction of barriers.

B. Schedule of Selective Demolition Activities: Indicate the following:

1. Detailed sequence of selective demolition and removal work, with starting and 
ending dates for each activity. Ensure Owner's on-site operations are 
uninterrupted.

2. Temporary interruption of utility services. Indicate how long utility services will be 
interrupted.

3. Coordination for shutoff, capping, and continuation of utility services.
4. Use of elevator and stairs.
5. Coordination of Owner's continuing occupancy of portions of existing building and 

of Owner's partial occupancy of completed Work.

C. Warranties: Documentation indicating that existing warranties are still in effect after 
completion of selective demolition.

1.7 CLOSEOUT SUBMITTALS

A. Inventory: Submit a list of items that have been removed and salvaged.

1.8 FIELD CONDITIONS

A. Owner will  occupy portions of building immediately adjacent to selective demolition 
area. Conduct selective demolition so Owner's operations will not be disrupted.

B. Conditions existing at time of inspection for bidding purpose will be maintained by 
Owner as far as practical.

C. Notify Architect of discrepancies between existing conditions and Drawings before 
proceeding with selective demolition.
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D. Hazardous Materials:

1. Hazardous materials may be present on site. 

a. Prior to selective demolition the contractor will engage a certified asbestos 
and lead inspector inspect the areas of demolition and create a report of 
findings.

b. If materials  containing hazardous materials are discovered, the contractor 
will engage a specialist to remove and remediate the hazardous materials 
from the project site.

E. On-site sale of removed items or materials is not permitted.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Comply with governing EPA notification regulations before 
beginning selective demolition. Comply with hauling and disposal regulations of 
authorities having jurisdiction.

B. Standards: Comply with ANSI/ASSP A10.6 and NFPA 241.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify that utilities have been disconnected and capped before starting selective 
demolition operations.

B. Engage a professional engineer to perform an engineering survey of condition of 
building to determine whether removing any element might result in structural 
deficiency or unplanned collapse of any portion of structure or adjacent structures 
during selective building demolition operations.

1. Perform surveys as the Work progresses to detect hazards resulting from 
selective demolition activities.

C. Verify that hazardous materials have been remediated before proceeding with building 
demolition operations.

D. Survey of Existing Conditions: Record existing conditions by use of preconstruction 
photographs or video , measured drawings and templates .

1. Inventory and record the condition of items to be removed for salvage or 
reinstallation. Photograph or video conditions that might be misconstrued as 
damage caused by removal.

2. Photograph or video existing conditions of adjoining construction including finish 
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surfaces, that might be misconstrued as damage caused by selective demolition 
operations or removal of items for salvage or reinstallation. 

3.2 PREPARATION

A. Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural 
supports as required to preserve stability and prevent movement, settlement, or 
collapse of construction and finishes to remain, and to prevent unexpected or 
uncontrolled movement or collapse of construction being demolished.

1. Strengthen or add new supports when required during progress of selective 
demolition.

B. Temporary Protection: Provide temporary barricades and other protection required to 
prevent injury to people and damage to adjacent buildings and facilities to remain.

1. Provide protection to ensure safe passage of people around selective demolition 
area and to and from occupied portions of building.

2. Provide temporary weather protection, during interval between selective 
demolition of existing construction on exterior surfaces and new construction, to 
prevent water leakage and damage to structure and interior areas.

3. Protect walls, ceilings, floors, and other existing finish work that are to remain or 
that are exposed during selective demolition operations.

4. Cover and protect furniture, furnishings, and equipment that have not been 
removed.

5. Comply with requirements for temporary enclosures, dust control, heating, and 
cooling.

C. Existing Items to Remain: Protect construction indicated to remain against damage and 
soiling during selective demolition. When permitted by Architect, items may be 
removed to a suitable, protected storage location  and cleaned and reinstalled in their 
original locations after selective demolition operations are complete.

3.3 UTILITY SERVICES AND BUILDING SYSTEMS

A. Existing Services/Systems to Remain: Maintain utilities and building systems and 
equipment to remain and protect against damage during selective demolition 
operations.

1. Maintain fire-protection facilities in service during selective demolition operations.

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify, 
disconnect, and seal or cap off utilities and building systems serving areas to be 
selectively demolished.

1. Owner will arrange to shut off indicated utilities when requested by Contractor.
2. If disconnection of utilities and building systems will affect adjacent occupied 

parts of the building, provide temporary services/systems that bypass area of 
selective demolition and that maintain continuity of services/systems to those 
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parts of the building.
3. Demolish and remove existing building systems, equipment, and components 

indicated on Drawings to be removed.

a. Piping to Be Removed: Remove portion of piping indicated to be removed 
and cap or plug remaining piping with same or compatible piping material.

b. Ducts to Be Removed: Remove portion of ducts indicated to be removed 
and plug remaining ducts with same or compatible ductwork material.

c. Equipment to Be Removed: Disconnect and cap services and remove 
equipment and components.

4. Abandon existing building systems, equipment, and components indicated on 
Drawings to be abandoned in place.

a. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with 
same or compatible piping material and leave in place.

b. Ducts to Be Abandoned in Place: Cap or plug ducts with same or 
compatible ductwork material and leave in place.

5. Remove and reinstall/salvage existing building systems, equipment, and 
components indicated on drawings to be removed and reinstalled or removed 
and salvaged:

a. Equipment to Be Removed and Reinstalled: Disconnect and cap services 
and remove, clean, and store equipment and components; when 
appropriate, reinstall, reconnect, and make equipment operational.

b. Equipment to Be Removed and Salvaged: Disconnect and cap services 
and remove equipment and components and deliver to Owner.

3.4 SALVAGE/REINSTALL

A. Removed and Salvaged Items:

1. Clean salvaged items.
2. Pack or crate items after cleaning. Identify contents of containers with label 

indicating elements, date of removal, quantity, and location where removed.
3. Store items in a secure area until delivery to Owner.
4. Transport items to Owner's storage area designated by Owner .
5. Protect items from damage during transport and storage.

B. Removed and Reinstalled Items:

1. Clean and repair items to functional condition adequate for intended reuse.
2. Pack or crate items after cleaning and repairing. Identify contents of containers.
3. Protect items from damage during transport and storage.
4. Reinstall items in locations indicated. Comply with installation requirements for 

new materials and equipment. Provide connections, supports, and miscellaneous 
materials necessary to make item functional for use indicated.
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3.5 SELECTIVE DEMOLITION, GENERAL

A. General: Demolish and remove existing construction only to extent required by new 
construction and as indicated. Use methods required to complete the Work within 
limitations of governing regulations and as follows:

1. Proceed with selective demolition systematically, from higher to lower level. 
Complete selective demolition operations above each floor or tier before 
disturbing supporting members on the next lower level.

2. Neatly cut openings and holes plumb, square, and true to dimensions required. 
Use cutting methods least likely to damage construction to remain or adjoining 
construction. Use hand tools or small power tools designed for sawing or 
grinding, not hammering and chopping. Temporarily cover openings to remain.

3. Cut or drill from the exposed or finished side into concealed surfaces to avoid 
marring existing finished surfaces.

4. Do not use cutting torches until work area is cleared of flammable materials. At 
concealed spaces, such as duct and pipe interiors, verify condition and contents 
of hidden space before starting flame-cutting operations. Maintain portable fire-
suppression devices during flame-cutting operations.

5. Maintain fire watch during and for at least 1 hour after flame-cutting operations.
6. Maintain adequate ventilation when using cutting torches.
7. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable 

materials and promptly dispose of off-site.
8. Remove structural framing members and lower to ground by method suitable to 

avoid free fall and to prevent ground impact or dust generation.
9. Locate selective demolition equipment and remove debris and materials so as 

not to impose excessive loads on supporting walls, floors, or framing.

B. Site Access and Temporary Controls: Conduct selective demolition and debris-removal 
operations to ensure minimum interference with roads, streets, walks, walkways, and 
other adjacent occupied and used facilities.

1. Do not close or obstruct streets, walks, walkways, or other adjacent occupied or 
used facilities without permission from Owner and authorities having jurisdiction. 
Provide alternate routes around closed or obstructed trafficways if required by 
authorities having jurisdiction.

2. Use water mist and other suitable methods to limit spread of dust and dirt. 
Comply with governing environmental-protection regulations. Do not use water 
when it may damage adjacent construction or create hazardous or objectionable 
conditions, such as ice, flooding, and pollution.

3.6 DISPOSAL OF DEMOLISHED MATERIALS

A. Remove demolition waste materials from Project site and dispose of them in an EPA-
approved construction and demolition waste landfill acceptable to authorities having 
jurisdiction.

1. Do not allow demolished materials to accumulate on-site.
2. Remove and transport debris in a manner that will prevent spillage on adjacent 

surfaces and areas.
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3. Remove debris from elevated portions of building by chute, hoist, or other device 
that will convey debris to grade level in a controlled descent.

B. Burning: Do not burn demolished materials.

3.7 CLEANING

A. Clean adjacent structures and improvements of dust, dirt, and debris caused by 
selective demolition operations. Return adjacent areas to condition existing before 
selective demolition operations began.

END OF SECTION 024119
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SECTION 061000 - ROUGH CARPENTRY

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Wood products.
2. Wood-preservative-treated lumber.
3. Dimension lumber framing.
4. Miscellaneous lumber.
5. Plywood backing panels.

1.2 DEFINITIONS

A. Boards or Strips: Lumber of less than 2 inches nominal size in least dimension.

B. Dimension Lumber: Lumber of 2 inches nominal size or greater but less than 5 inches 
nominal size in least dimension.

C. Exposed Framing: Framing not concealed by other construction.

D. SBX: An inorganic boron used to prevent termites and fungal decay.

E. Lumber grading agencies, and abbreviations used to reference them, include the 
following:

1. NeLMA: Northeastern Lumber Manufacturers' Association.
2. NLGA: National Lumber Grades Authority.
3. RIS: Redwood Inspection Service.
4. SPIB: The Southern Pine Inspection Bureau.
5. WCLIB: West Coast Lumber Inspection Bureau.
6. WWPA: Western Wood Products Association.

1.3 DELIVERY, STORAGE, AND HANDLING

A. Stack wood products flat with spacers beneath and between each bundle to provide air 
circulation. Protect wood products from weather by covering with waterproof sheeting, 
securely anchored. Provide for air circulation around stacks and under coverings.
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PART 2 - PRODUCTS

2.1 WOOD PRODUCTS

A. Lumber: Comply with DOC PS 20 and applicable rules of grading agencies indicated. If 
no grading agency is indicated, comply with the applicable rules of any rules-writing 
agency certified by the ALSC Board of Review. Grade lumber by an agency certified by 
the ALSC Board of Review to inspect and grade lumber under the rules indicated.

1. Factory mark each piece of lumber with grade stamp of grading agency.
2. For exposed lumber indicated to receive a stained or natural finish, mark grade 

stamp on end or back of each piece .
3. Where nominal sizes are indicated, provide actual sizes required by DOC PS 20 

for moisture content specified. Where actual sizes are indicated, they are 
minimum dressed sizes for dry wood products.

4. Dress lumber, S4S, unless otherwise indicated.

B. Maximum Moisture Content:

1. Boards: 15 percent.
2. Dimension Lumber: 15 percent unless otherwise indicated.

2.2 WOOD-PRESERVATIVE-TREATED LUMBER

A. Wood-Preservative-Treated Lumber by Pressure Process: AWPA U1, use categories 
as follows:

1. UC1, Interior/Dry: Interior construction continuously protected from weather or 
other sources of moisture. Include all rough carpentry.

a. Wood sills, sleepers, blocking,  furring,  stripping, and similar concealed 
members in contact with masonry or concrete.

b. Wood framing and furring attached directly to the interior of below-grade 
exterior masonry or concrete walls.

c. Wood floor plates that are installed over concrete slabs-on-grade.
d. Wood furniture.
e. Wood millwork.

2. Preservative Chemicals: Acceptable to authorities having jurisdiction and 
containing no arsenic or chromium. 

3. For exposed items indicated to receive a stained or natural finish, chemical 
formulations are not to require incising, contain colorants, bleed through, or 
otherwise adversely affect finishes.

4. After treatment, redry dimension lumber to 19 percent maximum moisture 
content.

B. Kiln-dry lumber after treatment to a maximum moisture content of 19 percent. Do not 
use material that is warped or that does not comply with requirements for untreated 
material.
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C. Mark lumber with treatment quality mark of an inspection agency approved by the 
ALSC Board of Review.

D. Application: Treat items indicated on Drawings, and the following:

1. Wood cants, nailers, curbs, equipment support bases, blocking, stripping, and 
similar members in connection with roofing, flashing, vapor barriers, and 
waterproofing.

2. Wood sills, sleepers, blocking,  furring,  stripping, and similar concealed 
members in contact with masonry or concrete.

3. Wood framing and furring attached directly to the interior of below-grade exterior 
masonry or concrete walls.

2.3 DIMENSION LUMBER FRAMING

A. Non-Load-Bearing Interior Partitions by Grade:

1. Grade: Construction or No. 2 .
2. Application: Interior partitions not indicated as load bearing .
3. Species:

a. Western woods; WCLIB or WWPA.

B. Load-Bearing Partitions by Grade:

1. Grade: No. 2 .
2. Application: Exterior walls and interior load-bearing partitions .
3. Species:

a. Douglas fir-larch; WCLIB or WWPA.

C. Joists, Rafters, and Other Framing by Grade:

1. Grade: No. 2 .
2. Species:

a. Douglas fir-larch; WCLIB or WWPA.

2.4 MISCELLANEOUS LUMBER

A. Provide miscellaneous lumber indicated and lumber for support or attachment of other 
construction, including the following:

1. Blocking.
2. Nailers.
3. Rooftop equipment bases and support curbs.
4. Cants.
5. Furring.
6. Grounds.
7. Utility shelving.
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B. Dimension Lumber Items:

1. Grade: Construction or No. 2 .
2. Species: The following species:

a. Western woods; WCLIB or WWPA.

C. Utility Shelving:

1. Lumber Moisture Content: 15 percent maximum.
2. Species and Grade:

a. Eastern white pine, Idaho white, lodgepole, ponderosa, or sugar pine; 
Standard or No. 3 Common grade; NeLMA, NLGA, WCLIB, or WWPA.

b. Mixed southern pine or southern pine; No. 2 grade; SPIB.
c. Hem-fir or hem-fir (north); Construction or No. 2 Common grade; NLGA, 

WCLIB, or WWPA.
d. Spruce-pine-fir (south) or spruce-pine-fir; Construction or No. 2 Common 

grade; NeLMA, NLGA, WCLIB, or WWPA.

D. Concealed Boards:

1. Lumber Moisture Content: 15 percent maximum.
2. Species and Grade:  The following:

a. Western woods; Construction or No. 2 Common grade; WCLIB or WWPA.

E. Roofing Nailers: Structural- or No. 2-grade lumber or better; kiln-dried Douglas fir, 
southern pine, or wood having similar decay-resistant properties.

F. Wood Blocking: For blocking not used for attachment of other construction, Utility, 
Stud, or No. 3 grade lumber of any species may be used provided that it is cut and 
selected to eliminate defects that will interfere with its attachment and purpose.

G. Wood Furring: For furring strips for installing plywood or hardboard paneling, select 
boards with no knots capable of producing bent-over nails and damage to paneling.

2.5 FASTENERS

A. General: Fasteners are to be of size and type indicated and comply with requirements 
specified in this article for material and manufacture. Provide nails or screws, in 
sufficient length, to penetrate not less than 1-1/2 inches into wood substrate.

1. Where rough carpentry is exposed to weather, in ground contact, pressure-
preservative treated, or in area of high relative humidity, provide fasteners  with 
hot-dip zinc coating complying with ASTM A153/A153M or ASTM F2329 .

B. Nails, Brads, and Staples: ASTM F1667.

C. Power-Driven Fasteners: Fastener systems with an evaluation report acceptable to 
authorities having jurisdiction, based on ICC-ES AC70.
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D. Post-Installed Anchors: Fastener systems with an evaluation report acceptable to 
authorities having jurisdiction, based on ICC-ES AC01 ICC-ES AC58 ICC-ES AC193 or 
ICC-ES AC308 as appropriate for the substrate.

PART 3 - EXECUTION

3.1 INSTALLATION OF ROUGH CARPENTRY, GENERAL

A. Framing Standard: Comply with AF&PA's WCD 1, "Details for Conventional Wood 
Frame Construction," unless otherwise indicated.

B. Set work to required levels and lines, with members plumb, true to line, cut, and fitted. 
Fit rough carpentry accurately to other construction. Locate  furring, nailers, blocking,  
grounds, and similar supports to comply with requirements for attaching other 
construction.

C. Plywood Backing Panels: Install backing panels by fastening to studs; coordinate 
locations with utilities requiring backing panels.  Install fire-retardant-treated plywood 
backing panels with classification marking of testing agency exposed to view.

D. Metal Framing Anchors: Install anchors to comply with manufacturer's written 
instructions. Install fasteners through each fastener hole.

E. Do not splice structural members between supports unless otherwise indicated.

F. Provide blocking and framing as indicated and as required to support facing materials, 
fixtures, specialty items, and trim.

1. Provide metal clips for fastening gypsum board or lath at corners and 
intersections where framing or blocking does not provide a surface for fastening 
edges of panels. Space clips not more than 16 inches o.c.

G. Provide fire blocking in furred spaces, stud spaces, and other concealed cavities as 
indicated and as follows:

1. Fire block furred spaces of walls, at each floor level, at ceiling, and at not more 
than 96 inches o.c. with solid wood blocking or noncombustible materials 
accurately fitted to close furred spaces.

2. Fire block concealed spaces of wood-framed walls and partitions at each floor 
level, at ceiling line of top story, and at not more than 96 inches o.c. Where fire 
blocking is not inherent in framing system used, provide closely fitted solid wood 
blocks of same width as framing members and 2-inch nominal thickness.

3. Fire block concealed spaces between floor sleepers with same material as 
sleepers to limit concealed spaces to not more than 100 sq. ft. and to solidly fill 
space below partitions.

4. Fire block concealed spaces behind combustible cornices and exterior trim at not 
more than 20 ft. o.c.

H. Sort and select lumber so that natural characteristics do not interfere with installation or 
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with fastening other materials to lumber. Do not use materials with defects that 
interfere with function of member or pieces that are too small to use with minimum 
number of joints or optimum joint arrangement.

I. Securely attach rough carpentry work to substrate by anchoring and fastening as 
indicated, complying with the following:

1. Table 2304.10.1, "Fastening Schedule," in ICC's "International Building Code" 
(IBC).

2. ICC-ES evaluation report for fastener.

J. Use steel common nails unless otherwise indicated. Select fasteners of size that will 
not fully penetrate members where opposite side will be exposed to view or will receive 
finish materials. Make tight connections between members. Install fasteners without 
splitting wood. Drive nails snug but do not countersink nail heads unless otherwise 
indicated.

3.2 INSTALLATION OF WOOD BLOCKING

A. Install wood blocking where indicated on Drawings and where required for  screeding 
or attaching other work. Form to shapes indicated and cut as required for true line and 
level of attached work. Coordinate locations with other work involved.

3.3 INSTALLATION OF WOOD FURRING

A. Install wood furring level and plumb with closure strips at edges and openings. Shim 
with wood as required for tolerance of finish work.

B. Furring to Receive Plywood or Hardboard Paneling: Install 1-by-3-inch nominal- size 
furring horizontally and vertically at 24 inches o.c.

C. Furring to Receive Gypsum Board or Plaster Lath: Install 1-by-2-inch nominal- size 
furring vertically at 16 inches o.c.

3.4 INSTALLATION OF WALL AND PARTITION FRAMING

A. General: Provide single bottom plate and double top plates using members of 2-inch 
nominal thickness whose widths equal that of studs, except single top plate may be 
used for non-load-bearing partitions  and for load-bearing partitions where framing 
members bearing on partition are located directly over studs . Fasten plates to 
supporting construction unless otherwise indicated.

1. For exterior walls, provide 2-by-4-inch nominal- size wood studs spaced 24 
inches o.c. unless otherwise indicated.

2. For interior partitions and walls, provide 2-by-4-inch nominal- size wood studs 
spaced 24 inches o.c. unless otherwise indicated.

3. Provide continuous horizontal blocking at midheight of partitions more than 96 
inches high, using members of 2-inch nominal thickness and of same width as 
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wall or partitions.

B. Construct corners and intersections with three or more studs , except that two studs 
may be used for interior non-load-bearing partitions .

C. Frame openings with multiple studs and headers. Provide nailed header members of 
thickness equal to width of studs. Support headers on jamb studs.

1. For non-load-bearing partitions, provide double-jamb studs and headers not less 
than 4-inch nominal depth for openings 48 inches and less in width, 6-inch 
nominal depth for openings 48 to 72 inches in width, 8-inch nominal depth for 
openings 72 to 120 inches in width, and not less than 10-inch nominal depth for 
openings 10 to 12 ft. in width.

2. For load-bearing walls, provide double-jamb studs for openings 60 inches and 
less in width, and triple-jamb studs for wider openings. Provide headers of depth 
indicated  .

END OF SECTION 061000
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SECTION 064023 - INTERIOR ARCHITECTURAL WOODWORK

PART 1 - GENERAL

1.1 SUMMARY

A. Provide interior finish carpentry and architectural woodwork.

B. Related Requirements:

1. Section 061000 "Rough Carpentry" for wood furring, blocking, shims, and 
hanging strips required for installing interior architectural woodwork that are 
concealed within other construction before interior architectural woodwork 
installation.

1.2 ACTION SUBMITTALS

A. Product Data:

1. Anchors.
2. Adhesives.
3. Shop finishing materials.

B. Shop Drawings:

1. Include the following:

a. Dimensioned plans, elevations, and sections.
b. Attachment details.

C. Samples: For each exposed product and for each shop-applied color and finish 
specified.

1. Size:

a. Panel Products: 12 inches by 12 inches.
b. Lumber Products: Not less than 4 inches wide by 12 inches long  , for each 

species and cut, finished on one side and one edge.

1.3 QUALITY ASSURANCE

A. Manufacturer's Qualifications: Employs skilled workers who custom fabricate products 
similar to those required for this Project and whose products have a record of 
successful in-service performance.

1. Manufacturer's Certification: Licensed participant in AWI's Quality Certification 
Program .
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PART 2 - PRODUCTS

2.1 Materials

A. Interior Standing and Running Trim.

1. Species: Match existing
2. Grade: Match existing.
3. Site Finish: Match existing.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Grade: Install interior architectural woodwork to comply with same grade as item to be 
installed.

B. Assemble interior architectural woodwork and complete fabrication at Project site to the 
extent that it was not completed during shop fabrication.

C. Install interior architectural woodwork level, plumb, true in line, and without distortion.

1. Shim as required with concealed shims.
2. Install level and plumb to a tolerance of 1/8 inch in 96 inches.

D. Scribe and cut interior architectural woodwork to fit adjoining work, refinish cut 
surfaces, and repair damaged finish at cuts.

E. Preservative-Treated Wood: Where cut or drilled in field, treat cut ends and drilled 
holes in accordance with AWPA M4.

F. Anchor interior architectural woodwork to anchors or blocking built in or directly 
attached to substrates.

1. Secure with countersunk, concealed fasteners and blind nailing.
2. Use fine finishing nails  for exposed fastening, countersunk and filled flush with 

interior architectural woodwork.
3. For shop-finished items, use filler matching finish of items being installed.

G. Standing and Running Trim:

1. Install with minimum number of joints possible, using full-length pieces (from 
maximum length of lumber available) to greatest extent possible.

2. Do not use pieces less than 36 inches long, except where shorter single-length 
pieces are necessary.

3. Scarf running joints and stagger in adjacent and related members.
4. Fill gaps, if any, between top of base and wall with plastic wood filler; sand 

smooth; and finish same as wood base if finished .
5. Install standing and running trim with no more variation from a straight line than 
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1/8 inch in 96 inches.

3.2 REPAIR

A. Repair damaged and defective interior architectural woodwork, where possible, to 
eliminate functional and visual defects  .

END OF SECTION 064023
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SECTION 072100 - THERMAL INSULATION

PART 1 - GENERAL

1.1 SUMMARY

A. Provide thermal/sound insulation. 

B. Related Requirements:

1. Section 092900 "Gypsum Board" .

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Surface-Burning Characteristics: Maximum flame-spread and smoke-developed 
indexes less than Class C, 200 and 450 when tested in accordance with ASTM E84.

B. Fire-Resistance Ratings: Comply with ASTM E119 or UL 263; testing by a qualified 
testing agency. Identify products with appropriate markings of applicable testing 
agency.

1. Indicate design designations from UL's "Fire Resistance Directory" or from 
listings of another qualified testing agency.

C. Fire Propagation Characteristics: Passes NFPA 285 testing as part of an approved 
assembly.

D. Labeling: Provide identification of mark indicating R-value of each piece of insulation 
12 inches and wider in width.

E. Thermal-Resistance Value (R-Value): R-value as indicated on Drawings in accordance 
with ASTM C518.

PART 3 - EXECUTION

3.1 INSTALLATION, GENERAL

A. Comply with insulation manufacturer's written instructions applicable to products, 
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applications and applicable codes.

B. Install insulation that is undamaged, dry, and unsoiled and that has not been left 
exposed to ice, rain, or snow at any time.

C. Install insulation with manufacturer's R-value label exposed after insulation is installed.

D. Extend insulation to envelop entire area to be insulated. Fit tightly around obstructions 
and fill voids with insulation. Remove projections that interfere with placement.

E. Provide sizes to fit applications and selected from manufacturer's standard 
thicknesses, widths, and lengths. Apply single layer of insulation units unless multiple 
layers are otherwise shown or required to make up total thickness or to achieve R-
value.

3.2 INSTALLATION OF INSULATION IN FRAMED CONSTRUCTION

A. Blanket Insulation: Install in cavities formed by framing members in accordance with 
the following requirements:

1. Use insulation widths and lengths that fill the cavities formed by framing 
members. If more than one length is required to fill the cavities, provide lengths 
that will produce a snug fit between ends.

2. Place insulation in cavities formed by framing members to produce a friction fit 
between edges of insulation and adjoining framing members.

3. Maintain 3-inch clearance of insulation around recessed lighting fixtures not rated 
for or protected from contact with insulation.

4. For metal-framed wall cavities where cavity heights exceed 96 inches, support 
unfaced blankets mechanically and support faced blankets by taping flanges of 
insulation to flanges of metal studs.

5. Where glass-fiber blankets are indicated for sound attenuation above ceilings, 
install unfaced blanket insulation over ceiling area in thickness indicated. Where 
partitions occur, extend insulation up either side of partition.

6. For wood-framed construction, install blankets in accordance with ASTM C1320 
and as follows:

a. With faced blankets having stapling flanges, lap blanket flange over flange 
of adjacent blanket to maintain continuity of vapor retarder once finish 
material is installed over it.

B. Miscellaneous Voids: Install insulation in miscellaneous voids and cavity spaces where 
required to prevent gaps in insulation using the following materials:

1. Glass-Fiber Insulation: Compact to approximately 40 percent of normal maximum 
volume equaling a density of approximately 2.5 lb/cu. ft..

END OF SECTION 072100
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SECTION 081400 - WOOD DOORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Provide wood interior doors. 

B. Related requirements: 

1. Section 08 71 00 Door Hardware. 

1.2 ACTION SUBMITTALS 

A. Product Data Submittals: For each product, submit manufacturer’s product data and 
installation instructions for each material and product used. 

1.3 QUALITY ASSURANCE 

A. Comply with governing codes and regulations. Provide products of acceptable 
manufacturers, which have been in satisfactory use in similar service for three years. 
Use experienced installers. Deliver, handle, and store materials in accordance with 
manufacturer's instructions. 

B. Warranty: Submit manufacturers standard warranty. Include labor and materials to 
repair or replace defective materials. 

1. Solid-Core Exterior Doors: 5 years. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Interior swing door with viewing window. 

1. Manufacturers: Simpson Door Company, Masonite, or other approved 
manufacturer. 

2. Door Type: Solid Core with tempered glass viewing window. 
3. Thickness: 1-3/4 inches thick, unless otherwise specified in plans. 
4. Grade: Custom 
5. Frames: Steel, unless otherwise specified in plans. 
6. Face: Smooth/Flush with tempered glass viewing window. 
7. Finish: Match existing  
8. Finish Application: Factory finished. 
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B. Interior swing door solid. 

1. Manufacturers: Simpson Door Company, Masonite, or other approved 
manufacturer. 

2. Door Type: Solid Core. 
3. Thickness: 1-3/4 inches thick, unless otherwise specified in plans. 
4. Grade: Custom 
5. Frames: Steel, unless otherwise specified in plans. 
6. Face: Smooth/Flush. 
7. Finish: Match existing  
8. Finish Application: Factory finished. 

C. Interior pocket door with viewing window. 

1. Manufacturers: Simpson Door Company, Masonite, or other approved 
manufacturer. 

2. Door Type: Solid Core with tempered glass viewing window. 
3. Thickness: 1-3/4 inches thick, unless otherwise specified in plans. 
4. Grade: Custom 
5. Frames: Per manufacturer. 
6. Face: Smooth/Flush with tempered glass viewing window. 
7. Finish: Match existing  
8. Finish Application: Factory finished. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Hardware: For installation, see Section 087100 "Door Hardware." 

B. Install doors  and frames to comply with manufacturer's written instructions and 
referenced quality standard, and as indicated. 

C. Install frames level, plumb, true, and straight. 

1. Shim as required with concealed shims. Install level and plumb to a tolerance of 
1/8 inch in 96 inches. 

2. Anchor frames to anchors or blocking built in or directly attached to substrates. 

a. Secure with countersunk, concealed fasteners and blind nailing. 
b. Use fine finishing nails  or finishing screws for exposed fastening, 

countersunk and filled flush with woodwork. 

1) For factory-finished items, use filler matching finish of items being 
installed. 

D. Factory-Fitted Doors: Align in frames for uniform clearance at each edge. 
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3.2 ADJUSTING 

A. Operation: Rehang or replace doors that do not swing or operate freely. 

B. Finished Doors: Replace doors that are damaged or that do not comply with 
requirements. Doors may be repaired or refinished if Work complies with requirements 
and shows no evidence of repair or refinishing. 

END OF SECTION 081400 
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SECTION 085113 - ALUMINUM WINDOWS

PART 1 - GENERAL

1.1 SUMMARY

A. Provide aluminum windows.

1.2 SUBMITTALS

A. Product Data: Submit manufacturer's product data and installation instructions for each 
material and product used.

B. Shop Drawings: Submit show drawings indicating material characteristics, details of 
construction, connections, and relationship with adjacent construction.

C. Warranty: Submit manufacturer's standard warranty. Include labor and materials to 
repair or replace defective materials.

1. Warranty Period: Full lifetime warranty.

D. Maintenance Data: Submit manufacturer's maintenance data, including maintenance 
schedule.

1.3 QUALITY ASSURANCE

A. Manufacturer Qualifications: A manufacturer capable of fabricating aluminum windows 
that meet or exceed performance requirements indicated and of documenting this 
performance by test reports and calculations.

B. Comply with governing codes and regulations. Provide products of acceptable 
manufacturers, which have been in satisfactory use in similar service for three years. 
Use experienced installers. Deliver, handle, and store materials in accordance with 
manufacturer's instructions.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Product Standard: Comply with AAMA/WDMA/CSA 101/I.S.2/A440 for definitions and 
minimum standards of performance, materials, components, accessories, and 
fabrication unless more stringent requirements are indicated.

1. Window Certification: FGIA certified with label attached to each window.
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2.2 ALUMINUM WINDOWS

A. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following :

1. All Weather Architectural Aluminum
2. AluminTechno, LLC
3. Arcadia  Inc.

B. Provide manufacturer's standard aluminum window assemblies consisting of frames, 
sashes, glass, hardware, fasteners, and all components and accessories as required 
for a complete installation.

C. Operating Types: Provide the following operating types in locations indicated on 
Drawings:

1. Horizontal sliding.

D. Glass: Clear annealed glass, ASTM C1036, Type 1, Class 1, q3.

E. Glazing System: Double pane; low-e .

F. Hardware, General: Provide manufacturer's standard hardware fabricated from 
aluminum, stainless steel, carbon steel complying with AAMA 907, or other corrosion-
resistant material compatible with adjacent materials; designed to smoothly operate, 
tightly close, and securely lock windows, and sized to accommodate sash weight and 
dimensions.

G. Horizontal-Sliding Window Hardware:

1. Sill Cap/Track: Manufacturer's standard of dimensions and profile indicated; 
designed to comply with performance requirements indicated and to drain to the 
exterior.

2. Locks and Latches: Allow unobstructed movement of the sash across adjacent 
sash in direction indicated and operated from the inside only. 

3. Roller Assemblies: Low-friction design.

H. Weather Stripping: Provide manufacturer's standard full-perimeter weather stripping for 
each operable sash unless otherwise indicated.

I. Fasteners: Noncorrosive and compatible with window members, trim, hardware, 
anchors, and other components.

1. Exposed Fasteners: Avoid exposed fasteners to greatest extent possible. For 
application of hardware, use fasteners that match finish hardware being 
fastened.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with manufacturer's written instructions for installing windows, hardware, 
accessories, and other components. For installation procedures and requirements not 
addressed in manufacturer's written instructions, comply with installation requirements 
in ASTM E2112.

B. Install windows level, plumb, square, true to line, without distortion or impeding thermal 
movement, anchored securely in place to structural support, and in proper relation to 
wall flashing and other adjacent construction to produce weathertight construction.

C. Install windows and components to drain water passing joints and condensation to the 
exterior.

D. Separate aluminum from sources of corrosion or electrolytic action at points of contact 
with other materials.

3.2 CLEANING AND PROTECTION

A. Clean exposed surfaces immediately after installing windows using manufacturer's 
written instructions. Avoid damaging finishes. Remove excess sealants, glazing 
materials, dirt, and other substances.

B. Remove and replace glass that has been broken, chipped, cracked, abraded, or 
damaged during construction period.

C. Protect window surfaces from contact with contaminating substances resulting from 
construction operations. If contaminating substances do contact window surfaces, 
remove contaminants immediately in accordance with manufacturer's written 
instructions.

END OF SECTION 085113
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SECTION 087100 - DOOR HARDWARE

PART 1 - GENERAL

1.1 SUMMARY

A. Provide door hardware.

B. Related Requirements:

1. Section 081400 " Wood Doors."   

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes.

1.3 QUALITY ASSURANCE

A. Comply with governing codes and regulations. Provide products of acceptable 
manufacturers, which have been in satisfactory use in similar service for three years. 
Use experienced installers. Deliver, handle, and store materials in accordance with 
manufacturer's instructions.

B. Materials and Application: ANSI A156 series standards.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Accessibility Requirements: For door hardware on doors in an accessible route, comply 
with CBC 2022 .

1. Provide operating devices that do not require tight grasping, pinching, or twisting 
of the wrist and that operate with a force of not more than 5 lbf.

2. Comply with the following maximum opening-force requirements:

a. Interior, Non-Fire-Rated Hinged Doors: 5 lbf applied perpendicular to door.
b. Sliding or Folding Doors: 5 lbf applied parallel to door at latch.
c. Fire Doors: Minimum opening force allowable by authorities having 

jurisdiction.

3. Bevel raised thresholds with a slope of not more than 1:2. Provide thresholds not 
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more than 1/2 inch high.
4. Adjust door closer sweep periods so that, from an open position of 90 degrees, 

the door will take at least 5 seconds to move to a position of 12 degrees from the 
latch.

5. Adjust spring hinges so that, from an open position of 70 degrees, the door will 
take at least 1.5 seconds to move to the closed position.

2.2 MATERIALS

A. Door Hardware:

1. Manufacturers: Emtek, Baldwin, Schlage, or other approved manufacturer.
2. Quality Level: Commercial Accessible.
3. Locksets and Latchsets: Match existing, coordinate with owner.
4. Lock Cylinders: Match existing, coordinate with owner.
5. Keying: Match existing, coordinate with owner.
6. Hinges and Butts: Match existing, coordinate with owner. 
7. Auxiliary Materials:

a. Stops
b. Silencers
c. Kick Plates
d. Thresholds
e. Pocket door hardware (door pulls and additional manufacturer specified)

PART 3 - EXECUTION

3.1 INSTALLATION OF DOOR HARDWARE

A. Mounting Heights: Mount door hardware units at heights indicated on Drawings and 
complying with the CBC 2022 regulations  unless otherwise indicated or required to 
comply with other governing regulations.

B. Install each door hardware item to comply with manufacturer's written instructions. 
Where cutting and fitting are required to install door hardware onto or into surfaces that 
are later to be painted or finished in another way, coordinate removal, storage, and 
reinstallation of surface protective trim units with finishing work. Do not install surface-
mounted items until finishes have been completed on substrates involved.

1. Set units level, plumb, and true to line and location. Adjust and reinforce 
attachment substrates as necessary for proper installation and operation.

2. Drill and countersink units that are not factory prepared for anchorage fasteners. 
Space fasteners and anchors in accordance with industry standards.

C. Hinges: Install types and in quantities indicated in door hardware schedule, but not 
fewer than the number recommended by manufacturer for application indicated or one 
hinge for every 30 inches of door height, whichever is more stringent, unless other 
equivalent means of support for door, such as spring hinges or pivots, are provided.
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D. Intermediate Offset Pivots: Where offset pivots are indicated, provide intermediate 
offset pivots in quantities indicated in door hardware schedule, but not fewer than one 
intermediate offset pivot per door and one additional intermediate offset pivot for every 
30 inches of door height greater than 90 inches.

E. Thresholds: Set thresholds for exterior doors and other doors indicated in full bed of 
sealant.

F. Stops: Provide floor stops for doors unless wall or other type stops are indicated in 
door hardware schedule. Do not mount floor stops where they will impede traffic.

G. Perimeter Gasketing: Apply to head and jamb, forming seal between door and frame.

1. Do not notch perimeter gasketing to install other surface-applied hardware.

H. Meeting Stile Gasketing: Fasten to meeting stiles, forming seal when doors are closed.

I. Door Bottoms: Apply to bottom of door, forming seal with threshold when door is 
closed.

3.2 ADJUSTING

A. Initial Adjustment: Adjust and check each operating item of door hardware and each 
door to ensure proper operation or function of every unit. Replace units that cannot be 
adjusted to operate as intended. Adjust door control devices to compensate for final 
operation of heating and ventilating equipment and to comply with referenced 
accessibility requirements.

1. Door Closers: Adjust sweep period to comply with accessibility requirements and 
requirements of authorities having jurisdiction.

2. Spring Hinges: Adjust to achieve positive latching when door is allowed to close 
freely from an open position of 70 degrees and so that closing time complies with 
accessibility requirements of authorities having jurisdiction.

3.3 DOOR HARDWARE SCHEDULE

A. Hardware Schedule: See construction plan sets.

END OF SECTION 087100
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SECTION 092216 - NON-STRUCTURAL METAL FRAMING

PART 1 - GENERAL

1.1 SUMMARY

A. Provide non-structural metal framing.

B. Related Requirements:

1. Section 061000 "Rough Carpentry."
2. Section 064023 "Interior Architectual Woodwork."
3. Section 095113 "Acoustical Panel Ceilings."

1.2 QUALITY ASSURANCE

A. Code-Compliance Certification of Studs and Track: Provide documentation that framing 
members are certified in accordance with product-certification program of the Steel 
Framing Industry Association the Steel Stud Manufacturers Association or the 
Supreme Steel Framing System Association .

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Fire-Test-Response Characteristics: Where indicated on Drawings, provide assemblies 
incorporating nonstructural steel framing identical to those of assemblies tested for fire 
resistance in accordance with ASTM E119 by an independent testing agency.

B. STC-Rated Assemblies: Where indicated on Drawings, provide assemblies 
incorporating nonstructural steel framing identical to those of assemblies tested in 
accordance with ASTM E90 and classified in accordance with ASTM E413 by an 
independent testing agency.

2.2 MATERIALS

A. Steel Studs: .

1. Size: 3-1/2 inch, 20 GA.

B. Acoustical Panel Ceiling:

1. See Section 09 51 13 "Acoustical Panel Ceilings."
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PART 3 - EXECUTION

3.1 PREPARATION

A. Suspended Assemblies: Coordinate installation of suspension systems with installation 
of overhead structure to ensure that inserts and other provisions for anchorages to 
building structure have been installed to receive hangers at spacing required to support 
the Work and that hangers will develop their full strength.

1. Furnish concrete inserts and other devices required to other trades for installation 
in advance of time needed for coordination and construction.

3.2 INSTALLATION OF GRID SUSPENSION SYSTEMS

END OF SECTION 092216
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SECTION 092900 - GYPSUM BOARD

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes

1. Interior gypsum board.

1.2 ACTION SUBMITTALS

A. Product Data:Submit manufacturer's product data and installation instructions for each 
material and product used..

1.3 FIELD CONDITIONS

A. Environmental Limitations: Comply with ASTM C840 requirements or manufacturer's 
written instructions, whichever are more stringent.

B. Do not install panels that are wet, moisture damaged, or mold damaged.

1. Indications that panels are wet or moisture damaged include, but are not limited 
to, discoloration, sagging, or irregular shape.

2. Indications that panels are mold damaged include, but are not limited to, fuzzy or 
splotchy surface contamination and discoloration.

1.4 QUALITY ASSURANCE

A. Comply with governing codes and regulations. Provide products of acceptable 
manufacturers, which have been in satisfactory use in similar service for three years. 
Use experienced installers. Deliver, handle, and store materials in accordance with 
manufacturer's instructions.

B. Tolerances: Not more than 1/16 inch difference in true plane at joints between adjacent 
boards before finishing. After finishing, joints shall not be visible. Not more that 1/8 inch 
in 10 feet deviation from true plane, plumb, level, and proper relation to adjacent 
surfaces in finished work.

C. Fire Resistance for Fire-Rate Assemblies: ASTM E 119.

D. Performance: Fire, structural, and seismic performance meeting requirements of 
building code and local authorities.
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PART 2 - PRODUCTS

2.1 MATERIALS

A. Interior Gypsum Board:

1. Manufacturer: USG, CertainTeed, or other approved manufacturer.
2. Application: Interior walls and partitions with tape and joint compound finish,
3. Material Standard: ASTM C1396
4. Type: Board for tape and joint compound finish.

a. Type: Regular, moisture-resistant and fire rated types as required.
b. Typical Thickness: 3/8 inch.

5. Joint Treatment: ASTM C474 and ASTM C840, 3-coat system, paper or 
fiberglass tape.

6. Auxiliary Materials:

a. Cornerbead, edge trim and control joints.
b. Extruded aluminum reveals and channels.
c. Gypsum board screws, ASTM C1002.
d. Gypsum board nails, ASTM 514.
e. Mineral fiber sound attenuation blankets.
f. Mineral fiber thermal insulation.
g. Polyethylene vapor retarder, 6 mils.

PART 3 - EXECUTION

3.1 INSTALLATION AND FINISHING OF GYPSUM BOARD, GENERAL

A. Comply with ASTM C840 requirements.

B. New walls to be finished to a level 4 finish as specified in the most current edition of 
Gypsum Association publication GA-214. The new texture finish shall match the texture 
finish of the adjacent existing walls.

C. Install ceiling panels across framing to minimize the number of abutting end joints and 
to avoid abutting end joints in central area of each ceiling. Stagger abutting end joints 
of adjacent panels not less than one framing member.

D. Install panels with face side out. Butt panels together for a light contact at edges and 
ends with not more than 1/16 inch of open space between panels. Do not force into 
place.

E. Locate edge and end joints over supports, except in ceiling applications where 
intermediate supports or gypsum board back-blocking is provided behind end joints. Do 
not place tapered edges against cut edges or ends. Stagger vertical joints on opposite 
sides of partitions. Do not make joints other than control joints at corners of framed 
openings.
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F. Form expansion (control) joints with space between edges of adjoining gypsum panels.

G. Cover both faces of support framing with gypsum panels in concealed spaces (above 
ceilings, etc.), except in chases braced internally.

1. Unless concealed application is indicated or required for sound, fire, air, or 
smoke ratings, coverage may be accomplished with scraps of not less than 
8 sq. ft. in area.

2. Fit gypsum panels around ducts, pipes, and conduits.
3. Where partitions intersect structural members projecting below underside of 

floor/roof slabs and decks, cut gypsum panels to fit profile formed by structural 
members; allow 1/4- to 3/8-inch- wide joints to install sealant.

H. Isolate perimeter of gypsum board applied to non-load-bearing partitions at structural 
abutments. Provide 1/4- to 1/2-inch- wide spaces at these locations and trim edges 
with edge trim where edges of panels are exposed. Seal joints between edges and 
abutting structural surfaces with acoustical sealant.

I. Attachment to Steel Framing: Attach panels so leading edge or end of each panel is 
attached to open (unsupported) edges of stud flanges first.

J. Wood Framing: Install gypsum panels over wood framing, with floating internal corner 
construction. Do not attach gypsum panels across the flat grain of wide-dimension 
lumber, including floor joists and headers. Float gypsum panels over these members or 
provide control joints to counteract wood shrinkage.

K. STC-Rated Assemblies: Seal construction at perimeters, behind control joints, and at 
openings and penetrations with a continuous bead of acoustical sealant. Install 
acoustical sealant at both faces of partitions at perimeters and through penetrations. 
Comply with ASTM C919 requirements and with manufacturer's written instructions for 
locating edge trim and closing off sound-flanking paths around or through assemblies, 
including sealing partitions above acoustical ceilings.

L. Install sound-attenuation blankets before installing gypsum panels unless blankets are 
readily installed after panels have been installed on one side.

3.2 PROTECTION

A. Protect adjacent surfaces from joint compound and promptly remove from floors and 
other non-gypsum board surfaces. Repair surfaces stained, marred, or otherwise 
damaged during gypsum board installation and finishing.

B. Protect installed products from damage from weather, condensation, direct sunlight, 
construction, and other causes during remainder of the construction period.

C. Remove and replace panels that have gotten wet, moisture damaged, or mold 
damaged.

1. Indications that panels are wet or moisture damaged include, but are not limited 
to, discoloration, sagging, or irregular shape.
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2. Indications that panels are mold damaged include, but are not limited to, fuzzy or 
splotchy surface contamination and discoloration.

END OF SECTION 092900
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SECTION 095113 - ACOUSTICAL PANEL CEILINGS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Acoustical panels.
2. Metal suspension system.
3. Metal edge moldings and trim.

1.2 ACTION SUBMITTALS

A. Product Data:

1. For each type of product.

1.3 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials , from the same production run, that match products installed 
and that are packaged with protective covering for storage and identified with labels 
describing contents.

1. Acoustical Ceiling Units: Full-size panels equal to 2 percent of quantity installed.
2. Suspension-System Components: Quantity of each exposed component equal to 

2 percent of quantity installed.
3. Hold-Down Clips: Equal to 2 percent of quantity installed.
4. Impact Clips: Equal to 2 percent of quantity installed.

PART 2 - PRODUCTS

2.1 MATERIALS

A. All materials to meet the standards outlined in the construction documents and be 
installed per the construction documents and manufacturer instructions. 

B. Materials:

1. Wire: All hander wires shall be number 12 galvanized wire or code approved 
equal. 

2. Runners: To be sized per manufacturer recommendations and construction 
documents to support 24 inch by 24 inch grid.

3. Compression Post: 2 inch diameter with 12 foot spacing. Sized per manufacturer 
recommendations. 
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4. Bolt and Locknuts: 1/8 inch diameter minimum. To be sized per manufacture 
recommendations.

5. Ceiling Grid: 

a. Armstrong 24 inch by 24 inch grid: Prelude ML 15/16" exposed tee system, 
color white.

6. Ceiling Panel:

a. Armstrong: Cortega 15/16" beveled tegular, medium texture, 24 inch by 24 
inch by 5/8 inch, white.

2.2 PERFORMANCE REQUIREMENTS

A. Seismic Performance: Suspended ceilings to withstand the effects of earthquake 
motions determined in accordance with ASCE/SEI 7 for seismic categories D, E, and 
F.

B. Surface-Burning Characteristics: Comply with ASTM E84; testing by a qualified testing 
agency. Identify products with appropriate markings of applicable testing agency.

1. Flame-Spread Index: Class A in accordance with ASTM E1264.
2. Smoke-Developed Index: 50 or less.

C. Fire-Resistance Ratings: Comply with ASTM E119; testing by a qualified testing 
agency. Identify products with appropriate markings of applicable testing agency.

1. Indicate design designations from UL or from the listings of another qualified 
testing agency.

PART 3 - EXECUTION

3.1 PREPARATION

A. Measure each ceiling area and establish layout of acoustical panels to balance border 
widths at opposite edges of each ceiling. Avoid using less-than-half-width panels at 
borders unless otherwise indicated, and comply with layout shown on reflected ceiling 
plans.

B. Layout openings for penetrations centered on the penetrating items.

3.2 INSTALLATION OF ACOUSTICAL PANEL CEILINGS

A. Install acoustical panel ceilings in accordance with ASTM C636/C636M , seismic 
design requirements, and manufacturer's written instructions.

1. Fire-Rated Assembly: Install fire-rated ceiling systems in accordance with tested 
fire-rated design.
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B. Suspend ceiling hangers from building's structural members and as follows:

1. Install hangers plumb and free from contact with insulation or other objects within 
ceiling plenum that are not part of supporting structure or of ceiling suspension 
system.

2. Splay hangers only where required  and, if permitted with fire-resistance-rated 
ceilings, to miss obstructions; offset resulting horizontal forces by bracing, 
countersplaying, or other equally effective means.

3. Where width of ducts and other construction within ceiling plenum produces 
hanger spacings that interfere with location of hangers at spacings required to 
support standard suspension-system members, install supplemental suspension 
members and hangers in form of trapezes or equivalent devices.

4. Secure wire hangers to ceiling-suspension members and to supports above with 
a minimum of three tight turns. Connect hangers directly to structure or to inserts, 
eye screws, or other devices that are secure and appropriate for substrate and 
that will not deteriorate or otherwise fail due to age, corrosion, or elevated 
temperatures.

5. Secure flat, angle, channel, and rod hangers to structure, including intermediate 
framing members, by attaching to inserts, eye screws, or other devices that are 
secure and appropriate for both the structure to which hangers are attached and 
the type of hanger involved. Install hangers in a manner that will not cause them 
to deteriorate or fail due to age, corrosion, or elevated temperatures.

6. Do not support ceilings directly from permanent metal forms or floor deck. Fasten 
hangers to cast-in-place hanger inserts, postinstalled mechanical or adhesive 
anchors, or power-actuated fasteners that extend through forms into concrete.

7. When steel framing does not permit installation of hanger wires at spacing 
required, install carrying channels or other supplemental support for attachment 
of hanger wires.

8. Do not attach hangers to steel deck tabs.
9. Do not attach hangers to steel roof deck. Attach hangers to structural members.
10. Space hangers not more than 48 inches o.c. along each member supported 

directly from hangers unless otherwise indicated; provide hangers not more than 
8 inches from ends of each member.

11. Size supplemental suspension members and hangers to support ceiling loads 
within performance limits established by referenced standards.

C. Secure bracing wires to ceiling suspension members and to supports with a minimum 
of four tight turns. Suspend bracing from building's structural members as required for 
hangers, without attaching to permanent metal forms, steel deck, or steel deck tabs. 
Fasten bracing wires into concrete with cast-in-place or postinstalled anchors.

D. Install edge moldings and trim of type indicated at perimeter of acoustical ceiling area 
and where necessary to conceal edges of acoustical panels.

1. Apply acoustical sealant in a continuous ribbon concealed on back of vertical 
legs of moldings before they are installed.

2. Screw attach moldings to substrate at intervals not more than 16 inches o.c. and 
not more than 3 inches from ends. Miter corners accurately and connect 
securely.

3. Do not use exposed fasteners, including pop rivets, on moldings and trim.
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E. Install suspension-system runners so they are square and securely interlocked with 
one another. Remove and replace dented, bent, or kinked members.

F. Install acoustical panels with undamaged edges and fit accurately into suspension-
system runners and edge moldings. Scribe and cut panels at borders and penetrations 
to provide precise fit.

1. Arrange directionally patterned acoustical panels as follows:

a. As indicated on reflected ceiling plans.

2. For square-edged panels, install panels with edges fully hidden from view by 
flanges of suspension-system runners and moldings.

3. For reveal-edged panels on suspension-system runners, install panels with 
bottom of reveal in firm contact with top surface of runner flanges.

4. For reveal-edged panels on suspension-system members with box-shaped 
flanges, install panels with reveal surfaces in firm contact with suspension-
system surfaces and panel faces flush with bottom face of runners.

5. Paint cut edges of panel remaining exposed after installation; match color of 
exposed panel surfaces using coating recommended in writing for this purpose 
by acoustical panel manufacturer.

6. Install hold-down impact and seismic clips in areas indicated; space in 
accordance with panel manufacturer's written instructions unless otherwise 
indicated.

a. Hold-Down Clips: Space 24 inches o.c. on all cross runners.

7. Protect lighting fixtures and air ducts in accordance with requirements indicated 
for fire-resistance-rated assembly.

G. For additional and specific requirements, refer to "Seismic Ceiling Installation Notes for 
Seismic Categories D, E, and F" on sheet A6 of the construction plan set and the 
manufacturers installation instructions. 

3.3 ERECTION TOLERANCES

A. Suspended Ceilings: Install main and cross runners level to a tolerance of 
1/8 inch in 12 feet , non-cumulative.

B. Moldings and Trim: Install moldings and trim to substrate and level with ceiling 
suspension system to a tolerance of 1/8 inch in 12 feet , non-cumulative.

END OF SECTION 095113
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SECTION 099123 - INTERIOR PAINTING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes: Surface preparation of interior substrates and application of the 
following:

1. Primers.
2. Water-based finish coatings.
3. Solvent-based finish coatings.
4. Dry fall coatings.

B. Related Requirements:

1. Section 064023 "Interior Architectural Woodwork."
2. Section 092900 "Gypsum Board."

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include preparation requirements and application instructions.
2. Indicate VOC content.

B. Samples for Verification: For each type of paint system and each color and gloss of 
topcoat. Submit paint manufacturer's standard printed cards for verification Samples.

1. Submit Samples on rigid backing, 8 inches square.
2. Apply coats on Samples in steps to show each coat required for system.
3. Label each coat of each Sample.
4. Label each Sample for location and application area.

C. Product List: Cross-reference to paint system and locations of application areas. Use 
same designations indicated on Drawings and in applicable interior painting schedule 
articles to cross-reference paint systems specified in this Section. Include color 
designations.

1.3 MAINTENANCE MATERIAL SUBMITTALS

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

1. Paint Products: 5 percent, but not less than 1 gal. of each material and color 
applied.
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1.4 QUALITY ASSURANCE

A. Comply with governing codes and regulations. Provide products of acceptable 
manufacturers, which have been in satisfactory use in a similar service for three ears. 
Use experienced installers. Deliver, handle, and store materials in accordance with 
manufacturer's instructions.

B. Regulations: Compliance with VOC and environmental regulations.

PART 2 - PRODUCTS

2.1 SOURCE LIMITATIONS

A. Obtain each paint product from single source from single manufacturer.

2.2 INTERIOR PAINTS, GENERAL

A. Interior Paints: Subject to compliance with requirements,  listed in product types below 
and applicable interior painting schedule articles for the paint category indicated.

B. Paint:

1. Manufacturer: Sherwin-Williams or other approved manufacturer.
2. Color: Off-white to match existing color in adjacent spaces.
3. Finish: To match existing finish in adjacent spaces.

C. Material Compatibility:

1. Materials for use within each paint system must be compatible with one another 
and substrates indicated, under conditions of service and application as 
demonstrated by manufacturer based on testing and field experience.

2. For each coat in a paint system, provide products recommended in writing by 
topcoat manufacturer for use in paint system and on substrate indicated.

D. VOC Emissions: For field applications inside the building, wall paints shall contain no 
more than half of the chronic REL of VOCs when tested according to the California 
Department of Public Health's "Standard Method for the Testing and Evaluation of 
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental 
Chambers." The building concentration of formaldehyde shall not exceed half of the 
indoor recommended exposure limit or 33 mcg/cu. m and that of acetaldehyde shall not 
exceed 9 mcg/cu. m.

PART 3 - EXECUTION

3.1 PREPARATION

A. Comply with manufacturer's written instructions applicable to substrates and paint 
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systems indicated.

B. Remove hardware, covers, plates, and similar items already in place that are 
removable and are not to be painted. If removal is impractical or impossible because of 
size or weight of item, provide surface-applied protection before surface preparation 
and painting.

1. After completing painting operations, use workers skilled in the trades involved to 
reinstall items that were removed. Remove surface-applied protection if any.

C. Clean substrates of substances that could impair bond of paints, including dust, dirt, oil, 
grease, and incompatible paints and encapsulants.

1. Remove incompatible primers and reprime substrate with compatible primers or 
apply tie coat as required to produce paint systems indicated.

D. Steel Substrates: Remove loose rust, loose mill scale, loose shop primer, and other 
loose foreign matter. Clean using methods recommended in writing by paint 
manufacturer .

E. Shop-Primed Steel Substrates: Clean field welds, bolted connections, and areas where 
shop paint is abraded. Paint exposed areas with the same material as used for shop 
priming to comply with SSPC-PA 1 for touching up shop-primed surfaces.

F. Galvanized Metal Substrates: Remove grease and oil residue from galvanized metal by 
mechanical methods to produce clean, lightly etched surfaces that promote adhesion 
of subsequently applied paints.

G. Aluminum Substrates: Remove loose surface oxidation.

H. Wood Substrates:

1. Scrape and clean knots. Before applying primer, apply coat of wood-knot sealer.
2. Sand surfaces that will be exposed to view and remove sanding dust.
3. Prime edges, ends, faces, undersides, and backsides of wood.
4. After priming, fill holes and imperfections in the finish surfaces with putty or 

plastic wood filler. Sand smooth when dried.

I. Canvas and Cotton Insulation Covering Substrates: Remove dust, dirt, and other 
foreign material that might impair bond of paints to substrates.

J. Plastic Trim Fabrication Substrates: Remove dust, dirt, and other foreign material that 
might impair bond of paints to substrates.

3.2 APPLICATION OF INTERIOR PAINT PRODUCTS

A. Apply paints in accordance with manufacturer's written instructions.

1. Use applicators and techniques suited for paint and substrate indicated.
2. Paint surfaces behind movable equipment and furniture same as similar exposed 

surfaces. Before final installation, paint surfaces behind permanently fixed 
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equipment or furniture with prime coat only.
3. Paint front and backsides of access panels, removable or hinged covers, and 

similar hinged items to match exposed surfaces.
4. Paint entire exposed surface of window frames and sashes.
5. Do not paint over labels of independent testing agencies or equipment name, 

identification, performance rating, or nomenclature plates.
6. Primers specified in the applicable interior painting schedule articles may be 

omitted on items that are factory primed or factory finished if compatible with 
intermediate and topcoat coatings and acceptable to intermediate and topcoat 
paint manufacturers.

B. Tint each undercoat a lighter shade to facilitate identification of each coat if multiple 
coats of same material are to be applied. Tint undercoats to match color of topcoat but 
provide sufficient difference in shade of undercoats to distinguish each separate coat.

C. If undercoats or other conditions show through topcoat, apply additional coats until 
cured film has a uniform paint finish, color, and appearance.

D. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush 
marks, roller tracking, runs, sags, ropiness, or other surface imperfections. Cut in sharp 
lines and color breaks.

E. Painting Fire-Suppression, Plumbing, HVAC, Electrical, Communication, and Electronic 
Safety and Security Work:

1. Paint the following work where exposed to view in occupied spaces:

a. Equipment, including panelboards.
b. Uninsulated metal piping.
c. Uninsulated plastic piping.
d. Pipe hangers and supports.
e. Metal conduit.
f. Plastic conduit.
g. Duct, equipment, and pipe insulation having cotton or canvas insulation 

covering or other paintable jacket material.
h. Other items as directed by Architect.

2. Paint portions of internal surfaces of metal ducts, without liner, behind air inlets 
and outlets that are visible from occupied spaces.

3.3 FIELD QUALITY CONTROL

A. Dry-Film Thickness Testing: Owner may engage the services of a qualified testing and 
inspecting agency to inspect and test paint for dry-film thickness.

1. Touch up and restore painted surfaces damaged by testing.
2. If test results show that dry-film thickness of applied paint does not comply with 

paint manufacturer's written recommendations, apply additional coats as needed 
to provide dry-film thickness that complies with paint manufacturer's written 
recommendations.
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3. Cost of retesting is Contractor's responsibility.

3.4 CLEANING

A. At end of each workday, remove rubbish, empty cans, rags, and other discarded 
materials from Project site.

1. Do not clean equipment with free-draining water and prevent solvents, thinners, 
cleaners, and other contaminants from entering into waterways, sanitary and 
storm drain systems, and ground.

2. Dispose of contaminants in accordance with requirements of authorities having 
jurisdiction.

3. Allow empty paint cans to dry before disposal.
4. Collect waste paint by type and deliver to recycling or collection facility.

B. After completing paint application, clean spattered surfaces. Remove spattered paints 
by washing, scraping, or other methods. Do not scratch or damage adjacent finished 
surfaces.

3.5 PROTECTION

A. Protect work of other trades against damage from paint application. Correct damage to 
work of other trades by cleaning, repairing, replacing, and refinishing, as approved by 
Architect, and leave in an undamaged condition.

B. At completion of construction activities of other trades, touch up and restore damaged 
or defaced painted surfaces.

END OF SECTION 099123
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SECTION 101423.16 - ROOM-IDENTIFICATION PANEL SIGNAGE

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes room-identification signs that are directly attached to the building.

1.2 DEFINITIONS

A. Accessible: In accordance with the accessibility standard.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Product Schedule: For room-identification signs. Use same designations indicated on 
Drawings or specified.

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data: For manufacturer .

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Accessibility Standard: Comply with applicable provisions in CBC 2022 .

2.2 SIGN MATERIALS

A. Acrylic Sheet: ASTM D4802, category as standard with manufacturer for each sign, 
Type UVF (UV filtering).

2.3 ACCESSORIES

A. Fasteners and Anchors: Manufacturer's standard as required for secure anchorage of 
signs, noncorrosive and compatible with each material joined, and complying with the 
following:

1. Use concealed fasteners and anchors unless indicated to be exposed.
2. For exterior exposure, furnish nonferrous-metal stainless-steel or hot-dip 
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galvanized devices unless otherwise indicated.
3. Exposed Metal-Fastener Components, General:

a. Fabricated from same basic metal and finish of fastened sign unless 
otherwise indicated.

b. Fastener Heads: Use flathead or oval countersunk screws and bolts with 
tamper-resistant Allen-head spanner-head or one-way-head slots unless 
otherwise indicated.

4. Sign Mounting Fasteners:

a. Concealed Studs: Concealed (blind), threaded studs welded or brazed to 
back of sign material or screwed into back of sign assembly unless 
otherwise indicated.

b. Through Fasteners: Exposed metal fasteners matching sign finish, with 
type of head indicated, and installed in predrilled holes.

B. Adhesive: As recommended by sign manufacturer.

C. Two-Face Tape: Manufacturer's standard high-bond, foam-core tape, 0.045 inch thick, 
with adhesive on both sides.

D. Hook-and-Loop Tape: Manufacturer's standard two-part tape consisting of hooked part 
on sign back and looped side on mounting surface.

E. Magnetic Tape: Manufacturer's standard magnetic tape with adhesive on one side.

PART 3 - EXECUTION

3.1 INSTALLATION

A. General: Install signs using mounting methods indicated and according to 
manufacturer's written instructions.

1. Install signs level, plumb, true to line, and at locations and heights indicated, with 
sign surfaces free of distortion and other defects in appearance.

2. Install signs so they do not protrude or obstruct according to the accessibility 
standard.

3. Before installation, verify that sign surfaces are clean and free of materials or 
debris that would impair installation.

B. Accessibility: Install signs in locations on walls as indicated on Drawings and according 
to the accessibility standard .

C. Mounting Methods:

1. Concealed Studs: Using a template, drill holes in substrate aligning with studs on 
back of sign. Remove loose debris from hole and substrate surface.

a. Masonry Substrates: Fill holes with adhesive. Leave recess space in hole 
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for displaced adhesive. Place sign in position and push until flush to 
surface, embedding studs in holes. Temporarily support sign in position 
until adhesive fully sets.

b. Thin or Hollow Surfaces: Place sign in position and flush to surface, install 
washers and nuts on studs projecting through opposite side of surface, and 
tighten.

2. Through Fasteners: Drill holes in substrate using predrilled holes in sign as 
template. Countersink holes in sign if required. Place sign in position and flush to 
surface. Install through fasteners and tighten.

3. Adhesive: Clean bond-breaking materials from substrate surface and remove 
loose debris. Apply linear beads or spots of adhesive symmetrically to back of 
sign and of suitable quantity to support weight of sign after cure without slippage. 
Keep adhesive away from edges to prevent adhesive extrusion as sign is applied 
and to prevent visibility of cured adhesive at sign edges. Place sign in position, 
and push to engage adhesive. Temporarily support sign in position until adhesive 
fully sets.

4. Two-Face Tape: Clean bond-breaking materials from substrate surface and 
remove loose debris. Apply tape strips symmetrically to back of sign and of 
suitable quantity to support weight of sign without slippage. Keep strips away 
from edges to prevent visibility at sign edges. Place sign in position, and push to 
engage tape adhesive.

5. Hook-and-Loop Tape: Clean bond-breaking materials from substrate surface and 
remove loose debris. Apply sign component of two-part tape strips symmetrically 
to back of sign and of suitable quantity to support weight of sign without slippage; 
push to engage tape adhesive. Keep tape strips 0.250 inch away from edges to 
prevent visibility at sign edges when sign is initially installed or reinstalled. Apply 
substrate component of tape to substrate in locations aligning with tape on back 
of sign; push and rub well to fully engage tape adhesive to substrate.

6. Magnetic Tape: Clean bond-breaking materials from substrate surface and 
remove loose debris. Apply tape strips symmetrically to back of sign and of 
suitable quantity to support weight of sign without slippage. Keep strips away 
from edges to prevent visibility at sign edges. Place sign in position.

END OF SECTION 101423.16
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SECTION 220500 - COMMON WORK RESULTS FOR PLUMBING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Packless expansion joints.
2. Alignment guides and anchors.
3. Sleeves without waterstop.
4. Grout.

B. Related Requirements:

1. Section 221119 "Domestic Water Piping Specialties" for water meters.
2. Section 221513 "General-Service Compressed-Air Piping" for compressed air 

gauges.
3. Section 331415 "Site Water Distribution Piping" for domestic water meters and 

combined domestic and fire-protection water-service meters outside the building.

1.2 DEFINITIONS

A. Existing Piping to Remain: Existing piping that is not to be removed and that is not 
otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.

1.3 INFORMATIONAL SUBMITTALS

A. Welding certificates.

B. Field quality-control reports.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For each type of expansion joint, and gauge to 
include in operation and maintenance manuals.

1.5 QUALITY ASSURANCE

A. Welding Qualifications: Qualify procedures and personnel in accordance with AWS 
D1.1/D1.1M.

B. Pipe and Pressure-Vessel Welding Qualifications: Qualify procedures and operators in 
accordance with 2021 ASME Boiler and Pressure Vessel Code, Section IX.
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1.6 COORDINATION

A. Coordinate features of motors, installed units, and accessory devices to be compatible 
with the following:

1. Motor controllers.
2. Torque, speed, and horsepower requirements of the load.
3. Ratings and characteristics of supply circuit and required control sequence.
4. Ambient and environmental conditions of installation location.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Domestic water expansion fittings and loops for plumbing piping intended to convey or 
dispense water for human consumption are to comply with the U.S. Safe Drinking 
Water Act, with requirements of authorities having jurisdiction, and with NSF 61 and 
NSF 372, or be certified in compliance with NSF 61 and NSF 372 by an ANSI-
accredited third-party certification body, in that the weighted average lead content at 
wetted surfaces is less than or equal to 0.25 percent.

B. Compatibility: Provide products suitable for piping service fluids, materials, working 
pressures, and temperatures.

C. Capability: Provide products and installations to accommodate maximum axial 
movement as scheduled or indicated on Drawings.

PART 3 - EXECUTION

3.1 INSTALLATION OF EXPANSION JOINTS, GENERAL

A. Install expansion joints of sizes matching sizes of piping in which they are installed.

3.2 INSTALLATION OF PACKLESS EXPANSION JOINTS

A. Install metal-bellows expansion joints in accordance with EJMA's "Standards of the 
Expansion Joint Manufacturers Association, Inc."

B. Install rubber packless expansion joints in accordance with FSA-PSJ-703.

3.3 INSTALLATION OF GROOVED-JOINT EXPANSION JOINTS

A. Install grooved-joint expansion joints to grooved-end steel piping.
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3.4 INSTALLATION OF ALIGNMENT GUIDES AND ANCHORS

A. Install alignment guides to guide expansion and to avoid end-loading and torsional 
stress.

B. Install one guide(s) on each side of pipe expansion fittings and loops. Install guides 
nearest to expansion joint not more than four pipe diameters from expansion joint.

C. Install anchors at locations to prevent stresses from exceeding those permitted by 
ASME B31.9 and to prevent transfer of loading and stresses to connected equipment.

D. Anchor Attachments:

1. Anchor Attachment to Copper Tubing: Attach with pipe hangers. Use MSS SP-
58, Type 24; U bolts bolted to anchor.

3.5 INSTALLATION OF PIPE LOOP AND SWING CONNECTIONS

A. Connect risers and branch connections to mains with at least five pipe fittings, 
including tee in main.

B. Connect risers and branch connections to terminal units with at least four pipe fittings, 
including tee in riser.

C. Connect mains and branch connections to terminal units with at least four pipe fittings, 
including tee in main.

3.6 INSTALLATION OF SLEEVES - GENERAL

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and 
walls.

B. For sleeves that will have sleeve-seal system installed, select sleeves of size large 
enough to provide 1-inch annular clear space between piping and concrete slabs and 
walls.

1. Sleeves are not required for core-drilled holes.

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs 
and walls are constructed.

1. Permanent sleeves are not required for holes in slabs formed by molded-PE or -
PP sleeves.

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

a. Exception: Extend sleeves installed in floors of mechanical equipment 
areas or other wet areas 2 inches above finished floor level.

3. Using grout, seal the space outside of sleeves in floors/slabs/walls without 
sleeve-seal system. Select to maintain fire resistance of floor/slab/wall.
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D. Install sleeves for pipes passing through interior partitions.

1. Cut sleeves to length for mounting flush with both surfaces.
2. Install sleeves that are large enough to provide 1/4-inch annular clear space 

between sleeve and pipe or pipe insulation.
3. Seal annular space between sleeve and piping or piping insulation; use joint 

sealants that joint sealant manufacturer's literature indicates is appropriate for 
size, depth, and location of joint.

3.7 INSTALLATION OF SLEEVES WITH WATERSTOP

A. Install sleeve with waterstop as new walls and slabs are constructed.

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs 
and walls. Position waterstop flange centered across width of concrete slab or wall.

C. Secure nailing flanges to wooden concrete forms.

D. Using grout, seal space around outside of sleeves. Select to maintain fire resistance of 
floor/slab/wall.

3.8 INSTALLATION OF STACK-SLEEVE FITTINGS

A. Install stack-sleeve fittings in new slabs as slabs are constructed.

1. Install fittings that are large enough to provide 1/4-inch annular clear space 
between sleeve and pipe or pipe insulation.

2. Secure flashing between clamping flanges for pipes penetrating floors with 
membrane waterproofing. Comply with requirements for flashing specified in 
Section 076200 "Sheet Metal Flashing and Trim."

3. Install section of cast-iron soil pipe to extend sleeve to 2 inches above finished 
floor level.

4. Extend cast-iron sleeve fittings below floor slab as required to secure clamping 
ring if ring is specified.

5. Using silicone sealant, seal space between top hub of stack-sleeve fitting and 
pipe.

3.9 INSTALLATION OF SLEEVE-SEAL SYSTEMS

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at 
service piping entries into building, and passing through exterior walls.

B. Select type, size, and number of sealing elements required for piping material and size 
and for sleeve ID or hole size. Assemble sleeve-seal system components, and install in 
annular space between piping and sleeve. Tighten bolts against pressure plates that 
cause sealing elements to expand and make a watertight seal.
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3.10 INSTALLATION OF ESCUTCHEONS

A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.

B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of insulated 
piping and with OD that completely covers opening.

3.11 INSTALLATION OF METERS AND GAUGES

A. Install thermometer with thermowell at each required thermometer location.

B. Install thermowells 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.

G. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; 
connect cases with tubing and support tubing to prevent kinks.

H. Install direct-mounted pressure gauges in piping tees with pressure gauge located on 
pipe at most readable position.

I. Install remote-mounted pressure gauges on panel.

J. Install valve and snubber in piping for each pressure gauge for fluids.

K. Install test plugs in piping tees.

L. Install thermometers in the following locations:

1. Inlet and outlet of each water heater.
2. Inlets and outlets of each domestic water heat exchanger.
3. Inlet and outlet of each domestic hot-water storage tank.
4. Inlet and outlet of each remote domestic water chiller.
5. Outlet side of hot-water-balancing valve.
6. Each main hot-water-recirculating line return pipe.

M. Install pressure gauges in the following locations:

1. Building water service entrance into building.
2. Inlet and outlet of each pressure-reducing valve.
3. Suction and discharge of each domestic water pump.
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3.12 CONNECTIONS

A. Install meters and gauges adjacent to machines and equipment to allow space for 
service and maintenance of meters, gauges, machines, and equipment.

3.13 ADJUSTING

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

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

3.14 FIELD QUALITY CONTROL

A. Sleeves and Sleeve Seals:

1. Perform the following tests and inspections:

a. Leak Test: After allowing for a full cure, test sleeves and sleeve seals for 
leaks. Repair leaks and retest until no leaks exist.

b. Sleeves and sleeve seals will be considered defective if they do not pass 
tests and inspections.

2. Prepare test and inspection reports.

B. Escutcheons:

1. Using new materials, replace broken and damaged escutcheons and floor plates.

3.15 SLEEVES APPLICATION

A. Use sleeves and sleeve seals for the following piping-penetration applications:

1. Exterior Concrete Walls above and below Grade:

a. Sleeves with waterstops.

1) Select sleeve size to allow for 1-inch annular clear space between 
piping and sleeve for installing sleeve-seal system.

2. Concrete Slabs-on-Grade:

a. Sleeves with waterstops.

1) Select sleeve size to allow for 1-inch annular clear space between 
piping and sleeve for installing sleeve-seal system.

3. Concrete Slabs above Grade:

a. Sleeves with waterstops or stack-sleeve fittings.
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4. Interior Wall and Partitions:

a. Sleeves without waterstops.

END OF SECTION 220500
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SECTION 220523 - GENERAL-DUTY VALVES FOR PLUMBING PIPING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Ball valves.
2. Butterfly valves.
3. Check valves.
4. Gate valves.

1.2 DEFINITIONS

A. CWP: Cold working pressure.

B. EPDM: Ethylene propylene-diene terpolymer.

C. FKM: Fluoroelastomer.

D. NBR: Nitrile butadiene rubber (also known as Buna-N).

E. NRS: Nonrising stem.

F. OS&Y: Outside screw and yoke.

G. PTFE: Polytetrafluoroethylene.

H. RPTFE: Reinforced polytetrafluoroethylene.

I. RS: Rising stem.

1.3 ACTION SUBMITTALS

A. Product Data:

1. For each type of product.

a. Include material descriptions and dimensions of individual components.
b. Include operating characteristics and furnished accessories.

1.4 DELIVERY, STORAGE, AND HANDLING

A. Prepare valves for shipping as follows:
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1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, grooved ends, press ends, solder ends, and weld 

ends.
3. Set ball valves open to minimize exposure of functional surfaces.
4. Set butterfly valves closed or slightly open.
5. Block check valves in either closed or open position.
6. Set gate valves closed to prevent rattling.

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.

C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not 
use operating handles or stems or other components as lifting or rigging points unless 
specifically indicated for this purpose in manufacturer's written instructions.

PART 2 - PRODUCTS

2.1 SOURCE LIMITATIONS

A. Obtain each type of valve from single source from single manufacturer.

2.2 PERFORMANCE REQUIREMENTS

A. Standards:

1. Domestic-water piping valves intended to convey or dispense water for human 
consumption must comply with the U.S. Safe Drinking Water Act (SDWA), 
requirements of authorities having jurisdiction, and NSF 61/NSF 372; or to be 
certified in compliance with NSF 61/NSF 372 by an American National Standards 
Institute (ANSI)-accredited third-party certification body, that the weighted 
average lead content at wetted surfaces is less than or equal to 0.25 percent.

B. ASME Compliance:

1. ASME B1.20.1 for threads for threaded-end valves.
2. ASME B16.1 for flanges on iron valves.
3. ASME B16.5 for flanges on steel valves.
4. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design 

criteria.
5. ASME B16.18 for cast-copper solder-joint connections.
6. ASME B16.22 for wrought-copper solder-joint connections.
7. ASME B16.34 for flanged- and threaded-end connections.
8. ASME B16.51 for press joint connections.
9. ASME B31.9 for building services piping valves.
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C. AWWA Compliance: Comply with AWWA C606 for grooved-end connections.

D. Provide bronze valves made with dezincification-resistant materials. Bronze valves 
made with copper alloy (brass) containing more than 15 percent zinc are unacceptable.

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

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

G. Valve Bypass and Drain Connections: MSS SP-45.

H. Valve Actuator Type:

1. Gear Actuator: For quarter-turn ball valves NPS 4 and larger.
2. Hand Lever: For quarter-turn ball valves smaller than NPS 4.

I. Valves in Insulated Piping:

1. Provide 2-inch extended neck stems.
2. Provide extended operating handles with nonthermal-conductive covering 

material and protective sleeves that allow operation of valves without breaking 
vapor seals or disturbing insulation.

3. Provide memory stops that are fully adjustable after insulation is applied.

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. Examine press fittings to verify they have been properly pressed.

F. Do not attempt to repair defective valves; replace with new valves. Remove defective 
valves from site.
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3.2 INSTALLATION OF VALVES

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

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

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

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

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

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

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

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

1. Check Valves: Center-guided type, in horizontal or vertical position, between 
flanges.

2. Check Valves, Swing Type: In horizontal position with hinge pin level.
3. Check Valves, Lift Type: With stem upright and plumb.

I. Valve Tags: Comply with requirements in Section 220553 "Identification for Plumbing 
Piping and Equipment" for valve tags and schedules.

J. Adhere to manufacturer's written installation instructions. When soldering or brazing 
valves, do not heat valves above maximum permitted temperature. Do not use solder 
with melting point temperature above valve manufacturer's written recommended 
maximum.

3.3 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 valves with specified CWP ratings are unavailable, the same types of valves with 
higher CWP ratings may be substituted.

B. Select valves with the following end connections:

1. For Copper Tubing, NPS 2 (DN 50) and Smaller: Threaded ends except where 
solder-joint valve-end option or press-end option is indicated in valve schedules 



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

GENERAL-DUTY VALVES FOR PLUMBING 
PIPING

220523 - 5

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

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

except where threaded valve-end option is indicated in valve schedules below.
3. For Copper Tubing, NPS 5 (DN 125) and Larger: Flanged ends.
4. For Steel Piping, NPS 2 (DN 50) and Smaller: Threaded ends.
5. For Steel Piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Flanged ends except 

where threaded valve-end option is indicated in valve schedules below.
6. For Steel Piping, NPS 5 (DN 125) and Larger: Flanged ends.
7. For Stainless Steel Piping, NPS 2 (DN 50) and Smaller: Threaded ends.
8. For Stainless Steel Piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Flanged 

ends.
9. For Grooved-End Copper Tubing: Valve ends may be grooved.
10. For Grooved-End Steel Piping: Valve ends may be grooved.
11. Wafer-Type Valves: Flanged connections.

END OF SECTION 220523
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SECTION 220529 - HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Pipe hangers - metal, trapeze type.
2. Pipe hangers - FRP.
3. Equipment supports.

B. Related Requirements:

1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for 
trapeze hangers for pipe and equipment supports.

2. Section 220500 "Common Work Results for Plumbing" for pipe guides and 
anchors.

3. Section 220548 "Vibration and Seismic Controls for Plumbing Piping and 
Equipment" for vibration isolation devices.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show 
fabrication and installation details and include calculations for the following:

1. Trapeze pipe hangers.
2. Metal strut support systems.
3. Rooftop-mounted strut support systems.
4. FRP strut support systems.
5. Pipe stands.
6. Equipment supports.

C. Delegated Design Submittals: For trapeze hangers and strut support systems indicated 
to comply with performance requirements and design criteria, including analysis data 
signed and sealed by the qualified professional engineer responsible for their 
preparation.

1. Detail fabrication/assembly and design calculations for trapeze hangers.
2. Detail fabrication/assembly and design calculations for each type of strut support 

system, by the manufacturer's technical representative.

1.3 INFORMATIONAL SUBMITTALS

A. Welding certificates.
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1.4 QUALITY ASSURANCE

A. Structural-Steel Welding Qualifications: Qualify procedures and personnel in 
accordance with AWS D1.1/D1.1M.

B. Pipe Welding Qualifications: Qualify procedures and operators in accordance with 
2021 ASME Boiler and Pressure Vessel Code, Section IX.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 
014000 "Quality Requirements," to design trapeze hangers , strut support systems, 
and equipment supports.

B. Structural Performance: Hangers and supports for plumbing piping and equipment are 
to withstand the effects of gravity loads and stresses within limits and under conditions 
indicated in accordance with ASCE/SEI 7.

1. Design supports for multiple pipes, including pipe stands, capable of supporting 
combined weight of supported systems, system contents, and test water.

2. Design equipment supports capable of supporting combined operating weight of 
supported equipment and connected systems and components.

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

2.2 PIPE HANGERS - METAL, TRAPEZE TYPE

A. Description: MSS SP-58, Type 59, shop- or field-fabricated pipe-support assembly, 
made from structural-carbon-steel shapes, with MSS SP-58 carbon-steel hanger rods, 
nuts, saddles, and U-bolts.

2.3 PIPE HANGERS - FRP

A. Pipe Hangers - FRP, Clevis Type:

1. Description: Similar to MSS SP-58, Type 1 factory-fabricated steel pipe hanger, 
except hanger is made of fiberglass-reinforced plastic resin.

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

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

B. Pipe Hangers - FRP, Strap Type:

1. Description: Similar to MSS SP-58, Type 9 or Type 10 steel pipe hanger, except 
hanger is made of fiberglass-reinforced plastic resin.
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a. Flammability: ASTM D635, ASTM E84, UL 94.

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

2.4 EQUIPMENT SUPPORTS

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

2.5 MATERIALS

A. Aluminum: ASTM B221.

B. Carbon Steel: ASTM A1011/A1011M.

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

D. Stainless Steel: ASTM A240/A240M.

E. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, 
nonshrink and nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000 psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1 APPLICATION

A. Comply with requirements in Section 078413 "Penetration Firestopping" for 
firestopping materials and installation, for penetrations through fire-rated walls, ceilings, 
and assemblies.

B. Strength of Support Assemblies: Where not indicated, select sizes of components, so 
strength will be adequate to carry present and future static loads within specified 
loading limits. Minimum static design load used for strength determination is to include 
weight of supported components plus 200 lb.

3.2 INSTALLATION OF HANGERS AND SUPPORTS

A. Install hangers and supports to allow controlled thermal and seismic movement of 
piping systems, to permit freedom of movement between pipe anchors, and to facilitate 
action of expansion joints, expansion loops, expansion bends, and similar units.

B. Install lateral bracing with pipe hangers and supports to prevent swaying.
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C. Install building attachments within concrete slabs or attach to structural steel. Install 
additional attachments at concentrated loads, including valves, flanges, and strainers, 
NPS 2-1/2 and larger and at changes in direction of piping. Coordinate location of 
concrete inserts before concrete is placed.

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

E. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not 
exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.

F. Insulated Piping:

1. Attach clamps and spacers to piping.

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

b. Piping Operating below Ambient Air Temperature: Use thermal hanger 
shield insert with clamp sized to match OD of insert.

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

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier 
is indicated. Fill interior voids with insulation that matches adjoining insulation.

a. Thermal hanger shield inserts may be used as an option. Include steel 
weight-distribution plate for pipe NPS 4 and larger if pipe is installed on 
rollers.

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. 
Shields are to span an arc of 180 degrees.

a. Thermal hanger shield inserts may be used as an option. Include steel 
weight-distribution plate for pipe NPS 4 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 long and 0.048 inch 
thick.

b. NPS 4 (DN 100): 12 inches long and 0.06 inch thick.
c. NPS 5 and NPS 6 (DN 125 and DN 150): 18 inches long and 0.06 inch 

thick.
d. NPS 8 to NPS 14 (DN 200 to DN 350): 24 inches long and 0.075 inch thick.
e. NPS 16 to NPS 24 (DN 400 to DN 600): 24 inches long and 0.105 inch 

thick.

5. Pipes NPS 8 (DN 200) and Larger: Include wood or reinforced calcium-silicate-
insulation inserts of length at least as long as protective shield.

G. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, 
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clamps, and attachments as required to properly support piping from building structure.

H. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping 
of parallel runs of horizontal piping, and support together on field-fabricated trapeze 
pipe hangers.

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe 
size, or install intermediate supports for smaller-diameter pipes as specified for 
individual pipe hangers.

2. Field fabricate in accordance with ASTM A36/A36M carbon-steel shapes 
selected for loads being supported. Weld steel in accordance with AWS 
D1.1/D1.1M.

I. FRP Pipe-Hanger Installation: Comply with applicable portions of MSS SP-58. Install 
hangers and attachments as required to properly support piping from building structure.

J. Strut System Installation: Metal, rod type; arrange for grouping of parallel runs of 
piping, and support together on field-assembled strut systems. Install in accordance 
with manufacturer's written installation instructions.

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

L. Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete 
slabs less than 4 inches thick after concrete is placed and cured. Use installers 
that are licensed by powder-actuated tool manufacturer.

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

3. Install lag screw wood fasteners in accordance with manufacturer's written 
instructions.

4. Install fasteners in accordance with manufacturer's written instructions.

M. Pipe Stand Installation:

1. Pipe Stand Types, except Curb-Mounted Type: Assemble components and 
mount on smooth roof surface. Do not penetrate roof membrane.

2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand 
and mount on permanent, stationary roof curb. See Section 077200 "Roof 
Accessories" for curbs.

N. Pipe-Positioning-System Installation: Install support devices to make rigid supply and 
waste piping connections to each plumbing fixture.

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

P. Equipment Support Installation:

1. Fabricate from welded-structural-steel shapes.
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2. Fabricate structural-steel stands to suspend equipment from structure overhead 
or to support equipment above floor.

3. Grouting: Place grout under supports for floor-mounted equipment, and make 
bearing surface smooth.

4. Provide lateral bracing, to prevent swaying.

3.3 METAL FABRICATIONS

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and 
equipment supports.

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

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc 
welding; appearance and quality of welds; and methods used in correcting welding 
work; and with the following:

1. Use materials and methods that minimize distortion and develop strength and 
corrosion resistance of base metals.

2. Obtain fusion without undercut or overlap.
3. Remove welding flux immediately.
4. Finish welds at exposed connections, so no roughness shows after finishing and 

so contours of welded surfaces match adjacent contours.

3.4 ADJUSTING

A. Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to 
achieve indicated slope of pipe.

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

3.5 PAINTING

A. Touchup:

1. Clean field welds and abraded, shop-painted areas. Paint exposed areas 
immediately after erecting hangers and supports. Use same materials as those 
used for shop painting. Comply with SSPC-PA 1 requirements for touching up 
field-painted surfaces.

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

2. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas, and 
apply galvanizing-repair paint to comply with ASTM A780/A780M.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

HANGERS AND SUPPORTS FOR 
PLUMBING PIPING AND EQUIPMENT

220529 - 7

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

3.6 HANGER AND SUPPORT SCHEDULE

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

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

C. Use hangers and supports with galvanized metallic coatings for piping and equipment 
that will not have field-applied finishes.

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments 
are in direct contact with copper tubing.

E. Use carbon-steel pipe hangers and supports and metal framing systems and 
attachments for general service applications.

F. Use stainless steel pipe hangers and stainless steel attachments for hostile 
environment applications.

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

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

I. Use thermal hanger shield inserts for insulated piping and tubing.

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

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated 
or insulated, stationary pipes NPS 1/2 to NPS 30.

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F 
pipes NPS 4 to NPS 24, requiring up to 4 inches of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension 
of pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of 
insulation.

4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 
to NPS 24 if little or no insulation is required.

5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow 
off-center closure for hanger installation before pipe erection.

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 
noninsulated, stationary pipes NPS 3/4 to NPS 8.

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8.

8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8.

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of 
noninsulated, stationary pipes NPS 1/2 to NPS 8.

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For 
suspension of noninsulated, stationary pipes NPS 3/8 to NPS 8.
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11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension 
of noninsulated, stationary pipes NPS 3/8 to NPS 3.

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.
13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 

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

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

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, 
with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 
plate, and with U-bolt to retain pipe.

16. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for 
pipes NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base 
stanchion support and cast-iron floor flange.

17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, 
from two rods if longitudinal movement caused by expansion and contraction 
occurs.

18. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to 
NPS 24, from single rod if horizontal movement caused by expansion and 
contraction occurs.

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if 
longitudinal movement caused by expansion and contraction occurs but vertical 
adjustment is unnecessary.

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 
if small horizontal movement caused by expansion and contraction occurs and 
vertical adjustment is unnecessary.

21. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes NPS 2 
to NPS 30 if vertical and lateral adjustment during installation, in addition to 
expansion and contraction, is required.

K. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers 
NPS 3/4 to NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers 
NPS 3/4 to NPS 24 if longer ends are required for riser clamps.

L. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

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

2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.
3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11 split pipe rings.
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various 

types of building attachments.
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping 

installations.

M. Building Attachments: Unless otherwise indicated and except as specified in piping 
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system Sections, install the following types:

1. Steel or Malleable-Concrete Inserts (MSS Type 18): For upper attachment to 
suspend pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-
joist construction, to attach to top flange of structural shape.

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

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

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

6. C-Clamps (MSS Type 23): For structural shapes.
7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required 

tangent to flange edge.
8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of 

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

steel I-beams for heavy loads, with link extensions.
11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to 

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

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

a. Light (MSS Type 31): 750 lb.
b. Medium (MSS Type 32): 1500 lb.
c. Heavy (MSS Type 33): 3000 lb.

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is 

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

linear horizontal movement where headroom is limited.

N. Saddles and Shields: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

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

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

3. Thermal Hanger Shield Inserts: For supporting insulated pipe.

O. Spring Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types:

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

2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not 
exceed 1-1/4 inches.
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3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41 roll hanger 
with springs.

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

5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load, and limit 
variability factor to 25 percent to allow expansion and contraction of piping 
system from hanger.

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load, and 
limit variability factor to 25 percent to allow expansion and contraction of piping 
system from base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load, and 
limit variability factor to 25 percent to allow expansion and contraction of piping 
system from trapeze support.

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of 
stress from one support to another support, critical terminal, or connected 
equipment. Include auxiliary stops for erection, hydrostatic test, and load-
adjustment capability. These supports include the following types:

a. Horizontal (MSS Type 54): Mounted horizontally.
b. Vertical (MSS Type 55): Mounted vertically.
c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze 

member.

P. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are 
not specified in piping system Sections.

Q. Use powder-actuated fasteners instead of building attachments where required in 
concrete construction.

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

END OF SECTION 220529
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SECTION 220548 - VIBRATION AND SEISMIC CONTROLS FOR PLUMBING PIPING AND 
EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 018123 "Facility Seismic and Wind Criteria" specifies basis-of-design 
seismic and wind criteria for non-structural components.

2. Section 230548 "Vibration and Seismic Controls for HVAC" specifies devices for 
HVAC equipment and systems.

1.2 DEFINITIONS

A. IBC: International Building Code.

1.3 DELEGATED DESIGN SERVICES

A. Delegated Design Professional: Engage qualified professional structural engineer to 
design, sign/seal, seismic and wind restraints.

1.4 ACTION SUBMITTALS

A. Product Data:

1. For each type of product.

a. Include rated load, rated deflection, and overload capacity for each 
vibration isolation device.

b. Include load rating for each seismic-restraint device.
c. Illustrate and indicate style, material, strength, fastening provision, and 

finish for each type and size of vibration isolation device and seismic-
restraint component.

d. Annotate types and sizes of seismic restraints and accessories, complete 
with listing markings or report numbers and load rating in tension and 
compression as evaluated by an agency acceptable to authorities having 
jurisdiction.

e. Annotate to indicate application of each product submitted and compliance 
with requirements.

f. Interlocking Snubbers: Include ratings for horizontal, vertical, and combined 
loads.

B. Shop Drawings:
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1. Detail fabrication and assembly of equipment bases.
2. Vibration Isolation Base Details: Detail fabrication including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor 
bases, rails, and frames for equipment mounting.

3. Show coordination of seismic  restraints for components with other systems and 
equipment in the vicinity, including other supports and other seismic restraints.

C. Delegated Design Submittal:

1. For each seismic-restraint device, including seismic-restrained mounting, seismic 
restraint, seismic-restraint accessory, and concrete anchor and insert, that is 
required by this Section or is indicated on Drawings, submit the following:

a. Seismic Restraint, Vibration Isolator, and Vibration Isolation Base 
Selection: Select and submit seismic restraints and vibration isolators , and 
vibration isolation bases complying with performance requirements, design 
criteria, and analysis data.

b. Riser Supports: Include riser diagrams and calculations showing 
anticipated expansion and contraction at each support point, initial and final 
loads on building structure, spring deflection changes, and seismic loads. 
Include certification by professional engineer that riser system was 
examined for excessive stress and that none exists.

c. Post-Installed Concrete Anchors and Concrete Inserts: Include calculations 
showing anticipated seismic loads. Include certification that device is 
approved by an NRTL for reinforcement use.

d. Seismic Design Calculations: Submit all input data and loading 
calculations.

2. Seismic- and Wind-Restraint Detail Drawing:

a. Design Analysis: To support selection and arrangement of seismic 
restraints. Include calculations of combined tensile and shear loads.

b. Details: Indicate fabrication and arrangement. Detail attachments of 
restraints to restrained items and to the structure. Show attachment 
locations, methods, and spacings. Identify components, list their strengths, 
and indicate directions and values of forces transmitted to the structure 
during seismic events. Indicate association with vibration isolation devices.

3. Product Listing, Preapproval, and Evaluation Documentation: By an agency 
acceptable to authorities having jurisdiction, showing maximum ratings of 
restraint items and the basis for approval (tests or calculations).

4. Design Calculations for Vibration Isolation Devices: Calculate static and dynamic 
loading due to equipment weight and operating forces required to select proper 
vibration isolators, and to design vibration isolation bases.

5. Riser Supports: Include riser diagrams and calculations showing anticipated 
expansion and contraction at each support point, initial and final loads on building 
structure, and spring deflection changes. Include certification that riser system 
was examined for excessive stress and that none exists.
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1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Show coordination of vibration isolation  and seismic-restraint 
devices for plumbing piping and equipment with other systems and equipment in the 
vicinity, including other supports and restraints, if any.

B. Qualification Data: For professional engineer and testing agency.

C. Welding certificates.

D. Field quality-control reports:

1.6 REGULATORY AGENCY APPROVALS

A. Delegated design submittals and Shop Drawings requiring approval by authorities 
having jurisdiction must be signed by qualified structural professional engineer 
responsible for their preparation. Obtain approval by authorities having jurisdiction prior 
to submitting for action by Architect.

1.7 QUALITY ASSURANCE

A. Testing Agency Qualifications: An independent agency, with the experience and 
capability to conduct the testing indicated, that is an NRTL as defined by OSHA in 29 
CFR 1910.7 and that is acceptable to authorities having jurisdiction.

B. Welding Qualifications: Qualify procedures and personnel in accordance with AWS 
D1.1/D1.1M, "Structural Welding Code - Steel."

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Seismic- and Wind-Restraint-Device Load Ratings: Devices must be tested and rated 
in accordance with applicable code requirements and authorities having jurisdiction. 
Devices are must be listed by a nationally recognized third party that requires periodic 
follow-up inspections and has a listing directory available to the public. Provide third-
party listing by one or more of the following: an agency acceptable to authorities having 
jurisdiction.

B. Consequential Damage: Provide additional seismic restraints for suspended 
components or anchorage of floor-, roof-, or wall-mounted components so that failure 
of a nonessential or essential component will not cause failure of any other essential 
building component.

C. Fire/Smoke Resistance: Seismic- and wind-restraint devices that are not constructed of 
ferrous metals are to have a maximum flame-spread index of 25 and maximum smoke-
developed index of 50 when tested by qualified testing laboratory in accordance with 
ASTM E84 or UL 723 and be labeled as such.
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D. Component Supports:

1. Load ratings, features, and applications of reinforcement components are to be 
based on testing standards of qualified testing laboratory.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive vibration isolation and seismic- restraint 
devices for compliance with requirements for installation tolerances and other 
conditions affecting performance of the Work.

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual 
locations before installation.

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

3.2 APPLICATIONS

A. Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for 
application by an agency acceptable to authorities having jurisdiction.

B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where indicated or scheduled on 
Drawings to receive them and where required to prevent buckling of hanger rods due 
to seismic forces.

C. Strength of Support Assemblies: Where not specifically indicated otherwise, select 
sizes of components so strength is adequate to carry static and seismic load within 
specified loading limits.

3.3 INSTALLATION OF VIBRATION CONTROLS AND SEISMIC RESTRAINTS FOR 
PLUMBING PIPING AND EQUIPMENT

A. Provide seismic-restraint devices and vibration-control devices for systems and 
equipment where indicated in Equipment Schedules or Vibration-Control Device 
Schedules, where indicated on Drawings, or where the Specifications indicate they are 
to be installed on specific equipment and systems.

B. Provide seismic-restraint devices for systems and equipment where indicated in 
Equipment Schedules or Seismic-Restraint Devices Schedules, where indicated on 
Drawings, where the Specifications indicate they are to be installed on specific 
equipment and systems, and where required by applicable codes.

C. Coordinate location of embedded connection hardware with supported equipment 
attachment and mounting points and with requirements for concrete reinforcement and 
formwork specified in Section 033000 "Cast-in-Place Concrete."



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

VIBRATION AND SEISMIC CONTROLS FOR 
PLUMBING PIPING AND EQUIPMENT

220548 - 5

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

D. Installation of vibration isolators and seismic restraints must not cause any stresses, 
misalignment, or change of position of equipment or piping.

E. Equipment Restraints:

1. Install snubbers on plumbing equipment mounted on vibration isolators. Locate 
snubbers as close as possible to vibration isolators and bolt to equipment base 
and supporting structure.

2. Install resilient bolt isolation washers on equipment anchor bolts where clearance 
between anchor and adjacent surface exceeds 0.125 inch.

3. Install seismic-restraint devices using methods approved by an agency 
acceptable to authorities having jurisdiction that provides required submittals for 
component.

F. Piping Restraints:

1. Comply with requirements in MSS SP-127.
2. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a 

maximum of 80 feet o.c.
3. Brace a change of direction longer than 12 feet.

G. Install seismic-restraint cables so they do not bend across edges of adjacent 
equipment or building structure.

H. Install seismic-restraint devices using methods approved by an agency acceptable to 
authorities having jurisdiction that provides required submittals for component.

I. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to 
provide resilient media between anchor bolt and mounting hole in concrete base.

J. 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.

K. Attachment to Structure: If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, at upper truss chords of bar joists, or at concrete 
members.

L. Post-Installed Concrete Anchors:

1. Identify position of reinforcing steel and other embedded items prior to drilling 
holes for anchors. Do not damage existing reinforcing or embedded items during 
coring or drilling. Notify Project structural engineer if reinforcing steel or other 
embedded items are encountered during drilling. Locate and avoid prestressed 
tendons, electrical and telecommunications conduit, and gas lines.

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
achieved full design strength.

3. Mechanical Anchor Bolts: Protect threads from damage during anchor 
installation. Heavy-duty sleeve anchors shall be installed with sleeve fully 
engaged in the structural element to which anchor is to be fastened.

4. Adhesive Anchor Bolts: Clean holes to remove loose material and drilling dust 
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prior to installation of adhesive. Place adhesive in holes proceeding from the 
bottom of the hole and progressing toward the surface in such a manner as to 
avoid introduction of air pockets in the adhesive.

5. Set anchors to manufacturer's recommended torque, using a torque wrench.
6. Install zinc-coated steel anchors for interior and stainless steel anchors for 

exterior applications.

3.4 ADJUSTING

A. Adjust isolators after system is at operating weight.

B. Adjust limit stops on restrained-spring isolators to mount equipment at normal 
operating height. After equipment installation is complete, adjust limit stops so they are 
out of contact during normal operation.

3.5 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Perform tests and inspections.
2. Provide evidence of recent calibration of test equipment by a testing agency 

acceptable to authorities having jurisdiction.
3. Schedule test with Owner, through Architect, before connecting anchorage 

device to restrained component (unless postconnection testing has been 
approved), and with at least seven days' advance notice.

4. Obtain Architect's approval before transmitting test loads to structure. Provide 
temporary load-spreading members.

5. Test at least four of each type and size of installed anchors and fasteners 
selected by Architect.

6. Test to 90 percent of rated proof load of device.
7. Measure isolator restraint clearance.
8. Measure isolator deflection.
9. Verify snubber minimum clearances.

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

C. Units will be considered defective if they do not pass tests and inspections.

D. Prepare test and inspection reports.

END OF SECTION 220548
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SECTION 220553 - IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Equipment labels.
2. Warning signs and labels.
3. Pipe labels.
4. Warning tags.

1.2 ACTION SUBMITTALS

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

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

C. Equipment-Label Schedule: Include a listing of all equipment to be labeled with the 
proposed content for each label.

D. Valve-numbering scheme.

E. Valve Schedules: For each piping system. Include in operation and maintenance 
manuals.

PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS

A. Label Content: Include equipment's Drawing designation or unique equipment number, 
Drawing numbers where equipment is indicated (plans, details, and schedules), and 
the Specification Section number and title where equipment is specified.

PART 3 - EXECUTION

3.1 PREPARATION

A. Clean piping and equipment surfaces of incompatible primers, paints, and 
encapsulants, as well as dirt, oil, grease, release agents, and other substances that 
could impair bond of identification devices.
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3.2 INSTALLATION, GENERAL REQUIREMENTS

A. Coordinate installation of identifying devices with completion of covering and painting 
of surfaces where devices are to be applied.

B. Coordinate installation of identifying devices with locations of access panels and doors.

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

D. Locate identifying devices so that they are readily visible from the point of normal 
approach.

3.3 INSTALLATION OF EQUIPMENT LABELS, WARNING SIGNS, AND LABELS

A. Permanently fasten labels on each item of plumbing equipment.

B. Locate equipment labels where accessible and visible.

3.4 INSTALLATION OF PIPE LABELS

A. Install pipe labels showing service and flow direction with permanent adhesive on 
pipes.

B. Pipe-Label Locations: Locate pipe labels where piping is exposed or above accessible 
ceilings in finished spaces; machine rooms; accessible maintenance spaces such as 
shafts, tunnels, and plenums; and exterior exposed locations as follows:

1. Within 3 ft. of each valve and control device.
2. At access doors, manholes, and similar access points that permit view of 

concealed piping.
3. Within 3 ft. of equipment items and other points of origination and termination.
4. Spaced at maximum intervals of 25 ft. along each run. Reduce intervals to 10 ft. 

in areas of congested piping and equipment.

C. Do not apply plastic pipe labels or plastic tapes directly to bare pipes conveying fluids 
at temperatures of 125 deg F or higher. Where these pipes are to remain uninsulated, 
use a short section of insulation or use stenciled labels.

D. Flow-Direction Flow Arrows: Use arrows, in compliance with ASME A13.1, to indicate 
direction of flow in pipes, including pipes where flow is allowed in both directions.

3.5 INSTALLATION OF WARNING TAGS

A. Warning Tag Color: Black letters on an ANSI Z535.1 safety-yellow background.

END OF SECTION 220553
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SECTION 220593 - TESTING, ADJUSTING, AND BALANCING FOR PLUMBING

PART 1 - GENERAL

1.1 SUMMARY

A. The Work of this Section Includes:

1. Pipe-leakage test verification.
2. Testing, adjusting, and balancing of existing plumbing systems and equipment.

1.2 DEFINITIONS

A. AABC: Associated Air Balance Council.

B. FFT: Fast Fourier transform.

C. INCE: Institute of Noise Control Engineering.

D. NC: Noise criteria.

E. NEBB: National Environmental Balancing Bureau.

F. RC: Room criteria.

G. TAB: Testing, adjusting, and balancing.

H. TABB: Testing, Adjusting, and Balancing Bureau.

I. TAB Specialist: An independent entity meeting qualifications to perform TAB work.

J. TDH: Total dynamic head.

1.3 QUALITY ASSURANCE

A. ASHRAE 111 Compliance: Requirements in ASHRAE 111 applicable to analogous 
domestic water system and plumbing equipment balancing.

B. Code and Authorities Having Jurisdiction Compliance: Furnish TAB services that 
comply with governing codes and requirements of authorities having jurisdiction.

1.4 FIELD CONDITIONS

A. Full Owner Occupancy: Owner will occupy the site and existing building during entire 
TAB period. Cooperate with Owner during TAB operations to minimize conflicts with 
Owner's operations.
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PART 2 - PRODUCTS (Not Used)
PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine approved submittals for plumbing systems and equipment.

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

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

D. Verify with installing Contractor that startup strainer screens have been replaced with 
permanent screens and that all strainers have been cleaned.

E. Examine control valves for proper installation for their intended function of isolating, 
throttling, diverting, or mixing fluid flows.

F. Observe demonstration of operating safety interlocks and controls on plumbing 
equipment.

3.2 GENERAL PROCEDURES FOR TESTING AND BALANCING

A. Perform testing and balancing procedures on each system in accordance with the 
procedures contained in ASHRAE 111 applicable to analogous domestic water system 
and plumbing equipment balancing in this Section.

B. Mark equipment and balancing devices, including valve position indicators 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 (IP units.

3.3 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING 
SYSTEMS

A. Perform a preconstruction inspection of existing equipment that is to remain and be 
reused.

1. Measure and record flows, temperatures, and pressures of each piece of 
equipment. Compare the values to design or nameplate information, where 
information is available.

2. Measure motor voltage and amperage. Compare the values to motor nameplate 
information.

3. Check the condition of filters.
4. Check bearings and other lubricated parts for proper lubrication.
5. Report on the operating condition of the equipment and the results of the 
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measurements taken. Report deficiencies.

B. TAB after Construction: Before performing testing and balancing of renovated existing 
systems, inspect existing equipment that is to remain and be reused to verify that 
existing equipment has been cleaned and refurbished in accordance with renovation 
scope indicated by Contract Documents. Verify the following:

1. New filters are installed.
2. Bearings and other parts are properly lubricated.
3. Deficiencies noted in the preconstruction report are corrected.

C. Perform testing and balancing of existing systems to the extent that existing systems 
are affected by the renovation work.

1. Compare the indicated system flows of the renovated work to the measured 
flows and determine the new pump speed.

2. Verify that the indicated system flows of the renovated work result in velocities 
and pump speeds that are within the acceptable limits defined by equipment 
manufacturer.

3. If calculations increase or decrease the system flow rates by more than 5 
percent, make equipment adjustments to achieve the calculated rates. If increase 
or decrease is 5 percent or less, equipment adjustments are not required.

3.4 FINAL TESTING AND BALANCING REPORT

A. General: Prepare a certified written report; tabulate and divide the report into separate 
sections for tested systems and balanced systems.

1. Include a certification sheet at the front of the report's binder, signed and sealed 
by the certified testing and balancing engineer.

2. Include a list of instruments used for procedures, along with proof of calibration.
3. Certify validity and accuracy of field data.

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

1. Pump curves.
2. Manufacturers' test data.
3. Field test reports prepared by system and equipment installers.
4. Other information relative to equipment performance; do not include Shop 

Drawings and product data.

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

1. Flow rates.
2. Pipe and valve sizes and locations.
3. Balancing stations.
4. Position of balancing devices.

D. Gas- and Oil-Fired Water Heaters Test Reports: In addition to manufacturer's factory 
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startup equipment reports, include the following:

1. Unit Data:

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

inches.

2. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.
b. Entering-water temperature in deg F.
c. Leaving-water temperature in deg F.
d. Low-fire fuel input in Btu/h.
e. High-fire fuel input in Btu/h.
f. High-temperature-limit setting in deg F.
g. Operating set point in Btu/h.
h. Heating value of fuel in Btu/h.

E. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump 
curves, and include the following:

1. Unit Data:

a. Unit identification.
b. Location.
c. Service.
d. Make and size.
e. Model number and serial number.
f. Water flow rate in gpm.
g. Water-pressure differential in feet of head or psig.
h. Required net positive suction head in feet of head or psig.
i. Pump speed.
j. Impeller diameter in inches.
k. Motor make and frame size.
l. Motor horsepower and rpm.
m. Voltage at each connection.
n. Amperage for each phase.
o. Full-load amperage and service factor.
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p. Seal type.

2. Test Data (Indicated and Actual Values):

a. Static head in feet of head or psig.
b. Pump shutoff pressure in feet of head or psig.
c. Actual impeller size in inches.
d. Full-open flow rate in gpm.
e. Full-open pressure in feet of head or psig.
f. Final discharge pressure in feet of head or psig.
g. Final suction pressure in feet of head or psig.
h. Final total pressure in feet of head or psig.
i. Final water flow rate in gpm.
j. Voltage at each connection.
k. Amperage for each phase.

F. Instrument Calibration Reports:

1. Report Data:

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

END OF SECTION 220593
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SECTION 230130.52 - EXISTING HVAC AIR DISTRIBUTION SYSTEM CLEANING

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes cleaning existing HVAC air-distribution equipment, ducts, plenums, 
and system components.

B. Related Requirements:

1. Section 233113 "Metal Ducts" for cleaning newly installed metal ducts.
2. Section 233116 "Nonmetal Ducts" for cleaning newly installed nonmetal ducts.
3. Section 230593 "Testing, Adjusting, Balancing for HVAC" for system flow 

documentation before cleaning and balancing and following cleaning and 
restoration.

4. Section 233300 "Air Duct Accessories" for restoration of opened ducts and 
plenums with access doors.

1.2 DEFINITIONS

A. ACAC: American Council for Accredited Certification.

B. AIHA-LAP: American Industrial Hygiene Association Lab Accreditation Program

C. ASCS: Air systems cleaning specialist.

D. CESB: Council of Engineering and Scientific Specialty Boards.

E. CMI: Certified Microbial Investigator.

F. CMC: Certified Microbial Consultant.

G. CMR: Certified Microbial Remediator.

H. CMRS: Certified Microbial Remediation Supervisor.

I. EMLAP: Environmental Microbiology Laboratory Accreditation Program.

J. IEP: Indoor Environmental Professional.

K. IICRC: Institute of Inspection, Cleaning, and Restoration Certification.

L. NADCA: National Air Duct Cleaners Association.
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1.3 ACTION SUBMITTALS

A. Product Data:

1. Cleaning agents

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data:

1. For an ASCS.
2. For an IEP.
3. For a CMR and a CMRS.

B. Field Quality-Control Reports:

1. Project's existing conditions.
2. Evaluations and recommendations, including cleanliness verification.
3. Strategies and procedures plan.

1.5 CLOSEOUT SUBMITTALS

A. Post-Project report.

PART 2 - PRODUCTS

2.1 HVAC CLEANING AGENTS

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

1. Apex Engineering Products Corporation.
2. BBJ Environmental Solutions.
3. Goodway Technologies Corporation.
4. Nu-Calgon.
5. QuestVapco Corporation.

B. Description:

1. Formulated for each specific soiled coil condition that needs remedy.
2. Will not corrode or tarnish aluminum, copper, or other metals.
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PART 3 - EXECUTION

3.1 PREPARATION

A. Inspect HVAC air-distribution equipment, ducts, plenums, and system components to 
determine appropriate methods, tools, and equipment required for performance of the 
Work.

B. Perform "Project Evaluation and Recommendation" according to NADCA ACR.

C. Cleaning Plan: Prepare a written plan for air-distribution system cleaning that includes 
strategies and step-by-step procedures. At a minimum, include the following:

1. Supervisor contact information.
2. Work schedule, including location, times, and impact on occupied areas.
3. Methods and materials planned for each HVAC component type.
4. Required support from other trades.
5. Equipment and material storage requirements.
6. Exhaust equipment setup locations.

D. Existing Conditions Report: Prepare a written report that documents existing conditions 
of the systems and equipment. Include documentation of existing conditions, including 
inspection results, photo images, laboratory results, and interpretations of the 
laboratory results by an IEP.

1. Prepare written report listing conditions detrimental to performance of the Work.

E. Proceed with work only after conditions detrimental to performance of the Work have 
been corrected.

F. Use the existing service openings, as required for proper cleaning, at various points of 
the HVAC system for physical and mechanical entry and for inspection.

G. Comply with NADCA ACR, "Guidelines for Constructing Service Openings in HVAC 
Systems" Section.

H. Mark the position of manual volume dampers and air-directional mechanical devices 
inside the system prior to cleaning.

3.2 CLEANING

A. Comply with NADCA ACR, including items identified as "recommended," "advised," 
and "suggested."

B. Perform electrical lockout and tagout according to Owner's standards or authorities 
having jurisdiction.

C. Remove non-adhered substances and deposits from within the HVAC system.

D. Complete cleaning in accordance with Owner-Contractor agreed-upon scope of work.
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E. Systems and Components to Be Cleaned:

1. All air-moving and -distribution equipment.
2. Air devices for supply and return air.
3. Air-terminal units and connections.
4. Ductwork:
5. Casings.
6. Duct-mounted coils.
7. Filters and filter housings.

F. Collect debris removed during cleaning. Ensure that debris is not dispersed outside the 
HVAC system during the cleaning process.

G. Particulate Collection:

1. For particulate collection equipment, include adequate filtration to contain debris 
removed. Locate equipment downwind and away from all air intakes and other 
points of entry into the building.

H. Control odors and mist vapors during the cleaning and restoration process.

I. Mark the position of manual volume dampers and air-directional mechanical devices 
inside the system prior to cleaning. Restore them to their marked position on 
completion of cleaning.

J. System components shall be cleaned so that all HVAC system components are visibly 
clean. On completion, all components must be returned to those settings recorded just 
prior to cleaning operations.

K. Clean all air-distribution devices, registers, grilles, and diffusers.

L. Clean non-adhered substance deposits according to NADCA ACR and the following:

1. Clean air-handling units, airstream surfaces, components, condensate collectors, 
and drains.

2. Ensure that a suitable operative drainage system is in place prior to beginning 
wash-down procedures.

3. Clean evaporator coils, reheat coils, and other airstream components.

M. Air-Distribution Systems:

1. Create service openings in the HVAC system as necessary to accommodate 
cleaning.

2. Mechanically clean air-distribution systems specified to remove all visible 
contaminants, so that the systems are capable of passing the HVAC System 
Cleanliness Tests (see NADCA ACR).

N. Debris removed from the HVAC system shall be disposed of according to applicable 
Federal, state, and local requirements.

O. Mechanical Cleaning Methodology:
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1. Source-Removal Cleaning Methods: The HVAC system shall be cleaned using 
source-removal mechanical cleaning methods designed to extract contaminants 
from within the HVAC system and to safely remove these contaminants from the 
facility. No cleaning method, or combination of methods, shall be used that could 
potentially damage components of the HVAC system or negatively alter the 
integrity of the system.

a. Use continuously operating vacuum-collection devices to keep each 
section being cleaned under negative pressure.

b. Cleaning methods that require mechanical agitation devices to dislodge 
debris that is adhered to interior surfaces of HVAC system components 
shall be equipped to safely remove these devices. Cleaning methods shall 
not damage the integrity of HVAC system components or damage porous 
surface materials, such as duct and plenum liners.

2. Cleaning Mineral-Fiber Insulation Components:

a. Fibrous-glass thermal or acoustical insulation elements present in 
equipment or ductwork shall be thoroughly cleaned with HEPA vacuuming 
equipment while the HVAC system is under constant negative pressure 
and shall not be permitted to get wet according to NADCA ACR.

b. Cleaning methods used shall not cause damage to fibrous-glass 
components and will render the system capable of passing the HVAC 
System Cleanliness Tests (see NADCA ACR).

c. Fibrous materials that become wet shall be discarded and replaced.

P. Coil Cleaning:

1. See NADCA ACR, "Coil Surface Cleaning" Section. Type 1, or Type 1 and Type 
2, cleaning methods shall be used to render the coil visibly clean and capable of 
passing coil cleaning verification.

2. Coil drain pans shall be subject to NADCA ACR, "Non-Porous Surfaces Cleaning 
Verification." Ensure that condensate drain pans are operational.

3. Electric-resistance coils shall be de-energized, locked out, and tagged before 
cleaning.

4. Cleaning methods shall not cause any appreciable damage to, cause 
displacement of, inhibit heat transfer, or cause erosion of the coil surface or fins, 
and shall comply with coil manufacturer's written recommendations.

5. Rinse thoroughly with clean water to remove any latent residues.

3.3 CLEANLINESS VERIFICATION

A. Verify cleanliness according to NADCA ACR, "Verification of HVAC System 
Cleanliness" Section.

B. Verify HVAC system cleanliness after mechanical cleaning and before applying any 
treatment or introducing any treatment-related substance to the HVAC system, 
including biocidal agents and coatings.

C. Surface-Cleaning Verification: Perform visual inspection for cleanliness. If no 
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contaminants are evident through visual inspection, the HVAC system shall be 
considered clean. If visible contaminants are evident through visual inspection, those 
portions of the system where contaminants are visible shall be re-cleaned and 
subjected to re-inspection for cleanliness.

D. Additional Verification:

1. Perform surface comparison testing or NADCA vacuum test.
2. Conduct NADCA vacuum gravimetric test analysis for nonporous surfaces.

E. Prepare a written cleanliness verification report. At a minimum, include the following:

1. Written documentation of the success of the cleaning.
2. Site inspection reports, initialed by supervisor, including notation on areas of 

inspection, as verified through visual inspection.
3. Surface comparison test results if required.
4. Gravimetric analysis (nonporous surfaces only).
5. System areas found to be damaged.

3.4 RESTORATION

A. Restore and repair HVAC air-distribution equipment, ducts, plenums, and components 
according to NADCA ACR, "Restoration and Repair of Mechanical Systems" Section.

B. Restore service openings capable of future reopening. Comply with requirements in 
Section 233113 "Metal Ducts Section 233116 "Nonmetal Ducts."

C. Reseal fibrous-glass ducts. Comply with requirements in Section 233116 "Nonmetal 
Ducts."

D. Replace fibrous-glass materials that cannot be restored by cleaning or resurfacing. 
Comply with requirements in Section 233113 "Metal Ducts" and Section 233116 
"Nonmetal Ducts."

E. Replace damaged insulation according to Section 230713 "Duct Insulation."

F. Ensure that closures do not hinder or alter airflow.

G. New closure materials, including insulation, shall match opened materials and shall 
have removable closure panels fitted with gaskets and fasteners.

H. Restore manual volume dampers and air-directional mechanical devices inside the 
system to their marked position on completion of cleaning.

I. Measure air flows through air-distribution system.

J. Measure static-pressure differential across each coil.
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3.5 PROJECT CLOSEOUT

A. Post-Project Report:

1. Post-cleaning laboratory results if any.
2. Post-cleaning photo images.
3. Post-cleaning verification summary.

B. Drawings:

1. Deviations of existing system from Owner's record drawings.
2. Location of service openings.

END OF SECTION 230130.52
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SECTION 230500 - COMMON WORK RESULTS FOR HVAC

PART 1 - GENERAL

1.1 SUMMARY

1. Motors.
2. Packed expansion joints.
3. Packless expansion joints.
4. Alignment guides and anchors.
5. Sleeves without waterstop.
6. Grout.
7. Silicone sealants.
8. Thermometers, filled system.
9. Thermometers, liquid in glass.
10. Thermometers, light activated.
11. Duct-thermometer mounting brackets.
12. Thermowells.
13. Pressure gauges, dial type.
14. Gauge attachments.
15. Flowmeters.
16. Thermal-energy meters.

1.2 DEFINITIONS

A. Existing Piping To Remain: Existing piping that is not to be removed and that is not 
otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.

1.3 ACTION SUBMITTALS

A. Product Data:

1. For each type of product, excluding motors which are included in Part 1 of HVAC 
equipment Sections.

a. Include construction details, material descriptions, and dimensions of 
individual components, and finishes.

b. Include operating characteristics and furnished accessories.

B. Delegated Design Submittals: For each anchor and alignment guide, including analysis 
data, signed and sealed by the qualified professional engineer responsible for their 
preparation.

1. Design Calculations: Calculate requirements for thermal expansion of piping 
systems and for selecting and designing expansion joints, loops, and swing 
connections.

2. Anchor Details: Detail fabrication of each anchor indicated. Show dimensions 
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and methods of assembly and attachment to building structure.
3. Alignment Guide Details: Detail field assembly and attachment to building 

structure.
4. Schedule: Indicate type, manufacturer's number, size, material, pressure rating, 

end connections, and location for each expansion joint.

1.4 INFORMATIONAL SUBMITTALS

A. Product Certificates: For each type of meter.

B. Welding certificates.

C. Field quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For each type of expansion joint, and gauge to 
include in operation and maintenance manuals.

1.6 QUALITY ASSURANCE

A. Welding Qualifications: Qualify procedures and personnel in accordance with AWS 
D1.1/D1.1M.

B. Pipe and Pressure-Vessel Welding Qualifications: Qualify procedures and operators in 
accordance with 2021 ASME Boiler and Pressure Vessel Code, Section IX.

1.7 COORDINATION

A. Coordinate features of motors, installed units, and accessory devices to be compatible 
with the following:

1. Motor controllers.
2. Torque, speed, and horsepower requirements of the load.
3. Ratings and characteristics of supply circuit and required control sequence.
4. Ambient and environmental conditions of installation location.

PART 2 - PRODUCTS (Not Used)
PART 3 - EXECUTION

3.1 INSTALLATION OF EXPANSION JOINTS - GENERAL

A. Install expansion joints of sizes matching sizes of piping in which they are installed.
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3.2 INSTALLATION OF PACKED EXPANSION JOINTS

A. Install packed expansion joints with packing suitable for fluid service.

3.3 INSTALLATION OF PACKLESS EXPANSION JOINTS

A. Install metal-bellows packless expansion joints in accordance with EJMA's "Standards 
of the Expansion Joint Manufacturers Association, Inc."

B. Install rubber packless expansion joints in accordance with FSA-PSJ-703.

3.4 INSTALLATION OF GROOVED-JOINT EXPANSION JOINTS

A. Install grooved-joint expansion joints to grooved-end steel piping.

3.5 INSTALLATION OF ALIGNMENT GUIDES AND ANCHORS

A. Install alignment guides to guide expansion and to avoid end-loading and torsional 
stress.

B. Install one guide(s) on each side of pipe expansion fittings and loops. Install guides 
nearest to expansion joint not more than four pipe diameters from expansion joint.

C. Attach guides to pipe, and secure guides to building structure.

D. Install anchors at locations to prevent stresses from exceeding those permitted by 
ASME B31.9 and to prevent transfer of loading and stresses to connected equipment.

E. Anchor Attachments:

1. Anchor Attachment to Steel Pipe: Attach by welding. Comply with ASME B31.9.
2. Anchor Attachment to Copper Tubing: Attach with pipe hangers. Use MSS SP-

58, Type 24; U bolts bolted to anchor.

F. Fabricate and install steel anchors by welding steel shapes, plates, and bars. Comply 
with ASME B31.9 and AWS D1.1/D1.1M.

1. Anchor Attachment to Steel Structural Members: Attach by welding.
2. Anchor Attachment to Concrete Structural Members: Attach by fasteners. Follow 

fastener manufacturer's written instructions.
3. Use grout to form flat bearing surfaces for guides and anchors attached to 

concrete.

3.6 INSTALLATION OF PIPE LOOPS AND SWING CONNECTIONS

A. Connect risers and branch connections to mains with at least five pipe fittings, 
including tee in main.
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B. Connect risers and branch connections to terminal units with at least four pipe fittings, 
including tee in riser.

C. Connect mains and branch connections to terminal units with at least four pipe fittings, 
including tee in main.

3.7 INSTALLATION OF SLEEVES - GENERAL

A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and 
walls.

B. For sleeves that will have sleeve-seal system installed, select sleeves of size large 
enough to provide 1-inch annular clear space between piping and concrete slabs and 
walls.

1. Sleeves are not required for core-drilled holes.

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs 
and walls are constructed.

1. Permanent sleeves are not required for holes in slabs formed by molded-PE or -
PP sleeves.

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

a. Exception: Extend sleeves installed in floors of mechanical equipment 
areas or other wet areas 2 inches above finished floor level.

3. Using grout, seal space outside of sleeves in floors/slabs/walls without sleeve-
seal system. Select to maintain fire resistance of floor/slab/wall.

D. Install sleeves for pipes passing through interior partitions.

1. Cut sleeves to length for mounting flush with both surfaces.
2. Install sleeves that are large enough to provide 1/4-inch annular clear space 

between sleeve and pipe or pipe insulation.
3. Seal annular space between sleeve and piping or piping insulation; use joint 

sealants that joint sealant manufacturer's literature indicates is appropriate for 
size, depth, and location of joint.

3.8 INSTALLATION OF STACK-SLEEVE FITTINGS

A. Install stack-sleeve fittings in new slabs as slabs are constructed.

1. Install fittings that are large enough to provide 1/4-inch annular clear space 
between sleeve and pipe or pipe insulation.

2. Secure flashing between clamping flanges for pipes penetrating floors with 
membrane waterproofing. Comply with requirements for flashing specified in 
Section 076200 "Sheet Metal Flashing and Trim."

3. Install section of cast-iron soil pipe to extend sleeve to 3 inches above finished 
floor level.
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4. Using silicone sealant, seal space between top hub of stack-sleeve fitting and 
pipe.

3.9 CONNECTIONS

A. Install meters and gauges adjacent to machines and equipment to allow space for 
service and maintenance of meters, gauges, machines, and equipment.

3.10 ADJUSTING

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

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

3.11 FIELD QUALITY CONTROL

A. Sleeves and Sleeve Seals:

1. Perform the following tests and inspections:

a. Leak Test: After allowing for a full cure, test sleeves and sleeve seals for 
leaks. Repair leaks and retest until no leaks exist.

b. Sleeves and sleeve seals will be considered defective if they do not pass 
tests and inspections.

2. Prepare test and inspection reports.

B. Escutcheons:

1. Using new materials, replace broken and damaged escutcheons and floor plates.

3.12 SLEEVES APPLICATION

A. Use sleeves and sleeve seals for the following piping-penetration applications:

1. Exterior Concrete Walls above and below Grade:

a. Sleeves with waterstops.

1) Select sleeve size to allow for 1-inch annular clear space between 
piping and sleeve for installing sleeve-seal system.

2. Concrete Slabs-on-Grade:

a. Sleeves with waterstops.

1) Select sleeve size to allow for 1-inch annular clear space between 
piping and sleeve for installing sleeve-seal system.
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3. Concrete Slabs above Grade:

a. Sleeves with waterstops.

4. Interior Walls and Partitions:

a. Sleeves without waterstops.

END OF SECTION 230500
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Pipe hangers - metal, trapeze type.
2. Pipe hangers - FRP.
3. Strut support system - rooftop-mounted pipe stand, curb-mounted type.
4. Fastener system - mechanical expansion anchors.
5. Equipment supports.
6. Equipment stands - outdoor type.

B. Related Requirements:

1. Section 055000 "Metal Fabrications" for structural-steel shapes and plates for 
trapeze hangers for pipe and equipment supports.

2. Section 230500 "Common Work Results for HVAC" for pipe guides and anchors.
3. Section 230548 "Vibration and Seismic Controls for HVAC" for vibration isolation 

devices.
4. Section 233113 "Metal Ducts" and Section 233116 "Nonmetal Ducts" for duct 

hangers and supports.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show 
fabrication and installation details and include calculations for the following:

1. Trapeze pipe hangers.
2. Metal strut support systems.
3. Rooftop-mounted strut support systems.
4. FRP strut support systems.
5. Pipe stands.
6. Equipment supports.

C. Delegated Design Submittals: For trapeze hangers indicated to comply with 
performance requirements and design criteria, including analysis data signed and 
sealed by the qualified professional engineer responsible for their preparation.

1. Detail fabrication/assembly and design calculations for trapeze hangers.
2. Detail fabrication/assembly and design calculations for each type of strut support 

system, by the manufacturer's technical representative.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

HANGERS AND SUPPORTS FOR HVAC 
PIPING AND EQUIPMENT

230529 - 2

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

1.3 INFORMATIONAL SUBMITTALS

A. Welding certificates.

1.4 QUALITY ASSURANCE

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

B. Pipe Welding Qualifications: Qualify procedures and operators in accordance with 
2021 ASME Boiler and Pressure Vessel Code, Section IX.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Structural Performance: Hangers and supports for HVAC piping and equipment are to 
withstand the effects of gravity loads and stresses within limits and under conditions 
indicated in accordance with ASCE/SEI 7.

1. Design supports for multiple pipes, including pipe stands, capable of supporting 
combined weight of supported systems, system contents, and test water.

2. Design equipment supports capable of supporting combined operating weight of 
supported equipment and connected systems and components.

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

2.2 PIPE HANGERS - METAL, TRAPEZE TYPE

A. Description: MSS SP-58, Type 59, shop- or field-fabricated pipe-support assembly 
made from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, 
nuts, saddles, and U-bolts.

2.3 PIPE HANGERS - FRP

A. Pipe Hangers - FRP, Clevis Type:

1. Description: Similar to MSS SP-58, Type 1, factory-fabricated steel pipe hanger 
except hanger is made of fiberglass-reinforced plastic resin.

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

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

B. Pipe Hangers - FRP, Strap Type:

1. Description: Similar to MSS SP-58, Type 9 or Type 10 steel pipe hanger except 
hanger is made of fiberglass-reinforced plastic resin.
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a. Flammability: ASTM D635, ASTM E84, and UL 94.

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

2.4 EQUIPMENT SUPPORTS

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

2.5 MATERIALS

A. Aluminum: ASTM B221.

B. Carbon Steel: ASTM A1011/A1011M.

C. Structural Steel: ASTM A36/A36M, carbon-steel plates, shapes, and bars; galvanized.

D. Stainless Steel: ASTM A240/A240M.

E. Threaded Rods: Continuously threaded. Zinc-plated or galvanized steel for indoor 
applications and stainless steel for outdoor applications. Mating nuts and washers of 
similar materials as rods.

F. Grout: ASTM C1107/C1107M, factory-mixed and -packaged, dry, hydraulic-cement, 
nonshrink and nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000 psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1 APPLICATION

A. Comply with requirements in Section 078413 "Penetration Firestopping" for 
firestopping materials and installation for penetrations through fire-rated walls, ceilings, 
and assemblies.

B. Strength of Support Assemblies: Where not indicated, select sizes of components so 
strength will be adequate to carry static loads within specified loading limits. Minimum 
static design load used for strength determination is to include weight of supported 
components plus 200 lb.

3.2 INSTALLATION OF HANGERS AND SUPPORTS

A. Install hangers and supports to allow controlled thermal and seismic movement of 
piping systems, to permit freedom of movement between pipe anchors, and to facilitate 
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action of expansion joints, expansion loops, expansion bends, and similar units.

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

C. Install building attachments within concrete slabs or attach to structural steel. Install 
additional attachments at concentrated loads, including valves, flanges, and strainers, 
NPS 2-1/2 and larger and at changes in direction of piping. Coordinate location of 
concrete inserts before concrete is placed.

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

E. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not 
exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.

F. Insulated Piping:

1. Attach clamps and spacers to piping.

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

b. Piping Operating below Ambient Air Temperature: Use thermal hanger 
shield insert with clamp sized to match OD of insert.

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

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier 
is indicated. Fill interior voids with insulation that matches adjoining insulation.

a. Thermal hanger shield inserts may be used as an option. Include steel 
weight-distribution plate for pipe NPS 4 and larger if pipe is installed on 
rollers.

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. 
Shields are to span an arc of 180 degrees.

a. Thermal hanger shield inserts may be used as an option. Include steel 
weight-distribution plate for pipe NPS 4 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 long and 0.048 inch 
thick.

b. NPS 4 (DN 100): 12 inches long and 0.06 inch thick.
c. NPS 5 and NPS 6 (DN 125 and DN 150): 18 inches long and 0.06 inch 

thick.
d. NPS 8 to NPS 14 (DN 200 to DN 350): 24 inches long and 0.075 inch thick.
e. NPS 16 to NPS 24 (DN 400 to DN 600): 24 inches long and 0.105 inch 

thick.
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5. Pipes NPS 8 (DN 200) and Larger: Include wood or reinforced calcium-silicate-
insulation inserts of length at least as long as protective shield.

G. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, 
clamps, and attachments as required to properly support piping from the building 
structure.

H. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping 
of parallel runs of horizontal piping, and support together on field-fabricated trapeze 
pipe hangers.

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe 
size, or install intermediate supports for smaller diameter pipes as specified for 
individual pipe hangers.

2. Field fabricate in accordance with ASTM A36/A36M, carbon-steel shapes 
selected for loads being supported. Weld steel in accordance with AWS 
D1.1/D1.1M.

I. FRP Pipe-Hanger Installation: Comply with applicable portions of MSS SP-58. Install 
hangers and attachments as required to properly support piping from building structure.

J. Strut System Installation: Metal, rod type. Arrange for grouping of parallel runs of 
piping, and support together on field-assembled strut systems. Install in accordance 
with manufacturer's written installation instructions.

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

L. Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete 
slabs less than 4 inches thick after concrete is placed and cured. Use installers 
that are trained and certified in accordance with the AHJ.

2. Install mechanical-expansion anchors after concrete is placed and completely 
cured.

3. Install fasteners in accordance with manufacturer's written instructions.
4. Install lag screw wood fasteners in accordance with manufacturer's written 

instructions.

M. Pipe Stand Installation:

1. Pipe Stand Types except Curb-Mounted Type: Assemble components and mount 
on smooth roof surface. Do not penetrate roof membrane.

2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand 
and mount on permanent, stationary roof curb. See Section 077200 "Roof 
Accessories" for curbs.

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

O. Equipment Support Installation:
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1. Fabricate from welded-structural-steel shapes.
2. Fabricate structural-steel stands to suspend equipment from structure overhead 

or to support equipment above floor.
3. Grouting: Place grout under supports for floor-mounted equipment, and make 

bearing surface smooth.
4. Provide lateral bracing, to prevent swaying.

3.3 METAL FABRICATIONS

A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and 
equipment supports.

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

C. Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc 
welding; appearance and quality of welds; 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.

3.5 PAINTING

A. Touchup:

1. Clean field welds and abraded areas of shop paint. Paint exposed areas 
immediately after erecting hangers and supports. Use same materials as used 
for shop painting. Comply with SSPC-PA 1 requirements for touching up field-
painted surfaces.

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

2. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and 
apply galvanizing-repair paint to comply with ASTM A780/A780M.
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3.6 HANGER AND SUPPORT SCHEDULE

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

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

C. Use hangers and supports with galvanized metallic coatings for piping and equipment 
that will not have field-applied finish.

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments 
are in direct contact with copper tubing.

E. Use carbon-steel pipe hangers and supports and attachments for general service 
applications.

F. Use stainless steel pipe hangers and stainless steel attachments for hostile 
environment applications.

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

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

I. Use thermal hanger shield inserts for insulated piping and tubing.

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

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated 
or insulated, stationary pipes NPS 1/2 to NPS 30.

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F, 
pipes NPS 4 to NPS 24, requiring up to 4 inches of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension 
of pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of 
insulation.

4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 
to NPS 24 if little or no insulation is required.

5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow 
off-center closure for hanger installation before pipe erection.

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of 
noninsulated, stationary pipes NPS 3/4 to NPS 8.

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8.

8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, 
stationary pipes NPS 1/2 to NPS 8.

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of 
noninsulated, stationary pipes NPS 1/2 to NPS 8.

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For 
suspension of noninsulated, stationary pipes NPS 3/8 to NPS 8.
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11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension 
of noninsulated, stationary pipes NPS 3/8 to NPS 3.

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.
13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or 

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

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

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, 
with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel 
plate, and with U-bolt to retain pipe.

16. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for 
pipes NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base 
stanchion support and cast-iron floor flange.

17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, 
from two rods if longitudinal movement caused by expansion and contraction 
might occur.

18. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to 
NPS 24, from single rod if horizontal movement caused by expansion and 
contraction might occur.

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if 
longitudinal movement caused by expansion and contraction might occur but 
vertical adjustment is unnecessary.

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 
if small horizontal movement caused by expansion and contraction might occur 
and vertical adjustment is unnecessary.

21. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes NPS 2 
to NPS 30 if vertical and lateral adjustment during installation might be required 
in addition to expansion and contraction.

K. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers 
NPS 3/4 to NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers 
NPS 3/4 to NPS 24 if longer ends are required for riser clamps.

L. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

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

2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.
3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings.
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various 

types of building attachments.
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping 

installations.

M. Building Attachments: Unless otherwise indicated and except as specified in piping 
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system Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to 
suspend pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-
joist construction, to attach to top flange of structural shape.

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

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

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

6. C-Clamps (MSS Type 23): For structural shapes.
7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required 

tangent to flange edge.
8. Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.
9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of 

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

steel I-beams for heavy loads, with link extensions.
11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to 

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

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

a. Light (MSS Type 31): 750 lb.
b. Medium (MSS Type 32): 1500 lb.
c. Heavy (MSS Type 33): 3000 lb.

13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is 

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

linear horizontal movement where headroom is limited.

N. Saddles and Shields: Unless otherwise indicated and except as specified in piping 
system Sections, install the following types:

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

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

3. Thermal Hanger Shield Inserts: For supporting insulated pipe.

O. Spring Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types:

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

2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not 
exceed 1-1/4 inches.
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3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger 
with springs.

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

5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load and limit 
variability factor to 25 percent to allow expansion and contraction of piping 
system from hanger.

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and limit 
variability factor to 25 percent to allow expansion and contraction of piping 
system from base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load and 
limit variability factor to 25 percent to allow expansion and contraction of piping 
system from trapeze support.

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of 
stress from one support to another support, critical terminal, or connected 
equipment. Include auxiliary stops for erection, hydrostatic test, and load-
adjustment capability. These supports include the following types:

a. Horizontal (MSS Type 54): Mounted horizontally.
b. Vertical (MSS Type 55): Mounted vertically.
c. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze 

member.

P. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are 
not specified in piping system Sections.

Q. Use powder-actuated fasteners instead of building attachments where required in 
concrete construction.

END OF SECTION 230529
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SECTION 230548 - VIBRATION AND SEISMIC CONTROLS FOR HVAC

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 220548 "Vibration and Seismic Controls for Plumbing Piping and 
Equipment" specifies devices for plumbing equipment and systems.

1.2 DEFINITIONS

A. IBC: International Building Code.

1.3 DELEGATED DESIGN SERVICES

A. Delegated Design Professional: Engage qualified professional structural engineer to 
design seismic and wind restraints.

1.4 ACTION SUBMITTALS

A. Product Data:

1. For each type of product.

a. Include rated load, rated deflection, and overload capacity for each 
vibration isolation device.

2. Include load rating for each seismic-restraint device.
3. Illustrate and indicate style, material, strength, fastening provision, and finish for 

each type and size of vibration isolation device and seismic-restraint component.
4. Annotate types and sizes of seismic restraints and accessories, complete with 

listing markings or report numbers and load rating in tension and compression as 
evaluated by an agency acceptable to authorities having jurisdiction.

5. Annotate to indicate application of each product submitted and compliance with 
requirements.

6. Interlocking Snubbers: Include ratings for horizontal, vertical, and combined 
loads.

B. Shop Drawings:

1. Detail fabrication and assembly of equipment bases.
2. Vibration Isolation Base Details: Detail fabrication including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor 
bases, rails, and frames for equipment mounting.
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3. Show coordination of seismic restraints for components with other systems and 
equipment in the vicinity, including other supports and other seismic restraints.

C. Delegated Design Submittals:

1. All delegated design and submittals for seismic restraints must be signed and 
sealed by a qualified professional structural engineer responsible for their 
preparation. Structural engineer is to possess qualifications specified in Section 
014000 "Quality Requirements," with expertise in structural engineering, 
including design of seismic and wind restraints, equipment hangers and 
supports, and concrete attachments.

2. For each seismic-restraint device, including seismic-restrained mounting, that is 
required by this Section or is indicated on Drawings, submit the following:

a. Seismic Restraint, Vibration Isolator, and Vibration Isolation Base 
Selection: Select and submit seismic restraints and vibration isolators , and 
vibration isolation bases complying with performance requirements, design 
criteria, and analysis data.

b. Riser Supports: Include riser diagrams and calculations showing 
anticipated expansion and contraction at each support point, initial and final 
loads on building structure, spring deflection changes, and seismic loads. 
Include certification by professional engineer that riser system was 
examined for excessive stress and that none exists.

c. Post-Installed Concrete Anchors and Concrete Inserts: Include calculations 
showing anticipated seismic loads. Include certification that device is 
approved by an NRTL for reinforcement use.

d. Seismic Design Calculations: Submit all input data and loading 
calculations.

3. Product Listing, Preapproval, and Evaluation Documentation: By an agency 
acceptable to authorities having jurisdiction, showing maximum ratings of 
restraint items and basis for approval (tests or calculations).

4. Design Calculations for Vibration Isolation Devices: Calculate static and dynamic 
loading due to equipment weight and operating forces required to select proper 
vibration isolators, and to design vibration isolation bases.

5. Riser Supports: Include riser diagrams and calculations showing anticipated 
expansion and contraction at each support point, initial and final loads on building 
structure, and spring deflection changes. Include certification that riser system 
was examined for excessive stress and that none exists.

1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Show coordination of vibration isolation  and seismic-restraint 
devices for HVAC piping and equipment with other systems and equipment in the 
vicinity, including other supports and restraints, if any.

B. Qualification Data: For professional engineer and testing agency.

C. Welding certificates.
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D. Field quality-control reports.

1.6 REGULATORY AGENCY APPROVALS

A. Delegated design submittals and Shop Drawings requiring approval by authorities 
having jurisdiction must be signed by qualified structural professional engineer 
responsible for their preparation. Obtain approval by authorities having jurisdiction prior 
to submitting for action by Architect.

1.7 QUALIFICATIONS
1.8 QUALITY ASSURANCE

A. Testing Agency Qualifications: An independent agency, with the experience and 
capability to conduct testing indicated, that is an NRTL as defined by OSHA in 29 CFR 
1910.7 and that is acceptable to authorities having jurisdiction.

B. Welding Qualifications: Qualify procedures and personnel in accordance with AWS 
D1.1/D1.1M, "Structural Welding Code - Steel."

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Seismic- and Wind-Restraint-Device Load Ratings: Devices are to be tested and rated 
in accordance with applicable code requirements and authorities having jurisdiction. 
Devices are to be listed by a nationally recognized third party that requires periodic 
follow-up inspections and has a listing directory available to the public. Provide third-
party listing by one or more of the following: an agency acceptable to authorities having 
jurisdiction.

B. Consequential Damage: Provide additional seismic restraints for suspended 
components or anchorage of floor-, roof-, or wall-mounted components so that failure 
of a non-essential or essential component will not cause failure of any other essential 
building component.

C. Fire/Smoke Resistance: Seismic- and wind-restraint devices that are not constructed of 
ferrous metals are to have a maximum flame-spread index of 25 and maximum smoke-
developed index of 50 when tested by qualified testing laboratory in accordance with 
ASTM E84 or UL 723 and be labeled as such.

D. Component Supports:

1. Load ratings, features, and applications of reinforcement components are to be 
based on testing standards of qualified testing laboratory.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive vibration isolation and seismic- restraint 
devices for compliance with requirements for installation tolerances and other 
conditions affecting performance of the Work.

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual 
locations before installation.

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

3.2 APPLICATIONS

A. Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for 
application by an agency acceptable to authorities having jurisdiction.

B. Hanger-Rod Stiffeners: Install where indicated or scheduled on Drawings to receive 
them and where required to prevent buckling of hanger rods due to seismic forces.

C. Strength of Support and Assemblies: Where not specifically indicated otherwise, select 
sizes of components so strength is adequate to carry static and seismic loads within 
specified loading limits.

3.3 INSTALLATION OF VIBRATION CONTROLS AND SEISMIC RESTRAINTS FOR 
HVAC PIPING AND EQUIPMENT

A. Provide seismic- and wind-restraint devices and vibration-control devices for systems 
and equipment where indicated in Equipment Schedules or Vibration-Control Devices 
Schedules, where indicated on Drawings, or where Specifications indicate they are to 
be installed on specific equipment and systems.

B. Provide seismic-restraint devices for systems and equipment where indicated in 
Equipment Schedules or Seismic-Restraint Devices Schedules, where indicated on 
Drawings, where Specifications indicate they are to be installed on specific equipment 
and systems, and where required by applicable codes.

C. Coordinate location of embedded connection hardware with supported equipment 
attachment and mounting points and with requirements for concrete reinforcement and 
formwork specified in Section 033000 "Cast-in-Place Concrete."

D. Installation of vibration isolators must not cause any change of position of equipment, 
piping, or ductwork resulting in stresses or misalignment.

E. Equipment Restraints:

1. Install snubbers on HVAC equipment mounted on vibration isolators. Locate 
snubbers as close as possible to vibration isolators and bolt to equipment base 
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and supporting structure.
2. Install resilient bolt isolation washers on equipment anchor bolts where clearance 

between anchor and adjacent surface exceeds 0.125 inch.
3. Install seismic-restraint devices using methods approved by an agency 

acceptable to authorities having jurisdiction that provides required submittals for 
component.

F. Piping Restraints:

1. Comply with requirements in MSS SP-127.
2. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a 

maximum of 80 feet o.c.
3. Brace a change of direction longer than 12 feet.

G. Ductwork Restraints:

1. Install ducts with hangers and braces designed to support the duct and to 
restrain against seismic forces required by applicable building codes. Comply 
with SMACNA's "Seismic Restraint Manual: Guidelines for Mechanical Systems."

2. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a 
maximum of 80 feet o.c.

3. Brace a change of direction longer than 12 feet.
4. Select seismic-restraint devices with capacities adequate to carry static and 

seismic loads.
5. Install cable restraints on ducts that are suspended with vibration isolators.

H. Install seismic-restraint cables so they do not bend across edges of adjacent 
equipment or building structure.

I. Install seismic-restraint devices using methods approved by an agency acceptable to 
authorities having jurisdiction that provides required submittals for component.

J. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to 
provide resilient media between anchor bolt and mounting hole in concrete base.

K. 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.

L. Attachment to Structure: If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, at upper truss chords of bar joists, or at concrete 
members.

M. Post-Installed Concrete Anchors:

1. Identify position of reinforcing steel and other embedded items prior to drilling 
holes for anchors. Do not damage existing reinforcing or embedded items during 
coring or drilling. Notify structural engineer if reinforcing steel or other embedded 
items are encountered during drilling. Locate and avoid prestressed tendons, 
electrical and telecommunications conduit, and gas lines.

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
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achieved full design strength.
3. Mechanical Anchor Bolts: Protect threads from damage during anchor 

installation. Heavy-duty sleeve anchors to be installed with sleeve fully engaged 
in the structural element to which anchor is to be fastened.

4. Adhesive Anchor Bolts: Clean holes to remove loose material and drilling dust 
prior to installation of adhesive. Place adhesive in holes proceeding from the 
bottom of the hole and progressing toward the surface in such a manner as to 
avoid introduction of air pockets in the adhesive.

5. Set anchors to manufacturer's recommended torque, using a torque wrench.
6. Install zinc-coated steel anchors for interior and stainless steel anchors for 

exterior applications.

3.4 ADJUSTING

A. Adjust isolators after system is at operating weight.

B. Adjust limit stops on restrained-spring isolators to mount equipment at normal 
operating height. After equipment installation is complete, adjust limit stops so they are 
out of contact during normal operation.

3.5 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Perform tests and inspections.
2. Provide evidence of recent calibration of test equipment by a testing agency 

acceptable to authorities having jurisdiction.
3. Schedule test with Owner, through Architect, before connecting anchorage 

device to restrained component (unless postconnection testing has been 
approved), and with at least seven days' advance notice.

4. Obtain Architect's approval before transmitting test loads to structure. Provide 
temporary load-spreading members.

5. Test no fewer than four of each type and size of installed anchors and fasteners 
selected by Architect.

6. Test to 90 percent of rated proof load of device.
7. Measure isolator restraint clearance.
8. Measure isolator deflection.
9. Verify snubber minimum clearances.
10. Test and adjust restrained-air-spring isolator controls and safeties.

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

C. Units will be considered defective if they do not pass tests and inspections.

D. Prepare test and inspection reports.

END OF SECTION 230548
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Equipment labels.
2. Pipe labels.
3. Duct labels.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

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

C. Equipment-Label Schedule: Include a listing of all equipment to be labeled with the 
proposed content for each label.

D. Valve-numbering scheme.

E. Valve Schedules: Provide for each piping system. Include in operation and 
maintenance manuals.

PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS

A. Label Content: Include equipment's Drawing designation or unique equipment number, 
Drawing numbers where equipment is indicated (plans, details, and schedules), and 
the Specification Section number and title where equipment is specified.

PART 3 - EXECUTION

3.1 PREPARATION

A. Clean piping and equipment surfaces of incompatible primers, paints, and 
encapsulants, as well as dirt, oil, grease, release agents, and other substances that 
could impair bond of identification devices.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

IDENTIFICATION FOR HVAC PIPING AND 
EQUIPMENT

230553 - 2

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

3.2 INSTALLATION, GENERAL REQUIREMENTS

A. Coordinate installation of identifying devices with completion of covering and painting 
of surfaces where devices are to be applied.

B. Coordinate installation of identifying devices with locations of access panels and doors.

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

D. Locate identifying devices so that they are readily visible from the point of normal 
approach.

3.3 INSTALLATION OF EQUIPMENT LABELS, WARNING SIGNS, AND LABELS

A. Permanently fasten labels on each item of mechanical equipment.

B. Locate equipment labels where accessible and visible.

3.4 INSTALLATION OF PIPE LABELS

A. Install pipe labels showing service and flow direction with permanent adhesive on 
pipes.

B. Do not apply plastic pipe labels or plastic tapes directly to bare pipes conveying fluids 
at temperatures of 125 deg F or higher. Where these pipes are to remain uninsulated, 
use a short section of insulation or use stenciled labels.

C. Flow-Direction Arrows: Use arrows to indicate direction of flow in pipes, including pipes 
where flow is allowed in both directions.

3.5 INSTALLATION OF DUCT LABELS

A. Locate label near each point where ducts enter into and exit from concealed spaces 
and at maximum intervals of 20 ft. where exposed or are concealed by removable 
ceiling system.

END OF SECTION 230553
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

1.1 SUMMARY

A. The Work of this Section Includes:

1. TAB of Air Systems:

a. Constant-volume air systems.
b. Dual-duct systems.
c. Variable-air-volume systems.
d. Multizone systems.
e. Induction-unit systems.

2. TAB of fuel oil systems for HVAC.
3. TAB of steam and condensate piping systems.
4. TAB of equipment.
5. TAB of existing HVAC systems and equipment.
6. Procedures for exhaust hoods.
7. Sound tests.
8. Vibration tests.
9. Duct-leakage tests verification.
10. Pipe-leakage tests verification.
11. UFAD plenum-leakage tests verification.
12. HVAC-control system verification.
13. Smoke-control system tests.
14. Stair-pressurization system tests.
15. Elevator-pressurization system tests.

B. Related Requirements:

1. Section 220593 "Testing, Adjusting, and Balancing for Plumbing" for TAB of 
plumbing systems and equipment.

1.2 DEFINITIONS

A. AABC: Associated Air Balance Council.

B. FFT: Fast Fourier transform.

C. INCE: Institute of Noise Control Engineering

D. NC: Noise criteria.

E. NEBB: National Environmental Balancing Bureau.
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F. RC: Room criteria.

G. TAB: Testing, adjusting, and balancing.

H. TABB: Testing, Adjusting, and Balancing Bureau.

I. TAB Specialist: An independent entity meeting qualifications to perform TAB work.

J. TDH: Total dynamic head.

K. UFAD: Underfloor air distribution.

1.3 INFORMATIONAL SUBMITTALS

A. Qualification Data: Within 30 days of Contractor's Notice to Proceed, submit 
documentation that the TAB specialist and this Project's TAB team members meet the 
qualifications specified in "Quality Assurance" Article.

B. Strategies and Procedures Plan: Within 30 days of Contractor's Notice to Proceed, 
submit TAB strategies and step-by-step procedures, as specified in "Preparation" 
Article.

C. System Readiness Checklists: Within 30 days of Contractor's Notice to Proceed, 
submit system readiness checklists, as specified in "Preparation" Article, to be used 
and filled out by systems installers verifying that systems are ready for TAB.

D. Certified TAB Reports: Within 14 days of completion of testing and balancing work.

1. Submit one copy of the final TAB report to the design professional of record's 
firm. Provide five additional copies to Contractor.

E. Sample report forms.

F. 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 and calibration interval.

1.4 QUALITY ASSURANCE

A. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements 
in ASHRAE 111, Section 4, "Instrumentation."

B. ASHRAE 111 compliance for testing and balancing of HVAC systems.

C. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 
6.7.3.3 - "System Balancing."
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D. Code and Authorities Having Jurisdiction Compliance: Furnish TAB services that 
comply with governing codes and requirements of authorities having jurisdiction.

1.5 FIELD CONDITIONS

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

PART 2 - PRODUCTS (Not Used)
PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine the Contract Documents to become familiar with Project requirements and to 
discover conditions in system designs that may preclude proper TAB of systems and 
equipment. Submit Contract Documents Examination Report summary of findings.

B. Examine installed systems for balancing devices, such as test ports, gauge cocks, 
thermometer wells, flow-control devices, balancing valves and fittings, and manual 
volume dampers. Note the locations of devices that are not accessible for TAB.

C. Examine the approved submittals for HVAC systems and equipment.

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

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

F. Examine terminal units, such as variable-air-volume boxes, and verify that they are 
accessible and their controls are connected and functioning as indicated on Drawings 
or in the Specifications.

G. Verify, with installation Contractor, that startup strainer screens have been replaced 
with permanent screens and that all strainers have been cleaned.

H. Examine control valves for proper installation for their intended function of isolating, 
throttling, diverting, or mixing fluid flows.

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

J. Examine air vents to verify that air has been removed from all hydronic systems.

K. Observe demonstration of operating safety interlocks and controls on HVAC 
equipment.
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L. Examine control dampers for proper installation for their intended function of isolating, 
throttling, diverting, or mixing air flows.

3.2 PREPARATION

A. Prepare a TAB plan that includes the following:

1. Equipment and systems to be tested.
2. Strategies and step-by-step procedures for balancing the systems.
3. Instrumentation to be used.
4. Sample forms with specific identification for all equipment.

B. Prepare system-readiness checklists of HVAC systems and equipment to verify system 
readiness for TAB work. Include, at a minimum, the following:

1. Airside:

a. Verify that leakage and pressure tests on air distribution systems have 
been satisfactorily completed.

b. Duct systems are complete with terminals installed.
c. Volume, smoke, and fire dampers are open and functional.
d. Clean filters are installed.
e. Fans are operating, free of vibration, and rotating in correct direction.
f. Variable-frequency controllers' startup is complete and safeties are verified.
g. Automatic temperature-control systems are operational.
h. Ceilings are installed.
i. Windows and doors are installed and are in normal operating positions.
j. Note location of balancing devices that are inaccessible.
k. UFAD-Specific Requirements:

1) Verify that raised access panels are installed.
2) Verify that air plenums are free of debris.
3) Verify that air plenum dividers are installed.
4) Follow procedures to measure Category 1 and 2 leakage in AABC's 

"National Standards to Total System Balance."

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING

A. Cut insulation, ducts, pipes, and equipment casings for installation of test probes to the 
minimum extent necessary for TAB procedures.

1. Installing Contractor to Perform the Following:

a. After testing and balancing, patch probe holes in ducts with same material 
and thickness as used to construct ducts.

b. After testing and balancing, install test ports and duct access doors that 
comply with requirements in Section 233300 "Air Duct Accessories."

c. Where holes for probes are required in piping or hydronic equipment, install 
pressure and temperature test plugs to seal systems.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

TESTING, ADJUSTING, AND BALANCING 
FOR HVAC

230593 - 5

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

d. Install and join new insulation that matches removed materials. Restore 
insulation, coverings, vapor barrier, and finish in accordance with Section 
230713 "Duct Insulation," Section 230716 "HVAC Equipment Insulation," 
and Section 230719 "HVAC Piping Insulation."

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 (IP units.

D. 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.

3.4 TESTING, ADJUSTING, AND BALANCING OF HVAC EQUIPMENT

A. Test, adjust, and balance HVAC equipment indicated on Drawings, including, but not 
limited to, the following:

1. Motors.
2. Pumps.
3. Fans and ventilators.
4. Terminal units.
5. Furnaces.

3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

A. Prepare test reports for both fans and outlets. Obtain approved submittals and 
recommended testing procedures. Cross-check the summation of required outlet 
volumes with required fan volumes.

B. Prepare single-line schematic diagram of systems or color-coded HVAC drawings for 
the purpose of identifying HVAC components, including each air terminal unit and each 
air diffuser, register, and grille.

C. For variable-air-volume systems, develop a plan to simulate diversity and include in 
TAB plan.

D. Determine suitable locations in main and branch ducts for accurate duct-airflow 
measurements.

E. Locate start-stop and disconnect switches, electrical interlocks, and motor controllers.

F. Verify that motor controllers are equipped with properly sized thermal protection.

3.6 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed 
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listed by fan manufacturer.

1. Measure total airflow.

a. Set outside-air, return-air, and relief-air dampers for proper position that 
simulates minimum outdoor-air conditions.

b. Where duct conditions allow, measure airflow by main Pitot-tube traverse. 
If necessary, perform multiple Pitot-tube traverses close to the fan and prior 
to any outlets, to obtain total airflow.

2. Measure fan static pressures as follows:

a. Measure static pressure directly at the fan outlet.
b. Measure static pressure directly at the fan inlet.
c. Measure static pressure differential across each component that makes up 

the air-handling system.
d. Apply artificial loading of filters to simulate a dirty filter pressure drop 

condition at the time static pressures are measured.

3. Do not make fan-speed adjustments that result in motor overload. Consult 
equipment manufacturers about fan-speed safety factors. Modulate dampers and 
measure fan-motor amperage to ensure that no overload occurs. Measure 
amperage in full-cooling, full-heating, economizer, and any other operating mode 
to determine the maximum required brake horsepower.

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to 
indicated airflows.

1. Measure airflow of submain and branch ducts.
2. Adjust submain and branch duct volume dampers for specified airflow.
3. Re-measure each submain and branch duct after all volume dampers have been 

adjusted.

C. Adjust air inlets and outlets for each space to indicated airflows.

1. Set airflow patterns of adjustable outlets for proper distribution without drafts.
2. Measure inlets' and outlets' airflow. Apply correction factors as applicable for 

each size and style of air device.
3. Adjust each inlet and outlet for specified airflow.
4. Re-measure each inlet and outlet after they have been adjusted.

D. Verify final system conditions.

1. Re-measure and confirm that minimum outdoor, return, and relief airflows are 
within design range. Readjust to within design tolerance if necessary.

2. Re-measure and confirm that total airflow is within design.
3. Re-measure all final fan operating data, speed, volts, amps, and static profile.
4. Traverse the supply airflow in full airside economizer mode. Observe the mixed 

air plenum pressure as compared to normal operation: return air dampers open 
and minimum outside air varying to 100 percent outside air dampers fully open 
and return air dampers fully closed. Mixed air pressure is to remain constant 
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plus/minus 20 percent or, otherwise, damper/fan adjustments will be required.
5. Mark all final settings.
6. Measure and record all operating data.
7. Record final fan-performance data.

3.7 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

A. Adjust the variable-air-volume systems as follows:

1. Verify that the system static pressure sensor is located two-thirds of the distance 
down the duct from the fan discharge.

2. Verify that the system is under static pressure control.
3. Select the terminal unit that is most critical to the supply-fan airflow. Measure 

inlet static pressure, and adjust system static pressure control set point so the 
entering static pressure for the critical terminal unit is not less than the sum of the 
terminal-unit manufacturer's recommended minimum inlet static pressure plus 
the static pressure needed to overcome terminal-unit discharge system losses.

4. Calibrate and balance each terminal unit for maximum and minimum design 
airflow as follows:

a. Adjust controls so that terminal is calling for maximum airflow. Some 
controllers require starting with minimum airflow. Verify calibration 
procedure for specific project.

b. Measure airflow and adjust calibration factor as required for design 
maximum airflow. Record calibration factor.

c. When maximum airflow is correct, balance the air outlets downstream from 
terminal units.

d. Adjust controls so that terminal is calling for minimum airflow.
e. Measure airflow and adjust calibration factor as required for design 

minimum airflow. Record calibration factor. If no minimum calibration is 
available, note any deviation from design airflow.

f. On constant volume terminals, in critical areas where room pressure is to 
be maintained, verify that the airflow remains constant over the full range of 
full cooling to full heating. Note any deviation from design airflow or room 
pressure.

5. Set the air terminal units to maximum airflow. Record the following for each air 
terminal unit:

a. Design maximum airflow.
b. Tested and balanced maximum airflow.
c. BAS system maximum airflow.
d. BAS damper position.
e. Adjust the air-handling unit fan airflow until one air terminal unit damper 

position is 85 percent open.
f. Record the duct static pressure sensor and set the fan static pressure 

controller to the recorded static pressure sensor.
g. Record the fan operating Hz.
h. If the system has filters that will exceed 0.5 inch wg pressure differential 

when dirty, simulate the dirty filter pressure drop and repeat all the above 
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recorded readings ("a" through "g"), noting dirty filter condition.
i. With N+1, isolate one fan and repeat all the above recorded readings ("a" 

through "g"), noting N+1 condition.
j. Each condition must have all air-handling- unit data recorded, including 

static pressure profiles at outdoor air, return air, relief air, total supply air, 
supply air fan suction and discharge, return air fan suction and discharge, 
and relief air fan suction and discharge.

6. Measure fan static pressures as follows:

a. Measure static pressure directly at the fan outlet.
b. Measure static pressure directly at the fan inlet.
c. Measure static pressure across each component that makes up the air-

handling system.
d. Report artificial loading of filters at the time static pressures are measured.

7. Set final return and outside airflow to the fan while operating at maximum return 
airflow and minimum outdoor airflow.

a. Balance the return-air ducts and inlets.
b. Verify that terminal units are meeting design airflow under system 

maximum flow.

8. Re-measure the inlet static pressure at the most critical terminal unit, and adjust 
the system static pressure set point to the most energy-efficient set point, to 
maintain the optimum system static pressure. Record set point and give to 
controls Contractor.

9. Verify final system conditions as follows:

a. Re-measure and confirm that minimum outdoor, return, and relief airflows 
are within design. Readjust to match design if necessary.

b. Re-measure and confirm that total airflow is within design.
c. Re-measure final fan operating data, speed, volts, amps, and static profile.
d. Mark final settings.
e. Test system in economizer mode. Verify proper operation and adjust if 

necessary. Measure and record all operating data.
f. Verify tracking between supply and return fans.

3.8 PROCEDURES FOR MULTIZONE SYSTEMS

A. Position the unit's automatic zone dampers for maximum flow through the cooling coil.

B. The procedures for multizone systems will utilize the zone balancing dampers to 
achieve the indicated airflow within the zone.

C. After balancing, place the unit's automatic zone dampers for maximum heating flow. 
Retest zone airflows and record any variances.

D. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed 
listed by fan manufacturer.
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1. Measure total airflow.

a. Set outside-air, return-air, and relief-air dampers for proper position that 
simulates minimum outdoor air conditions.

b. Where duct conditions allow, measure airflow by main Pitot-tube traverse. 
If necessary, perform multiple Pitot-tube traverses close to the fan and prior 
to any outlets, to obtain total airflow.

2. Measure fan static pressures as follows:

a. Measure static pressure directly at the fan outlet.
b. Measure static pressure directly at the fan inlet.
c. Measure static pressure across each component that makes up the air-

handling system.
d. Report artificial loading of filters at the time static pressures are measured.

3. Review record Drawings to determine variations in design static pressures 
versus actual static pressures. Calculate actual system-effect factors. 
Recommend adjustments to accommodate actual conditions.

4. Do not make fan-speed adjustments that result in motor overload. Consult 
equipment manufacturers about fan-speed safety factors. Modulate dampers and 
measure fan-motor amperage to ensure that no overload occurs. Measure 
amperage in full-cooling, full-heating, economizer, and any other operating mode 
to determine the maximum required brake horsepower.

E. Adjust volume dampers for main duct, submain ducts, and major branch ducts to 
indicated airflows.

1. Measure airflow of submain and branch ducts.
2. Adjust submain and branch duct volume dampers for specified airflow.
3. Re-measure each submain and branch duct after all have been adjusted.

F. Adjust air inlets and outlets for each space to indicated airflows.

1. Set airflow patterns of adjustable outlets for proper distribution without drafts.
2. Measure inlet and outlet airflow.
3. Adjust each inlet and outlet for specified airflow.
4. Re-measure each inlet and outlet after they have been adjusted.

G. Verify final system conditions.

1. Re-measure and confirm that minimum outdoor, return, and relief airflows are 
within design. Readjust to match design if necessary.

2. Re-measure and confirm that total airflow is within design.
3. Re-measure all final fan operating data, speed, volts, amps, and static profile.
4. Mark all final settings.
5. Test system in economizer mode. Verify proper operation and adjust if 

necessary.
6. Measure and record all operating data.
7. Record final fan-performance data.
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3.9 SOUND TESTS

A. After systems are balanced and Substantial Completion, with all systems operating at 
normal conditions and with all spaces completed and finished for occupancy, measure 
and record sound levels at five locations as designated by Architect. All building 
mechanical, electrical, and plumbing equipment, which may affect sound readings, 
must be operational.

B. Sound-Level Testing Meter Instrumentation - Minimum Requirements:

1. Portable, general-purpose testing meter consisting of a microphone, processing 
unit, and readout.

2. Capable of showing fluctuations at minimum and maximum levels and measuring 
the equivalent continuous sound pressure level (Leq).

3. Capable of using one-third octave band filters to measure frequencies from 31.5 
Hz to 8000 Hz.

4. Accuracy of plus/minus two decibels.
5. Current NIST-traceable annual calibration. Calibrate instruments prior to taking 

measurements and after taking measurements each day of use.

C. Test Procedures - Indoors:

1. For each room/location tested, select a measurement location that has the 
greatest anticipated sound level. If testing multiple locations for each room type, 
select at least one location that is near and at least one location that is remote 
from the predominant sound source. 

2. Perform test at quietest background noise period. Note cause of unpreventable 
sound that affects test outcome.

3. Equipment is to be operating at design values.
4. Sound-testing firm is to have access to controls hardware, software, and onsite 

technical support at no cost to the sound-testing firm. The installing contractors 
are to provide a controlled, steady-state environment (flow, pressure, control, and 
temperature) during the duration of sound testing.

5. Use a microphone suitable for the type of noise levels measured that is 
compatible with meter.

6. At each measurement location, record a set of background sound pressure 
levels, with fast time constant and minimum time duration of 60 seconds, in the 
eight unweighted octave bands 63 Hz to 8000 Hz (NC) with the equipment off.

7. At each measurement location, record a set of sound pressure levels, with fast 
time constant and minimum time duration of 60 seconds, in the eight unweighted 
octave bands 63 Hz to 8000 Hz (NC) with the equipment operating.

8. Take readings no closer than 36 inches from a wall or from the operating 
equipment and approximately 48 inches from the floor, with the meter held or 
mounted on a tripod.

D. Reporting:

1. The final report is to contain the following information at a minimum:

a. Report Title Page: Page indicating Project name, names of Project 
Architect, engineer, HVAC Contractor, and sound measurement firm with 
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names, addresses, and telephone numbers.
b. Report Certification Page: Page indicating Project name, sound 

measurement firm name, name of individual performing measurements, 
and all required sound technician certifications.

c. Table of Contents: Identify report sections and total number of pages in 
each section.

d. Report Summary/Remarks: Narrative description of system setup 
conditions, results, and deficiencies.

e. Instrument Calibration Section: List of instruments to be used to verify the 
reported data, containing the name/type of each instrument, manufacturer, 
model number, serial number, calibration date and dates of use, and NIST-
traceable calibration certificates.

f. Sound Measurement Data Sheets: Record sound measurements on sound 
measurement report forms, indicating the decibel levels measured for both 
"background" and "building system operating" readings. Record each 
tested location on a separate NC or RC chart. Record the following 
information on the forms:

1) Date and time of test.
2) Equipment Operational Parameters: Speed and frequency at time of 

measurements.
3) Indoor Measurements: Space location within the building, including 

floor level and room space number.
4) Outdoor Measurements: Location identifier such as location relative 

to equipment, building, or property line.
5) Indicate where measurements meet or exceed design criteria.

3.10 DUCT-LEAKAGE TESTS

A. Witness the duct-leakage testing performed by Installer.

B. Verify that proper test methods are used and that leakage rates are within specified 
limits.

C. Report deficiencies observed.

3.11 PIPE-LEAKAGE TESTS

A. Witness the pipe pressure testing performed by Installer.

B. Verify that proper test methods are used and that leakage rates are within specified 
limits.

C. Report deficiencies observed.

3.12 HVAC CONTROLS VERIFICATION

A. In conjunction with system balancing, perform the following:
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1. Work to ensure the system is operating within the design limitations and gain a 
mutual understanding of intended controls performance.

2. Confirm that the sequences of operation are in compliance with Contract 
Documents.

3. Verify that controllers are calibrated and function as intended.
4. Verify that controller set points are as indicated.
5. Verify the operation of lockout or interlock systems.
6. Verify the operation of valve and damper actuators.
7. Verify that controlled devices are properly installed and connected to correct 

controller.
8. Verify that controlled devices travel freely and are in position indicated by 

controller: open, closed, or modulating.
9. Verify location and installation of sensors to ensure that they sense only intended 

temperature, humidity, or pressure.

B. Reporting: Include a summary of verifications performed, remaining deficiencies, and 
variations from indicated conditions.

3.13 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING 
SYSTEMS

A. Perform a preconstruction inspection of existing equipment that is to remain and be 
reused.

1. Measure and record the operating speed, airflow, and static pressure of each fan 
and equipment with fan(s).

2. Measure and record flows, temperatures, and pressures of each piece of 
equipment in each hydronic system. Compare the values to design or nameplate 
information, where information is available.

3. Measure motor voltage and amperage. Compare the values to motor nameplate 
information.

4. Check the condition of filters.
5. Check the condition of coils.
6. Report on the operating condition of the equipment and the results of the 

measurements taken. Report deficiencies.

B. TAB after Construction: Before performing testing and balancing of renovated existing 
systems, inspect existing equipment that is to remain and be reused to verify that 
existing equipment has been cleaned and refurbished in accordance with renovation 
scope indicated by Contract Documents. Verify the following:

1. New filters are installed.
2. Coils are clean and fins combed.
3. Drain pans are clean.
4. Fans are clean.
5. Deficiencies noted in the preconstruction report are corrected.

C. Perform testing and balancing of existing systems to the extent that existing systems 
are affected by the renovation work.
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1. Compare the indicated airflow of the renovated work to the measured fan airflows 
and determine the new fan speed and the face velocity of filters and coils.

2. Verify that the indicated airflows of the renovated work result in filter and coil face 
velocities and fan speeds that are within the acceptable limits defined by 
equipment manufacturer.

3. Balance each air outlet.

3.14 FINAL TESTING AND BALANCING REPORT

A. General: Prepare a certified written report; tabulate and divide the report into separate 
sections for tested systems and balanced systems.

1. Include a certification sheet at the front of the report's binder, signed and sealed 
by the certified testing and balancing engineer.

2. Include a list of instruments used for procedures, along with proof of calibration.
3. Certify validity and accuracy of field data.

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

1. Pump curves.
2. Fan curves.
3. Manufacturers' test data.
4. Field test reports prepared by system and equipment installers.
5. Other information relative to equipment performance; do not include Shop 

Drawings and product data.

C. General Report Data: In addition to form titles and entries, include the following data:

1. Title page.
2. Name and address of the TAB specialist firm and technician.
3. Project name.
4. Project location.
5. Project Architect's name, firm, and address.
6. Project engineer's name, firm, and address.
7. Project Contractor's name, firm, and address.
8. Report date.
9. Signature of TAB supervisor who certifies the report.
10. Table of Contents with the total number of pages defined for each section of the 

report. Number each page in the report.
11. Summary of contents, including the following:

a. Indicated versus final performance.
b. Notable characteristics of systems.
c. Description of system operation sequence if it varies from the Contract 

Documents.

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

values.
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15. Test conditions for fan performance forms, including the following:

a. Settings for outdoor-, return-, and exhaust-air dampers.
b. Conditions of filters.
c. Cooling coil, wet- and dry-bulb conditions.
d. Heating coil, dry-bulb conditions.
e. Face and bypass damper settings at coils.
f. Fan drive settings, including settings and percentage of maximum pitch 

diameter.
g. Variable-frequency controller settings for variable-air-volume systems.
h. Settings for pressure controller(s).
i. Other system operating conditions that affect performance.

16. Test conditions for pump performance forms, including the following:

a. Variable-frequency controller settings for variable-flow hydronic systems.
b. Settings for pressure controller(s).
c. 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.

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

1. Unit Data:

a. System identification.
b. Location.
c. Make and type.
d. Model number and unit size.
e. Manufacturer's serial number.
f. Fuel type in input data.
g. Motor horsepower and speed.
h. Motor volts, phase, and hertz.
i. Motor full-load amperage and service factor.
j. Sheave make, size in inches, and bore.
k. Center-to-center dimensions of sheave and amount of adjustments in 

inches.

2. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.
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b. Entering-air temperature in deg F.
c. Leaving-air temperature in deg F.
d. Air temperature differential in deg F.
e. Entering-air static pressure in inches wg.
f. Leaving-air static pressure in inches wg.
g. Air static-pressure differential in inches wg.
h. Motor voltage at each connection.
i. Motor amperage for each phase.

F. 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, and bore.
h. Center-to-center dimensions of sheave and amount of adjustments in 

inches.

2. Motor Data:

a. Motor make and frame type and size.
b. Horsepower and speed.
c. Volts, phase, and hertz.
d. Full-load amperage and service factor.
e. Sheave make, size in inches, and bore.
f. Center-to-center dimensions of sheave and amount of adjustments in 

inches.
g. Number, make, and size of belts.

3. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.
b. Total system static pressure in inches wg.
c. Fan speed.
d. Discharge static pressure in inches wg.
e. Suction static pressure in inches wg.

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

1. Report Data:

a. System fan and air-handling-unit number.
b. Location and zone.
c. Traverse air temperature in deg F.
d. Duct static pressure in inches wg.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

TESTING, ADJUSTING, AND BALANCING 
FOR HVAC

230593 - 16

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

e. Duct size in inches.
f. Duct area in sq. ft..
g. Indicated airflow rate in cfm.
h. Indicated velocity in fpm.
i. Actual airflow rate in cfm.
j. Actual average velocity in fpm.
k. Barometric pressure in psig.

H. Air-Terminal-Device Reports:

1. Unit Data:

a. System and air-handling unit identification.
b. Location and zone.
c. Apparatus used for test.
d. Area served.
e. Make.
f. Number from system diagram.
g. Type and model number.
h. Size.
i. Effective area in sq. ft..

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm.
b. Air velocity in fpm.
c. Preliminary airflow rate as needed in cfm.
d. Preliminary velocity as needed in fpm.
e. Final airflow rate in cfm.
f. Final velocity in fpm.
g. Space temperature in deg F.

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 and interval.

3.15 VERIFICATION OF TAB REPORT

A. Prepare test and inspection reports.

3.16 ADDITIONAL TESTS

A. Seasonal Periods: If initial TAB procedures were not performed during near-peak 
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summer and winter conditions, perform additional TAB during near-peak summer and 
winter conditions.

END OF SECTION 230593
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SECTION 230713 - DUCT INSULATION

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes insulating the following duct services:

1. Indoor, concealed supply and outdoor air.
2. Indoor, exposed supply and outdoor air.
3. Indoor, concealed return located in unconditioned space.
4. Indoor, exposed return located in unconditioned space.
5. Indoor, concealed, Type I, commercial, kitchen hood exhaust.
6. Indoor, exposed, Type I, commercial, kitchen hood exhaust.
7. Indoor, concealed oven and warewash exhaust.
8. Indoor, exposed oven and warewash exhaust.
9. Indoor, concealed exhaust between isolation damper and penetration of building 

exterior.
10. Indoor, exposed exhaust between isolation damper and penetration of building 

exterior.
11. Outdoor, concealed supply and return.
12. Outdoor, exposed supply and return.

B. Related Requirements:

1. Section 233113 "Metal Ducts" for duct liners.

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).

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

1. Detail application of protective shields, saddles, and inserts at hangers for each 
type of insulation and hanger.

2. Detail insulation application at elbows, fittings, dampers, specialties and flanges 
for each type of insulation.

3. Detail application of field-applied jackets.
4. Detail application at linkages of control devices.

C. Samples: For each type of insulation and jacket indicated. Identify each Sample, 
describing product and intended use. Sample sizes are as follows:

1. Sheet Form Insulation Materials: 12 inches square.
2. Sheet Jacket Materials: 12 inches square.
3. Manufacturer's Color Charts: For products where color is specified, show the full 



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

DUCT INSULATION 230713 - 2
Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

range of colors available for each type of finish material.

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.

C. Field quality-control reports.

1.4 QUALITY ASSURANCE

A. Installer Qualifications: Skilled mechanics who have successfully completed an 
apprenticeship program or craft training program, certified by the Department of Labor, 
Bureau of Apprenticeship and Training.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Packaging: Insulation material containers are to be marked with the manufacturer's 
name, 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.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Surface-Burning Characteristics: For insulation and related materials, as determined by 
testing identical products in accordance with ASTM E84, by a testing agency 
acceptable to authorities having jurisdiction. Factory label insulation, jacket materials, 
adhesive, mastic, tapes, and cement material containers with appropriate markings of 
applicable testing agency.

1. All Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-
developed index of 50 or less.

2. All Insulation Installed Indoors; Outdoors-Installed Insulation in Contact with 
Airstream: Flame-spread index of 25 or less, and smoke-developed index of 50 
or less.

3. All Insulation Installed Indoors and Outdoors: Flame-spread index of 25 or less, 
and smoke-developed index of 50 or less.

2.2 INSULATION MATERIALS

A. Products do not contain asbestos, lead, mercury, or mercury compounds.

B. Products that come in contact with stainless steel have a leachable chloride content of 
less than 50 ppm when tested in accordance with ASTM C871.

C. Insulation materials for use on austenitic stainless steel are qualified as acceptable in 
accordance with ASTM C795.

D. Foam insulation materials do not use CFC or HCFC blowing agents in the 
manufacturing process.

2.3 ADHESIVES

A. Materials are compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.

2.4 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-applied jackets on various applications. 
When factory-applied jackets are indicated, comply with the following:

1. ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 
complying with ASTM C1136, Type I.

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive 
covered by a removable protective strip; complying with ASTM C1136, Type I.

3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 
complying with ASTM C1136, Type II.

4. FSP Jacket: Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; 
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complying with ASTM C1136, Type II.
5. Vinyl Jacket: White vinyl with a permeance of 1.3 perms when tested in 

accordance with ASTM E96/E96M, Procedure A, and complying with NFPA 90A 
and NFPA 90B.

6. ASJ+: All-service jacket composed of aluminum foil reinforced with glass scrim 
bonded to a kraft paper interleaving with an outer film leaving no paper exposed; 
complying with ASTM C1136, Types I, II, III, IV, and VII.

7. PSK Jacket: Aluminum foil, fiberglass-reinforced scrim with polyethylene backing; 
complying with ASTM C1136, Type II.

2.5 FIELD-APPLIED JACKETS

A. Field-applied jackets comply with ASTM C921, Type I, unless otherwise indicated.

2.6 CORNER ANGLES

A. PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC in accordance with 
ASTM D1784, Class 16354-C. White or color-coded to match adjacent surface.

B. Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum in 
accordance with ASTM B209, Alloy 3003, 3005, 3105, or 5005; Temper H-14.

C. Stainless Steel Corner Angles: 0.024 inch thick, minimum 1 by 1 inch, stainless steel in 
accordance with ASTM A240/A240M, Type 304 or Type 316.

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.

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.
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B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses 
required for each item of duct system as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service. 
Install accessories that do not corrode, compress, or otherwise damage insulation or 
jacket.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

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

F. Keep insulation materials dry during application and finishing. Replace insulation 
materials that get wet during storage or in the installation process before being properly 
covered and sealed in accordance with Contract Documents, unless otherwise 
approved by the engineer-of-record.

G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints 
with adhesive recommended by insulation material manufacturer.

H. Install insulation with least number of joints practical.

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure. Taper and seal ends at attachment to structure with vapor-barrier 
mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal 
insulation to insulation inserts with adhesive or sealing compound recommended 
by insulation material manufacturer.

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate 
and wet and dry film thicknesses.

K. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth, but not to the extent of creating wrinkles or areas 
of compression in the insulation.

2. Cover circumferential joints with 3-inch- wide strips, of same material as 
insulation jacket. Secure strips with adhesive and outward clinching staples along 
both edges of strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to 
receive self-sealing lap. Staple laps with outward clinching staples along edge at 
2 inches o.c.

a. For below ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, according to insulation material manufacturer's 
written instructions, to maintain vapor seal.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

DUCT INSULATION 230713 - 6
Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to duct flanges and fittings.

L. Cut insulation in a manner to avoid compressing insulation.

M. Finish installation with systems at operating conditions. Repair joint separations and 
cracking due to thermal movement.

N. Repair damaged insulation facings by applying same facing material over damaged 
areas. Extend patches at least 4 inches 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 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.

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.

1. Comply with requirements in Section 078413 "Penetration Firestopping."

E. Insulation Installation at Floor Penetrations:
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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.

2. Seal penetrations through fire-rated assemblies. Comply with requirements in 
Section 078413 "Penetration Firestopping."

3.5 INSTALLATION OF GLASS-FIBER AND MINERAL-WOOL INSULATION

A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and 
insulation pins.

B. Comply with manufacturer's written installation instructions.

1. Apply adhesives according to manufacturer's recommended coverage rates per 
unit area, for 100 percent coverage of duct and plenum surfaces.

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions.

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along 
longitudinal centerline of duct. Space 3 inches maximum from insulation 
end joints, and 16 inches o.c.

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches 
o.c. each way, and 3 inches maximum from insulation joints. Install 
additional pins to hold insulation tightly against surface at cross bracing.

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums.

d. Do not overcompress insulation during installation.
e. Impale insulation over pins and attach speed washers.
f. Cut excess portion of pins extending beyond speed washers or bend 

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

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier. Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches from one edge and one end 
of insulation segment. Secure laps to adjacent insulation section with 1/2-inch 
outward-clinching staples, 1 inch o.c. Install vapor barrier consisting of factory- or 
field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, 
and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain 
vapor-barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 
18-foot intervals. Vapor stops consist of vapor-barrier mastic applied in a Z-
shaped pattern over insulation face, along butt end of insulation, and over 
the surface. Cover insulation face and surface to be insulated a width equal 
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to two times the insulation thickness, but not less than 3 inches.

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end 
joints. At end joints, secure with steel bands spaced a maximum of 18 inches o.c.

6. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface. Install insulation on round and flat-oval duct elbows with 
individually mitered gores cut to fit the elbow.

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 
surface with 6-inch- wide strips of same material used to insulate duct. Secure on 
alternating sides of stiffener, hanger, and flange with pins spaced 6 inches o.c.

C. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and 
insulation pins.

1. Apply adhesives according to manufacturer's recommended coverage rates per 
unit area, for 100 percent coverage of duct and plenum surfaces.

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions.

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, 
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along 
longitudinal centerline of duct. Space 3 inches maximum from insulation 
end joints, and 16 inches o.c.

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches 
o.c. each way, and 3 inches maximum from insulation joints. Install 
additional pins to hold insulation tightly against surface at cross bracing.

c. Pins may be omitted from top surface of horizontal, rectangular ducts and 
plenums.

d. Do not overcompress insulation during installation.
e. Cut excess portion of pins extending beyond speed washers or bend 

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

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier. Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches from one edge and one end 
of insulation segment. Secure laps to adjacent insulation section with 1/2-inch 
outward-clinching staples, 1 inch o.c. Install vapor barrier consisting of factory- or 
field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints, seams, 
and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain 
vapor-barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at 
18-foot intervals. Vapor stops consist of vapor-barrier mastic applied in a Z-
shaped pattern over insulation face, along butt end of insulation, and over 
the surface. Cover insulation face and surface to be insulated a width equal 
to two times the insulation thickness, but not less than 3 inches.
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5. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface. Groove and score insulation to fit as closely as possible 
to outside and inside radius of elbows. Install insulation on round and flat-oval 
duct elbows with individually mitered gores cut to fit the elbow.

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation 
surface with 6-inch- wide strips of same material used to insulate duct. Secure on 
alternating sides of stiffener, hanger, and flange with pins spaced 6 inches o.c.

3.6 FIELD-APPLIED JACKET INSTALLATION

A. Where glass-cloth jackets are indicated, install directly over bare insulation or 
insulation with factory-applied jackets.

1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints.
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive.
3. Completely encapsulate insulation with coating, leaving no exposed insulation.

B. 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 laps at longitudinal seams and 3-inch- wide joint 

strips at end joints.
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed 

insulation with vapor-barrier mastic.

C. Where PVC jackets are indicated, install with 1-inch 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.

D. Where metal jackets are indicated, install with 2-inch 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 o.c. and at end joints.

3.7 FIRE-RATED INSULATION SYSTEM INSTALLATION

A. Comply with manufacturer's written installation instructions.

B. Where fire-rated insulation system is indicated, secure system to ducts and duct 
hangers and supports to maintain a continuous fire rating.

C. Insulate duct access panels and doors to achieve same fire rating as duct.
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3.8 FINISHES

A. Do not field paint aluminum or stainless steel jackets.

3.9 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Tests and Inspections:

1. Inspect ductwork, randomly selected by Architect, by removing field-applied 
jacket and insulation in layers in reverse order of their installation. Extent of 
inspection is limited to one location(s) for each duct system defined in the "Duct 
Insulation Schedule, General" Article.

C. All insulation applications will be considered defective Work if sample inspection 
reveals noncompliance with requirements.

3.10 DUCT INSULATION SCHEDULE, GENERAL

A. Plenums and Ducts Requiring Insulation:

1. Indoor, concealed supply and outdoor air.
2. Indoor, exposed supply and outdoor air.
3. Indoor, concealed return located in unconditioned space.
4. Indoor, exposed return located in unconditioned space.
5. Indoor, concealed, Type I, commercial, kitchen hood exhaust.
6. Indoor, exposed, Type I, commercial, kitchen hood exhaust.
7. Indoor, concealed oven and warewash exhaust.
8. Indoor, exposed oven and warewash exhaust.
9. Indoor, concealed exhaust between isolation damper and penetration of building 

exterior.
10. Indoor, exposed exhaust between isolation damper and penetration of building 

exterior.
11. Outdoor, concealed supply and return.
12. Outdoor, exposed supply and return.

B. Items Not Insulated:

1. Fibrous-glass ducts.
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 

ASHRAE/IESNA 90.1.
3. Factory-insulated flexible ducts.
4. Factory-insulated plenums and casings.
5. Flexible connectors.
6. Vibration-control devices.
7. Factory-insulated access panels and doors.
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3.11 INDOOR DUCT AND PLENUM INSULATION SCHEDULE

A. Concealed, round and flat-oval, supply-air duct insulation is the following:

1. Mineral Wool Blanket: 2 inches thick and 4 lb/cu. ft. nominal density.

B. Concealed, round and flat-oval, return-air duct insulation is the following:

1. Mineral Wool Blanket: 2 inches thick and 4 lb/cu. ft. nominal density.

C. Concealed, rectangular, supply-air duct insulation is the following:

1. Mineral Wool Blanket: 2 inches thick and 4 lb/cu. ft. nominal density.

D. Concealed, rectangular, return-air duct insulation is the following:

1. Mineral Wool Blanket: 2 inches thick and 4 lb/cu. ft. nominal density.

E. Concealed, supply-air plenum insulation is the following:

1. Mineral Wool Blanket: 2 inches thick and 4 lb/cu. ft. nominal density.

F. Concealed, return-air plenum insulation is the following:

1. Mineral Wool Blanket: 2 inches thick and 4 lb/cu. ft. nominal density.

END OF SECTION 230713
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SECTION 230800 - COMMISSIONING OF HVAC

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes Cx process requirements for the following HVAC systems, 
assemblies, and equipment:

1. Energy supply systems.
2. Heat generation systems.
3. Cooling generation systems.
4. Central-station air-handling systems.
5. Air, steam, and hydronic distribution systems.
6. Heating and cooling terminal and unitary equipment.
7. HVAC controls.
8. TAB verification.

B. Related Requirements:

1. For construction checklists, comply with requirements in various Division 23 
Sections specifying HVAC systems, system components, equipment, and 
products.

1.2 DEFINITIONS

A. BAS: Building automation system.

B. IgCC: International Green Construction Code.

C. "Systems," "Assemblies," "Subsystems," "Equipment," and "Components": Where 
these terms are used together or separately, they mean "as-built" systems, assemblies, 
subsystems, equipment, and components.

D. TAB: Testing, adjusting, and balancing.

1.3 INFORMATIONAL SUBMITTALS

A. Qualification Data: For HVAC testing technician.

B. Construction Checklists:

1. Cx plan, including material, installation, and performance construction checklists 
for systems, assemblies, subsystems, equipment, and components relating to 
HVAC to be part of the Cx process and in accordance with requirements in 
Section 019113 "General Commissioning Requirements and ASHRAE 202."
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C. Test Equipment and Instruments: For all test equipment and instruments to be used in 
conducting Cx tests by Div. 23 Subcontractor, provide the following:

1. Equipment/instrument identification number.
2. Planned Cx application or use.
3. Manufacturer, make, model, and serial number.
4. Calibration history, including certificates from agencies that calibrate the 

equipment and instrumentation.
5. Equipment manufacturers' proprietary instrumentation and tools. For each 

instrument or tool, identify the following:

a. Instrument or tool identification number.
b. Equipment schedule designation of equipment for which the instrument or 

tool is required.
c. Manufacturer, make, model, and serial number.
d. Calibration history, including certificates from agencies that calibrate the 

instrument or tool, where appropriate.

1.4 QUALITY ASSURANCE

A. BAS Testing Technician Qualifications: Technicians performing BAS Construction 
Checklist verification tests, Construction Checklist verification test demonstrations, Cx 
tests, and Cx test demonstrations are to have the following minimum qualifications:

1. Journey level or equivalent skill level with knowledge of BAS, HVAC, electrical 
concepts, and building operations.

2. Minimum three years' experience installing, servicing, and operating systems 
manufactured by approved manufacturer.

3. International Society of Automation (ISA)-Certified Control Systems Technician 
(CCST) Level I.

B. HVAC Testing Technician Qualifications: Technicians to perform HVAC Construction 
Checklist verification tests, Construction Checklist verification test demonstrations, Cx 
tests, and Cx test demonstrations shall have the following minimum qualifications:

1. Journey level or equivalent skill level; vocational school four-year-program 
graduate or an Associate's degree in mechanical systems, air conditioning, or 
similar field. Degree may be offset by three years' experience in servicing 
mechanical systems in the HVAC industry. Generally, required knowledge 
includes HVAC systems, electrical concepts, building operations, and application 
and use of tools and instrumentation to measure performance of HVAC 
equipment, assemblies, and systems.

2. Minimum three years' experience that is to include installing, servicing, and 
operating systems manufactured by approved manufacturer.

C. Testing Equipment and Instrumentation Quality and Calibration:

1. Capable of testing and measuring performance within the specified acceptance 
criteria.

2. Be calibrated at manufacturer's recommended intervals with current calibration 
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tags permanently affixed to the instrument being used.
3. Be maintained in good repair and operating condition throughout duration of use 

on Project.
4. Be recalibrated/repaired if dropped or damaged in any way since last calibrated.

D. Proprietary Test Instrumentation and Tools:

1. Equipment Manufacturer's Proprietary Instrumentation and Tools: For installed 
equipment included in the Cx process, test instrumentation and tools 
manufactured or prescribed by equipment manufacturer to service, calibrate, 
adjust, repair, or otherwise work on its equipment or required as a condition of 
equipment warranty, shall comply with the following:

a. Be calibrated by manufacturer with current calibration tags permanently 
affixed.

b. Include a separate list of proprietary test instrumentation and tools in 
operation and maintenance manuals.

2. HVAC proprietary test instrumentation and tools become property of Owner at 
the time of Substantial Completion.

PART 2 - PRODUCTS (Not Used)
PART 3 - EXECUTION

3.1 CONSTRUCTION CHECKLISTS

A. Prepare preliminary detailed construction checklists for each HVAC system, assembly, 
subsystem, equipment, and component required to be commissioned, as detailed in 
ASHRAE 202.

1. Submit preliminary construction checklists to CxA and Designer for review.
2. When review comments have been resolved, the CxA will provide final 

construction checklists marked "Approved for Use, (date)."
3. Use only construction checklists, marked "Approved for Use, (date)" when 

performing tests. Mark construction checklists in the appropriate place, as 
indicated Project events are completed and provide pertinent details and other 
information.

B. Additional systems required to be commissioned:

1. Energy supply systems, including the following:

a. Fuel gas supply.
b. Demand-control systems.

2. Heat generation systems, including the following:

a. Furnaces.

3. Air duct systems, including the following:
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a. Duct systems.
b. Air-duct accessories, including volume dampers, fire and smoke dampers, 

turning vanes, sound attenuators, and flexible connectors.
c. Duct-mounted access doors and panels.
d. Hangers and supports.

4. Vibration isolation systems.
5. Controls and instrumentation, including the following:

a. Energy monitoring and recording system.
b. Controllers and sensors.
c. Automatic control valves, dampers, and actuators.
d. Control interface with fans, pumps, dampers, and other equipment and 

systems.
e. Demand-control systems.

6. TAB Verification:

a. Airflow.
b. Water flow.
c. Space pressurization.

7. Documentation:

a. Mechanical systems manuals.
b. Documentation of required commissioning.

8. Mechanical insulation, including the following:

a. Duct and plenum insulation.
b. HVAC piping insulation.

3.2 Cx TESTING PREPARATION

A. Certify that HVAC systems, subsystems, and equipment have been installed, 
calibrated, and started and that they are operating in accordance with the Contract 
Documents and approved submittals.

B. Certify that HVAC instrumentation and control systems have been completed and 
calibrated, point-to-point checkout has been successfully completed, and systems are 
operating in accordance with their design sequence of operation, Contract Documents, 
and approved submittals. Certify that all sensors are operating within specified 
accuracy and all systems are set to and maintaining set points as required by the 
design documents.

C. Certify that TAB procedures have been completed and that TAB reports have been 
submitted, discrepancies corrected, and corrective work approved.

D. Set systems, subsystems, and equipment into operating mode to be tested in 
accordance with approved test procedures (e.g., normal shutdown, normal auto 
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position, normal manual position, unoccupied cycle, emergency power, and alarm 
conditions).

3.3 Cx TEST CONDITIONS

A. Perform tests using design conditions, whenever possible.

1. Simulated conditions may, with approval of Architect, be imposed using an 
artificial load when it is impractical to test under design conditions. Before 
simulating conditions, calibrate testing instruments. Provide equipment to 
simulate loads. Set simulated conditions as directed by CxA, and document 
simulated conditions and methods of simulation. After tests, return configurations 
and settings to normal operating conditions.

2. Cx test procedures may direct that set points be altered when simulating 
conditions is impractical.

3. Cx test procedures may direct that sensor values be altered with a signal 
generator when design or simulating conditions and altering set points are 
impractical.

B. If tests cannot be completed because of a deficiency outside the scope of the HVAC 
system, document the deficiency and report it to Architect. After deficiencies are 
resolved, reschedule tests.

C. If seasonal testing is specified, complete appropriate initial performance tests and 
documentation, and schedule seasonal tests.

3.4 Cx TESTS COMMON TO HVAC SYSTEMS

A. Measure capacities and effectiveness of systems, assemblies, subsystems, 
equipment, and components, including operational and control functions, to verify 
compliance with acceptance criteria.

B. Test systems, assemblies, subsystems, equipment, and components for operating 
modes, interlocks, control responses, responses to abnormal or emergency conditions, 
and response in accordance with acceptance criteria.

C. Coordinate schedule with, and perform Cx activities at the direction of, CxA.

D. Comply with Construction Checklist requirements, including material verification, 
installation checks, startup, and performance test requirements specified in Division 23 
Sections specifying HVAC systems and equipment.

E. Provide technicians, instrumentation, tools, and equipment to perform and document 
the following:

1. Cx Construction Checklist verification tests.
2. Cx Construction Checklist verification test demonstrations.
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3.5 TAB VERIFICATION

A. Prerequisites: Completion of "Examination" Article requirements and correction of 
deficiencies, as specified in Section 230593 "Testing, Adjusting, and Balancing for 
HVAC."

B. Completion of "Preparation" Article requirements for preparation of a TAB plan that 
includes strategies and step-by-step procedures, and system-readiness checks and 
reports, as specified in Section 230593 "Testing, Adjusting, and Balancing for HVAC."

C. Scope: HVAC air systems and hydronic piping systems.

D. Purpose: Differential flow relationships intended to maintain air and water 
pressurization differentials between the various areas of Project.

E. Conditions of the Test:

1. Cx Test Demonstration Sampling Rate: As specified in "Inspections" Article in 
Section 230593 "Testing, Adjusting, and Balancing for HVAC."

2. Systems operating in full heating mode with minimum outside-air volume.
3. For measurements at air-handling units with economizer controls; systems 

operating in economizer mode with 100 percent outside air.

F. Acceptance Criteria:

1. Under all conditions, rechecked measurements comply with "Inspections" Article 
in Section 230593 "Testing, Adjusting, and Balancing for HVAC."

2. Additionally, no rechecked measurement shall differ from measurements 
documented in the final report by more than the tolerances allowed.

3. Under all conditions, where the Contract Documents indicate a differential in 
airflow between supply and exhaust and/or return in a space, the differential 
relationship shall be maintained.

END OF SECTION 230800
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SECTION 230923.12 - CONTROL DAMPERS

PART 1 - GENERAL

1.1 DEFINITIONS

A. DDC: Direct digital control.

B. RMS: Root-mean-square value of alternating voltage, which is the square root of the 
mean value of the square of the voltage values during a complete cycle.

C. Thermal Efficiency Ratio (E): Comparison of a tested damper's thermal performance 
against a v-groove blade reference damper. A damper with the same thermal efficiency 
as the reference damper would have an E value of 0 percent, while a damper that is 4 
times as efficient would have an E value of 200 percent.

1.2 ACTION SUBMITTALS

A. Product Data:

1. Rectangular control dampers with airfoil blades.
2. Rectangular control dampers with flat blades.
3. Rectangular control dampers with insulated blades.
4. Rectangular control dampers with integral airflow monitoring.
5. Rectangular control dampers with integral airflow control.
6. Rectangular industrial-duty control dampers.
7. Round control dampers.
8. Round industrial-duty control dampers.
9. Electric and electronic control-damper actuators.
10. Pneumatic control-damper actuators.

B. Product Data Submittals: For each damper and actuator.

1. Construction details, material descriptions, dimensions of individual components 
and profiles, and finishes.

2. Operating characteristics, electrical characteristics, and furnished accessories 
indicating process operating range, accuracy over range, control signal over 
range, default control signal with loss of power, calibration data specific to each 
unique application, electrical power requirements, and limitations of ambient 
operating environment, including temperature and humidity.

3. Product description with complete technical data, performance curves, and 
product specification sheets.

4. Installation instructions, including factors affecting performance.

C. Shop Drawings:

1. Include plans, elevations, sections, and mounting details.
2. Include details of product assemblies. Indicate dimensions, weights, loads, 
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required clearances, method of field assembly, components, and location and 
size of each field connection.

3. Include diagrams for power, signal, and control wiring.
4. Include diagrams for pneumatic signal and main air tubing.

D. Delegated Design Submittals:

1. Schedule and design calculations for control dampers and actuators, including 
the following:

a. Unique designation for each damper/actuator assembly.
b. Service/application.
c. Damper assembly size.
d. Damper assembly weight, including actuator(s).
e. Damper and actuator action (modulating or two position).
f. Flow at project design and minimum flow conditions.
g. Face velocity at project design and minimum airflow conditions.
h. Pressure drop across damper at project design and minimum airflow 

conditions.
i. AMCA 500D damper installation arrangement used to calculate and 

schedule pressure drop, as applicable to installation.
j. Maximum close-off pressure.
k. Leakage airflow at maximum system pressure differential (fan close-off 

pressure).
l. Damper torque required at worst-case condition for sizing actuator.
m. Actuator selection indicating torque provided.
n. Actuator fail-safe position on loss of power and loss of signal.
o. Remarks listing special requirements.

1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Plan drawings and corresponding product installation details, 
drawn to scale, on which the following items are indicated and coordinated with each 
other, using input from installers of the items involved:

1. Product installation location indicated in relationship to room, duct, and 
equipment.

2. Size and location of wall access panels for control dampers and actuators 
installed behind walls.

3. Size and location of ceiling access panels for control dampers and actuators 
installed above inaccessible ceilings.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For control dampers.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

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

B. ASHRAE 62.1 Compliance: Applicable outdoor ventilation requirements in ASHRAE 
62.1, Section 5 - "Systems and Equipment" and Section 7 - "Construction and Startup."

C. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 
6 - "Heating, Ventilating, and Air-Conditioning."

D. Code Compliance: Comply with governing energy code.

E. Ground Fault: Properly ground products to prevent failing due to ground fault 
conditions.

F. Backup Power Source: Serve control-damper actuators from a backup power source 
where associated with systems and equipment served by a backup power source.

G. Environmental Conditions: For actuators not available with integral enclosures 
complying with requirements indicated, house in protective secondary enclosures 
complying with requirements.

2.2 GENERAL CONTROL-DAMPER ACTUATORS REQUIREMENTS

A. Select actuators to operate related damper(s) with sufficient reserve power to provide 
smooth modulating action or two-position action and proper speed of response at 
velocity and pressure conditions to which the damper is subjected.

B. Select actuators with sufficient power and torque to close off against the maximum 
system pressures encountered. Actuators are to be sized to close off against the fan 
shutoff pressure as a minimum requirement.

C. The total damper area operated by an actuator is not to exceed 80 percent of 
manufacturer's maximum area rating.

D. Provide one actuator for each damper assembly where possible. Operate multiple 
actuators required to drive a single damper assembly in unison.

E. Avoid the use of excessively oversized actuators, which could overdrive and cause 
linkage failure when the damper blade has reached either its full open or closed 
position.

F. Use jackshafts and shaft couplings in lieu of blade-to-blade linkages when driving 
axially aligned damper sections.

G. Provide mounting hardware and linkages for connecting actuator to damper.
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H. Select actuators to fail-safe in desired position in the event of a power and 
signalfailure.

I. Actuator Fail-Safe Positions: As indicated below:

1. Exhaust Air: Last position.
2. Outdoor Air: Last position.
3. Supply Air: Last position.
4. Return Air: Last position.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of the Work.

B. Examine roughing-in for dampers and instruments installed in duct systems to verify 
actual locations of connections before installation.

C. Prepare written report, endorsed by Installer, listing conditions detrimental to 
performance.

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

3.2 INSTALLATION, GENERAL

A. Furnish and install products required to satisfy most stringent requirements indicated.

B. Properly support dampers and actuators, tubing, wiring, and conduit to comply with 
requirements indicated. Brace all products to prevent lateral movement and sway or a 
break in attachment when subjected to a seismic, wind, or other forces common to the 
application.

C. Provide ceiling, floor, roof, andwall openings, and sleevesrequired by installation. 
Before proceeding with drilling, punching, or cutting, check location first for concealed 
products that could potentially be damaged. Patch, flash, grout, seal, and refinish 
openings to match adjacent condition.

D. Seal penetrations made in fire-rated and acoustically rated assemblies.

E. Fastening Hardware:

1. Wrenches, pliers, or other tools that will cause injury to or mar surfaces of rods, 
nuts, and other parts are prohibited for assembling and tightening nuts.

2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by 
excessive force or by oversized wrenches.

3. Lubricate threads of bolts, nuts, and screws with graphite and oil before 
assembly.
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F. Install products in locations that are accessible and that will permit calibration and 
maintenance from floor, equipment platforms, or catwalks. Where ladders are required 
for Owner's access, confirm unrestricted ladder placement is possible under occupied 
condition.

G. Corrosive Environments:

1. Use products that are suitable for environment to which they will be subjected.
2. If possible, avoid or limit use of materials in corrosive environments, including, 

but not limited to, the following:

a. Laboratory exhaust airstreams.
b. Process exhaust airstreams.

3. Use Type 316 stainless steel tubing and fittings when in contact with a corrosive 
environment.

4. When conduit is in contact with a corrosive environment, use Type 316 stainless 
steel conduit and fittings or conduit and fittings that are coated with a corrosive-
resistant coating that is suitable for environment.

5. Where actuators are located in a corrosive environment and are not corrosive 
resistant from manufacturer, field install products in NEMA 250, Type 4X 
enclosure constructed of Type 316L stainless steel.

3.3 CONTROL DAMPERS

A. Install smooth transitions, not exceeding 15 degrees, to dampers larger or smaller than 
adjacent duct. Install transitions as close to damper as possible but at distance to avoid 
interference and impact to performance. Consult manufacturer for recommended 
clearance.

B. Clearance:

1. Locate dampers for easy access and provide separate support of dampers that 
cannot be handled by service personnel without hoisting mechanism.

2. Install dampers with at least 24 inches of clear space on sides of dampers 
requiring service access unless more space is recommended by manufacturer. 
Provide code required clearances as applicable.

C. Service Access:

1. Install dampers and actuators to be accessible for visual inspection and service.
2. Install access door(s) in duct or equipment located upstream of damper to allow 

service personnel to hand clean any portion of damper, linkage, and actuator. 
Comply with requirements in Section 233300 "Air Duct Accessories."

D. Install dampers straight and true, level in all planes, and square in all dimensions.

E. Install supplementary structural reinforcement for large multiple-section dampers if 
factory-furnished support alone cannot handle loading.
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F. Attach field-installed actuator(s) to damper drive shaft.

G. For duct-mounted and equipment-mounted dampers installed outside of equipment, 
install a visible and accessible indication of damper position from outside.

3.4 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals. Each piece of wire, cable, 
and tubing is to have the same designation at each end for operators to determine 
continuity at points of connection. Comply with requirements for identification specified 
in Section 260553 "Identification for Electrical Systems."

3.5 ELECTRICAL CONNECTIONS

A. Install electrical power to field-mounted control devices requiring electrical power.

B. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables" and Section 260523 "Control-Voltage Electrical Power 
Cables."

C. Ground equipment in accordance with Section 260526 "Grounding and Bonding for 
Electrical Systems."

D. Furnish and install raceways. Comply with requirements in Section 260533.13 
"Conduits for Electrical Systems."

E. Furnish and install circuit breakers. Comply with requirements in Section 262816 
"Enclosed Switches and Circuit Breakers."

F. Install electrical devices furnished by manufacturer, but not factory mounted, in 
accordance with NFPA 70 and NECA 1.

G. Install nameplate for each electrical connection, indicating electrical equipment 
designation and circuit number feeding connection.

1. Nameplate to be laminated acrylic or melamine plastic signs, as specified in 
Section 260553 "Identification for Electrical Systems."

2. Nameplate to be laminated acrylic or melamine plastic signs with a black 
background and engraved white letters at least 1/2 inch high.

3.6 CONTROL CONNECTIONS

A. Install control signal wiring to field-mounted control devices.

B. Connect control signal wiring in accordance with Section 260523 "Control-Voltage 
Electrical Power Cables."

C. Furnish and install raceways. Comply with requirements in Section 260533.13 
"Conduits for Electrical Systems."
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3.7 CLEANING

A. Remove grease, mastic, adhesives, dust, dirt, stains, fingerprints, labels, and other 
foreign materials from exposed surfaces.

3.8 STARTUP

A. Control-Damper Checkout:

1. Check installed products before continuity tests, leak tests, and calibration.
2. Check dampers for proper location and accessibility.
3. Verify that control dampers are installed correctly for flow direction.
4. Verify that proper blade alignment, either parallel or opposed, has been provided.
5. Verify that damper frame attachment is properly secured and sealed.
6. Verify that damper actuator and damper linkage attachment are secure.
7. Verify that actuator wiring is complete, enclosed, and connected to correct power 

source.
8. Verify that damper blade travel is smooth and unobstructed throughout operating 

range.
9. Pneumatic Control Dampers:

a. Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, 
material, and support.

b. Verify air supply for each product is properly installed.
c. Verify that pressure gauges are provided in each air line to damper 

actuator and positioner.

3.9 ADJUSTMENT, CALIBRATION, AND TESTING

A. Stroke and adjust control dampers following manufacturer's recommended procedure, 
from 100 percent open to 100 percent closed back to 100 percent open.

B. Stroke control dampers with pilot positioners. Adjust damper and positioner following 
manufacturer's recommended procedure, so damper is 100 percent closed, 50 percent 
closed, and 100 percent open at proper air pressure.

C. Check and document open and close cycle times for applications with a cycle time of 
less than 30 seconds.

D. For control dampers equipped with positive position indication, check feedback signal 
at multiple positions to confirm proper position indication.

END OF SECTION 230923.12
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SECTION 231123 - FACILITY NATURAL-GAS PIPING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Pipes, tubes, and fittings.
2. Manual gas shutoff valves.

1.2 DEFINITIONS

A. CWP: Cold working pressure.

B. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor 
ambient temperatures and weather conditions. An example includes rooftop locations.

C. Exposed, Interior Installations: Exposed to view indoors. Examples include finished 
occupied spaces and mechanical equipment rooms.

D. 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, crawlspaces, and tunnels.

1.3 ACTION SUBMITTALS

A. Product Data:

1. Piping specialties.
2. Corrugated, stainless steel tubing with associated components.
3. Valves. Include pressure rating, capacity, settings, and electrical connection data 

of selected models.
4. Pressure regulators. Indicate pressure ratings and capacities.
5. Service meters. Indicate pressure ratings and capacities. Include bypass fittings.
6. Dielectric fittings.

B. Shop Drawings: For facility natural-gas piping layout. Include plans, piping layout and 
elevations, sections, and details for fabrication of pipe anchors, hangers, supports for 
multiple pipes, alignment guides, expansion joints and loops, and attachments of the 
same to building structure. Detail location of anchors, alignment guides, and expansion 
joints and loops.

1. Shop Drawing Scale: 1/4 inch per foot.
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1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Plans and details, drawn to scale, on which natural-gas piping 
is shown and coordinated with other installations, using input from installers of the 
items involved.

B. Welding certificates.

C. Site Survey: Plans, drawn to scale, on which natural-gas piping is shown and 
coordinated with other services and utilities.

D. Field quality-control reports.

E. Qualification Statements: For professional engineer.

1.5 QUALITY ASSURANCE

A. Steel Support Welding Qualifications: Qualify procedures and personnel in accordance 
with AWS D1.1/D1.1M, "Structural Welding Code - Steel."

B. Pipe Welding Qualifications: Qualify procedures and operators in accordance with the 
ASME Boiler and Pressure Vessel Code.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Handling Flammable Liquids: Remove and dispose of liquids from existing natural-gas 
piping in accordance with requirements of authorities having jurisdiction.

B. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through 
shipping, storage, and handling to prevent pipe end damage and to prevent entrance of 
dirt, debris, and moisture.

C. Store and handle pipes and tubes having factory-applied protective coatings to avoid 
damaging coating, and protect from direct sunlight.

D. Protect stored PE pipes and valves from direct sunlight.

1.7 PROJECT CONDITIONS

A. Perform site survey, research public utility records, and verify existing utility locations. 
Contact utility-locating service for area where Project is located.

B. Interruption of Existing Natural-Gas Service: Do not interrupt natural-gas service to 
facilities occupied by Owner or others unless permitted under the following conditions, 
and then only after arranging to provide purging and startup of natural-gas supply in 
accordance with requirements indicated:

1. Notify Owner no fewer than two days in advance of proposed interruption of 
natural-gas service.
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2. Do not proceed with interruption of natural-gas service without Owner's written 
permission.

1.8 COORDINATION

A. Coordinate sizes and locations of concrete bases with actual equipment provided.

B. Coordinate requirements for piping identification for natural-gas piping. Comply with 
requirements in Section 220553 "Identification of Plumbing Piping and Equipment."

PART 2 - PRODUCTS

2.1 SOURCE LIMITATIONS

A. Obtain each product type from single source from single manufacturer.

2.2 PERFORMANCE REQUIREMENTS

A. Comply with NFPA 54.

B. Minimum Operating-Pressure Ratings:

1. Piping and Valves: 100 psig minimum unless otherwise indicated.
2. Service Regulators: 65 psig minimum unless otherwise indicated.

C. Natural-Gas System Pressure within Buildings:

1. Two pressure ranges. Primary pressure is more than 0.5 psig, but not more than 
2 psig, and is reduced to secondary pressure of 0.5 psig or less.

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

E. Seismic Performance: Natural-gas piping system is to withstand the effects of 
earthquake motions determined in accordance with ASCE/SEI 7. See Section 220548 
"Vibration and Seismic Controls for Plumbing Piping and Equipment."

1. The term "withstand" means "the piping system will remain in place without 
separation of any parts from the device when subjected to the seismic forces 
specified and the piping system will be fully operational after the seismic event."

2.3 PIPING SPECIALTIES

A. Appliance Flexible Connectors:

1. Indoor, Fixed-Appliance Flexible Connectors: Comply with ANSI Z21.24.
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2. Indoor, Movable-Appliance Flexible Connectors: Comply with ANSI Z21.69.
3. Outdoor, Appliance Flexible Connectors: Comply with ANSI Z21.75.
4. Corrugated, stainless steel tubing with polymer coating.
5. Operating-Pressure Rating: 0.5 psig.
6. End Fittings: Zinc-coated steel.
7. Threaded Ends: Comply with ASME B1.20.1.
8. Maximum Length: 72 inches.

B. Quick-Disconnect Devices: Comply with ANSI Z21.41.

1. Copper-alloy convenience outlet and matching plug connector.
2. Seals: Nitrile.
3. Hand operated with automatic shutoff when disconnected.
4. For indoor or outdoor applications.
5. Adjustable, retractable restraining cable.

C. Y-Pattern Strainers:

1. Body: ASTM A126, 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.

3. Strainer Screen: 40-mesh startup strainer, and perforated stainless steel basket 
with 50 percent free area.

4. CWP Rating: 125 psig.

D. Basket Strainers:

1. Body: ASTM A126, 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-mesh startup strainer, and perforated stainless steel basket 
with 50 percent free area.

4. CWP Rating: 125 psig.

E. T-Pattern Strainers:

1. Body: Ductile or malleable iron with removable access coupling and end cap for 
strainer maintenance.

2. End Connections: Grooved ends.
3. Strainer Screen: 40-mesh startup strainer, and perforated stainless steel basket 

with 57 percent free area.
4. CWP Rating: 750 psig.

F. Weatherproof Vent Cap:

1. Cast- or malleable-iron increaser fitting with corrosion-resistant wire screen, with 
free area at least equal to cross-sectional area of connecting pipe and threaded-
end connection.
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2.4 JOINING MATERIALS

A. Joint Compound and Tape: Suitable for natural gas.

B. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials 
appropriate for wall thickness and chemical analysis of steel pipe being welded.

C. Brazing Filler Metals: Alloy with melting point greater than 1000 deg F complying with 
AWS A5.8/A5.8M. Brazing alloys containing more than 0.05 percent phosphorus are 
prohibited.

2.5 LABELING AND IDENTIFYING

A. Detectable Warning Tape: Acid- and alkali-resistant, PE film warning tape 
manufactured for marking and identifying underground utilities, a minimum of 6 inches 
wide and 4 mils thick, continuously inscribed with a description and rated pressure of 
utility, with metallic core encased in a protective jacket for corrosion protection, 
detectable by metal detector when tape is buried up to 30 inches deep; colored yellow.

B. Label and identify gas piping and pressure outside a multitenant building by tenant.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine roughing-in for natural-gas piping system to verify actual locations of piping 
connections before equipment installation.

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

3.2 PREPARATION

A. Close equipment shutoff valves before turning off natural gas to premises or piping 
section.

B. Inspect natural-gas piping in accordance with NFPA 54 to determine that natural-gas 
utilization devices are turned off in piping section affected.

C. Comply with NFPA 54 requirements for preventing accidental ignition.

3.3 INSTALLATION OF INDOOR PIPING

A. Comply with NFPA 54 for installation and purging of natural-gas piping.

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

C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure 
during progress of construction, to allow for mechanical installations.

D. Do not install piping in concealed locations unless sleeved with the sleeve open at both 
ends.

E. Install piping indicated to be exposed and piping in equipment rooms and service areas 
at right angles or parallel to building walls. Diagonal runs are prohibited unless 
specifically indicated otherwise.

F. Where installing piping above accessible ceilings, allow sufficient space for ceiling 
panel removal.

G. Locate valves for easy access. Do not locate valves within return air plenums.

H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment 
traps.

I. Install piping free of sags and bends.

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

K. Verify final equipment locations for roughing-in.

L. Comply with requirements in Sections specifying gas-fired appliances and equipment 
for roughing-in requirements.

M. Drips and Sediment Traps: Install drips at points where condensate may collect, 
including service-meter outlets. Locate where accessible to permit cleaning and 
emptying. Do not install where condensate is subject to freezing.

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or 
capped. Use nipple a minimum length of 3 pipe diameters, but not less than 3 
inches long and same size as connected pipe. Install with space below bottom of 
drip to remove plug or cap.

2. Install sediment trap on both sides of regulators for gas reduction to 2 psig with 
valve and cap.

N. Extend relief vent connections for service regulators, line regulators, and overpressure 
protection devices to outdoors and terminate with weatherproof vent cap.

O. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below 
grade or floors, and in floor channels unless indicated to be exposed to view.

P. Concealed Location Installations: Except as specified below, install concealed natural-
gas piping and piping installed under the building in containment conduit constructed of 
steel pipe with welded joints as described in Part 2. Install a vent pipe from 
containment conduit to outdoors and terminate with weatherproof vent cap.

1. Above Accessible Ceilings: Natural-gas piping, fittings, valves, and regulators 
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may be installed in accessible spaces without containment conduit.
2. In Floors: Install natural-gas piping with welded or brazed joints and protective 

coating in cast-in-place concrete floors. Cover piping to be cast in concrete slabs 
with minimum of 1-1/2 inches of concrete. Piping may not be in physical contact 
with other metallic structures such as reinforcing rods or electrically neutral 
conductors. Do not embed piping in concrete slabs containing quick-set additives 
or cinder aggregate.

3. In Floor Channels: Install natural-gas piping in floor channels. Channels must 
have cover and be open to space above cover for ventilation.

4. In Walls or Partitions: Protect tubing installed inside partitions or hollow walls 
from physical damage using steel striker barriers at rigid supports.

a. Exception: Tubing passing through partitions or walls does not require 
striker barriers.

5. Prohibited Locations:

a. Do not install natural-gas piping in or through circulating air ducts, clothes 
or trash chutes, chimneys or gas vents (flues), ventilating ducts, or 
dumbwaiter or elevator shafts.

b. Do not install natural-gas piping in solid walls or partitions.

Q. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level 
side down.

R. Connect branch piping from top or side of horizontal piping.

S. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to 
each piece of equipment. Unions are not required at flanged connections.

T. Do not use natural-gas piping as grounding electrode.

U. Install strainer on inlet of each line-pressure regulator and automatic or electrically 
operated valve.

V. Install pressure gauge upstream and downstream from each line regulator. Pressure 
gauges are specified in Section 230500 "Common Work Results for HVAC."

W. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with 
requirements for sleeves specified in Section 230500 "Common Work Results for 
HVAC."

X. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with 
requirements for sleeve seals specified in Section 230500 "Common Work Results for 
HVAC."

Y. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 
requirements for escutcheons specified in Section 230500 "Common Work Results for 
HVAC."
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3.4 INSTALLATION OF VALVES

A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless 
steel tubing, aluminum, or copper connector.

B. Install underground valves with valve boxes.

C. Install regulators and overpressure protection devices with maintenance access space 
adequate for servicing and testing.

D. Install earthquake valves aboveground outside buildings according to listing.

E. Install anode for metallic valves in underground PE piping.

F. Do not install valves in return-air plenums.

3.5 PIPING JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs.

B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly.

C. Threaded Joints:

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.
2. Cut threads full and clean using sharp dies.
3. Ream threaded pipe ends to remove burrs and restore full inside diameter of 

pipe.
4. Apply appropriate tape or thread compound to external pipe threads unless 

dryseal threading is specified.
5. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded 

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

D. Welded Joints:

1. Construct joints in accordance with AWS D10.12/D10.12M, using qualified 
processes and welding operators.

2. Bevel plain ends of steel pipe.
3. Patch factory-applied protective coating as recommended by manufacturer at 

field welds and where damage to coating occurs during construction.

E. Brazed Joints: Construct joints in accordance with AWS's "Brazing Handbook," "Pipe 
and Tube" Chapter.

F. Flanged Joints: Install gasket material, size, type, and thickness appropriate for 
natural-gas service. Install gasket concentrically positioned.

G. Flared Joints: Cut tubing with roll cutting tool. Flare tube end with tool to result in flare 
dimensions complying with SAE J513. Tighten finger tight, and then use wrench. Do 
not overtighten.
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H. PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth 
or paper towels. Join in accordance with ASTM D2657.

1. Plain-End Pipe and Fittings: Use butt fusion.
2. Plain-End Pipe and Socket Fittings: Use socket fusion.

3.6 INSTALLATION OF HANGERS AND SUPPORTS

A. Comply with requirements for seismic-restraint devices specified in Section 230548 
"Vibration and Seismic Controls for HVAC."

B. Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping 
and Equipment" for hangers, supports, and anchor devices.

C. Install hangers for steel piping and copper tubing, with maximum horizontal spacing 
and minimum rod diameters, to comply with MSS SP-58, locally enforced codes, and 
authorities having jurisdiction requirements, whichever are most stringent.

D. Install hangers for corrugated stainless steel tubing, with maximum horizontal spacing 
and minimum rod diameters, to comply with manufacturer's written instructions, locally 
enforced codes, and authorities having jurisdiction requirements, whichever are most 
stringent.

E. Support horizontal piping within 12 inches of each fitting.

F. Support vertical runs of steel piping and copper tubing to comply with MSS SP-58, 
locally enforced codes, and authorities having jurisdiction requirements, whichever are 
most stringent.

G. Support vertical runs of corrugated stainless steel tubing to comply with manufacturer's 
written instructions, locally enforced codes, and authorities having jurisdiction 
requirements, whichever are most stringent.

3.7 PIPING CONNECTIONS

A. Connect to utility's gas main according to utility's procedures and requirements.

B. Install natural-gas piping electrically continuous, and bonded to gas-appliance 
equipment grounding conductor of the circuit powering the appliance in accordance 
with NFPA 70.

C. Where installing piping adjacent to appliances, allow space for service and 
maintenance of appliances.

D. Connect piping to appliances using manual gas shutoff valves and unions. Install valve 
within 72 inches of each gas-fired appliance and equipment. Install union between 
valve and appliances or equipment.
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3.8 LABELING AND IDENTIFICATION

A. Comply with requirements in Section 230553 "Identification for HVAC Piping and 
Equipment" for piping and valve identification.

B. Install detectable warning tape directly above gas piping, 12 inches below finished 
grade, except 6 inches below subgrade under pavements and slabs.

3.9 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Test, inspect, and purge natural gas in accordance with NFPA 54 and authorities 
having jurisdiction.

2. Natural-gas piping will be considered defective if it does not pass tests and 
inspections.

B. Prepare test and inspection reports.

3.10 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain earthquake 
valves.

3.11 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES LESS THAN 0.5 PSIG 
(3.45 kPa)

A. Aboveground, branch piping NPS 1 and smaller is to be one of the following:

1. Corrugated stainless steel tubing with mechanical fittings having socket or 
threaded ends to match adjacent piping.

2. Annealed-temper, tin-lined copper tube with flared joints and fittings.
3. Annealed-temper, copper tube with wrought-copper fittings and brazed joints.
4. Aluminum tube with flared fittings and joints.
5. Steel pipe with malleable-iron fittings and threaded joints.

B. Aboveground, distribution piping is to be one of the following:

1. Steel pipe with wrought-steel fittings and welded joints.

3.12 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES MORE THAN 0.5 PSIG 
(3.45 kPa) AND LESS THAN 5 PSIG (34.5 kPa)

A. Aboveground, branch piping NPS 1 and smaller is to be one of the following:

1. Annealed-temper copper tube with wrought-copper fittings and brazed joints.
2. Steel pipe with malleable-iron fittings and threaded joints.
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B. Aboveground, distribution piping is to be one of the following:

1. Steel pipe with steel welding fittings and welded joints.

3.13 ABOVEGROUND, MANUAL GAS SHUTOFF VALVE SCHEDULE

A. Valves for pipe sizes NPS 2 and smaller at service meter are to be one of the following:

1. One-piece, bronze ball valve with bronze trim.
2. Two-piece, full-port, bronze ball valves with bronze trim.

B. Valves for pipe sizes NPS 2-1/2 and larger at service meter are to be the following:

1. Two-piece, full-port, bronze ball valves with bronze trim.

C. Distribution piping valves for pipe sizes NPS 2 and smaller are to be one of the 
following:

1. One-piece, bronze ball valve with bronze trim.
2. Two-piece, full-port, bronze ball valves with bronze trim.

D. Distribution piping valves for pipe sizes NPS 2-1/2 and larger are to be the following:

1. Two-piece, full-port, bronze ball valves with bronze trim.

E. Valves in branch piping for single appliance are to be one of the following:

1. One-piece, bronze ball valve with bronze trim.
2. Two-piece, full-port, bronze ball valves with bronze trim.

END OF SECTION 231123



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

METAL DUCTS 233113 - 1
Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

SECTION 233113 - METAL DUCTS

PART 1 - GENERAL

1.1 SUMMARY

1. Rectangular ducts and fittings, shop fabricated - single wall.
2. Rectangular ducts and fittings, shop fabricated - double wall.
3. Sheet metal materials.
4. Sealants and gaskets.
5. Strut support system for ductwork - metal, cable type.

B. Related Requirements:

1. Section 230130.52 "Existing HVAC Air Distribution System Cleaning" for cleaning 
of existing HVAC air-distribution equipment, ducts, plenums, and system 
components.

2. Section 230548 "Vibration and Seismic Controls for HVAC" for seismic restraint 
devices and installation.

3. Section 230548.13 "Vibration Controls for HVAC" for vibration-isolated ductwork 
and hangers.

4. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, 
adjusting, and balancing requirements for metal ducts.

5. Section 230800 "Commissioning of HVAC" for HVAC commissioning procedures.
6. Section 233116 "Nonmetal Ducts" for fibrous-glass ducts, thermoset fiber-

reinforced plastic ducts, thermoplastic ducts, PVC ducts, concrete ducts, and 
factory-fabricated outdoor insulated phenolic duct systems.

7. Section 233300 "Air Duct Accessories" for dampers, sound-control devices, duct-
mounted access doors and panels, turning vanes, and flexible ducts.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Shop Drawings:

1. Fabrication, assembly, and installation, including plans, elevations, sections, 
components, and attachments to other work.

2. Factory- and shop-fabricated ducts and fittings.
3. Duct layout indicating sizes, configuration, liner material, and static-pressure and 

leakage classes.
4. Elevation of top and bottom of ducts.
5. Dimensions of all duct runs from building grid lines.
6. Fittings.
7. Reinforcement and spacing.
8. Seam and joint construction.
9. Penetrations through fire-rated and other partitions.
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10. Equipment installation based on equipment being used on Project.
11. Locations for duct accessories, including dampers, turning vanes, and access 

doors and panels.
12. Hangers and supports, including methods for duct and building attachment, 

seismic restraints, and vibration isolation.
13. Duct Liner: Including attenuation and U-value factors.
14. Sealants and Gaskets: Including materials and code compliance.

C. Delegated Design Submittals:

1. Ductwork:

a. Sheet metal thicknesses.
b. Joint and seam construction and sealing.
c. Reinforcement details and spacing.
d. Materials, fabrication, assembly, and spacing of hangers and supports.

2. Design Calculations: Calculations, including analysis data signed and sealed by 
the qualified professional engineer responsible for their preparation for selecting 
hangers and supports and seismic restraints.

1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: A single set of plans, drawn to scale, showing the items 
described in this Section, and coordinated with all building trades.

B. Welding certificates.

C. Field quality control reports.

1.4 QUALITY ASSURANCE

A. Welding Qualifications: Qualify procedures and personnel in accordance with the 
following:

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 D9.1/D9.1M, "Sheet Metal Welding Code," for duct joint and seam welding.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam 
and joint construction, reinforcements, and hangers and supports, to comply with 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and with 
performance requirements and design criteria indicated in "Duct Application Schedule" 
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Article.

B. Structural Performance: Provide duct hangers and supports and seismic restraints to 
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. Seismically brace duct hangers and supports in accordance 
with SMACNA's "Seismic Restraint Manual: Guidelines for Mechanical Systems."

1. Seismic Hazard Level (SHL): D.

C. Airstream Surfaces: Surfaces in contact with airstream comply with requirements in 
ASHRAE 62.1.

D. ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - 
"Systems and Equipment," and Section 7 - "Construction and System Startup."

E. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 
6.4.4 - "HVAC System Construction and Insulation."

F. Duct Dimensions: Unless specifically indicated otherwise on the Drawings, all duct 
dimensions indicated on the Drawings are inside clear dimensions and do not include 
insulation or duct wall thickness.

2.2 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. Sheet metal materials are to be free of pitting, seam marks, 
roller marks, stains, discolorations, and other imperfections.

B. Galvanized Sheet Steel: Comply with ASTM A653/A653M.

1. Galvanized Coating Designation: G60.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.
3. Lockforming Quality: Sheet steel and galvanized coating is to be able to be 

formed with back-to-back bends in seams such as the Pittsburgh lock at high 
speed without cracking or flaking of the coating on the outside of the bend.

C. PVC-Coated, Galvanized Sheet Steel: Comply with ASTM A653/A653M.

1. Galvanized Coating Designation: G60.
2. Minimum Thickness for Factory-Applied PVC Coating: 4 mils thick on sheet metal 

surface of ducts and fittings exposed to corrosive conditions, and minimum 1 mil 
thick on opposite surface.

3. Coating Materials: Acceptable to authorities having jurisdiction for use on ducts 
listed and labeled by an NRTL for compliance with UL 181, Class 1.

D. Carbon-Steel Sheets: Comply with ASTM A1008/A1008M, with oiled, matte finish for 
exposed ducts.
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E. Stainless Steel Sheets: Comply with ASTM A480/A480M, Type 304 or 316, as 
indicated in "Duct Application Schedule" Article; cold rolled, annealed, sheet. Provide 
exposed surface finish No. 2B, No. 2D, No. 3, or No. 4, as indicated in "Duct 
Application Schedule" Article.

F. Aluminum Sheets: Comply with ASTM B209/B209M Alloy 3003, H14 temper; with mill 
finish for concealed ducts, and standard, one-side bright finish for duct surfaces 
exposed to view.

G. Factory- or Shop-Applied Antimicrobial Coating:

1. Apply to the surface of sheet metal that will form the interior surface of the duct. 
Provide untreated clear coating is to be applied to the exterior surface.

2. Provide antimicrobial compound tested for efficacy by an NRTL and registered by 
the EPA for use in HVAC systems.

3. Provide coating containing the antimicrobial compound having hardness of 2H, 
minimum, when tested in accordance with ASTM D3363.

4. Surface-Burning Characteristics: Maximum flame-spread index of 25 and 
maximum smoke-developed index of 50 when tested in accordance with UL 723; 
certified by an NRTL.

5. Shop-Applied Coating Color: Black.
6. Antimicrobial coating on sheet metal is not required for duct containing liner 

treated with antimicrobial coating.

H. Reinforcement Shapes and Plates: ASTM A36/A36M, 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.

I. Tie Rods: Galvanized steel, 1/4-inch- minimum diameter for lengths 36 inches or less; 
3/8-inch- minimum diameter for lengths longer than 36 inches.

2.3 SEALANTS AND GASKETS

A. General Sealant and Gasket Requirements: Surface-burning characteristics for 
sealants and gaskets: Maximum flame-spread index of 25 and a maximum smoke-
developed index of 50 when tested in accordance with UL 723 and 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. Tape Width: 3 inches.
3. Sealant: Modified styrene acrylic.
4. Water resistant.
5. Mold and mildew resistant.
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6. Maximum Static Pressure: 10-inch wg, positive and negative.
7. Service: Indoor and outdoor.
8. Service Temperature: Minus 40 to plus 200 deg F.
9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), 

stainless steel, or aluminum sheets.

C. Solvent-Based Joint and Seam Sealant:

1. Application Method: Brush on.
2. Base: Synthetic rubber resin.
3. Solvent: Toluene and heptane.
4. Solids Content: Minimum 60 percent.
5. Shore A Hardness: Minimum 60.
6. Water resistant.
7. Mold and mildew resistant.
8. Maximum Static Pressure: 10-inch wg, positive or negative.
9. Service: Indoor or outdoor.
10. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), 

stainless steel, or aluminum sheets.

D. Flanged Joint Sealant: Comply with ASTM C920.

1. General: Single component, acid curing, silicone, elastomeric.
2. Type: S.
3. Grade: NS.
4. Class: 25.
5. Use: O.

E. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene 
plasticizer.

F. Round Duct Joint O-Ring Seals:

1. Provide seal having maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and 
is to be rated for 10-inch wg static pressure, 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.

PART 3 - EXECUTION

3.1 INSTALLATION OF DUCTS

A. Install duct systems as indicated unless deviations to layout are approved on Shop 
Drawings and coordination drawings.

B. Install ducts in accordance with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible."
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C. Install ducts in maximum practical lengths with fewest possible joints.

D. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and 
for branch connections.

E. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines.

F. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building.

G. Install ducts with a minimum clearance of 1 inch, plus allowance for insulation 
thickness.

H. Don't route ducts through transformer vaults and electrical equipment rooms and 
enclosures.

I. 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.

J. Install fire, combination fire/smoke, and smoke dampers where indicated on Drawings 
and as required by code, and by local authorities having jurisdiction. Comply with 
requirements in Section 233300 "Air Duct Accessories" for fire and smoke dampers 
and specific installation requirements of the damper UL listing.

K. Install duct access panel assemblies at each fire, combination fire/smoke, and smoke 
damper to permit damper inspection and testing.

L. Install heating coils, cooling coils, air filters, dampers, and all other duct-mounted 
accessories in air ducts where indicated on Drawings.

M. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials both before and after installation. Comply with SMACNA's "IAQ Guidelines 
for Occupied Buildings Under Construction," Appendix G, "Duct Cleanliness for New 
Construction Guidelines."

N. Elbows: Use long-radius elbows wherever they fit.

1. Fabricate 90-degree rectangular mitered elbows to include turning vanes.
2. Fabricate 90-degree round elbows with a minimum of three segments for 

12 inches and smaller and a minimum of five segments for 14 inches and larger.

O. Branch Connections: Use lateral or conical branch connections.

P. Installation of Metal, Cable-Type Strut Support System for Ductwork: Install in 
accordance with manufacturer's written installation instructions.
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3.2 DUCT SEALING

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in 
"Duct Application Schedule" Article in accordance with SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible."

B. Minimum Seal Class: Seal ducts at a minimum to the following seal classes in 
accordance with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible":

1. Outdoor, Supply-Air Ducts: Seal Class A.
2. Outdoor, Exhaust Ducts: Seal Class A.
3. Outdoor, Return-Air Ducts: Seal Class A.
4. Unconditioned Space, Supply-Air Ducts in Pressure Rating of 2-Inch wg (500 Pa) 

and Lower: Seal Class B.
5. Unconditioned Space, Supply-Air Ducts in Pressure Rating Higher than 2-Inch 

wg (500 Pa): Seal Class A.
6. Unconditioned Space, Exhaust Ducts: Seal Class C.
7. Unconditioned Space, Return-Air Ducts: Seal Class B.
8. Conditioned Space, Supply-Air Ducts in Pressure Ratings of 2-Inch wg (500 Pa) 

and Lower: Seal Class C.
9. Conditioned Space, Supply-Air Ducts in Pressure Rating Higher than 2-Inch wg 

(500 Pa): Seal Class B.
10. Conditioned Space, Exhaust Ducts: Seal Class B.
11. Conditioned Space, Return-Air Ducts: Seal Class C.

3.3 INSTALLATION OF SEISMIC-RESTRAINT DEVICES

A. See Section 230548 "Vibration and Seismic Controls for HVAC" for seismic restraint 
installation requirements.

3.4 DUCTWORK CONNECTIONS

A. Make connections to equipment with flexible connectors complying with Section 
233300 "Air Duct Accessories."

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
branch, outlet and inlet, and terminal unit connections.

3.5 FIELD QUALITY CONTROL

A. Leakage Tests: Comply with SMACNA's "HVAC Air Duct Leakage Test Manual." 
Submit a test report for each test. Test the following systems:

1. Disassemble, reassemble, and seal segments of systems to accommodate 
leakage testing and for compliance with test requirements.

2. Testing of each duct section is to be performed with access doors, coils, filters, 
dampers, and other duct-mounted devices in place as designed. No devices are 
to be removed or blanked off so as to reduce or prevent additional leakage.
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3. Test for leaks before applying external insulation.
4. Conduct tests at static pressures equal to maximum design pressure of system 

or section being tested. If static-pressure ratings are not indicated, test system at 
maximum system design pressure. Do not pressurize systems above maximum 
design operating pressure.

5. Give seven days' advance notice for testing.

B. Duct System Cleanliness Test Procedure:

1. Visually inspect duct system to ensure that no visible contaminants are present.
2. Test sections of metal duct system, chosen randomly by Owner.
3. Perform duct system cleanliness verification utilizing test procedure presented in 

NADCA ACR, Section 5 - "Cleanliness Verification and Documentation."

a. Acceptable Cleanliness Level: Net weight of debris collected on the filter 
media is to 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.

3.6 DUCT CLEANING

A. Clean new duct system(s) before testing, adjusting, and balancing.

B. For cleaning of existing ductwork, see Section 230130.52 "Existing HVAC Air 
Distribution System Cleaning."

C. Use duct cleaning methodology as indicated in NADCA ACR.

D. Use service openings for entry and inspection.

1. Provide openings with access panels appropriate for duct static-pressure and 
leakage class at dampers, coils, and any other locations where required for 
inspection and cleaning access. Provide insulated panels for insulated or lined 
duct. Patch insulation and liner as recommended by duct liner manufacturer. 
Comply with Section 233300 "Air Duct 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.

E. 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.

F. Cleaning: Clean the following components by removing surface contaminants and 
deposits:
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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.

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.

G. 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 in accordance with NADCA ACR. 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 in accordance with manufacturer's 
written instructions after removal of surface deposits and debris.

END OF SECTION 233113



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

NONMETAL DUCTS 233116 - 1
Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

SECTION 233116 - NONMETAL DUCTS

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 230130.52 "Existing HVAC Air Distribution System Cleaning" for cleaning 
of existing HVAC air-distribution equipment, ducts, plenums, and system 
components.

2. Section 230548 "Vibration and Seismic Controls for HVAC" for vibration-isolated 
and restrained ductwork hangers and supports.

3. Section 230548.13 "Vibration Controls for HVAC" for vibration-isolated ductwork 
and hangers.

4. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for duct system 
testing, adjusting, and balancing.

5. Section 230800 "Commissioning of HVAC" for HVAC commissioning procedures.
6. Section 233113 "Metal Ducts" for single- and double-wall, rectangular and round 

ducts.
7. Section 233300 "Air Duct Accessories" for dampers, sound-control devices, duct-

mounted access doors and panels, turning vanes, and flexible ducts.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Construction details.
2. Materials.
3. Dimension of individual components.
4. Finishes.
5. Operating characteristics.
6. Furnished accessories.

B. Shop Drawings:

1. Fabrication, assembly, and installation, including plans, elevations, sections, 
components, and attachments to other work.

2. Duct layout indicating sizes and pressure classes.
3. Elevation of top and bottom of ducts.
4. Dimensions of all duct runs from building grid lines.
5. Fittings.
6. Reinforcement and spacing.
7. Seam and joint construction.
8. Penetrations through fire-rated, smoke-rated, and other partitions.
9. Fire and smoke damper locations.
10. Equipment installation based on equipment being used on Project.
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11. Hangers and supports, including methods for duct and building attachment, 
seismic restraints, and vibration isolation.

C. Delegated Design Submittals: For nonmetal ducts, signed and sealed by a qualified 
professional engineer.

1. Duct materials and thicknesses.
2. Joint and seam construction and sealing.
3. Reinforcement details and spacing.
4. Materials, fabrication, assembly, and spacing of hangers and supports and 

seismic restraints.
5. Design calculations for selecting hangers and supports and seismic restraints. 

Include analysis data signed and sealed by the qualified professional engineer 
responsible for their preparation.

1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Plans, or BIM model, drawn to scale, showing the items 
described in this Section and coordinated with all building trades.

B. Seismic Qualification Data: Manufacturer certificates for nonmetal ducts, accessories, 
and components.

1. Basis for Certification: Indicate whether withstand certification is based on actual 
test of assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 
locate and describe mounting and anchorage provisions.

3. Anchorage Devices: Detailed description of equipment anchorage devices on 
which the certification is based, and their installation requirements.

C. Welding certificates.

D. Field quality control and test reports.

1.4 QUALITY ASSURANCE

A. Hanger and Support Welding Qualifications: Qualify procedures and personnel in 
accordance with the following:

1. AWS D1.1/D1.1M for steel hangers and supports.
2. AWS D1.2/D1.2M for aluminum hangers and supports.

1.5 WARRANTY

A. Warranty: Manufacturer agrees to repair or replace components of ductwork system 
that fail in material or workmanship within specified warranty period.

1. Warranty Period, HDPE Duct System: 10 year(s) from date of Substantial 
Completion.
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2. Warranty Period, Thermoset FRP Duct System: 10 year(s) from date of 
Substantial Completion.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Delegated Duct Design: Duct construction, including duct closure, reinforcements, and 
hangers and supports, is to comply with the SMACNA publications cited below and 
with performance requirements and design criteria indicated in "Duct Application 
Schedule" Article.

1. SMACNA's "Fibrous Glass Duct Construction Standards."
2. SMACNA's "Phenolic Duct Construction Standards."
3. SMACNA's "Thermoplastic Duct (PVC) Construction Manual."
4. SMACNA's "Thermoset FRP Duct Construction Manual."
5. Static-Pressure Ratings:

a. Supply Ducts except in Mechanical Rooms: 2-inch wg.
b. Supply Ducts Upstream from Air Terminal Units: 2-inch wg.
c. Supply Ducts Downstream from Air Terminal Units: 1-inch wg.
d. Supply Ducts in Mechanical Equipment Rooms: 2-inch wg.
e. Return Ducts Negative Pressure: 1-inch wg.
f. Exhaust Ducts Negative Pressure: 1-inch wg.

B. Seismic Performance: Provide ducts suitable to withstand the effects of earthquake 
motions determined in accordance with ASCE/SEI 7. See 018123 "Facility Seismic and 
Wind Criteria" for specifies basis-of-design seismic and wind criteria for nonstructural 
components. See Section 230548 "Vibration and Seismic Controls for HVAC."

1. The term "withstand" means "the unit will remain in place without separation of 
any parts from the device when subjected to the seismic forces specified and the 
unit will be fully operational after the seismic event."

C. Airstream Surfaces: Surfaces in contact with the airstream are to comply with 
requirements in ASHRAE 62.1, Section 5.4 - "Airstream Surfaces."

D. ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - 
"Systems and Equipment" and Section 7 - "Construction and System Start-up."

E. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 
6.4.4 - "HVAC System Construction and Insulation."

F. Duct Dimensions: Unless otherwise indicated, all duct dimensions indicated on 
Drawings are inside clear dimensions and do not include insulation or duct wall 
thickness. 

G. NFPA Compliance:
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1. NFPA 90A.
2. NFPA 90B.

PART 3 - EXECUTION

3.1 INSTALLATION OF NONMETAL DUCTS

A. Install duct systems as indicated unless deviations to layout are approved on Shop 
Drawings and Coordination Drawings.

B. Install duct sections in maximum practical lengths with fewest possible joints.

C. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and 
for branch connections.

D. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines.

E. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building.

F. Install ducts with a minimum clearance of 1 inch, plus allowance for insulation 
thickness.

G. Route ducts to avoid passing through transformer vaults and electrical equipment 
rooms and enclosures.

H. 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. Overlap openings on four sides by at least 1-1/2 inches.

I. Install fire, combination fire/smoke, and smoke dampers where indicated on Drawings 
and as required by code and by authorities having jurisdiction. Comply with 
requirements in Section 233300 "Air Duct Accessories" for fire and smoke dampers 
and specific installation requirements of the fire damper UL listing.

J. Install fire-rated access panel assemblies at each fire, combination fire/smoke, and 
smoke damper to permit damper inspection and testing.

K. Install heating coils, cooling coils, air filters, dampers, and all other duct-mounted 
accessories in air ducts where indicated on Drawings.

L. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials both before and after installation. Comply with SMACNA's "IAQ Guidelines 
for Occupied Buildings under Construction," Appendix G, "Duct Cleanliness for New 
Construction Guidelines."

M. Elbows: Use long-radius elbows wherever they fit. Fabricate 90-degree rectangular 
mitered elbows to include turning vanes, and 90-degree round elbows with a minimum 
of three segments for 12 inches and smaller and a minimum of five segments for 14 
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inches and larger.

N. Branch Connections: Use lateral or conical branch connections.

O. Install fibrous-glass ducts and fittings to comply with SMACNA's "Fibrous Glass Duct 
Construction Standards."

P. Install phenolic-foam ducts and fittings to comply with SMACNA's "Phenolic Duct 
Construction Standards."

Q. Install thermoset FRP ducts and fittings to comply with SMACNA's "Thermoset FRP 
Duct Construction Manual."

R. Install PVC ducts and fittings to comply with SMACNA's "Thermoplastic Duct (PVC) 
Construction Manual."

S. Install CPVC ducts and fittings to comply with SMACNA's "Thermoplastic Duct (PVC) 
Construction Manual."

T. Install HDPE ducts, fittings, and components to comply with manufacturer's written 
installation instructions. Installer to complete manufacturer's installation training prior to 
installation.

3.2 INSTALLATION OF HANGERS AND SUPPORTS

A. Install hangers and supports for fibrous-glass ducts and fittings to comply with 
SMACNA's "Fibrous Glass Duct Construction Standards," Ch. 6, "Hangers and 
Supports."

B. Install hangers and supports for phenolic-foam ducts and fittings to comply with 
SMACNA's "Phenolic Duct Construction Standards" Ch. 6, "Hangers and Supports" 
and with manufacturer's written instructions.

C. Install hangers and supports for thermoset FRP ducts and fittings to comply with 
SMACNA's "Thermoset FRP Duct Construction Manual," Ch. 7, "Requirements."

D. Install hangers and supports for PVC ducts and fittings to comply with SMACNA's 
"Thermoplastic Duct (PVC) Construction Manual," Ch. 3, "Standards of Construction 
for PVC Duct Systems."

E. Install hangers and supports for CPVC ducts and fittings to comply with SMACNA's 
"Thermoplastic Duct (PVC) Construction Manual," Ch. 3, "Standards of Construction 
for PVC Duct Systems."

F. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel 
fasteners appropriate for construction materials to which hangers are being attached.

1. 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 
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concretes or for slabs more than 4 inches thick.
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes or for slabs less than 4 inches thick.
5. Do not use powder-actuated concrete fasteners for seismic restraints.

G. Install attachments to structures. Select and size attachments with pull-out, tension, 
and shear capacities appropriate for supported loads and building materials where 
used.

3.3 FIELD QUALITY CONTROL

A. Leakage Tests: Comply with SMACNA's "HVAC Air Duct Leakage Test Manual." 
Submit a test report for each test. Where static pressure and leakage values shown in 
subparagraphs below differ from those in the SMACNA "HVAC Air Duct Leakage Test 
Manual," the more stringent values are to apply. Test the following systems:

1. Disassemble, reassemble, and seal segments of systems to accommodate 
leakage testing and for compliance with test requirements.

2. Test for leaks and repair before applying external insulation.
3. Conduct tests at static pressures equal to maximum design pressure of system 

or section being tested. If static-pressure ratings are not indicated, test entire 
system at maximum system design pressure. Do not pressurize systems above 
maximum design operating pressure.

4. Give seven days' advance notice for testing.

B. Duct System Cleanliness Test Procedure:

1. Visually inspect duct system to ensure that no visible contaminants are present.
2. Perform tests in accordance with NADCA ACR, Section 5 - "Cleanliness 

Verification and Documentation."
3. Acceptable Cleanliness Level: Net weight of debris collected on the filter media 

not to exceed 0.75 mg/100 sq. cm.
4. Duct system will be considered defective if it does not pass tests and inspections.
5. Prepare test and inspection reports.

3.4 DUCT CLEANING

A. Clean duct system(s) before testing, adjusting, and balancing.

B. For cleaning of existing ductwork, see Section 230130.52 "Existing HVAC Air 
Distribution System Cleaning."

C. Use duct cleaning methodology as indicated in NADCA ACR.

D. Use service openings for entry and inspection.

1. Provide openings with access panels appropriate for duct static-pressure rating 
where required for cleaning access. Provide insulated panels for insulated or 
lined duct. Patch duct as recommended by duct manufacturer. Comply with 
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Section 233300 "Air Duct Accessories" for access panels and doors.
2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.
3. Remove and reinstall ceiling as needed to gain access during the cleaning 

process.

E. Particulate Collection and Odor Control:

1. When venting vacuuming system inside the building, use HEPA filtration with 
minimum 99.97 percent collection efficiency for 0.3-micron (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.

F. Cleaning: 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.

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.

G. Mechanical Cleaning Methodology:

1. Operate vacuum-collection devices continuously during cleaning. Connect 
vacuum device to downstream end of duct sections so areas being cleaned are 
under negative pressure.

2. Mechanically agitate duct to dislodge debris adhered to interior duct surfaces 
without damaging integrity of ducts or duct accessories.

3. Clean fibrous-glass duct with HEPA vacuuming equipment; do not permit duct to 
get wet. Replace fibrous-glass duct that is damaged, deteriorated, or 
delaminated or that has friable material, mold, or fungus growth.

4. Clean coils and coil drain pans in accordance with NADCA 1992. Keep drain pan 
operational. Rinse coils with clean water to remove latent residues and cleaning 
materials; comb and straighten fins.

5. Provide drainage and cleanup for washdown procedures.
6. Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agents if 

fungus is present. Apply antimicrobial agents in accordance with manufacturer's 
written instructions after removing surface deposits and debris.
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3.5 DUCT APPLICATION SCHEDULE

A. Indoor Ducts and Fittings:

1. Fibrous-Glass Duct and Fittings:

a. Shape: Rectangular.
b. Minimum Flexural Rigidity: EI-475.
c. Minimum Board Thickness: 1 inch.

2. Phenolic-Foam Duct and Fittings:

a. Shape: Rectangular.
b. Minimum Panel Thickness: 7/8 inch.
c. Aluminum Cladding: Minimum 0.025 inch thick.
d. Joints: Secure joints with adhesive or clips in accordance with duct 

manufacturer's written instructions, then tape joints with aluminum tape.
e. Sealing: Seal all joints with a generous and continuous bead of silicone 

sealant and press into corners using a smooth radius tool.

B. Outdoor Duct and Fittings: Provide suitable external surface protection as 
recommended by manufacturer.

1. Phenolic-Foam Duct and Fittings:

a. Shape: Rectangular.
b. Minimum Panel Thickness: 7/8 inch.
c. Aluminum Cladding: Minimum 0.032 inch thick.
d. Joints: Secure joints with adhesive or clips in accordance with duct 

manufacturer's written instructions, then tape joints with aluminum tape.
e. Sealing: Seal all joints with a continuous bead of silicone sealant and press 

into corners using a smooth radius tool.

2. Thermoset FRP Duct and Fittings:

a. Shape: Round.
b. Double-Wall Insulated Ducts: Minimum 5/8-inch insulation thickness with 

thermal conductivity factor of 14 insulation thickness.

C. Underground Ducts: Provide suitable external surface protection where recommended 
in writing by manufacturer.

1. Thermoset FRP Duct and Fittings:

a. Shape: Round.
b. Double wall.
c. Insulation Thickness: 1 inch.
d. Drain: Minimum NPS 1 PVC pipe with P-trap to air-gap drain.

2. PVC Duct and Fittings:
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a. Shape: Round.
b. Drain: Minimum NPS 1 PVC pipe with P-trap to air-gap drain.

3. CPVC Duct and Fittings:

a. Shape: Round.
b. Drain: Minimum NPS 1 CPVC pipe with P-trap to air-gap drain.

4. HDPE Duct and Fittings:

a. Shape: Round.
b. Drain as recommended by manufacturer.

D. Fume Exhaust: Thermoset FRP duct and fittings.

1. Install exhaust ducts without dips and traps that can hold liquid, and slope duct a 
minimum of 2 percent to drain. Where indicated on the Drawings, install trapped 
drain piping sloped 2 percent to drain.

2. Connect duct to fume hood or other equipment where indicated on the Drawings.

END OF SECTION 233116
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SECTION 233300 - AIR DUCT ACCESSORIES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Backdraft and pressure relief dampers.
2. Control dampers.
3. Fire dampers.
4. Duct-mounted access doors.
5. Flexible connectors.
6. Flexible duct connectors.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Construction details, material descriptions, and dimensions of individual 
components.

2. For dampers, include housings, linkages, and operators.
3. For damper operators, include electrical or pneumatic pressure rating and 

damper size rating.
4. For duct-mounted duct silencers, include pressure drop, dynamic insertion loss, 

and self-generated noise data. Include breakout noise calculations for high-
transmission-loss casings.

B. Shop Drawings: For air duct accessories.

1. Plans showing locations, elevations, sections, and attachment details.
2. 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 and remote damper operators.

e. Duct security bars.
f. Diagrams for power, signal, and control wiring.

1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Reflected ceiling plans, or BIM model, drawn to scale, on 
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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.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For air duct accessories.

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 percent of amount installed.

PART 2 - PRODUCTS

2.1 BACKDRAFT AND PRESSURE RELIEF DAMPERS

A. Description: Gravity balanced with adjustable counterweight or with spring.

B. Performance:

1. Maximum Air Velocity: 1000 fpm.
2. Maximum System Pressure: 2 inches wg.
3. AMCA Certification: Test and rate in accordance with AMCA 511.
4. Leakage:

a. Class IA: Leakage is not to exceed 3 cfm/sq. ft. against 1 inch wg 
differential static pressure.

b. Class I: Leakage is not to exceed 4 cfm/sq. ft. against 1 inch wg differential 
static pressure.

c. Class II: Leakage is not to exceed 10 cfm/sq. ft. against 1 inch wg 
differential static pressure.

d. Class III: Leakage is not to exceed 40 cfm/sq. ft. against 1 inch wg 
differential static pressure.

C. Damper Actuator - Pneumatic:

1. Operated by 0 to 20 psig pneumatic signal.
2. Actuator Type: Fully modulating with positioner and fail-safe spring return.

a. Sufficient power and spring force to drive damper fully closed with 
adequate force to achieve required damper seal.

b. Maximum 15-second full-stroke closure.
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3. Actuator to be factory mounted.

D. Accessories:

1. Adjustment device to permit setting for varying differential static pressure.
2. Counterweights and spring-assist kits for vertical airflow installations.
3. 90-degree stops.

2.2 CONTROL DAMPERS

A. General Requirements:

1. Unless otherwise indicated, use parallel-blade configuration for two-position 
control, equipment isolation service, and when mixing two airstreams. For other 
applications, use opposed-blade configuration.

2. Factory or field assemble multiple damper sections to provide a single damper 
assembly of size required by the application.

B. Performance:

1. AMCA Certification: Test and rate in accordance with AMCA 511.
2. Leakage:

a. Class IA: Leakage is not to exceed 3 cfm/sq. ft. against 1 inch wg 
differential static pressure.

b. Class I: Leakage is not to exceed 4 cfm/sq. ft. against 1 inch wg differential 
static pressure.

c. Class II: Leakage is not to exceed 10 cfm/sq. ft. against 1 inch wg 
differential static pressure.

d. Class III: Leakage is not to exceed 40 cfm/sq. ft. against 1 inch wg 
differential static pressure.

3. Pressure Drop: 0.05 inch wg at 1500 fpm across a 24-by-24-inch damper when 
tested in accordance with AMCA 500-D, Figure 5.3.

4. Velocity: Up to 3000 fpm.
5. Temperature: Minus 25 to plus 180 deg F.
6. Pressure Rating: Damper close-off pressure equal to fan shutoff pressure with a 

maximum blade deflection of 1/200 of blade length.

C. Damper Actuator - Electric:

1. Electric - 24 V ac.
2. UL 60730-2-14 and UL 2043, plenum rated.
3. Actuator Type: Fully modulating.

a. Sufficient motor torque and spring torqueto drive damper fully open and 
fully closed with adequate force to achieve required damper seal.

b. Minimum 90-degree drive rotation.

4. Clockwise or counterclockwise drive rotation as required for application.
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5. Environmental Operating Range:

a. Temperature: Minus 40 to plus 130 deg F.
b. Humidity: 5 to 95 percent relative humidity noncondensing.

6. Environmental enclosure: NEMA 2.
7. Actuator to be factory mounted and provided with a single-point wiring 

connection.

D. Controllers, Electrical Devices, and Wiring:

1. Electrical Connection: 24 V, 60 Hz.

2.3 FIRE DAMPERS

A. Standards: Comply with NFPA 90A and NFPA 90B.

B. Closing rating in ducts up to 4 inch wg static pressure class and minimum 2000 fpm 
velocity.

C. Fire Rating: 1-1/2 hours.

2.4 MATERIALS

A. Galvanized Sheet Steel: Comply with ASTM A653/A653M.

1. Galvanized Coating Designation: G60.
2. Exposed-Surface Finish: Mill phosphatized.

B. Aluminum Sheets: Comply with ASTM B209/B209M, Alloy 3003, Temper H14; with mill 
finish for concealed ducts and standard, one-side bright finish for exposed ducts.

C. Extruded Aluminum: Comply with ASTM B221, Alloy 6063, Temper T6.

D. Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on 
galvanized sheet metal ducts; compatible materials for aluminum and stainless steel 
ducts.

E. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 
3/8-inch minimum diameter for lengths longer than 36 inches.

2.5 FLEXIBLE DUCT CONNECTORS

A. Clamps: Stainless steel band with stainless steel or zinc-plated hex screw to tighten 
band with a worm-gear action in sizes 3 through 18 inches, to suit duct size.

B. Non-Clamp Connectors: Adhesive plus sheet metal screws.
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PART 3 - EXECUTION

3.1 INSTALLATION OF AIR DUCT ACCESSORIES

A. Install duct accessories in accordance with applicable details in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible" for metal ducts and in NAIMA 
AH116 for fibrous-glass ducts.

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 backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible 
to exhaust fan unless otherwise indicated.

D. Where multiple damper sections are necessary to achieve required dimensions, 
provide reinforcement to fully support damper assembly when fully closed at full-
system-design static pressure.

E. Install volume dampers at points on supply, return, and exhaust systems where 
branches extend from larger ducts. Where dampers are installed in ducts having a 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.

F. Set dampers to fully open position before testing, adjusting, and balancing.

G. Install test holes at fan inlets and outlets and elsewhere as indicated and as needed for 
testing and balancing.

H. Install fire and smoke dampers in accordance with UL listing.

I. Duct Security Bars:

1. Construct duct security bars from 0.164 inch steel sleeve, continuously welded at 
all joints, and 1/2-inch- diameter steel bars, 6 inches o.c. in each direction in 
center of sleeve. Weld each bar to steel sleeve and each crossing bar. Weld 2-
1/2-by-2-1/2-by-1/4-inch steel angle to four sides and both ends of sleeve.

2. Connect duct security bars to ducts with flexible connections. Provide 12-by-12-
inch hinged access panel with cam lock in duct in each side of sleeve.

3. Secure duct security bar assembly to building structure as indicated in 
manufacturer's written installation instructions.

J. Connect ducts to duct silencers with flexible duct connectors.

K. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and 
maintaining accessories and equipment at the following locations:

1. On both sides of duct coils.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

AIR DUCT ACCESSORIES 233300 - 6
Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

2. Upstream and downstream from duct filters.
3. At outdoor-air intakes and mixed-air plenums.
4. At drain pans and seals.
5. Downstream from manual volume dampers, control dampers, backdraft dampers, 

and equipment.
6. 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 are to be pressure-relief access doors and be outward operation for access 
doors installed upstream from dampers and inward operation for access doors 
installed downstream from dampers.

7. At each change in direction and at maximum 50 ft. spacing.
8. Upstream and downstream from turning vanes.
9. Upstream or downstream from duct silencers.
10. For grease ducts, install at locations and spacing as required by NFPA 96.
11. Control devices requiring inspection.
12. Elsewhere as indicated.

L. Install access doors with swing against duct static pressure.

M. Access Door Sizes:

1. One-Hand or Inspection Access: 8 by 5 inches.
2. Two-Hand Access: 12 by 6 inches.
3. Head and Hand Access: 18 by 10 inches.
4. Head and Shoulders Access: 21 by 14 inches.
5. Body Access: 25 by 14 inches.
6. Body plus Ladder Access: 25 by 17 inches.

N. Label access doors in accordance with Section 230553 "Identification for HVAC Piping 
and Equipment" to indicate the purpose of each access door.

O. Install flexible connectors to connect ducts to equipment.

P. For fans developing static pressures of 5 inches wg and more, cover flexible 
connectors with loaded vinyl sheet held in place with metal straps.

Q. Install duct test holes where required for testing and balancing purposes.

R. 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.

S. Install flexible ducts in accordance with applicable details in the following publications:

1. ADC's "Flexible Duct Performance & Installation Standards" for flexible ducts.
2. NAIMA AH116.
3. SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal 

ducts.
4. SMACNA's "Fibrous Glass Duct Construction Standards" for fibrous-glass ducts.

T. Install in indoor applications only. Do not install flexible duct in locations where it will be 
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exposed to UV rays.

U. Where flexible duct is to be installed in locations where it will be exposed to UV rays, 
install only duct that is specifically made for this use and is has been so marked by the 
manufacturer.

V. Connect terminal units to supply ducts directly or with maximum 12-inch lengths of 
flexible duct. Do not use flexible ducts to change directions.

W. Connect diffusers and light troffer boots to ducts directly or with maximum 60-inch 
lengths of flexible duct clamped or strapped in place.

X. Connect flexible ducts to metal ducts with adhesive plus sheet metal screws.

Y. Installation of Flexible Ducts:

1. Install ducts fully extended.
2. Do not bend ducts across sharp corners.
3. Bends of flexible ducting must not exceed a minimum of one-duct diameter.
4. Avoid contact with metal fixtures, water lines, pipes, or conduits.
5. Install flexible ducts in a direct line, without sags, twists, or turns.
6. Install in accordance with ADC instructions.

Z. Supporting Flexible Ducts:

1. Support flexible duct at manufacturer's recommended intervals, but at no greater 
distance than 4 ft.. Provide sufficient support so that maximum centerline sag is 
1/2 inch per ft. between supports. A connection to rigid duct or equipment may be 
considered a support joint.

2. Install extra supports at bends placed approximately one-duct diameter from 
center line of the bend.

3. Ducts may rest on ceiling joists or truss supports. Spacing between supports 
must not exceed the maximum spacing in accordance with manufacturer's written 
installation instructions.

4. Vertically installed ducts must be stabilized by support straps at a maximum of 
72 inches o.c.

3.2 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Operate dampers to verify full range of movement.
2. Inspect locations of access doors, and verify that size and location of access 

doors are adequate to perform required operation.
3. Operate fire, smoke, and combination fire and smoke dampers to verify full range 

of movement and that proper heat-response device is installed.
4. Inspect turning vanes for proper and secure installation, and verify that vanes do 

not move or rattle.
5. Operate remote damper operators to verify full range of movement of operator 

and damper.
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END OF SECTION 233300
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SECTION 233400 - HVAC FANS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Fans, plenum.

1.2 ACTION SUBMITTALS

A. Product Data:

1. For each type of product.

a. Construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for fans.

b. Rated capacities, furnished specialties, and accessories for each fan.
c. Fans:

1) Certified fan performance curves with system operating conditions 
indicated.

2) Certified fan sound-power ratings.
3) Fan construction and accessories.
4) Motor ratings and electrical characteristics, plus motor and electrical 

accessories.
5) Fan speed controllers.

d. Material thickness and finishes, including color charts.
e. Dampers, including housings, linkages, and operators.

B. Shop Drawings:

1. Include plans, elevations, sections, and attachment details.
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location and 
size of each field connection.

3. Include diagrams for power, signal, and control wiring.
4. Design Calculations: Calculate requirements for selecting vibration isolators and 

seismic restraintsand for designing vibration isolation bases.
5. Vibration Isolation Base Details: Detail fabrication, including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor 
bases, rails, and frames for equipment mounting.
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1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Floor plans showing fan rooms and fan system layouts, 
reflected ceiling plans, and other drawings required to illustrate relationships between 
components and adjacent structural and mechanical elements. Show support 
locations, type of support, and weight on each support. Indicate and certify field 
measurements.

B. Seismic Qualification Data: Certificates, for fans, accessories, and components, from 
manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual 
test of assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 
locate and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements.

C. Startup service reports.

D. Field quality-control reports.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For fans and ventilators, include the following:

1. Operation in normal and emergency modes.
2. Operation and maintenance manuals.

1.5 MAINTENANCE MATERIAL SUBMITTALS

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

1. Belts: One set(s) for each belt-driven unit.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by an NRTL, and marked for intended location and application.

B. NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of 
unit components.

C. ASHRAE 62.1 Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - 
"Systems and Equipment" and Section 7 - "Construction and Startup."
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D. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 
6 - "Heating, Ventilating, and Air-Conditioning."

E. Delegated Design: Engage a qualified professional engineer, as defined in Section 
014000 "Quality Requirements," to design vibration isolation, supports, and seismic 
restraints, including comprehensive engineering analysis by a qualified professional 
engineer, using performance requirements and design criteria indicated.

F. Seismic Performance: Fans and ventilators are to withstand the effects of earthquake 
motions determined in accordance with ASCE/SEI 7. See Section 230548 "Vibration 
and Seismic Controls for HVAC."

1. The term "withstand" means "the unit will remain in place without separation of 
any parts from the device when subjected to the seismic forces specified and the 
unit will be fully operational after the seismic event."

2.2 MOTORS

A. Comply with NEMA designation, temperature rating, service factor, and efficiency 
requirements for motors specified in Section 230500 "Common Work Results for 
HVAC."

B. Where variable-frequency drives are indicated or scheduled, provide fan motor 
compatible with variable-frequency drive.

2.3 SOURCE QUALITY CONTROL

A. AMCA Certification for Fan Sound Performance Rating: Test, rate, and label in 
accordance with AMCA 311.

B. AMCA Certification for Fan Aerodynamic Performance Ratings: Test, rate, and label in 
accordance with AMCA 211.

C. AMCA Certification for Fan Energy Index (FEI): Test, rate, and label in accordance with 
AMCA 211.

D. Fan Operating Limits: Classify fans in accordance with AMCA 99, Section 14.

PART 3 - EXECUTION

3.1 INSTALLATION, GENERAL

A. Install fans level and plumb.

B. Disassemble and reassemble units, as required for moving to the final location, in 
accordance with manufacturer's written instructions.

C. Lift and support units with manufacturer's designated lifting or supporting points.
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D. Equipment Mounting:

1. Unit Support: Install fans level on structural curbs. Coordinate with duct 
connections. Coordinate wall penetrations and flashing with wall construction.

2. Support duct-mounted and other hanging fans directly from the building structure, 
using suitable hanging systems as specified in Section 230529 "Hangers and 
Supports for HVAC Piping and Equipment."

3. Comply with requirements for vibration isolation and seismic-control devices 
specified in Section 230548 "Vibration and Seismic Controls for HVAC."

E. Curb Support, Prefabricated: Rail-type wood support provided by fan manufacturer.

F. Unit Support: Install centrifugal fans level on structural curbs. Coordinate with duct 
connections. Coordinate wall penetrations and flashing with wall construction.

G. Install units with adequate clearances for service and maintenance.

H. Label fans in accordance with requirements specified in Section 230553 "Identification 
for HVAC Piping and Equipment."

3.2 DUCTWORK CONNECTIONS

A. Drawings indicate general arrangement of ducts and duct accessories. Make final duct 
connections with flexible connectors. Flexible connectors are specified in Section 
233300 "Air Duct Accessories."

B. Where installing ducts adjacent to fans, allow space for service and maintenance.

3.3 PIPING CONNECTIONS

A. Install piping from scroll drain connection, with trap with seal equal to 1.5 times 
specified static pressure, to nearest floor drain with pipe sizes matching the drain 
connection.

B. Install heat tracing on all drain piping subject to freezing temperature and as indicated 
on Drawings. Furnish and install heat tracing in accordance with Section 230533 "Heat 
Tracing for HVAC Piping."

3.4 ELECTRICAL CONNECTIONS

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables."

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for 
Electrical Systems."

C. Install electrical devices furnished by manufacturer, but not factory mounted, in 
accordance with NFPA 70 and NECA 1.
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D. Install nameplate for each electrical connection, indicating electrical equipment 
designation and circuit number feeding connection.

1. Nameplate is to be laminated acrylic or melamine plastic signs, as specified in 
Section 260553 "Identification for Electrical Systems."

2. Nameplate is to be laminated acrylic or melamine plastic signs with a black 
background and engraved white letters at least 1/2 inch high.

3.5 CONTROL CONNECTIONS

A. Install control and electrical power wiring to field-mounted control devices.

B. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables."

3.6 STARTUP SERVICE:

A. Perform startup service.

1. Complete installation and startup checks in accordance with manufacturer's 
written instructions.

2. Verify that shipping, blocking, and bracing are removed.
3. Verify that unit is secure on mountings and supporting devices and that 

connections to ducts and electrical components are complete. Verify that proper 
thermal-overload protection is installed in motors, starters, and disconnect 
switches.

4. Verify that cleaning and adjusting are complete.
5. For direct-drive fans, verify proper motor rotation direction and verify fan wheel 

free rotation and smooth bearing operation.
6. For belt-drive fans, disconnect fan drive from motor, verify proper motor rotation 

direction, and verify fan wheel free rotation and smooth bearing operation. 
Reconnect fan drive system, align and adjust belts, and install belt guards.

7. Adjust belt tension.
8. Adjust damper linkages for proper damper operation.
9. Verify lubrication for bearings and other moving parts.
10. Verify that manual and automatic volume control and fire and smoke dampers in 

connected ductwork systems are in fully open position.
11. Disable automatic temperature-control operators, energize motor and confirm 

proper motor rotation and unit operation, adjust fan to indicated rpm, and 
measure and record motor voltage and amperage.

12. Shut unit down and reconnect automatic temperature-control operators.
13. Remove and replace malfunctioning units and retest as specified above.

3.7 ADJUSTING

A. Adjust damper linkages for proper damper operation.

B. Adjust belt tension.
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C. Lubricate bearings.

D. Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for 
HVAC."

3.8 CLEANING

A. After completing system installation and testing, adjusting, and balancing and after 
completing startup service, clean fans internally to remove foreign material and 
construction dirt and dust.

3.9 FIELD QUALITY CONTROL

A. Perform tests and inspections.

1. Fan Operational Test: After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation.

2. Test and adjust controls and safeties.
3. Fans and components will be considered defective if they do not pass tests and 

inspections.
4. Prepare test and inspection reports.

3.10 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain HVAC fans.

END OF SECTION 233400
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SECTION 233713.13 - AIR DIFFUSERS

PART 1 - GENERAL

1.1 SUMMARY

1. Diffusers - linear bar.
2. Diffusers - induction underfloor air distribution, round.
3. Diffuser plenums - linear underfloor air distribution.
4. Diffusers - HEPA, laminar flow, filtered.

B. Related Requirements:

1. Section 233300 "Air Duct Accessories" for fire and smoke dampers and volume-
control dampers not integral to diffusers.

2. Section 233713.23 "Air Registers and Grilles" for adjustable-bar register and 
grilles, fixed-face registers and grilles, and linear bar grilles.

1.2 ACTION SUBMITTALS

A. Product Data:

1. For each type of product.

a. Data Sheet: Indicate materials of construction, finish, and mounting details; 
and performance data including throw and drop, static-pressure drop, and 
noise ratings.

b. Diffuser Schedule: Indicate drawing designation, room location, quantity, 
model number, size, and accessories furnished.

B. Samples: For each exposed product and for each color and texture specified. Actual 
size of smallest diffuser indicated.

C. Samples for Initial Selection: For diffusers with factory-applied color finishes. Actual 
size of smallest diffuser indicated.

D. Samples for Verification: For diffusers, in manufacturer's standard sizes to verify color 
selected. Actual size of smallest diffuser indicated.

1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following 
items are shown and coordinated with each other, using input from installers of the 
items involved:

1. Ceiling suspension assembly members.
2. Method of attaching hangers to building structure.
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3. Size and location of initial access modules for acoustical tile.
4. Ceiling-mounted items, including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings.
5. Duct access panels.

B. Source quality-control reports.

PART 2 - PRODUCTS

2.1 SOURCE QUALITY CONTROL

A. Verification of Performance: Rate diffusers in accordance with ASHRAE 70.

PART 3 - EXECUTION

3.1 INSTALLATION OF AIR DIFFUSERS

A. Install diffusers level and plumb.

B. Ceiling-Mounted Outlets and Inlets: For units installed in lay-in ceiling panels, locate 
units in the center of panel. Where architectural features or other items conflict with 
installation, notify Architect for a determination of final location.

C. Install diffusers with airtight connections to ducts and to allow service and maintenance 
of dampers, air extractors, and fire dampers.

3.2 ADJUSTING

A. After installation, adjust diffusers to air patterns indicated, or as directed, before 
starting air balancing.

END OF SECTION 233713.13
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SECTION 233713.23 - REGISTERS AND GRILLES

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 233300 "Air Duct Accessories" for fire and smoke dampers and volume-
control dampers not integral to registers and grilles.

2. Section 233713.13 "Air Diffusers" for various types of air diffusers.

1.2 ACTION SUBMITTALS

A. Product Data:

1. For each type of product.

a. Data Sheet: Indicate materials of construction, finish, and mounting details; 
and performance data including throw and drop, static-pressure drop, and 
noise ratings.

b. Register and Grille Schedule: Indicate drawing designation, room location, 
quantity, model number, size, and accessories furnished.

B. Samples: For each exposed product and for each color and texture specified. Smallest 
size register and grille indicated.

C. Samples for Initial Selection: For registers and grilles with factory-applied color 
finishes. Actual size of smallest register and grille indicated.

D. Samples for Verification: For registers and grilles, in manufacturer's standard sizes to 
verify color selected. Actual size of smallest size register and grille indicated.

1.3 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Reflected ceiling plans, drawn to scale, on which the following 
items are shown and coordinated with each other, using input from installers of the 
items involved:

1. Ceiling suspension assembly members.
2. Method of attaching hangers to building structure.
3. Size and location of initial access modules for acoustical tile.
4. Ceiling-mounted items, including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings.
5. Duct access panels.

B. Source quality-control reports.
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PART 2 - PRODUCTS

2.1 SOURCE QUALITY CONTROL

A. Verification of Performance: Rate registers and grilles in accordance with ASHRAE 70.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas where registers and grilles are installed for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
equipment.

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

3.2 INSTALLATION OF REGISTERS AND GRILLES

A. Install registers and grilles level and plumb.

B. Outlets and Inlets Locations: Drawings indicate general arrangement of ducts, fittings, 
and accessories. Air outlet and inlet locations have been indicated to achieve design 
requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop. 
Make final locations where indicated. For units installed in lay-in ceiling panels, locate 
units in the center of panel. Where architectural features or other items conflict with 
installation, notify Architect for a determination of final location.

C. Install registers and grilles with airtight connections to ducts and to allow service and 
maintenance of dampers, air extractors, and fire dampers.

3.3 ADJUSTING

A. After installation, adjust registers and grilles to air patterns indicated, or as directed, 
before starting air balancing.

END OF SECTION 233713.23
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SECTION 235123 - GAS VENTS

PART 1 - GENERAL

1.1 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for product.

B. Shop Drawings: For vents.

1. Include plans, elevations, sections, and attachment details.
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location and 
size of each field connection.

3. Detail fabrication and assembly of hangers and seismic restraints.

1.2 INFORMATIONAL SUBMITTALS

A. Welding certificates.

1.3 QUALITY ASSURANCE

A. Welding Qualifications: Qualify procedures and personnel in accordance with the 
following:

1. AWS D1.1/D1.1M for hangers and supports.
2. AWS D9.1/D9.1M for shop and field welding of joints and seams in vents.

B. Certified Sizing Calculations: Manufacturer is to certify venting system sizing 
calculations.

PART 2 - PRODUCTS (Not Used)
PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of the Work.

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

A. Listed Type B and Type BW Vents: Vents for certified gas appliances.

B. Listed Type L Vent: Vents for low-heat appliances.

C. Listed Special Gas Vent: Condensing gas appliances.

3.3 INSTALLATION OF UL-LISTED VENTS

A. Install all vent systems in accordance with vent system component manufacturer's 
written instructions and associated appliance manufacturer's written instructions.

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. These 
items are specified in Section 077200 "Roof Accessories."

C. Comply with minimum clearances from combustibles and minimum termination heights 
in accordance with product listing or NFPA 54, and NFPA 31, whichever is most 
stringent.

D. Seal between sections of positive-pressure vents in accordance with manufacturer's 
written installation instructions, using sealants recommended by manufacturer.

E. Support vents at intervals recommended by manufacturer to support weight of vents 
and all accessories, without exceeding appliance loading.

F. Lap joints in direction of flow.

3.4 CLEANING

A. After completing system installation, including outlet fittings and devices, inspect 
exposed finish. Remove burrs, dirt, and construction debris, and repair damaged 
finishes.

END OF SECTION 235123



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

GAS-FIRED FURNACES 235416.13 - 1
Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

SECTION 235416.13 - GAS-FIRED FURNACES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Gas-fired furnaces, noncondensing.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include rated capacities, operating characteristics, furnished specialties, and 
accessories.

B. Shop Drawings:

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

2. Include diagrams for power, signal, and control wiring.

1.3 INFORMATIONAL SUBMITTALS

A. Sample Warranty: For special warranty.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For each furnace to include in emergency, 
operation, and maintenance manuals.

1. In addition to items specified in Section 017823 "Operation and Maintenance 
Data," include the following:

a. Furnace and accessories complete with controls.
b. Air filter.
c. Air cleaner.
d. UV germicidal light.
e. Humidifier.
f. Ventilation heat exchanger.
g. Refrigeration components.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

GAS-FIRED FURNACES 235416.13 - 2
Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

1.5 MAINTENANCE MATERIAL SUBMITTALS

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

1. Disposable Air Filters: Furnish two complete sets.

1.6 QUALITY ASSURANCE

A. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems 
and Equipment" and Section 7 - "Construction and Startup."

B. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 
6 - "Heating, Ventilating, and Air-Conditioning."

C. Comply with NFPA 70.

1.7 WARRANTY

A. Special Warranty: Manufacturer agrees to repair or replace the following components 
of furnaces that fail in materials or workmanship within specified warranty period:

1. Warranty Period, Commencing on Date of Substantial Completion:

a. Furnace Heat Exchanger: 10 years.
b. Integrated Ignition and Blower Control Circuit Board: Five years.
c. Draft-Inducer Motor: Five years.

PART 2 - PRODUCTS

2.1 ASSEMBLY DESCRIPTION

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, Article 100, by a qualified testing agency, and marked for intended location 
and application.

B. General Requirements for Noncondensing Gas-Fired Furnaces: Factory assembled, 
piped, wired, and tested; complying with ANSI Z21.47/CSA 2.3 and NFPA 54.

2.2 VENTILATION AIR HEAT EXCHANGERS

A. Cabinet: Steel, with factory-installed interior insulation and manufacturer's standard 
factory finish. Fabricate with space for piping and electrical conduits.

B. Heat-Recovery Device: Fixed-plate, polypropylene copolymer (high-density plastic) 
heat-exchanger plates evenly spaced and sealed and arranged for counter airflow.
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C. Supply and Exhaust Fans: Forward curved centrifugal with direct drive. Motors comply 
with requirements in Section 230500 "Common Work Results for HVAC."

D. Filters: 1-inch- thick disposable type with ASHRAE 52.2 MERV rating of 6 or higher, in 
galvanized-steel frame, mounted upstream of unit in both supply and exhaust 
airstreams.

E. Wiring: Wire motors and controls so only external connections are required during 
installation.

2.3 REFRIGERATION COMPONENTS

A. General Refrigeration Component Requirements:

1. Energy Efficiency: Equal to or greater than prescribed by ASHRAE/IES 90.1.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and conditions, with Installer present, for compliance with requirements 
for installation tolerances and other conditions affecting performance of the Work.

B. Examine factory-installed insulation before furnace installation. Reject units that are 
wet, moisture damaged, or mold damaged.

C. Examine roughing-in for gas piping systems to verify actual locations of piping 
connections before equipment installation.

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

3.2 INSTALLATION

A. Install gas-fired furnaces and associated fuel and vent features and systems according 
to NFPA 54.

B. Suspended Units: Suspend from structure using threaded rods, spring hangers, and 
building attachments. Secure rods to unit hanger attachments. Adjust hangers so unit 
is level and plumb.

1. Install seismic restraints to limit movement of furnace by resisting code-required 
seismic acceleration.

C. Base-Mounted Units: Secure units to substrate. Provide optional bottom closure base if 
required by installation conditions.

1. Anchor furnace to substrate to resist code-required seismic acceleration.
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D. Controls: Install thermostats and humidistats at mounting height of 60 inches above 
floor.

E. Wiring Method: Install control wiring in accessible ceiling spaces and in gypsum board 
partitions where unenclosed wiring method may be used. Conceal control wiring except 
in unfinished spaces.

F. Install ground-mounted compressor-condenser components on polyethylene mounting 
base.

3.3 PIPING CONNECTIONS

A. Gas piping installation requirements are specified in Section 231123 "Facility Natural-
Gas Piping." Drawings indicate general arrangement of piping, fittings, and specialties. 
Connect gas piping with union or flange and appliance connector valve.

B. Install piping adjacent to equipment to allow service and maintenance.

C. Vent Connection, Noncondensing, Gas-Fired Furnaces: Connect Type B vents to 
furnace vent connection and extend outdoors. Type B vents and their installation 
requirements are specified in Section 235123 "Gas Vents."

D. Vent and Outside-Air Connection, Condensing, Gas-Fired Furnaces: Connect plastic 
piping vent material to furnace connections and extend outdoors. Terminate vent 
outdoors with a cap and in an arrangement that will protect against entry of birds, 
insects, and dirt.

1. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings 

before assembly.
3. Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe 

and fittings according to the following:

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

b. CPVC Piping: Join according to ASTM D2846/D2846M, Appendix.
c. PVC Pressure Piping: Join schedule number ASTM D1785 PVC pipe and 

PVC socket fittings according to ASTM D2672. Join other-than-schedule-
number PVC pipe and socket fittings according to ASTM D2855.

4. Slope pipe vent back to furnace or to outside terminal.

3.4 DUCTWORK CONNECTIONS

A. Connect ducts to furnace with flexible connector. Comply with requirements in Section 
233300 "Air Duct Accessories."
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3.5 ELECTRICAL CONNECTIONS

A. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables."

B. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems."

C. Install electrical devices furnished by manufacturer, but not factory mounted, according 
to NFPA 70 and NECA 1.

D. Install nameplate for each electrical connection, indicating electrical equipment 
designation and circuit number feeding connection.

1. Nameplate shall be laminated acrylic or melamine plastic signs, as specified in 
Section 260553 "Identification for Electrical Systems."

2. Nameplate shall be laminated acrylic or melamine plastic signs with a black 
background and engraved white letters at least 1/2 inch high.

3.6 CONTROL CONNECTIONS

A. Install control and electrical power wiring to field-mounted control devices.

B. Connect control wiring according to Section 260523 "Control-Voltage Electrical Power 
Cables."

3.7 STARTUP SERVICE

A. Complete installation and startup checks according to manufacturer's written 
instructions and perform the following:

1. Inspect for physical damage to unit casings.
2. Verify that access doors move freely and are weathertight.
3. Clean units and inspect for construction debris.
4. Verify that all bolts and screws are tight.
5. Adjust vibration isolation and flexible connections.
6. Verify that controls are connected and operational.

B. Adjust fan belts to proper alignment and tension.

C. Start unit according to manufacturer's written instructions and complete manufacturer's 
operational checklist.

D. Measure and record airflows.

E. Verify proper operation of capacity control device.

F. After startup and performance test, lubricate bearings and adjust belt tension.
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3.8 ADJUSTING

A. Adjust initial temperature and humidity set points.

B. Set controls, burner, and other adjustments for optimum heating performance and 
efficiency. Adjust heat-distribution features, including shutters, dampers, and relays, to 
provide optimum heating performance and system efficiency.

3.9 CLEANING

A. After completing installation, clean furnaces internally according to manufacturer's 
written instructions.

B. Install new filters in each furnace within 14 days after Substantial Completion.

3.10 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. Perform electrical test and visual and mechanical inspection.
2. Leak Test: After installation, charge systems with refrigerant and test for leaks. 

Repair leaks, replace lost refrigerant, and retest until no leaks exist.
3. Operational Test: After electrical circuitry has been energized, start units to 

confirm proper operation, product capability, and compliance with requirements.
4. Verify that fan wheel is rotating in the correct direction and is not vibrating or 

binding.
5. Test and adjust controls and safeties. Replace damaged and malfunctioning 

controls and equipment.

B. Verify that vibration isolation and flexible connections properly dampen vibration 
transmission to structure.

END OF SECTION 235416.13
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 260523 "Control-Voltage Electrical Power Cables" for control systems 
communications cables and Classes 1, 2, and 3 control cables.

2. Section 260526 "Grounding and Bonding for Electrical Systems" specifies 
grounding and bonding referenced by this Section.

3. Section 260529 "Hangers and Supports for Electrical Systems" specifies 
hangers, supports, and concrete bases referenced by this Section.

4. Section 260533.13 "Conduits for Electrical Systems" specifies installation of 
raceways referenced by this Section.

5. Section 260553 "Identification for Electrical Systems" specifies electrical 
equipment labels and warning signs referenced by this Section.

1.2 DEFINITIONS

A. NICET: National Institute for Certification in Engineering Technologies; a division of the 
National Society of Professional Engineers (NSPE).

1.3 ACTION SUBMITTALS

A. Product Schedule: Indicate type, use, location, and termination locations.

B. Product Data: For each type of product.

C. Field quality-control reports.

1.4 INFORMATIONAL SUBMITTALS

A. Manufacturer's published instructions.

B. Field Reports:

1. Field reports for infrared scanning.

1.5 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures, to conduct tests of complex 
equipment, to analyze test and equipment data, to plan a job, and to lead a team. Has 



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

LOW-VOLTAGE ELECTRICAL POWER 
CONDUCTORS AND CABLES

260519 - 2

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems; to evaluate 
tests, test equipment, test results, and power system performance; to recommend 
actions to maintain or improve system performance; and to lead multi-team projects.

C. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from qualified electrical testing laboratory recognized by authorities having jurisdiction.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Products or components listed and labeled in accordance 
with NFPA 70, by qualified electrical testing laboratory recognized by authorities having 
jurisdiction, and marked for intended location and application.

PART 3 - EXECUTION

3.1 CONDUCTOR MATERIAL APPLICATIONS

A. Feeders:

1. Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

B. Branch Circuits:

1. Material: Copper.

a. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS

A. Service Entrance: Type THHN/THWN-2, single conductors in raceway.

B. Exposed Feeders: Type THHN/THWN-2, single conductors in raceway.

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type 
THHN/THWN-2, single conductors in raceway.

D. Feeders in Cable Tray: Type THHN/THWN-2, single conductors in raceway.

E. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single 
conductors in raceway.
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F. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, 
single conductors in raceway.

G. Branch Circuits in Cable Tray: Type THHN/THWN-2, single conductors in raceway.

H. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with 
stainless steel, wire-mesh, strain relief device at terminations to suit application.

3.3 INSTALLATION OF LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND 
CABLES

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in the Contract Documents or manufacturer's published instructions, 
comply with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Maintenance: NFPA 70B.
3. Electrical Safety: NFPA 70E.
4. Temporary Electric Power Work: NECA NEIS 200.
5. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
6. Work in Confined Spaces: NFPA 350.
7. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
8. Installation of Type AC and Type MC Cables: NECA NEIS 120.
9. Consult Architect for resolution of conflicting requirements.

C. Special Installation Techniques:

1. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
2. Complete raceway installation between conductor and cable termination points 

prior to pulling conductors and cables.
3. Use manufacturer-approved pulling compound or lubricant where necessary; 

compound used must not deteriorate conductor or insulation. Do not exceed 
manufacturer's recommended maximum pulling tensions and sidewall pressure 
values.

4. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable 
grips, that will not damage cables or raceway.

5. Install exposed cables parallel and perpendicular to surfaces of exposed 
structural members, and follow surface contours where possible.

6. Provide support for cables.
7. Complete cable tray systems installation prior to installing conductors and cables.
8. Connections:

a. Tighten electrical connectors and terminals in accordance with 
manufacturer's published torque-tightening values. If manufacturer's torque 
values are not indicated, use those specified in UL 486A-486B.

b. Make splices, terminations, and taps that are compatible with conductor 
material and that possess equivalent or better mechanical strength and 
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insulation ratings than unspliced conductors.

1) Use oxide inhibitor in each splice, termination, and tap for aluminum 
conductors.

9. Wiring at Outlets: Install conductor at each outlet, with at least 6 inch of slack.

D. Interfaces with Other Work:

1. Identification:

a. Identify and color-code conductors and cables.
b. Identify each spare conductor at each end with identity number and 

location of other end of conductor, and identify as spare conductor.

2. Sleeves and Sleeve Seals: Install sleeves and sleeve seals at penetrations of 
exterior floor and wall assemblies.

3. Firestopping: Apply firestopping to electrical penetrations of fire-rated floor and 
wall assemblies to restore original fire-resistance rating of assembly.

3.4 FIELD QUALITY CONTROL

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Tests and Inspections:

1. Perform manufacturer's recommended tests and inspections.
2. After installing conductors and cables and before electrical circuitry has been 

energized, test service entrance and feeder conductors for compliance with 
requirements.

3. Perform each of the following visual and electrical tests:

a. Inspect exposed sections of conductor and cable for physical damage and 
correct connection in accordance with the single-line diagram.

b. Test bolted connections for high resistance using one or more of the 
following:

1) A low-resistance ohmmeter.
2) Calibrated torque wrench.
3) Thermographic survey.

c. Inspect compression-applied connectors for correct cable match and 
indentation.

d. Inspect for correct identification.
e. Inspect cable jacket and condition.
f. Insulation-resistance test on each conductor for ground and adjacent 

conductors. Apply a potential of 500 V(dc) for 300 V rated cable and 1000 
V(dc) for 600 V rated cable for a one-minute duration.
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g. Continuity test on each conductor and cable.
h. Uniform resistance of parallel conductors.

C. Nonconforming Work:

1. Wire or cable assembly will be considered defective if it does not pass tests and 
inspections.

2. Remove and replace defective units and retest.

D. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

END OF SECTION 260519
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Control cable.

1.2 ACTION SUBMITTALS

A. Product Data:

1. Backboards.
2. Category 5e balanced twisted pair cable.
3. Category 6 balanced twisted pair cable.
4. Category 6a balanced twisted pair cable.
5. Balanced twisted pair cable hardware.
6. Twin-axial data highway cable.
7. RS-232 cable.
8. RS-485 cable.
9. Control cable.
10. Control-circuit conductors.
11. Fire-alarm wire and cable.

1.3 INFORMATIONAL SUBMITTALS

A. Source quality-control reports.

B. Field quality-control reports.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

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

B. Flame Travel and Smoke Density in Plenums: As determined by testing identical 
products according to NFPA 262, by a qualified testing agency. Identify products for 
installation in plenums with appropriate markings of applicable testing agency.

1. Flame Travel Distance: 60 inch or less.
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2. Peak Optical Smoke Density: 0.5 or less.
3. Average Optical Smoke Density: 0.15 or less.

C. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As 
determined by testing identical products according to UL 1666.

D. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-
Plenum Building Spaces: As determined by testing identical products according to UL 
1685.

2.2 SOURCE QUALITY CONTROL

A. Factory test twisted pair cables according to TIA-568-C.2.

B. Cable will be considered defective if it does not pass tests and inspections.

C. Prepare test and inspection reports.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Test cables on receipt at Project site.

1. Test each pair of twisted pair cable for open and short circuits.

3.2 INSTALLATION OF RACEWAYS AND BOXES

A. Comply with requirements in Section 260533.13 "Conduits for Electrical Systems" for 
raceway selection and installation requirements for conduits as supplemented or 
modified in this Section.

B. Comply with requirements in Section 260533.23 "Surface Raceways for Electrical 
Systems" for raceway selection and installation requirements for wireways as 
supplemented or modified in this Section.

C. Comply with requirements in Section 260533.16 "Boxes and Covers for Electrical 
Systems" for raceway selection and installation requirements for boxes as 
supplemented or modified in this Section.

1. Outlet boxes must be no smaller than 2 inch wide, 3 inch high, and 2-1/2 inch 
deep.

2. Flexible metal conduit must not be used.

D. Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends 
between pull points.

E. Install manufactured conduit sweeps and long-radius elbows if possible.
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F. Raceway Installation in Equipment Rooms:

1. Position conduit ends adjacent to a corner on backboard if a single piece of 
plywood is installed, or in the corner of the room if multiple sheets of plywood are 
installed around perimeter walls of the room.

2. Install cable trays to route cables if conduits cannot be located in these positions.
3. Secure conduits to backboard if entering the room from overhead.
4. Extend conduits 3 inch above finished floor.
5. Install metal conduits with grounding bushings and connect with grounding 

conductor to grounding system.

G. Backboards: Install backboards with 96 inch dimension vertical. Butt adjacent sheets 
tightly and form smooth gap-free corners and joints.

3.3 INSTALLATION OF CONDUCTORS AND CABLES

A. Comply with NECA 1.

B. General Requirements for Cabling:

1. Comply with TIA-568-C Series of standards.
2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."
3. Terminate all conductors; cable must not contain unterminated elements. Make 

terminations only at indicated outlets, terminals, and cross-connect and patch 
panels.

4. Cables may not be spliced and must be continuous from terminal to terminal. Do 
not splice cable between termination, tap, or junction points.

5. Cables serving a common system may be grouped in a common raceway. Install 
network cabling and control wiring and cable in separate raceway from power 
wiring. Do not group conductors from different systems or different voltages.

6. Secure and support cables at intervals not exceeding 30 inch and not more than 
6 inch from cabinets, boxes, fittings, outlets, racks, frames, and terminals.

7. Bundle, lace, and train conductors to terminal points without exceeding 
manufacturer's limitations on bending radii, but not less than radii specified in 
BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Install lacing bars 
and distribution spools.

8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and 
discard cable if damaged during installation and replace it with new cable.

9. Cold-Weather Installation: Bring cable to room temperature before dereeling. Do 
not use heat lamps for heating.

10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling 
Systems." Monitor cable pull tensions.

11. Support: Do not allow cables to lie on removable ceiling tiles.
12. Secure: Fasten securely in place with hardware specifically designed and 

installed so as to not damage cables.
13. Provide strain relief.
14. Keep runs short. Allow extra length for connecting to terminals. Do not bend 

cables in a radius less than 10 times the cable OD. Use sleeves or grommets to 
protect cables from vibration at points where they pass around sharp corners and 
through penetrations.
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15. Ground wire must be copper, and grounding methods must comply with IEEE 
C2. Demonstrate ground resistance.

C. Balanced Twisted Pair Cable Installation:

1. Comply with TIA-568-C.2.
2. Install termination hardware as specified in Section 271513 "Communications 

Copper Horizontal Cabling" unless otherwise indicated.
3. Do not untwist balanced twisted pair cables more than 1/2 inch at the point of 

termination to maintain cable geometry.

D. Installation of Control-Circuit Conductors:

1. Install wiring in raceways.
2. Use insulated spade lugs for wire and cable connection to screw terminals.

E. Open-Cable Installation:

1. Install cabling with horizontal and vertical cable guides in telecommunications 
spaces with terminating hardware and interconnection equipment.

2. Suspend copper cable not in a wireway or pathway a minimum of 8 inch above 
ceilings by cable supports not more than 30 inch apart.

3. Cable must not be run through or on structural members or in contact with pipes, 
ducts, or other potentially damaging items. Do not run cables between structural 
members and corrugated panels.

F. Installation of Cable Routed Exposed under Raised Floors:

1. Install plenum-rated cable only.
2. Install cabling after the flooring system has been installed in raised floor areas.
3. Below each feed point, neatly coil a minimum of 72 inch of cable in a coil not less 

than 12 inch in diameter.

G. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA-569-D recommendations for separating 
unshielded copper voice and data communications cable from potential EMI 
sources including electrical power lines and equipment.

2. Separation between open communications cables or cables in nonmetallic 
raceways and unshielded power conductors and electrical equipment must be as 
follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 
5 inch.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 
12 inch.

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 
24 inch.

3. Separation between communications cables in grounded metallic raceways and 
unshielded power lines or electrical equipment must be as follows:
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a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-
1/2 inch.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 
6 inch.

c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 
12 inch.

4. Separation between communications cables in grounded metallic raceways and 
power lines and electrical equipment located in grounded metallic conduits or 
enclosures must be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement.
b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 

3 inch.
c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 

6 inch.

5. Separation between Communications Cables and Electrical Motors and 
Transformers, 5 kVA or 5 HP and Larger: A minimum of 48 inch.

6. Separation between Communications Cables and Fluorescent Fixtures: A 
minimum of 5 inch.

3.4 REMOVAL OF CONDUCTORS AND CABLES

A. Remove abandoned conductors and cables. Abandoned conductors and cables are 
those installed that are not terminated at equipment and are not identified with a tag for 
future use.

3.5 FIRESTOPPING

A. Comply with TIA-569-D, Annex A, "Firestopping."

B. Comply with BICSI TDMM, "Firestopping" Chapter.

3.6 GROUNDING

A. For data communication wiring, comply with TIA-607-B and with BICSI TDMM, 
"Bonding and Grounding (Earthing)" Chapter.

B. For control-voltage wiring and cabling, comply with requirements in Section 260526 
"Grounding and Bonding for Electrical Systems."

3.7 IDENTIFICATION

A. Comply with requirements for identification specified in Section 260553 "Identification 
for Electrical Systems."

B. Identify data and communications system components, wiring, and cabling according 
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to TIA-606-B; label printers must use label stocks, laminating adhesives, and inks 
complying with UL 969.

C. Identify each wire on each end and at each terminal with a number-coded identification 
tag. Each wire must have a unique tag.

3.8 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Visually inspect cable jacket materials for UL or third-party certification markings. 
Inspect cabling terminations to confirm color-coding for pin assignments, and 
inspect cabling connections to confirm compliance with TIA-568-C.1.

2. Visually inspect cable placement, cable termination, grounding and bonding, 
equipment and patch cords, and labeling of all components.

3. Test cabling for direct-current loop resistance, shorts, opens, intermittent faults, 
and polarity between conductors. Test operation of shorting bars in connection 
blocks. Test cables after termination, but not after cross-connection.

a. Test instruments must meet or exceed applicable requirements in TIA-568-
C.2. Perform tests with a tester that complies with performance 
requirements in its "Test Instruments (Normative)" Annex, complying with 
measurement accuracy specified in its "Measurement Accuracy 
(Informative)" Annex. Use only test cords and adapters that are qualified by 
test equipment manufacturer for channel or link test configuration.

B. Document data for each measurement. Print data for submittals in a summary report 
that is formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from 
the instrument to the computer, save as text files, print, and submit.

C. End-to-end cabling will be considered defective if it does not pass tests and 
inspections.

D. Prepare test and inspection reports.

END OF SECTION 260523
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 260553 "Identification for Electrical Systems" specifies electrical 
equipment labels and warning signs installed by this Section.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Product Listing: Include copy of unexpired approval letter, on letterhead of 
qualified electrical testing agency, certifying product's compliance with specified 
listing criteria.

a. If listed manufacturer differs from selling manufacturer, indicate relationship 
between entities on submittal. Clearly indicate which entity warrants 
product performance and fitness for purpose.

b. Listing criteria identified in approval letter must match specified listing 
criteria. UL label indicating approval of equipment's enclosure is not 
considered approval of equipment for intended application.

c. Product identification in approval letter must match product branding and 
model numbers in submittal. Approval letters for discontinued or 
superseded products are unacceptable for submitted product.

B. Shop Drawings: Prepare and submit the following:

1. Plans showing dimensioned locations of grounding features described in "Field 
Quality Control for Grounding and Bonding" Article, including the following:

a. Grounding electrode access enclosures.
b. Grounding electrodes.
c. Grounding arrangements and connections for separately derived systems.

C. Field quality-control reports.

1.3 INFORMATIONAL SUBMITTALS

A. Manufacturer's published instructions.
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1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:

1. In addition to items specified in Section 260010 "Supplemental Requirements for 
Electrical," include the following:

a. Plans showing locations of grounding features described in "Field Quality 
Control for Grounding and Bonding" Article, including the following:

1) Grounding electrode access enclosures.
2) Grounding electrodes.
3) Grounding arrangements and connections for separately derived 

systems.

b. Instructions for periodic testing and inspection of grounding features at test 
wells based on NFPA 70B.

1) Tests must determine if ground-resistance or impedance values 
remain within specified maximums, and instructions must 
recommend corrective action if values do not.

2) Include recommended testing intervals.

1.5 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures, conduct tests of complex 
equipment, analyze test and equipment data, plan a job, and lead a team. Has 
experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems, evaluate 
tests, test equipment, test results, and power system performance, recommend actions 
to maintain or improve system performance, and lead multi-team projects.

C. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.

1.6 SERVICE CONDITIONS FOR ELECTRICAL EQUIPMENT

A. Soil Resistivity: Grounding (earthing) Work on the Project must account for soil 
resistivity conditions specified in Section 018116 "Facility Environmental 
Requirements."

B. Electrical and ICT Equipment Grounding (Earthing): Do not exceed 25 Ω resistance to 
ground (earth).

1. Contact Architect for resolution if 25 Ω specified resistance to ground (earth) is 
not attained after complying with prescriptive requirements in Article 250 of NFPA 
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70.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Products or components listed and labeled in accordance 
with NFPA 70, by qualified electrical testing laboratory recognized by authorities having 
jurisdiction, and marked for intended location and application.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine facility's grounding electrode system and equipment grounding for compliance 
with requirements for maximum ground-resistance level and other conditions affecting 
performance of grounding and bonding of electrical system.

B. Inspect test results of grounding system measured at point of electrical service 
equipment connection.

C. Prepare written report, endorsed by Installer, listing conditions detrimental to 
performance of the Work.

D. Proceed with connection of electrical service equipment only after unsatisfactory 
conditions have been corrected.

3.2 SELECTION OF GROUNDING AND BONDING PRODUCTS

A. Grounding and Bonding Conductors:

1. Provide solid conductor for 8 AWG and smaller, and stranded conductors for 6 
AWG and larger unless otherwise indicated.

2. Custom-Length Insulated Equipment Bonding Jumpers: 6 AWG, 19-strand, Type 
THHN.

3. Bonding Cable: 28 kcmil, 14 strands of 17 AWG conductor, 1/4 inch in diameter.
4. Bonding Conductor: 4 AWG or 6 AWG, stranded conductor.
5. Bonding Jumper: Copper tape, braided conductors terminated with copper 

ferrules; 1-5/8 inch wide and 1/16 inch thick.
6. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with 

copper ferrules; 1-5/8 inch wide and 1/16 inch thick.
7. Underground Grounding Conductors: Install bare copper conductor, 2/0 AWG 

minimum.

B. Grounding and Bonding Connectors:

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
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2. Underground Connections: Welded connectors except at test wells and as 
otherwise indicated.

3. Connections to Ground Rods at Test Wells: Bolted connectors.
4. Connections to Structural Steel: Welded connectors.

3.3 INSTALLATION OF GROUNDING AND BONDING

A. Comply with manufacturer's published instructions.

B. Reference Standards:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Maintenance: NFPA 70B.
3. Electrical Safety: NFPA 70E.
4. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
5. Communications Work: BICSI N1.
6. Work in ITE Rooms: NFPA 75.
7. Work in Health Care Facilities: NFPA 99 and Article 517 of NFPA 70.
8. Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 

416.
9. Work in Confined Spaces: NFPA 350.
10. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
11. Ground Bonding Common with Lightning Protection System: Comply with NFPA 

780 and UL 96 when interconnecting with lightning protection system. Bond 
electrical power system ground directly to lightning protection system grounding 
conductor at closest point to electrical service grounding electrode. Use bonding 
conductor sized same as system grounding electrode conductor, and install in 
conduit.

12. Consult Architect for resolution of conflicting requirements.

C. Special Techniques:

1. Grounding and Bonding Conductors:

a. Route along shortest and straightest paths possible unless otherwise 
indicated or required by Code. Avoid obstructing access or placing 
conductors where they may be subjected to strain, impact, or damage.

b. Underground Grounding Conductors:

1) Bury at least 30 inch below grade.
2) Duct-Bank Grounding Conductor: Bury 12 inch above duct bank 

when indicated as part of duct-bank installation.

2. Grounding and Bonding Connectors: Make connections so possibility of galvanic 
action or electrolysis is minimized. Select connectors, connection hardware, 
conductors, and connection methods so metals in direct contact are galvanically 
compatible.

a. Use electroplated or hot-tin-coated materials to ensure high conductivity 
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and to make contact points closer in order of galvanic series.
b. Make connections with clean, bare metal at points of contact.
c. Make aluminum-to-steel connections with stainless steel separators and 

mechanical clamps.
d. Make aluminum-to-galvanized-steel connections with tin-plated copper 

jumpers and mechanical clamps.
e. Coat and seal connections having dissimilar metals with inert material to 

prevent future penetration of moisture to contact surfaces.
f. Bonding Straps and Jumpers: Install in locations accessible for inspection 

and maintenance except where routed through short lengths of conduit.

1) Bonding to Structure: Bond straps directly to basic structure, taking 
care not to penetrate adjacent parts.

2) Bonding to Equipment Mounted on Vibration Isolation Hangers and 
Supports: Install bonding so vibration is not transmitted to rigidly 
mounted equipment.

3) Use exothermic-welded connectors for outdoor locations; if 
disconnect-type connection is required, use bolted clamp.

g. Grounding and Bonding for Piping:

1) Metal Water Service Pipe: Install insulated copper grounding 
conductors, in conduit, from building's main service equipment, or 
grounding bus, to main metal water service entrances to building. 
Connect grounding conductors to main metal water service pipes; 
use bolted clamp connector or bolt lug-type connector to pipe flange 
by using one of lug bolts of flange. Where dielectric main water fitting 
is installed, connect grounding conductor on street side of fitting. 
Bond metal grounding conductor conduit or sleeve to conductor at 
each end.

2) Water Meter Piping: Use braided-type bonding jumpers to electrically 
bypass water meters. Connect to pipe with bolted connector.

3) Bond each aboveground portion of gas piping system downstream 
from equipment shutoff valve.

h. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding 
conductors of associated fans, blowers, electric heaters, and air cleaners. 
Install tinnedbonding jumper to bond across flexible duct connections to 
achieve continuity.

i. Grounding for Steel Building Structure: Install driven ground rod at base of 
each corner column and at intermediate exterior columns at distances not 
more than 60 ft apart.

3. Grounding and Bonding Busbars:

a. Install busbar horizontally, on insulated spacers 2 inch minimum from wall, 
6 inch above finished floor unless otherwise indicated.

b. Where busbars are indicated on both sides of doorways, route bonding 
conductor up to top of door frame, across top of doorway, and down; 
connect to continuation of horizontal busbar.
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4. Electrodes:

a. Ground Rods: Drive rods until tops are 2 inch below finished floor or final 
grade unless otherwise indicated.

1) Interconnect ground rods with grounding electrode conductor below 
grade and as otherwise indicated. Make connections without 
exposing steel or damaging coating if any.

2) Use exothermic welds for below-grade connections.

b. For grounding electrode system, install at least three rods spaced at least 
one-rod length from each other and located at least same distance from 
other grounding electrodes, and connect to service grounding electrode 
conductor.

c. Test Wells: Ground rod driven through drilled hole in bottom of handhole. 
Handholes are specified in Section 260543 "Underground Ducts and 
Raceways for Electrical Systems," and must be at least 12 inch deep, with 
cover.

1) Install at least one test well for each service unless otherwise 
indicated. Install at ground rod electrically closest to service entrance. 
Set top of test well flush with finished grade or floor.

d. Ring Electrode: Install grounding conductor, electrically connected to each 
building structure ground rod and to each steel column, extending around 
perimeter of building.

1) Install tinned-copper conductor not less than 2/0 AWG for ring 
electrode and for taps to building steel.

2) Bury ring electrode not less than 24 inch from building's foundation.

e. Concrete-Encased Electrode (Ufer Ground):

1) Fabricate in accordance with NFPA 70; use minimum of 20 ft of bare 
copper conductor not smaller than 4 AWG.

a) If concrete foundation is less than 20 ft long, coil excess 
conductor within base of foundation.

b) Bond grounding conductor to reinforcing steel in at least four 
locations and to anchor bolts. Extend grounding conductor 
below grade and connect to building's grounding grid or to 
grounding electrode external to concrete.

2) Fabricate in accordance with NFPA 70; using electrically conductive 
coated steel reinforcing bars or rods, at least 20 ft long. If reinforcing 
is in multiple pieces, connect together by usual steel tie wires or 
exothermic welding to create required length.

5. Grounding at Service:

a. Equipment grounding conductors and grounding electrode conductors must 
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be connected to ground busbar. Install main bonding jumper between 
neutral and ground buses.

6. Grounding Separately Derived Systems:

a. Permanent Generators: Install grounding electrode(s) at location of 
permanent generators having switched neutral connections. Electrode 
must be connected to equipment grounding conductor and to frame of 
generator.

7. Grounding Underground Distribution System Components:

a. Duct-Bank Grounding Conductor: Bury 12 inch above duct bank when 
indicated as part of duct-bank installation.

b. Comply with IEEE C2 grounding requirements.
c. Grounding Manholes and Handholes: Install driven ground rod through 

manhole or handhole floor, close to wall, and set rod depth so 4 inch will 
extend above finished floor. If necessary, install ground rod before manhole 
is placed and provide 1/0 AWG bare, tinned-copper conductor from ground 
rod into manhole through waterproof sleeve in manhole wall. Protect 
ground rods passing through concrete floor with double wrapping of 
pressure-sensitive insulating tape or heat-shrunk insulating sleeve from 
2 inch above to 6 inch below concrete. Seal floor opening with waterproof, 
nonshrink grout.

d. Grounding Connections to Manhole Components: Bond exposed-metal 
parts such as inserts, cable racks, pulling irons, ladders, and cable shields 
within each manhole or handhole, to ground rod or grounding conductor. 
Make connections with 4 AWG minimum, stranded, hard-drawn copper 
bonding conductor. Train conductors level or plumb around corners and 
fasten to manhole walls. Connect to cable armor and cable shields in 
accordance with manufacturer's published instructions with splicing and 
termination kits.

e. Pad-Mounted Transformers and Switches: Install two ground rods and ring 
electrode around pad. Ground pad-mounted equipment and noncurrent-
carrying metal items associated with substations by connecting them to 
underground cable and grounding electrodes. Install tinned-copper 
conductor not less than 2 AWG for ring electrode and for taps to equipment 
grounding terminals. Bury ring electrode not less than 6 inch from 
foundation.

8. Equipment Grounding and Bonding:

a. Install insulated equipment grounding conductors with feeders and branch 
circuits.

b. Install insulated equipment grounding conductors with the following items, 
in addition to those required by NFPA 70:

1) Feeders and branch circuits.
2) Lighting circuits.
3) Receptacle circuits.
4) Single-phase motor and appliance branch circuits.
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5) Three-phase motor and appliance branch circuits.
6) Flexible raceway runs.
7) Armored and metal-clad cable runs.
8) Busway Supply Circuits: Install insulated equipment grounding 

conductor from grounding bus in switchgear, switchboard, or 
distribution panel to equipment grounding bar terminal on busway.

9) X-Ray Equipment Circuits: Install insulated equipment grounding 
conductor in circuits supplying x-ray equipment.

c. Air-Duct Equipment Circuits: Install insulated equipment grounding 
conductor to duct-mounted electrical devices operating at 120 V and more, 
including air cleaners, heaters, dampers, humidifiers, and other duct 
electrical equipment. Bond conductor to each unit and to air duct and 
connected metallic piping.

d. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install separate 
insulated equipment grounding conductor to each electric water heater and 
heat-tracing cable. Bond conductor to heater units, piping, connected 
equipment, and components.

e. Isolated Grounding Receptacle Circuits: Install insulated equipment 
grounding conductor connected to receptacle grounding terminal. Isolate 
conductor from raceway and from panelboard grounding terminals. 
Terminate at equipment grounding conductor terminal of applicable derived 
system or service unless otherwise indicated.

f. Isolated Equipment Enclosure Circuits: For designated equipment supplied 
by branch circuit or feeder, isolate equipment enclosure from supply circuit 
raceway with nonmetallic raceway fitting listed for the purpose. Install fitting 
where raceway enters enclosure, and install separate insulated equipment 
grounding conductor. Isolate conductor from raceway and from panelboard 
grounding terminals. Terminate at equipment grounding conductor terminal 
of applicable derived system or service unless otherwise indicated.

g. Poles Supporting Outdoor Lighting Fixtures: Bond insulated equipment 
grounding conductor to equipment grounding terminal inside pole base.

h. Metallic Fences: Comply with requirements of IEEE C2.

1) Grounding Conductor: Bare, tinned copper, not less than 8 AWG.
2) Gates: Must be bonded to grounding conductor with flexible bonding 

jumper.
3) Barbed Wire: Strands must be bonded to grounding conductor.

9. Fence Grounding:

a. Grounding Method: At each grounding location, drive grounding rod 
vertically until top is 6 inch below finished grade. Connect rod to fence with 
6 AWG conductor. Connect conductor to each fence component at 
grounding location.

b. Fences greater than 100 ft of Buildings, Structures, Walkways, and 
Roadways: Ground fence at maximum intervals of 1500 ft.

c. Fences within 100 ft of Buildings, Structures, Walkways, and Roadways: 
Ground fence at maximum intervals of 750 ft.

1) Gates and Other Fence Openings: Ground fence on each side of 
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opening.

a) Bond metal gates to gate posts by connecting bonding jumper 
between gate post and gate frame.

b) Bond across openings, with and without gates, except at 
openings indicated as intentional fence discontinuities. Use 2 
AWG wire and bury it at least 18 inch below finished grade.

d. Protection at Crossings of Overhead Electrical Power Lines: Ground fence 
at location of power line crossing and at maximum distance of 150 ft on 
each side of crossing.

e. Bonding to Lightning-Protection System: If fence terminates at lightning-
protected building or structure, ground fence and bond fence grounding 
conductor to lightning-protection down conductor or lightning-protection 
grounding conductor, complying with NFPA 780.

3.4 FIELD QUALITY CONTROL FOR GROUNDING AND BONDING

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Tests and Inspections:

1. After installing grounding system but before permanent electrical circuits have 
been energized, test for compliance with requirements.

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with calibrated torque wrench in accordance with 
manufacturer's published instructions.

3. Test completed grounding system at each location where maximum ground-
resistance level is specified, at service disconnect enclosure grounding terminal, 
at ground test wells. Make tests at ground rods before conductors are connected.

a. Measure ground resistance no fewer than two full days after last trace of 
precipitation and without soil being moistened by means other than natural 
drainage or seepage and without chemical treatment or other artificial 
means of reducing natural ground resistance.

b. Perform tests by fall-of-potential method in accordance with IEEE Std 81.
c. Excessive Ground Resistance: If resistance to ground exceeds specified 

values, notify Architect promptly and include recommendations to reduce 
ground resistance.

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-
rod assembly, and other grounding electrodes. Identify each by letter in 
alphabetical order, and key to record of tests and observations. Include number 
of rods driven and their depth at each location, and include observations of 
weather and other phenomena that may affect test results. Describe measures 
taken to improve test results.

C. Nonconforming Work:
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1. Grounding system will be considered defective if it does not pass tests and 
inspections.

2. Remove and replace defective components and retest.

D. Collect, assemble, and submit test and inspection reports.

1. Report measured ground resistances that exceed the following values:

a. Power and Lighting Equipment or System with Capacity of 500 kVA and 
Less: 10 Ω.

b. Power and Lighting Equipment or System with Capacity of 500 to 1000 
kVA: 5 Ω.

c. Power and Lighting Equipment or System with Capacity More Than 1000 
kVA: 3 Ω.

d. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 
Ω.

e. Substations and Pad-Mounted Equipment: 5 Ω.
f. Manhole Grounds: 10 Ω.

3.5 PROTECTION

A. After installation, protect grounding and bonding cables and equipment from 
construction activities. Remove and replace items that are contaminated, defaced, 
damaged, or otherwise caused to be unfit for use prior to acceptance by Owner.

END OF SECTION 260526
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

1. Installation of fabricated metal supports.
2. Installation of concrete bases.

B. Related Requirements:

1. Section 260548 "Vibration and Seismic Controls for Electrical Systems" specifies 
vibration controls, seismic restraints, and wind restraints referenced by this 
Section.

1.2 DELEGATED DESIGN SERVICES

A. Delegated Design Professionals: Engage qualified structural professional engineer to 
design hangers and supports for electrical systems.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes for the following:

a. Slotted support systems, hardware, and accessories.
b. Clamps.
c. Hangers.
d. Sockets.
e. Eye nuts.
f. Fasteners.
g. Anchors.
h. Saddles.
i. Brackets.

2. Include rated capacities and furnished specialties and accessories.

B. Shop Drawings: For fabrication and installation details for electrical hangers and 
support systems.

1. Hangers. Include product data for components.
2. Slotted support systems.
3. Equipment supports.
4. Vibration Isolation Base Details: Detail fabrication including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor 
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bases, rails, and frames for equipment mounting.

C. Delegated Design Submittals: For hangers and supports for electrical systems.

1. Include design calculations and details of hangers.
2. Include design calculations for seismic restraints.

1.4 INFORMATIONAL SUBMITTALS

A. Welding certificates.

1.5 REGULATORY AGENCY APPROVALS

A. Delegated design submittals and shop drawings requiring approval by authorities 
having jurisdiction must be signed by qualified structural professional engineer 
responsible for their preparation. Obtain approval by authorities having jurisdiction prior 
to submitting for action by Architect.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Surface-Burning Characteristics: Comply with ASTM E84; testing by a qualified testing 
agency. Identify products with appropriate markings of applicable testing agency.

1. Flame Rating: Class 1.
2. Self-extinguishing according to ASTM D635.

PART 3 - EXECUTION

3.1 SELECTION OF HANGERS AND SUPPORTS

A. Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space 
supports for EMT, IMC, and ERMC as required by NFPA 70. Minimum rod size must 
be 1/4 inch in diameter.

B. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted 
or othersupport 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 these supports with two-bolt conduit clamps.

C. Spring-steel clamps designed for supporting single conduits without bolts may be used 
for 1-1/2 inch and smaller raceways serving branch circuits and communication 
systems above suspended ceilings, and for fastening raceways to trapeze supports.
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3.2 INSTALLATION OF HANGERS AND SUPPORTS

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in the Contract Documents or manufacturer's published instructions, 
comply with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Hot Work: NFPA 51B.
3. Work in Confined Spaces: NFPA 350.
4. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
5. Installation of Steel Conduit: NECA NEIS 101.
6. Installation of Aluminum Conduit: NECA NEIS 102.
7. Installation of Metal Cable Tray Systems: NECA NEIS 105.
8. Installation of Nonmetallic Cable Tray Systems: NECA NEIS 111.
9. Consult Architect for resolution of conflicting requirements.

C. Special Installation Techniques:

1. Raceway Support Methods: In addition to methods described in NECA NEIS 1, 
EMT may be supported by openings through structure members, in accordance 
with NFPA 70.

2. Strength of Support Assemblies: Where not indicated, select sizes of 
components so strength will be adequate to carry present and future static loads 
within specified loading limits. Minimum static design load used for strength 
determination must be weight of supported components plus 200 lb.

3. 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:

a. To Wood: Fasten with lag screws or through bolts.
b. To New Concrete: Bolt to concrete inserts.
c. To Masonry: Approved toggle-type bolts on hollow masonry units and 

expansion anchor fasteners on solid masonry units.
d. To Existing Concrete: Expansion anchor fasteners.
e. Instead of expansion anchors, powder-actuated driven threaded studs 

provided with lock washers and nuts may be used in existing standard-
weight concrete 4 inch thick or greater. Do not use for anchorage to 
lightweight-aggregate concrete or for slabs less than 4 inch thick.

f. To Steel: Welded threaded studs complying with AWS D1.1/D1.1M, with 
lock washers and nuts.

g. To Light Steel: Sheet metal screws.
h. 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 comply with seismic-restraint 
strength and anchorage requirements.

4. Drill holes for expansion anchors in concrete at locations and to depths that avoid 
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the need for reinforcing bars.

D. Interfaces with Other Work:

1. Provide vibration and seismic controls with hangers and supports.
2. Touchup Finishes:

a. 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 minimum dry film thickness 
of 2.0 mils.

b. Cleaning and touchup painting of field welds, bolted connections, and 
abraded areas of shop paint on miscellaneous metal.

c. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas 
and apply galvanizing-repair paint to comply with ASTM A780.

3. Installation of Fabricated Metal Supports:

a. Provide site-fabricated metal supports.
b. Cut, fit, and place miscellaneous metal supports accurately in location, 

alignment, and elevation to support and anchor electrical materials and 
equipment.

c. Field Welding: Comply with AWS D1.1/D1.1M. Submit welding certificates.

4. Installation of Concrete Bases:

a. Provide concrete bases of dimensions indicated, but not less than 4 inch 
larger in both directions than supported unit, and so anchors will be a 
minimum of 10 bolt diameters from edge of the base.

b. Use 3000 psi, 28-day compressive-strength concrete.
c. Anchor equipment to concrete base as follows:

1) Place and secure anchorage devices. Use supported equipment 
manufacturer's setting drawings, templates, diagrams, instructions, 
and directions furnished with items to be embedded.

2) Install anchor bolts to elevations required for proper attachment to 
supported equipment.

3) Install anchor bolts according to anchor-bolt manufacturer's written 
instructions.

END OF SECTION 260529



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

CONDUITS FOR ELECTRICAL SYSTEMS 260533.13 - 1
Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

SECTION 260533.13 - CONDUITS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 260519 "Low-Voltage for Electrical Power Conductors and Cables" 
specifies nonmetallic underground conduit with conductors (Type NUCC).

2. Section 260529 "Hangers and Supports for Electrical Systems" specifies conduit 
hangers and supports referenced by this Section.

3. Section 260553 "Identification for Electrical Systems" specifies electrical 
equipment labels.

1.2 REFERENCES

A. Abbreviations and Acronyms for Electrical Raceway Types:

1. EMT: Electrical metallic tubing.
2. EMT-A: Aluminum electrical metallic tubing.
3. EMT-S: Steel electrical metallic tubing.
4. EMT-SS: Stainless steel electrical metallic tubing.
5. ENT: Electrical nonmetallic tubing.
6. EPEC: Electrical HDPE underground conduit (thin wall).
7. EPEC-A: Type A electrical HDPE underground conduit.
8. EPEC-B: Type B electrical HDPE underground conduit.
9. ERMC: Electrical rigid metal conduit.
10. ERMC-A: Aluminum electrical rigid metal conduit.
11. ERMC-S: Steel electrical rigid metal conduit.
12. ERMC-S-G: Galvanized-steel electrical rigid metal conduit.
13. ERMC-S-PVC: PVC-coated-steel electrical rigid metal conduit.
14. ERMC-SS: Stainless steel electrical rigid metal conduit.
15. FMC: Flexible metal conduit.
16. FMC-A: Aluminum flexible metal conduit.
17. FMC-S: Steel flexible metal conduit.
18. FMT: Steel flexible metallic tubing.
19. FNMC: Flexible nonmetallic conduit. See "LFNC."
20. HDPE: HDPE underground conduit (thick wall).
21. HDPE-40: Schedule 40 HDPE underground conduit.
22. HDPE-80: Schedule 80 HDPE underground conduit.
23. IMC: Steel electrical intermediate metal conduit.
24. LFMC: Liquidtight flexible metal conduit.
25. LFMC-A: Aluminum liquidtight flexible metal conduit.
26. LFMC-S: Steel liquidtight flexible metal conduit.
27. LFMC-SS: Stainless steel liquidtight flexible metal conduit.
28. LFNC: Liquidtight flexible nonmetallic conduit.
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29. LFNC-A: Layered (Type A) liquidtight flexible nonmetallic conduit.
30. LFNC-B: Integral (Type B) liquidtight flexible nonmetallic conduit.
31. LFNC-C: Corrugated (Type C) liquidtight flexible nonmetallic conduit.
32. PVC: Rigid PVC conduit.
33. PVC-40: Schedule 40 rigid PVC conduit.
34. PVC-80: Schedule 80 rigid PVC Conduit.
35. PVC-A: Type A rigid PVC concrete-encased conduit.
36. PVC-EB: Type EB rigid PVC concrete-encased underground conduit.
37. RGS: See ERMC-S-G.
38. RMC: See ERMC.
39. RTRC: Reinforced thermosetting resin conduit.
40. RTRC-AG: Low-halogen, aboveground reinforced thermosetting resin conduit.
41. RTRC-AG-HW: Heavy wall, low-halogen, aboveground reinforced thermosetting 

resin conduit.
42. RTRC-AG-SW: Standard wall, low-halogen, aboveground reinforced 

thermosetting resin conduit.
43. RTRC-AG-XW: Extra heavy wall, low-halogen, aboveground reinforced 

thermosetting resin conduit.
44. RTRC-BG: Low-halogen, belowground reinforced thermosetting resin conduit.

B. Definitions:

1. Conduit: A structure containing one or more duct raceways.
2. Direct Buried: Installed underground without encasement in concrete or other 

protective material.
3. Duct Bank: An arrangement of conduit providing one or more continuous duct 

raceways between two points.
4. Duct Raceway: A single enclosed raceway for conductors or cable.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Field quality-control reports.

1.4 INFORMATIONAL SUBMITTALS

A. Manufacturer's published instructions.

1.5 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures; conduct tests of complex 
equipment; analyze test and equipment data; plan a job; and lead a team. Has 
experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems; evaluate 
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tests, test equipment, test results, and power system performance; recommend actions 
to maintain or improve system performance; and lead multi-team projects.

C. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.

D. ERMC-S-PVC Installers: Installer possessing active qualifications specified in Section 
014000 "Quality Requirements," and able to present unexpired certified Installer 
credentials issued by ERMC-S-PVC manufacturer prior to starting installation.

E. Communications Testing and Inspecting Agency: Entity possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Products or components listed and labeled in accordance 
with NFPA 70, by qualified electrical testing laboratory recognized by authorities having 
jurisdiction, and marked for intended location and application.

PART 3 - EXECUTION

3.1 SELECTION OF CONDUITS FOR ELECTRICAL SYSTEMS

A. Unless more stringent requirements are specified in the Contract Documents or 
manufacturer's published instructions, comply with NFPA 70 for selection of duct 
raceways. Consult Architect for resolution of conflicting requirements.

B. Special Instructions Regarding HDPE Conduits: Although Article 353 of NFPA 70 
permits use of HDPE conduits where encased in concrete aboveground, UL CCN 
EAZX listing requirements state that HDPE and EPEC underground conduits are 
intended only for use where direct buried with or without being encased in concrete. 
Specified Type HDPE and Type EPEC underground conduits are not permitted to be 
used aboveground on the Project.

C. Outdoors:

1. Exposed and Subject to Severe Physical Damage: ERMC.
2. Exposed and Subject to Physical Damage: ERMC.
3. Exposed and Not Subject to Physical Damage: IMC.
4. Concealed Aboveground: EMT.
5. Direct Buried: PVC-40.
6. Concrete Encased Not in Trench: PVC-40.
7. Concrete Encased in Trench: PVC-40.
8. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 
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Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC.

D. Indoors:

1. Hazardous Classified Locations: ERMC.
2. Exposed and Subject to Severe Physical Damage: ERMC.
3. Exposed and Subject to Physical Damage: ERMC.
4. Exposed and Not Subject to Physical Damage: IMC.
5. Concealed in Ceilings and Interior Walls and Partitions: EMT.
6. Damp or Wet Locations: IMC.
7. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 

Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC.
8. Circuits Operating Above 60 Hz: EMT-A. Provide nonmetallic sleeve where 

aluminum duct raceways pass through concrete.

E. Duct Fittings: Select fittings in accordance with NEMA FB 2.10 guidelines.

1. ERMC and IMC: Provide threaded-type fittings unless otherwise indicated.

3.2 INSTALLATION OF CONDUITS FOR ELECTRICAL SYSTEMS

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in the Contract Documents or manufacturer's published instructions, 
comply with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Safety: NFPA 70E.
3. Commissioning of Active and Passive Fire Protection Features: NFPA 3 and 

NFPA 4.
4. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
5. Communications Work: BICSI N1.
6. Life Safety and Means of Egress Work: NFPA 101.
7. Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 

416.
8. Work in Confined Spaces: NFPA 350.
9. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
10. Type EMT-A: Article 358 of NFPA 70 and NECA NEIS 102.
11. Type EMT-SS: Article 358 of NFPA 70 and NECA NEIS 101.
12. Type EMT-S: Article 358 of NFPA 70 and NECA NEIS 101.
13. Type ENT: Article 362 of NFPA 70 and NECA NEIS 102.
14. Type HDPE and Type EPEC: Article 353 of NFPA 70 and NECA NEIS 111.
15. Type ERMC-A: Article 344 of NFPA 70 and NECA NEIS 102.
16. Type ERMC-SS: Article 344 of NFPA 70 and NECA NEIS 101.
17. Type ERMC-S: Article 344 of NFPA 70 and NECA NEIS 101.
18. Type FMC-S: Article 348 of NFPA 70 and NECA NEIS 101.
19. Type FMC-A: Article 348 of NFPA 70 and NECA NEIS 102.
20. Type FMT: Article 360 of NFPA 70 and NECA NEIS 101.
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21. Type IMC: Article 342 of NFPA 70 and NECA NEIS 101.
22. Type LFMC: Article 350 of NFPA 70 and NECA NEIS 101.
23. Type LFNC: Article 342 of NFPA 70 and NECA NEIS 111.
24. Type PVC: Article 356 of NFPA 70 and NECA NEIS 111.
25. Type RTRC: Article 355 of NFPA 70 and NECA NEIS 111.
26. Expansion Fittings: NEMA FB 2.40.
27. Consult Architect for resolution of conflicting requirements.

C. Special Installation Techniques:

1. General Requirements for Installation of Duct Raceways:

a. Complete duct raceway installation before starting conductor installation.
b. Provide stub-ups through floors with coupling threaded inside for plugs, set 

flush with finished floor. Plug coupling until conduit is extended above floor 
to final destination or a minimum of 2 ft above finished floor.

c. Install no more than equivalent of three 90-degree bends in conduit run 
except for control wiring conduits, for which no more than equivalent of two 
90-degree fewer bends are permitted. Support within 12 inch of changes in 
direction.

d. Make bends in duct raceway using large-radius preformed ells except for 
parallel bends. Field bending must be in accordance with NFPA 70 
minimum radii requirements. Provide only equipment specifically designed 
for material and size involved.

e. Conceal conduit within finished walls, ceilings, and floors unless otherwise 
indicated. Install conduits parallel or perpendicular to building lines.

f. Support conduit within 12 inch of enclosures to which attached.
g. Install duct sealing fittings at accessible locations in accordance with NFPA 

70 and fill them with listed sealing compound. For concealed duct 
raceways, install fitting in flush steel box with blank cover plate having 
finish similar to that of adjacent plates or surfaces. Install duct sealing 
fittings in accordance with NFPA 70.

h. Install devices to seal duct raceway interiors at accessible locations. Locate 
seals so no fittings or boxes are between the seal and the following 
changes of environments. Seal interior of duct raceways at the following 
points:

1) Where conduits pass from warm to cold locations, such as 
boundaries of refrigerated spaces.

2) Where an underground service duct raceway enters a building or 
structure.

3) Conduit extending from interior to exterior of building.
4) Conduit extending into pressurized duct raceway and equipment.
5) Conduit extending into pressurized zones that are automatically 

controlled to maintain different pressure set points.
6) Where otherwise required by NFPA 70.

i. Do not install duct raceways or electrical items on "explosion-relief" walls or 
rotating equipment.

j. Do not install conduits within 2 inch of the bottom side of a metal deck roof.
k. Keep duct raceways at least 6 inch away from parallel runs of flues and 
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steam or hot-water pipes. Install horizontal duct raceway runs above water 
and steam piping.

l. Cut conduit perpendicular to the length. For conduits metric designator 53 
(trade size 2) and larger, use roll cutter or a guide to make cut straight and 
perpendicular to the length. Ream inside of conduit to remove burrs.

m. Install pull wires in empty duct raceways. Provide polypropylene or 
monofilament plastic line with not less than 200 lb tensile strength. Leave 
at least 12 inch of slack at both ends of pull wire. Cap underground duct 
raceways designated as spare above grade alongside duct raceways in 
use.

n. Install duct raceways square to the enclosure and terminate at enclosures 
without hubs with locknuts on both sides of enclosure wall. Install locknuts 
hand tight, plus one-quarter turn more.

1) Termination fittings with shoulders do not require two locknuts.

o. Terminate threaded conduits into threaded hubs or with locknuts on inside 
and outside of boxes or cabinets. Install bushings on conduits up to metric 
designator 35 (trade size 1-1/4) and insulated throat metal bushings on 
metric designator 41 (trade size 1-1/2) and larger conduits terminated with 
locknuts. Install insulated throat metal grounding bushings on service 
conduits.

2. Types EMT-A, ERMC-A, and FMC-A: Do not install aluminum duct raceways or 
fittings in contact with concrete or earth.

3. Types ERMC and IMC:

a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor 
Conditions: Apply listed compound that maintains electrical conductivity to 
threads of duct raceway and fittings before making up joints. Follow 
compound manufacturer's published instructions.

4. Type ERMC-S-PVC:

a. Follow manufacturer's installation instructions for clamping, cutting, 
threading, bending, and assembly.

b. Provide PVC-coated sealing locknut for exposed male threads transitioning 
into female NPT threads that do not have sealing sleeves, including 
transitions from PVC couplings/female adapters to Type ERMC-S-PVC 
elbows in direct-burial applications. PVC-coated sealing locknuts must not 
be used in place of conduit hub. PVC-coated sealing locknut must cover 
exposed threads on Type ERMC-S-PVC duct raceway.

c. Coat field-cut threads on PVC-coated duct raceway with manufacturer-
approved corrosion-preventing conductive compound prior to assembly.

5. Types FMC, LFMC, and LFNC:

a. Provide a maximum of 36 inch of flexible conduit for recessed and 
semirecessed luminaires,equipment subject to vibration, noise 
transmission, or movement; and for transformers and motors.
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6. Types PVC, HDPE, and EPEC:

a. Do not install Type PVC, Type HDPE, or Type EPEC conduit where 
ambient temperature exceeds 122 deg F. Conductor ratings must be 
limited to 75 deg C except where installed in a trench outside buildings with 
concrete encasement, where 90 deg C conductors are permitted.

b. Comply with manufacturer's published instructions for solvent welding and 
fittings.

c. Join joints with solvent cement in accordance with manufacturer's 
published instructions and allowed to cure before handling. Joints to be 
bent, pushed, or pulled must set for minimum 24 h after joining.

7. Type RTRC: Do not install Type RTRC conduit where ambient temperature 
exceeds 230 deg F.

8. Stub-ups to Above Recessed Ceilings:

a. Provide EMT, IMC, or ERMC for duct raceways.
b. Provide a conduit bushing or insulated fitting to terminate stub-ups not 

terminated in hubs or in an enclosure.

9. Duct Raceway Terminations at Locations Subject to Moisture or Vibration:

a. Provide insulating bushings to protect conductors, including conductors 
smaller than 4 AWG. Install insulated throat metal grounding bushings on 
service conduits.

10. Duct Fittings: Install fittings in accordance with NEMA FB 2.10 guidelines.

a. ERMC-S-PVC: Provide only fittings listed for use with this type of conduit. 
Patch and seal joints, nicks, and scrapes in PVC coating after installing 
conduits and fittings. Provide sealant recommended by fitting manufacturer 
and apply in thickness and number of coats recommended by 
manufacturer.

b. EMT: Provide setscrew, steel fittings. Comply with NEMA FB 2.10.
c. Flexible Conduit: Provide only fittings listed for use with flexible conduit 

type. Comply with NEMA FB 2.20.

11. Expansion-Joint Fittings:

a. Install in runs of aboveground PVC that are located where environmental 
temperature change may exceed 30 deg F and that have straight-run 
length that exceeds 25 ft. Install in runs of aboveground ERMC and EMT 
conduit that are located where environmental temperature change may 
exceed 100 deg F and that have straight-run length that exceeds 100 ft.

b. Install type and quantity of fittings that accommodate temperature change 
listed for the following locations:

1) Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F 
temperature change.

2) Outdoor Locations Exposed to Direct Sunlight: 155 deg F 
temperature change.
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3) Indoor Spaces Connected with Outdoors without Physical 
Separation: 125 deg F temperature change.

4) Attics: 135 deg F temperature change.

c. Install fitting(s) that provide expansion and contraction for at least 
0.00041 inch per foot of length of straight run per deg F of temperature 
change for PVC conduits. Install fitting(s) that provide expansion and 
contraction for at least 0.000078 inch per foot of length of straight run per 
deg F of temperature change for metal conduits.

d. Install expansion fittings at locations where conduits cross building or 
structure expansion joints.

e. Install expansion-joint fitting with position, mounting, and piston setting 
selected in accordance with manufacturer's published instructions for 
conditions at specific location at time of installation. Install conduit supports 
to allow for expansion movement.

12. Duct Raceways Penetrating Rooms or Walls with Acoustical Requirements: Seal 
duct raceway openings on both sides of rooms or walls with acoustically rated 
putty or firestopping.

13. Identification: Provide labels for conduit assemblies, duct raceways, and 
associated electrical equipment.

a. Provide warning signs.

D. Interfaces with Other Work:

1. Firestop penetrations of fire-rated floor and wall assemblies.
2. Provide conduit hangers and supports.

3.3 FIELD QUALITY CONTROL OF CONDUITS FOR ELECTRICAL SYSTEMS

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Administrant for Communications Tests and Inspections:

1. Administer and perform tests and inspections.

C. Tests and Inspections:

1. Perform manufacturer's recommended tests and inspections.
2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and 

adequate bend radii, and test for out-of-round duct. Provide minimum 12 inch 
long mandrel equal to duct size minus 1/4 inch. If obstructions are indicated, 
remove obstructions and retest.

3. Conduit Placement:

a. Verify that center-line location and offsets are in accordance with the 
Drawings.
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b. Verify that hangers and supports for conduits are attached to structure as 
directed by qualified structural engineer.

c. Verify that nuts on bolts or hanger rods are secure.
d. Verify that space between raceways and cored holes are filled with non-

shrinking grout or other approved material indicated on the Drawings and 
the Specifications.

e. Verify that expansion devices are installed at locations indicated on the 
Drawings and the Specifications.

f. Verify that ends are cut square to provide flush-butting surfaces when 
spliced and inside edges are free of burrs that could impede installation of 
cables.

g. Verify minimum separation of utilities, or that approved mechanical 
protection has been provided to surrounding conduit(s) where minimum 
separation cannot be achieved.

4. Document all changes on Record Drawings.

D. Nonconforming Work:

1. Conduit will be considered defective if it does not pass tests and inspections.
2. Remove and replace defective units and retest.

E. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.4 CLEANING

A. Verify that bentonite or other drilling fluids are contained and removed, and site is 
restored to its original or improved condition.

3.5 PROTECTION

A. Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer.

2. Repair damage to PVC coatings or paint finishes with matching touchup coating 
recommended by manufacturer.

END OF SECTION 260533.13
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SECTION 260533.16 - BOXES AND COVERS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 260526 "Grounding and Bonding for Electrical Systems" specifies 
grounding and bonding referenced by this Section.

2. Section 260553 "Identification for Electrical Systems" specifies electrical 
equipment labels and warning signs installed by this Section.

1.2 DEFINITIONS

A. Communications Outlet: One or more communications jacks, or cables and plugs, 
mounted in a box or ring, with a suitable protective cover.

B. Enclosure: The case or housing of an apparatus, or the fence or wall(s) surrounding an 
installation, to prevent personnel from accidentally contacting energized parts or to 
protect the equipment from physical damage. Types of enclosures and enclosure 
covers include the following:

1. Cabinet: An enclosure that is designed for either surface mounting or flush 
mounting and is provided with a frame, mat, or trim in which a swinging door or 
doors are or can be hung.

2. Concrete Box: A box intended for use in poured concrete.
3. Conduit Body: A means for providing access to the interior of a conduit or tubing 

system through one or more removable covers at a junction or terminal point. In 
the United States, conduit bodies are listed in accordance with outlet box 
requirements.

4. Conduit Box: A box having threaded openings or knockouts for conduit, EMT, or 
fittings.

5. Cover Plate: A cover designed for protecting wiring devices installed in flush-
mounted device boxes while permitting their safe operation; also called a 
faceplate or wallplate.

6. Cutout Box: An enclosure designed for surface mounting that has swinging doors 
or covers secured directly to and telescoping with the walls of the enclosure.

7. Device Box: A box with provisions for mounting a wiring device directly to the 
box.

8. Extension Ring: A ring intended to extend the sides of an outlet box or device 
box to increase the box depth, volume, or both.

9. Floor Box: A box mounted in the floor intended for use with a floor box cover and 
other components to complete the floor box enclosure.

10. Floor-Mounted Enclosure: A floor box and floor box cover assembly with means 
to mount in the floor that is sealed against the entrance of scrub water at the floor 
level.
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11. Floor Nozzle: An enclosure used on a wiring system, intended primarily as a 
housing for a receptacle, provided with a means, such as a collar, for surface-
mounting on a floor, which may or may not include a stem to support it above the 
floor level, and is sealed against the entrance of scrub water at the floor level.

12. Junction Box: A box with a blank cover that joins different runs of raceway or 
cable and provides space for connection and branching of the enclosed 
conductors.

13. Outlet Box: A box that provides access to a wiring system having pryout 
openings, knockouts, threaded entries, or hubs in either the sides or the back, or 
both, for the entrance of conduit, conduit or cable fittings, or cables, with 
provisions for mounting an outlet box cover, but without provisions for mounting a 
wiring device directly to the box.

14. Pedestal Floor Box Cover: A floor box cover that, when installed as intended, 
provides a means for typically vertical or near-vertical mounting of receptacle 
outlets above the floor's finished surface.

15. Pull Box: A box with a blank cover that joins different runs of raceway and 
provides access for pulling or replacing the enclosed cables or conductors.

16. Raised-Floor Box: A floor box intended for use in raised floors.
17. Recessed Access Floor Box: A floor box with provisions for mounting wiring 

devices below the floor surface.
18. Recessed Access Floor Box Cover: A floor box cover with provisions for passage 

of cords to recessed wiring devices mounted within a recessed floor box.
19. Ring: A sleeve, which is not necessarily round, used for positioning a recessed 

wiring device flush with the plaster, concrete, drywall, or other wall surface.
20. Ring Cover: A box cover, with raised center portion to accommodate a specific 

wall or ceiling thickness, for mounting wiring devices or luminaires flush with the 
surface.

21. Termination Box: An enclosure designed for installation of termination base 
assemblies consisting of bus bars, terminal strips, or terminal blocks with 
provision for wire connectors to accommodate incoming or outgoing conductors, 
or both.

C. Receptacle: A fixed connecting device arranged for insertion of a power cord plug. Also 
called a power jack.

D. Receptacle Outlet: One or more receptacles mounted in a box with a suitable 
protective cover.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Samples: For each type of product requiring samples for source quality control.

C. Shop Drawings: Prepare and submit the following:

1. Shop Drawings for Floor Boxes: Show that floor boxes are located to avoid 
interferences and are structurally allowable. Indicate floor thickness at 
locationwhere boxes are embedded in concrete floors and underfloor clearances 
where boxes are installed in raised floors.
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1.4 INFORMATIONAL SUBMITTALS

A. Manufacturer's published instructions.

1.5 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures; conduct tests of complex 
equipment; analyze test and equipment data; plan a job; and lead a team. Has 
experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems; evaluate 
tests, test equipment, test results, and power system performance; recommend actions 
to maintain or improve system performance; and lead multi-team projects.

C. Inspection and Testing of Fire-Alarm Systems (I&TFAS) Technician I: Possessing 
active NICET I&TFAS Level I certification. Able to perform periodic inspections and 
tests of basic fire-alarm systems and prepare related records and reports.

D. Inspection and Testing of Fire-Alarm Systems (I&TFAS) Technician II: Possessing 
active NICET I&TFAS Level II certification. Able to plan, perform, and coordinate 
periodic inspections and tests of complex fire-alarm systems (including one or more of 
suppression interfaces, networked control units, smoke control interfaces, air sampling 
systems, multi-zone voice evacuation systems, or high-rise applications) and prepare 
related records and reports.

E. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.

F. Communications Testing and Inspecting Agency: Entity possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Products or components listed and labeled in accordance 
with NFPA 70, by qualified electrical testing laboratory recognized by authorities having 
jurisdiction, and marked for intended location and application.
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PART 3 - EXECUTION

3.1 SELECTION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS

A. Unless more stringent requirements are specified in Contract Documents or 
manufacturers' published instructions, comply with NFPA 70 for selection of boxes and 
enclosures. Consult Architect for resolution of conflicting requirements.

B. Degree of Protection:

1. Outdoors:

a. Type 3R unless otherwise indicated.
b. Locations Exposed to Hosedown: Type 4.
c. Locations Subject to Potential Flooding: Type 6P.
d. Locations Aboveground Where Mechanism Must Operate When Ice 

Covered: Type 3S.
e. Locations in-Ground or Exposed to Corrosive Agents: Type 4X.
f. Locations in-Ground or Exposed to Corrosive Agents Where Mechanism 

Must Operate When Ice Covered: Type 3SX.

2. Indoors:

a. Type 1 unless otherwise indicated.
b. Damp or Dusty Locations: Type 12.
c. Surface Mounted in Kitchens and Other Locations Exposed to Oil or 

Coolants: Type 12.
d. Flush Mounted in Kitchens and Other Locations Exposed to Oil or 

Coolants: Type 12.
e. Locations Exposed to Airborne Dust, Lint, Fibers, or Flyings: Type 4.
f. Locations Exposed to Hosedown: Type 4.
g. Locations Exposed to Brief Submersion: Type 6.
h. Locations Exposed to Prolonged Submersion: Type 6P.
i. Locations Exposed to Corrosive Agents: Type 4X.
j. Locations Exposed to Spraying Oil or Coolants: Type 13.

C. Exposed Boxes Installed Less Than 2.5 m (8 ft) Above Floor:

1. Provide cast-metal boxes.
2. Provide exposed cover. Flat covers with angled mounting slots or knockouts are 

prohibited.

3.2 INSTALLATION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in Contract Documents or manufacturers' published instructions, comply 
with the following:
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1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Safety: NFPA 70E.
3. Commissioning of Active and Passive Fire Protection Features: NFPA 3 and 

NFPA 4.
4. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
5. Communications Work: BICSI N1.
6. Life Safety and Means of Egress Work: NFPA 101.
7. Emergency and Standby Power Work: NFPA 110, NFPA 111, and NECA NEIS 

416.
8. Work in Confined Spaces: NFPA 350.
9. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
10. Outlet, Device, Pull, and Junction Boxes: Article 314 of NFPA 70.
11. Consult Architect for resolution of conflicting requirements.

C. Special Installation Techniques:

1. Provide boxes in wiring and raceway systems wherever required for pulling of 
wires, making connections, and mounting of devices or fixtures.

2. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are 
not individually indicated, give priority to ADA requirements. Install boxes with 
height measured to bottom of box unless otherwise indicated.

3. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of 
masonry block, and install box flush with surface of wall. Prepare block surfaces 
to provide a flat surface for a raintight connection between box and cover plate or 
supported equipment and box, whether installed indoors or outdoors.

4. Horizontally separate boxes mounted on opposite sides of walls so they are not 
in the same vertical channel.

5. Locate boxes so that cover or plate will not span different building finishes.
6. Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid.
7. Support boxes of three gangs or more from more than one side by spanning two 

framing members or mounting on brackets specifically designed for purpose.
8. Fasten junction and pull boxes to, or support from, building structure. Do not 

support boxes by conduits.
9. Set metal floor boxes level and flush with finished floor surface.
10. Set nonmetallic floor boxes level. Trim after installation to fit flush with finished 

floor surface.
11. Do not install aluminum boxes, enclosures, or fittings in contact with concrete or 

earth.
12. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. 

Remove coatings in the locknut area prior to assembling conduit to enclosure to 
ensure a continuous ground path.

13. Boxes and Enclosures in Areas or Walls with Acoustical Requirements:

a. Seal openings and knockouts in back and sides of boxes and enclosures 
with acoustically rated putty.

b. Provide gaskets for cover plates and covers.

D. Interfaces with Other Work:

1. Identification: Provide labels for boxes and associated electrical equipment.
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a. Identify field-installed conductors, interconnecting wiring, and components.
b. Label each enclosure with engraved metal or laminated-plastic nameplate.
c. Provide warning signs and arc-flash hazard warning labels for electrical 

equipment.

3.3 FIELD QUALITY CONTROL OF BOXES AND COVERS

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Administrant for Communications Tests and Inspections:

1. Administer and perform tests and inspections.

C. Tests and Inspections:

1. Perform manufacturer's recommended tests and inspections.
2. Perform tests and inspections recommended by standards listed in "Reference 

Standards for Installation" Paragraph.

D. Nonconforming Work:

1. Boxes and covers will be considered defective if they do not pass tests and 
inspections.

2. Remove and replace defective units and retest.

E. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.4 CLEANING

A. Remove construction dust and debris from boxes before installing cover plates, covers, 
and hoods.

3.5 PROTECTION

A. After installation, protect boxes from construction activities. Remove and replace items 
that are contaminated, defaced, damaged, or otherwise caused to be unfit for use prior 
to acceptance by Owner.

END OF SECTION 260533.16
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SECTION 260533.23 - SURFACE RACEWAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 260526 "Grounding and Bonding for Electrical Systems" specifies 
grounding and bonding referenced by this Section.

2. Section 260553 "Identification for Electrical Systems" specifies warning signs 
referenced by this Section.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Samples: For each type of product requiring samples for source quality control.

C. Sustainable Design Submittals:

1. Product data for sustainable design features for each type of product.

1.3 INFORMATIONAL SUBMITTALS

A. Manufacturer's published instructions.

1.4 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures; conduct tests of complex 
equipment; analyze test and equipment data; plan a job; and lead a team. Has 
experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems; evaluate 
tests, test equipment, test results, and power system performance; recommend actions 
to maintain or improve system performance; and lead multi-team projects.

C. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.

D. Communications Testing and Inspecting Agency: Entity possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Products or components listed and labeled in accordance 
with NFPA 70, by qualified electrical testing laboratory recognized by authorities having 
jurisdiction, and marked for intended location and application.

PART 3 - EXECUTION

3.1 INSTALLATION OF SURFACE RACEWAYS FOR ELECTRICAL SYSTEMS

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in Contract Documents or manufacturers' published instructions, comply 
with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Safety: NFPA 70E.
3. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
4. Communications Work: BICSI N1.
5. Work in Confined Spaces: NFPA 350.
6. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
7. Auxiliary Gutters: Article 366 of NFPA 70.
8. Surface Metal Raceway: Article 386 of NFPA 70.
9. Surface Nonmetallic Raceway: Article 388 of NFPA 70.
10. Consult Architect for resolution of conflicting requirements.

C. Special Installation Techniques:

1. Install surface raceways only where indicated on Drawings.
2. Install surface raceway with a minimum 2 inch radius control at bend points.
3. Secure surface raceway with screws or other anchor-type devices at intervals not 

exceeding 48 inch and with no less than two supports per straight raceway 
section. Support surface raceway in accordance with manufacturer's published 
instructions. Tape and glue are unacceptable support methods.

D. Interfaces with Other Work:

1. Identification: Provide labels for surface raceways and associated electrical 
equipment.

a. Identify field-installed conductors, interconnecting wiring, and components.
b. Provide warning signs.
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3.2 FIELD QUALITY CONTROL OF SURFACE RACEWAYS

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Administrant for Communications Tests and Inspections:

1. Administer and perform tests and inspections.

C. Tests and Inspections:

1. Perform manufacturer's recommended tests and inspections.
2. Perform tests and inspections recommended by standards listed in "Reference 

Standards for Installation" Paragraph.

D. Nonconforming Work:

1. Boxes and covers will be considered defective if they do not pass tests and 
inspections.

2. Remove and replace defective units and retest.

E. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.3 CLEANING

A. Remove construction dust and debris from surface raceways before installing covers.

3.4 PROTECTION

A. After installation, protect surface raceways from construction activities. Remove and 
replace items that are contaminated, defaced, damaged, or otherwise caused to be 
unfit for use prior to acceptance by Owner.

END OF SECTION 260533.23
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Labels.
2. Tags.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

B. Samples: For each type of label and sign to illustrate composition, size, colors, lettering 
style, mounting provisions, and graphic features of identification products.

C. Identification Schedule: For each piece of electrical equipment and electrical system 
components to be index of nomenclature for electrical equipment and system 
components used in identification signs and labels. Use same designations indicated 
on Drawings.

PART 2 - PRODUCTS (Not Used)
PART 3 - EXECUTION

3.1 PREPARATION

A. Self-Adhesive Identification Products: Before applying electrical identification products, 
clean substrates of substances that could impair bond, using materials and methods 
recommended by manufacturer of identification product.

3.2 SELECTION OF COLORS AND IDENTIFICATION MARKINGS

A. Comply with 29 CFR 1910.144 for color identification of hazards, and the following:

1. Fire-protection and fire-alarm equipment, including raceways, must be finished, 
painted, or suitably marked safety red.

2. Ceiling-mounted hangers, supports, cable trays, and raceways must be finished, 
painted, or suitably marked safety yellow where less than 7.7 ft above finished 
floor.

B. Pipe and Conduit Labeling: Comply with ASME A13.1 and IEEE C2.

C. Color-Coding for Phase- and Voltage-Level Identification, 1000 V or Less: Use colors 
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listed below for ungrounded feeder and branch-circuit conductors.

1. Color must be factory applied or field applied for sizes larger than 6 AWG when 
permitted by authorities having jurisdiction.

2. Colors for 208Y/120 V Circuits:

a. Phase A: Black.
b. Phase B: Red.
c. Phase C: Blue.

3. Colors for 240 V Circuits:

a. Phase A: Black.
b. Phase B: Red.

4. Colors for 480Y/277 V Circuits:

a. Phase A: Brown.
b. Phase B: Orange.
c. Phase C: Yellow.

5. Color for Neutral (Grounded Conductor): White.
6. Color for Equipment Ground: Bare copper.
7. Color for Isolated Ground: Green with two or more yellow stripes.

D. Color-Coding Raceways, Cable Trays, Junction Boxes, and Conductors for 
Intrinsically-Safe Circuits: Light blue. When used to identify intrinsically-safe circuits, 
Article 504 of NFPA 70 requires that the color light blue not be used for any other 
purpose.

E. Color-Coding Instructional Signs: Self-adhesive labels, including color code for 
grounded and ungrounded conductors.

F. Accessible Fittings for Raceways: Identify cover of junction and pull box of the following 
systems with wiring system legend and system voltage. System legends must be as 
follows:

1. "EMERGENCY POWER."
2. "POWER."
3. "UPS."

G. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull 
points, and locations of high visibility. Identify by system and circuit designation.

H. Locations of Underground Lines: Underground-line warning tape for power and lighting.

I. Vaults, Manholes, Handholes, and Pull and Junction Boxes, More Than 1000 V: For 
conductors in vaults, pull and junction boxes, manholes, and handholes, use 
nonmetallic preprinted tags colored and marked to indicate phase, and separate tag 
with circuit designation.
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J. Concealed Raceways, Duct Banks, More Than 1000 V, within Buildings: Tape and 
stencil. Stencil legend "DANGER - CONCEALED HIGH-VOLTAGE WIRING" with 
3 inch high, black letters on 20 inch centers.

1. Locate identification at changes in direction, at penetrations of walls and floors, 
and at 10 ft maximum intervals.

2. Identify system voltage and system or service type with black letters on orange 
field.

3. Apply floor marking tape to the following finished surfaces:

a. Floor surface directly above conduits running beneath and within 12 inch of 
floor that is in contact with earth or is framed above unexcavated space.

b. Wall surfaces directly external to raceways concealed within wall.
c. Accessible surfaces of concrete envelope around raceways in vertical 

shafts, exposed in building, or concealed above suspended ceilings.

K. Accessible Raceways, Armored and Metal-Clad Cables, More Than 1000 V: Vinyl 
wraparound labels.

1. Locate identification at changes in direction, at penetrations of walls and floors, at 
50 ft maximum intervals in straight runs, and at 25 ft maximum intervals in 
congested areas.

2. Identify system voltage and system or service type with black letters on orange 
field.

L. Vaults, Manholes, Handholes, and Pull and Junction Boxes, 1000 V or Less: For 
conductors in vaults, pull and junction boxes, manholes, and handholes, use vinyl 
wraparound labels to identify phase.

1. Locate identification at changes in direction, at penetrations of walls and floors, at 
50 ft maximum intervals in straight runs, and at 25 ft maximum intervals in 
congested areas.

2. Identify system voltage and system or service type with black letters on orange 
field.

M. Accessible Raceways and Metal-Clad Cables, 1000 V or Less, for Service, Feeder, 
and Branch Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive 
raceway labels.

1. Locate identification at changes in direction, at penetrations of walls and floors, at 
50 ft maximum intervals in straight runs, and at 25 ft maximum intervals in 
congested areas.

2. Identify system voltage and system or service type with black letters on orange 
field.

N. Conductors to Be Extended in Future: Attach write-on tags to conductors and list 
source.

O. Cover Plates: Label individual cover plates with self-adhesive labels. Place label at top 
of cover plate. Label cover plate with the following information, in the order listed:
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1. Panelboard designation.
2. Colon or dash.
3. Branch circuit number.

P. Workspace Indication: Apply floor marking tape to finished surfaces. Show working 
clearances in direction of access to live parts. Workspace must comply with NFPA 70 
and 29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted 
panelboards and similar equipment in finished spaces.

Q. Equipment Identification Labels:

1. Black letters on white field.
2. Indoor Equipment: Self-adhesive label.
3. Outdoor Equipment: Laminated acrylic or melamine sign.
4. Equipment to Be Labeled:

a. Racks, Frames, and Enclosures: Identify front and rear of each with self-
adhesive labels containing equipment designation.

b. Panelboards: Typewritten directory of circuits in location provided by 
panelboard manufacturer. Panelboard identification must be in form of self-
adhesive, engraved, laminated acrylic or melamine label.

c. Enclosures and electrical cabinets.
d. Access doors and panels for concealed electrical items.
e. Switchgear.
f. Switchboards.
g. Transformers: Label that includes tag designation indicated on Drawings 

for transformer, feeder, and panelboards or equipment supplied by 
secondary.

h. Substations.
i. Emergency system boxes and enclosures.
j. Motor-control centers.
k. Enclosed switches.
l. Enclosed circuit breakers.
m. Enclosed controllers.
n. Variable-speed controllers.
o. Push-button stations.
p. Power-transfer equipment.
q. Contactors.
r. Remote-controlled switches, dimmer modules, and control devices.
s. Uninterruptible power supplies.
t. Battery-inverter units.
u. Battery racks.
v. Power-generating units.
w. Monitoring and control equipment.

R. Cable Ties: General purpose, for attaching tags, except as listed below:

1. Outdoors: UV-stabilized nylon.
2. In Spaces Handling Environmental Air: Plenum rated.
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3.3 INSTALLATION

A. Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment. Install access doors 
or panels to provide view of identifying devices.

B. Thermal Movements: Allow for thermal movements from ambient and surface 
temperature changes typical for electrical equipment environments specified in Section 
018116 "Facility Environmental Requirements" and Section 260010 "Supplemental 
Requirements for Electrical."

C. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Retain paint system applicable for surface material and location (exterior 
or interior).

D. Fasteners for Labels and Signs: Self-tapping, stainless steel screws or stainless steel 
machine screws with nuts and flat and lock washers.

E. Verify and coordinate identification names, abbreviations, colors, and other features 
with requirements in other Sections requiring identification applications, Drawings, 
Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance 
manual. Use consistent designations throughout Project.

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

G. Verify identity of item before installing identification products.

H. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and 
operation and maintenance manual.

I. Apply identification devices to surfaces that require finish after completing finish work.

J. Install signs with approved legend to facilitate proper identification, operation, and 
maintenance of electrical systems and connected items.

K. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate 
for viewing from floor.

L. Vinyl Wraparound Labels:

1. Secure tight to surface of raceway or cable at location with high visibility and 
accessibility.

2. Attach labels that are not self-adhesive type with clear vinyl tape, with adhesive 
appropriate to location and substrate.

M. Snap-Around Labels: Secure tight to surface at location with high visibility and 
accessibility.

N. Self-Adhesive Wraparound Labels: Secure tight to surface at location with high visibility 
and accessibility.

O. Snap-Around Color-Coding Bands: Secure tight to surface at location with high visibility 
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and accessibility.

P. Heat-Shrink, Preprinted Tubes: Secure tight to surface at location with high visibility 
and accessibility.

Q. Marker Tapes: Secure tight to surface at location with high visibility and accessibility.

R. Self-Adhesive Vinyl Tape: Secure tight to surface at location with high visibility and 
accessibility.

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for 
minimum distance of 6 inch where splices or taps are made. Apply last two turns 
of tape with no tension to prevent possible unwinding.

S. Tape and Stencil: Comply with requirements in painting Sections for surface 
preparation and paint application.

T. Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's 
instructions.

U. Underground Line Warning Tape:

1. During backfilling of trenches, install continuous underground-line warning tape 
not less than 12 inch directly above cables or raceways buried 18 inch or more 
below grade. Use multiple tapes where width of multiple lines installed in 
common trench or concrete envelopeexceeds 16 inch overall.

2. Limit use of underground-line warning tape to direct-buried cables.

V. Concrete Cable Route Markers: As indicated on Drawings.

W. Metal Tags:

1. Place in location with high visibility and accessibility.
2. Secure using general-purpose cable ties.

X. Nonmetallic Preprinted Tags:

1. Place in location with high visibility and accessibility.
2. Secure using general-purpose cable ties.

Y. Write-on Tags:

1. Place in location with high visibility and accessibility.
2. Secure using general-purpose cable ties.

Z. Baked-Enamel Signs: Attach signs that are not self-adhesive type with mechanical 
fasteners appropriate to location and substrate.

AA. Metal-Backed Butyrate Signs: Attach signs that are not self-adhesive type with 
mechanical fasteners appropriate to location and substrate.

BB. Laminated Acrylic or Melamine Plastic Signs: Attach signs that are not self-adhesive 
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type with mechanical fasteners appropriate to location and substrate.

END OF SECTION 260553
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SECTION 260800 - COMMISSIONING OF ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Electrical equipment connected to Normal electrical systems, including the 
following:

a. secondary service electrical systems.
b. branch-circuit panelboards.
c. Lightning protection systems.
d. Grounding systems.

2. Electrical equipment connected to Essential electrical systems that provide an 
alternative source of power in the absence of power from the Normal electrical 
system, including the following:

a. Motor-control centers.
b. secondary service electrical systems.
c. branch-circuit panelboards.
d. Lighting protection systems.
e. Grounding systems.
f. Generators.
g. UPS.

3. Controls and instrumentation, including the following:

a. Equipment monitoring systems.
b. Energy monitoring and control systems.
c. Electrical metering and metering system.
d. Demand response systems.
e. Lighting control systems.
f. Security systems.
g. Fire-alarm systems.

4. Systems testing and verification, including Normal and Essential electrical 
systems, and transitions from Normal to Essential electrical systems and back.

B. Related Requirements:

1.2 INFORMATIONAL SUBMITTALS

A. Construction Checklists by CxA: Draft construction checklists will be created by CxA for 
Contractor review.
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1.3 QUALITY ASSURANCE

A. Testing Equipment and Instrumentation Quality and Calibration: For test equipment 
and instrumentation required to perform electrical Cx work, perform the following:

1. Submit test equipment and instrumentation list. For each equipment or 
instrument, identify the following:

a. Equipment/instrument identification number.
b. Planned Cx application or use.
c. Manufacturer, make, model, and serial number.
d. Calibration history, including certificates from agencies that calibrate the 

equipment and instrumentation.

2. Test equipment and instrumentation must meet the following criteria:

a. Capable of testing and measuring performance within the specified 
acceptance criteria.

b. Be calibrated at manufacturer's recommended intervals with current 
calibration tags permanently affixed to the instrument being used.

c. Be maintained in good repair and operating condition throughout duration 
of use on Project.

d. Be recalibrated/repaired if dropped or damaged in any way since last 
calibrated.

B. Proprietary Test Instrumentation and Tools:

1. Equipment Manufacturer's Proprietary Instrumentation and Tools: For installed 
equipment included in the Cx process, test instrumentation and tools 
manufactured or prescribed by equipment manufacturer to service, calibrate, 
adjust, repair, or otherwise work on its equipment or required as a condition of 
equipment warranty, perform the following:

a. Submit proprietary instrumentation and tools list. For each instrument or 
tool, identify the following:

1) Instrument or tool identification number.
2) Equipment schedule designation of equipment for which the 

instrument or tool is required.
3) Manufacturer, make, model, and serial number.
4) Calibration history, including certificates from agencies that calibrate 

the instrument or tool, where appropriate.

b. Include a separate list of proprietary test instrumentation and tools in 
operation and maintenance manuals.

c. Electrical proprietary test instrumentation and tools become property of 
Owner at the time of Substantial Completion.



Whitchurch Engineering, Inc.
HTA2502

Office Remodel
Eureka, California

COMMISSIONING OF ELECTRICAL 
SYSTEMS

260800 - 3

Copyright © 2024 by the American Institute of Architects. Warning: This AIA MasterSpec based document is protected by U.S. 
Copyright Law and International Treaties. A valid, current MasterSpec license is required for editing or use of this document.

PART 2 - PRODUCTS (Not Used)
PART 3 - EXECUTION

3.1 CONSTRUCTION CHECKLISTS

A. Prepare detailed construction checklists for electrical systems, subsystems, equipment, 
and components. Complete and submit construction checklists.

3.2 CONSTRUCTION CHECKLIST REVIEW

A. Review and provide written comments on draft construction checklists. CxA will create 
required draft construction checklists and provide them to Contractor.

B. Return draft Construction Checklist review comments within 10 days of receipt.

C. When review comments have been resolved, CxA will provide final construction 
checklists, marked "Approved for Use, (date)."

D. Use only construction checklists, marked "Approved for Use, (date)."

3.3 GENERAL TESTING REQUIREMENTS

A. Certify that electrical systems, subsystems, and equipment have been installed, 
calibrated, and started and that they are operating according to the Contract 
Documents and approved Shop Drawings and submittals.

B. Certify that electrical instrumentation and control systems have been completed and 
calibrated, that they are operating according to the Contract Documents and approved 
Shop Drawings and submittals, and that pretest set points have been recorded.

C. Set systems, subsystems, and equipment into operating mode to be tested according 
to approved test procedures (for example, normal shutdown, normal auto position, 
normal manual position, unoccupied cycle, emergency power, and alarm conditions).

D. Measure capacities and effectiveness of systems, assemblies, subsystems, 
equipment, and components, including operational and control functions to verify 
compliance with acceptance criteria.

E. Test systems, assemblies, subsystems, equipment, and components operating modes, 
interlocks, control responses, and responses to abnormal or emergency conditions, 
and response according to acceptance criteria.

F. Construction Checklists: Prepare and submit detailed construction checklists for 
electrical systems, subsystems, equipment, and components.

1. Contributors to development of construction checklists must include, but are not 
limited to, the following:

a. Electrical systems and equipment installers.
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b. Electrical instrumentation and controls installers.

G. Perform tests using design conditions, whenever possible.

1. Simulated conditions may, with approval of Architect, be imposed using an 
artificial load when it is impractical to test under design conditions. Before 
simulating conditions, calibrate testing instruments. Provide equipment to 
simulate loads. Set simulated conditions as directed by CxA, and document 
simulated conditions and methods of simulation. After tests, return configurations 
and settings to normal operating conditions.

2. Cx test procedures may direct that set points be altered when simulating 
conditions is impractical.

3. Cx test procedures may direct that sensor values be altered with a signal 
generator when design or simulating conditions and altering set points are 
impractical.

H. If tests cannot be completed because of a deficiency outside the scope of the electrical 
system, document the deficiency and report it to Owner. After deficiencies are 
resolved, reschedule tests.

I. If seasonal testing is specified, complete appropriate initial performance tests and 
documentation and schedule seasonal tests.

J. Coordinate schedule with, and perform Cx activities at the direction of the CxA.

K. Comply with Construction Checklist requirements, including material verification, 
installation checks, startup, and performance tests requirements specified in Sections 
specifying electrical systems and equipment.

L. Provide qualified testing and inspecting agency personnel in accordance with Section 
260010 "Supplemental Requirements for Electrical," instrumentation, tools, and 
equipment to complete and document the following:

1. Performance tests.
2. Demonstration of a sample of performance tests.
3. Cx tests.
4. Cx test demonstrations.

3.4 Cx TESTS FOR ELECTRICAL SYSTEMS

A. Verification of Normal Electrical System Operation:

1. Prerequisites: Acceptance of results for construction checklists for Division 26 
electrical components associated with Normal electrical system.

2. Equipment and Systems to Be Tested: Division 26 electrical equipment.
3. Test Purpose: Verify operation of Normal electrical system.
4. Test Conditions: Energize components of Normal electrical system, one at a 

time.
5. Acceptance Criteria: Proper operation of Normal electrical system over a 24-hour 

period.
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B. Verification of Essential Electrical System Operation:

1. Prerequisites:

a. Acceptance of results for construction checklists for Division 26 electrical 
components associated with Essential electrical system.

b. Completion of "Verification of Normal Electrical System Operation" tests.

2. Equipment and Systems to Be Tested: Division 26 electrical equipment.
3. Test Purpose: Verify operation of Essential electrical system.
4. Test Conditions:

a. Energize components of Normal electrical system.
b. Simulate a failure of Normal electrical system.

5. Acceptance Criteria: Transfer of power from Normal to Essential electrical 
system within OPR.

C. Verification of Control and Instrumentation:

1. Prerequisites: Acceptance of results for construction checklists.

a. Section 260913 "Electrical Power Monitoring and Control."
b. Section 260926 "Lighting Control Panelboards."
c. Section 260936 "Modular Dimming Controls."
d. Section 260943.16 "Addressable-Luminaire Lighting Controls."
e. Section 260943.23 "Relay-Based Lighting Controls."
f. Section 262713 "Electricity Metering."
g. Section 263533 "Power Factor Correction Equipment."

D. Test Purpose: Verify operation of control and monitoring systems for Normal and 
Essential electrical systems.

E. Test Conditions:

1. Energize components of Normal electrical system.
2. Test operation of equipment.

F. Acceptance Criteria: Operation of equipment according to OPR.

END OF SECTION 260800
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SECTION 260923 - LIGHTING CONTROL DEVICES

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 260526 "Grounding and Bonding for Electrical Systems" specifies 
grounding and bonding of lighting control devices referenced by this Section.

2. Section 260529 "Hangers and Supports for Electrical Systems" specifies hangers 
and supports referenced by this Section.

3. Section 260553 "Identification for Electrical Systems" specifies electrical 
equipment labels and warning signs referenced by this Section.

4. Section 262726 "Wiring Devices" for wall-box dimmers and manual light 
switches.

1.2 DEFINITIONS

A. BCELTS: Branch circuit emergency lighting transfer switch.

B. DPDT: Double pole double throw.

C. DPST: Double pole single throw.

D. N.C.: Normally closed.

E. N.O.: Normally open.

F. PIR: Passive infrared.

G. SPDT: Single pole double throw.

H. SPST: Single pole single throw.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Product Listing: Include copy of unexpired approval letter, on letterhead of 
qualified electrical testing agency, certifying product's compliance with specified 
listing criteria.

a. If listed manufacturer differs from selling manufacturer, indicate relationship 
between entities on submittal. Clearly indicate which entity warrants 
product performance and fitness for purpose.

b. Listing criteria identified in approval letter must match specified listing 
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criteria. UL label indicating approval of equipment's enclosure is not 
considered approval of equipment for intended application.

c. Product identification in approval letter must match product branding and 
model numbers in submittal. Approval letters for discontinued or 
superseded products are unacceptable for submitted product.

2. Include manufacturer's sample extended warranty language.

B. Shop Drawings: Prepare and submit the following:

1. Show installation details for the following:

a. Occupancy sensors.
b. Vacancy sensors.

2. Interconnection diagrams showing field-installed wiring.
3. Diagrams for power, signal, and control wiring.

C. Sustainable Design Submittals:

1. ASHRAE/IES 90.1 LPD Compliance Documentation: Prepare plans and 
calculations demonstrating that as-constructed lighting power density complies 
with mandatory provisions of ASHRAE/IES 90.1 and that as-constructed lighting, 
including daylighting and controls, improves on baseline energy performance. If 
included with Project, indicate locations of energy meters for lighting loads.

2. Lighting Control Documentation: Floor plans indicating the following information:

a. As-installed locations of switches and dimmers.
b. Lighting zones and control strategy for each switch or dimmer, including 

unoccupied time-delay setting for shut-off and override time-delay setting 
for shut-off.

c. Multilevel or dimming range capability for each switch or dimmer.
d. Which switches or dimmers are operated by occupancy sensors, vacancy 

sensors, daylighting sensors, or time clocks.

D. Field quality-control reports.

1.4 INFORMATIONAL SUBMITTALS

A. Manufacturer's published instructions.

B. Field Reports:

1. Manufacturer's field reports for field quality-control support.
2. Field reports for software and firmware upgrades.

1.5 CLOSEOUT SUBMITTALS

A. Warranty documentation.
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B. Software and firmware service agreement.

1.6 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures, conduct tests of complex 
equipment, analyze test and equipment data, plan a job, and lead a team. Has 
experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems; evaluate 
tests, test equipment, test results, and power system performance; recommend actions 
to maintain or improve system performance; and lead multiteam projects.

C. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from qualified electrical testing laboratory recognized by authorities having jurisdiction.

D. Lighting Testing and Inspecting Agency: Entity possessing active qualifications 
specified in Section 014000 "Quality Requirements" with documented training and 
experience with testing and inspecting lighting installations in accordance with 
applicable IES standards.

1.7 WARRANTY

A. Special Installer Extended Warranty: Installer warrants that installed lighting control 
devices perform in accordance with specified requirements and agrees to repair or 
replace components or products that fail to perform as specified within extended-
warranty period. Warranty must convey to Owner upon acceptance of the Work.

B. Special Manufacturer Extended Warranty: Manufacturer warrants that lighting control 
devices perform in accordance with specified requirements and agrees to provide 
repair or replacement of components or products that fail to perform as specified within 
extended-warranty period. Warranty must convey to Owner upon acceptance of the 
Work.

1. Failures include, but are not limited to, the following:

a. Faulty operation of lighting control software.
b. Faulty operation of lighting control devices.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: 

1. Products or components listed and labeled in accordance with NFPA 70, by 
qualified electrical testing laboratory recognized by authorities having jurisdiction, 
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and marked for intended location and application.
2. Must comply with CCR Title 24.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine lighting control devices before installation. Reject lighting control devices that 
are wet, moisture damaged, or mold damaged.

B. Examine walls and ceilings for suitable conditions where lighting control devices will be 
installed.

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

3.2 SELECTION OF CONDUCTORS AND CABLES

A. Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than 12 
AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables."

B. Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors 
not smaller than 18 AWG. Comply with requirements in Section 260519 "Low-Voltage 
Electrical Power Conductors and Cables."

C. Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not 
smaller than 14 AWG. Comply with requirements in Section 260519 "Low-Voltage 
Electrical Power Conductors and Cables."

3.3 INSTALLATION OF LIGHTING CONTROL DEVICES

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in the Contract Documents or manufacturer's published instructions, 
comply with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Maintenance: NFPA 70B.
3. Electrical Safety: NFPA 70E.
4. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
5. Communications Work: BICSI N1.
6. Life Safety and Means of Egress Work: NFPA 101.
7. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
8. Consult Architect for resolution of conflicting requirements.

C. Special Installation Techniques:
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1. Coordinate layout and installation of ceiling-mounted devices with other 
construction that penetrates ceilings or is supported by them, including light 
fixtures, HVAC equipment, smoke detectors, fire-suppression systems, and 
partition assemblies.

2. Install and aim sensors in locations to achieve not less than 90 percent coverage 
of areas indicated. Do not exceed coverage limits specified in manufacturer's 
instructions.

3. Installation of Industrial Control Switches: Mount electrically held lighting 
contactors with elastomeric isolator pads to eliminate structure-borne vibration 
unless contactors are installed in an enclosure with factory-installed vibration 
isolators.

4. Installation of Wiring:

a. Conduit: Minimum conduit size is 1/2 inch.
b. Wiring within Enclosures: Separate power-limited and nonpower-limited 

conductors in accordance with conductor manufacturer's published 
instructions.

c. Size conductors in accordance with lighting control device manufacturer's 
published instructions unless otherwise indicated.

d. Splices, Taps, and Terminations: Make connections only on numbered 
terminal strips in junction, pull, device, and outlet boxes; terminal cabinets; 
and equipment enclosures.

D. Interfaces with Other Work:

1. Identification: Provide labels for lighting control devices and associated electrical 
equipment.

a. Identify field-installed conductors, interconnecting wiring, and components.
b. Label each enclosure with engraved metal or laminated-plastic nameplate.
c. Identify controlled circuits in lighting contactors.
d. Identify circuits or luminaires controlled by photoelectric and occupancy 

sensors at each sensor.
e. Label time switches and contactors with a unique designation.

3.4 FIELD QUALITY CONTROL

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Administrant for Lighting Tests and Inspections:

1. Administer and perform tests and inspections.

C. Tests and Inspections:

1. Operational Test: After installing time switches and sensors, and after electrical 
circuitry has been energized, start units to confirm proper unit operation.

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

D. Nonconforming Work:

1. Lighting control devices will be considered defective if they do not pass tests and 
inspections.

2. Remove and replace defective units and retest.

E. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.5 ADJUSTING

A. Occupancy Adjustments: When requested within 12 months from date of Substantial 
Completion, provide on-site assistance in adjusting lighting control devices to suit 
actual occupied conditions. Provide up to two visits to the Project site during other-
than-normal occupancy hours for this purpose. Some of the Work may be required 
during hours of darkness.

1. For occupancy and motion sensors, verify operation at outer limits of detector 
range. Set time delay to suit Owner's operations.

2. For daylighting controls, adjust set points and deadband controls to suit Owner's 
operations.

3. Align high-bay occupancy sensors using manufacturer's laser aiming tool.

3.6 CLOSEOUT ACTIVITIES

A. Demonstration:

1. Demonstrate to Owner's maintenance and clerical personnel and building 
occupants how to operate the following systems and equipment:

a. Lighting control devices.

B. Training:

1. Train Owner's maintenance personnel on the following topics:

a. How to adjust, operate, and maintain lighting control devices.

END OF SECTION 260923
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SECTION 262726 - WIRING DEVICES

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 260526 "Grounding and Bonding for Electrical Systems" specifies 
grounding and bonding referenced by this Section.

2. Section 260533.16 "Boxes and Covers for Electrical Systems" specifies covers 
and cover plates referenced by this Section.

3. Section 260553 "Identification for Electrical Systems" specifies electrical 
equipment labels and warning signs referenced by this Section.

4. Section 260923 "Lighting Control Devices" for occupancy sensors, timers, 
control-voltage switches, and control-voltage dimmers.

5. Section 262726.33 "General-Grade Duplex Straight-Blade Receptacles" for 
additional wiring device products.

1.2 DEFINITIONS

A. AFCI: Arc-Fault Circuit Interrupter.

B. Commercial/Industrial-Use Cord Reel: A cord reel subject to severe use in factories, 
commercial garages, construction sites, and similar locations requiring a harder 
service-type cord.

C. GFCI: Ground-Fault Circuit Interrupter.

D. UL 1472 Type I Dimmer: Dimmer in which air-gap switch is used to energize preset 
lighting levels.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Product Listing: Include copy of unexpired approval letter, on letterhead of 
qualified electrical testing agency, certifying product's compliance with specified 
listing criteria.

a. If listed manufacturer differs from selling manufacturer, indicate relationship 
between entities on submittal. Clearly indicate which entity warrants 
product performance and fitness for purpose.

b. Listing criteria identified in approval letter must match specified listing 
criteria. UL label indicating approval of equipment's enclosure is not 
considered approval of equipment for intended application.

c. Product identification in approval letter must match product branding and 
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model numbers in submittal. Approval letters for discontinued or 
superseded products are not acceptable for submitted product.

2. Include manufacturer's sample extended warranty language.

B. Shop Drawings:

1. Wiring diagrams for duplex straight-blade receptacles with integral switching 
means.

C. Field quality-control reports.

1.4 INFORMATIONAL SUBMITTALS

A. Manufacturer's published instructions.

B. Field Reports:

1. Manufacturer's field reports for field quality-control support.

1.5 CLOSEOUT SUBMITTALS

A. Warranty documentation.

1.6 MAINTENANCE MATERIAL SUBMITTALS

A. Extra stock material.

B. Special tools.

1.7 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures, conduct tests of complex 
equipment, analyze test and equipment data, plan a job, and lead a team. Has 
experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems; evaluate 
tests, test equipment, test results, and power system performance; recommend actions 
to maintain or improve system performance; and lead multi-team projects.

C. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.
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1.8 WARRANTY FOR DEVICES

A. Special Installer Extended Warranty: Installer warrants that installed devices perform in 
accordance with specified requirements and agrees to repair or replace products that 
fail to perform as specified within extended-warranty period. Warranty must convey to 
Owner upon acceptance of the Work.

B. Special Manufacturer Extended Warranty: Manufacturer warrants that devices perform 
in accordance with specified requirements and agrees to provide repair or replacement 
of devices that fail to perform as specified within extended warranty period.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Products or components listed and labeled in accordance 
with NFPA 70, by qualified electrical testing laboratory recognized by authorities having 
jurisdiction, and marked for intended location and application.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Receptacles:

1. Verify that receptacles to be procured and installed for Owner-furnished 
equipment are compatible with mating attachment plugs on equipment.

B. Cord Reels:

1. Examine roughing-in for cord reel mounting and power connections to verify 
actual locations of mounts and power connections before cord reel installation.

2. Examine walls, floors, and ceilings for suitable conditions where cord reel will be 
installed.

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

3.2 SELECTION OF CONTROLLED AND UNCONTROLLED RECEPTACLES

A. Private and Open Office Spaces:

1. Uncontrolled Receptacles at Workstations: Coordinate final locations of 
receptacles with furniture plan such that at least one uncontrolled receptacle is 
selected for installation not greater than 6 ft. (1.8 m) from each workstation.

2. Controlled Receptacles at Workstations: Coordinate final locations of receptacles 
with furniture plan such that at least one controlled receptacle is selected for 
installation not greater than 6 ft. (1.8 m) from each workstation.
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3. Contact Architect for resolution of discrepancies between these requirements 
and Drawings.

3.3 SELECTION OF GFCI RECEPTACLES

A. Healthcare Facilities: Unless protection of downstream branch-circuit wiring, cord sets, 
and power-supply cords is required by NFPA 70 or NFPA 99, provide non-feed-through 
GFCI receptacles.

3.4 INSTALLATION OF SWITCHES

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in the Contract Documents or manufacturer's published instructions, 
comply with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Safety: NFPA 70E.
3. Life Safety and Means of Egress Work: NFPA 101.
4. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
5. Wiring Devices: NECA NEIS 130.
6. Mounting Heights: NECA NEIS 1.
7. Consult Architect for resolution of conflicting requirements.

C. Interfaces with Other Work:

1. Identification:

a. Identify cover or cover plate for device with panelboard identification and 
circuit number.

b. Mark cover or cover plate using hot, stamped, or engraved machine 
printing with black-filled lettering, and provide durable wire markers or tags 
inside device box or outlet box.

c. Provide warning signs and arc-flash hazard warning labels for electrical 
equipment.

d. Healthcare Facilities: Distinctively identify covers or cover plates of device 
boxes and outlet boxes that are supplied from life safety and critical branch 
power supplies following facility's standard practice.

3.5 INSTALLATION OF STRAIGHT-BLADE RECEPTACLES

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in the Contract Documents or manufacturer's published instructions, 
comply with the following:
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1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Safety: NFPA 70E.
3. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
4. Work in ITE Rooms: NFPA 75.
5. Work in Health Care Facilities: NFPA 99 and Article 517 of NFPA 70.
6. Work in Confined Spaces: NFPA 350.
7. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
8. Installing and Maintaining Wiring Devices: NECA NEIS 130.
9. Mounting Heights: Unless otherwise indicated in the Contract Documents, 

comply with mounting heights recommended in NECA NEIS 1.
10. Receptacle Orientation: Unless otherwise indicated in the Contract Documents, 

orient receptacle to match configuration diagram in NEMA WD 6.
11. Consult Architect for resolution of conflicting requirements.

C. Interfaces with Other Work:

1. Identification: Provide labels for receptacles and associated electrical equipment.

a. Identify field-installed conductors, interconnecting wiring, and components.
b. Label each enclosure with engraved metal or laminated-plastic nameplate.

1) Identify cover or cover plate for device with panelboard identification 
and circuit number.

2) Mark cover or cover plate using hot, stamped, or engraved machine 
printing with black-filled lettering, and provide durable wire markers or 
tags inside device box or outlet box.

c. Provide warning signs and arc-flash hazard warning labels for electrical 
equipment.

2. Do not install Type 3 SPD, including surge-protected relocatable taps and power 
strips, on branch circuit downstream of GFCI device.

3.6 INSTALLATION OF CORD REELS AND FITTINGS

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in the Contract Documents or manufacturer's published instructions, 
comply with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Maintenance: NFPA 70B.
3. Electrical Safety: NFPA 70E.
4. Hot Work: NFPA 51B.
5. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
6. Work in Confined Spaces: NFPA 350.
7. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
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3.7 FIELD QUALITY CONTROL OF SWITCHES

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Tests and Inspections:

1. Perform tests and inspections in accordance with manufacturers' published 
instructions.

C. Nonconforming Work:

1. Unit will be considered defective if it does not pass tests and inspections.
2. Remove and replace defective units and retest.

D. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.8 FIELD QUALITY CONTROL OF STRAIGHT-BLADE RECEPTACLES

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Tests and Inspections:

1. Insert and remove test plug to verify that device is securely mounted.
2. Verify polarity of hot and neutral pins.
3. Measure line voltage.
4. Measure percent voltage drop.
5. Measure grounding circuit continuity; impedance must be not greater than 2 

ohms.
6. Perform additional installation and maintenance inspections and diagnostic tests 

in accordance with NECA NEIS 130 and manufacturers' published instructions.

C. Nonconforming Work:

1. Device will be considered defective if it does not pass tests and inspections.
2. Remove and replace defective units and retest.

D. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.9 FIELD QUALITY CONTROL OF CORD REELS AND FITTINGS

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.
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B. Tests and Inspections:

1. Perform tests and inspections indicated in manufacturer's published instructions.

C. Nonconforming Work:

1. Components and assemblies will be considered defective if they do not pass 
tests and inspections.

2. Remove and replace defective units and retest.

D. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.10 SYSTEM STARTUP FOR SWITCHES

A. Perform startup service.

1. Complete installation and startup checks in accordance with manufacturer's 
published instructions.

3.11 ADJUSTING

A. Cord Reels and Fittings: Adjust spring mechanisms and moving parts of cord reels and 
fittings to function smoothly, and lubricate as recommended in writing by manufacturer.

3.12 PROTECTION

A. Devices:

1. Schedule and sequence installation to minimize risk of contamination of wires 
and cables, devices, device boxes, outlet boxes, covers, and cover plates by 
plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other 
materials.

2. After installation, protect wires and cables, devices, device boxes, outlet boxes, 
covers, and cover plates from construction activities. Remove and replace items 
that are contaminated, defaced, damaged, or otherwise caused to be unfit for 
use prior to acceptance by Owner.

B. Cord Reels and Fittings:

1. After installation, protect cord reels and fittings from construction activities. 
Remove and replace items that are contaminated, defaced, damaged, or 
otherwise caused to be unfit for use prior to acceptance by Owner.

C. Connectors, Cords, and Plugs:

1. After installation, protect connectors, cords, and plugs from construction 
activities. Remove and replace items that are contaminated, defaced, damaged, 
or otherwise caused to be unfit for use prior to acceptance by Owner.
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END OF SECTION 262726
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SECTION 262726.33 - GENERAL-GRADE DUPLEX STRAIGHT-BLADE RECEPTACLES

PART 1 - GENERAL

1.1 SUMMARY

A. Related Requirements:

1. Section 260526 "Grounding and Bonding for Electrical Systems" specifies 
grounding and bonding referenced by this Section.

2. Section 260533.16 "Boxes and Covers for Electrical Systems" specifies covers 
and cover plates referenced by this Section.

3. Section 260553 "Identification for Electrical Systems" specifies electrical 
equipment labels and warning signs referenced by this Section.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Product Listing: Include copy of unexpired approval letter, on letterhead of 
qualified electrical testing agency, certifying product's compliance with specified 
listing criteria.

a. If listed manufacturer differs from selling manufacturer, indicate relationship 
between entities on submittal. Clearly indicate which entity warrants 
product performance and fitness for purpose.

b. Listing criteria identified in approval letter must match specified listing 
criteria. UL label indicating approval of equipment's enclosure is not 
considered approval of equipment for intended application.

c. Product identification in approval letter must match product branding and 
model numbers in submittal. Approval letters for discontinued or 
superseded products are unacceptable for submitted product.

2. Include manufacturer's sample extended warranty language.

B. Samples:

1. One for each kind of duplex straight-blade receptacle and cover plate accessory 
specified, in each finish and color specified.

C. Shop Drawings:

1. Wiring diagrams for duplex straight-blade receptacles with integral switching 
means.

D. Field quality-control reports.
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1.3 INFORMATIONAL SUBMITTALS

A. Manufacturer's published instructions.

B. Field Reports:

1. Manufacturer's field reports for field quality-control support.

1.4 CLOSEOUT SUBMITTALS

A. Warranty documentation.

1.5 MAINTENANCE MATERIAL SUBMITTALS

A. Extra stock material.

B. Special tools.

1.6 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures, conduct tests of complex 
equipment, analyze test and equipment data, plan a job, and lead a team. Has 
experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems; evaluate 
tests, test equipment, test results, and power system performance; recommend actions 
to maintain or improve system performance; and lead multi-team projects.

C. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.

1.7 WARRANTY

A. Special Manufacturer Extended Warranty: Manufacturer warrants that devices perform 
in accordance with specified requirements and agrees to provide repair or replacement 
of devices that fail to perform as specified within extended warranty period.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Products or components listed and labeled in accordance 
with NFPA 70, by a qualified electrical testing laboratory recognized by authorities 
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having jurisdiction, and marked for intended location and application.

2.2 MAINTENANCE MATERIAL ITEMS

A. Extra Stock Material: Furnish to Owner extra materials that match products installed 
and that are packaged with protective covering for storage and identified with labels 
describing contents.

B. Special Tools: Furnish to Owner proprietary equipment, keys, and software required to 
operate, maintain, repair, adjust, or implement future changes to controlled 
receptacles, that are packaged with protective covering for storage on-site and 
identified with labels describing contents.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify that receptacles to be procured and installed for Owner-furnished equipment are 
compatible with mating attachment plugs on equipment.

3.2 SELECTION OF CONTROLLED AND UNCONTROLLED RECEPTACLES

A. Private and Open Office Spaces:

1. Uncontrolled Receptacles at Workstations: Coordinate final locations of 
receptacles with furniture plan such that at least one uncontrolled receptacle is 
selected for installation not greater than 6 ft. (1.8 m) from each workstation.

2. Controlled Receptacles at Workstations: Coordinate final locations of receptacles 
with furniture plan such that at least one controlled receptacle is selected for 
installation not greater than 6 ft. (1.8 m) from each workstation.

3. Contact Architect for resolution of discrepancies between these requirements 
and Drawings.

3.3 INSTALLATION

A. Comply with manufacturer's instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in the Contract Documents or manufacturer's published instructions, 
comply with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Electrical Safety: NFPA 70E.
3. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
4. Work in ITE Rooms: NFPA 75.
5. Work in Health Care Facilities: NFPA 99 and Article 517 of NFPA 70.
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6. Work in Confined Spaces: NFPA 350.
7. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
8. Installing and Maintaining Wiring Devices: NECA NEIS 130.
9. Mounting Heights: Unless otherwise indicated in the Contract Documents, 

comply with mounting heights recommended in NECA NEIS 1.
10. Receptacle Orientation: Unless otherwise indicated in the Contract Documents, 

orient receptacle to match configuration diagram in NEMA WD 6.
11. Consult Architect for resolution of conflicting requirements.

C. Interfaces with Other Work:

1. Identification: Provide labels for receptacles and associated electrical equipment.

a. Identify field-installed conductors, interconnecting wiring, and components.
b. Label each enclosure with engraved metal or laminated-plastic nameplate.

1) Identify cover or cover plate for device with panelboard identification 
and circuit number.

2) Mark cover or cover plate using hot, stamped, or engraved machine 
printing with black-filled lettering, and provide durable wire markers or 
tags inside device box or outlet box.

c. Provide warning signs and arc-flash hazard warning labels for electrical 
equipment.

2. Do not install Type 3 SPD, including surge-protected relocatable taps and power 
strips, on branch circuit downstream of GFCI device.

3.4 FIELD QUALITY CONTROL

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Tests and Inspections:

1. Insert and remove test plug to verify that device is securely mounted.
2. Verify polarity of hot and neutral pins.
3. Measure line voltage.
4. Measure percent voltage drop.
5. Measure grounding circuit continuity; impedance must be not greater than 2 

ohms.
6. Perform additional installation and maintenance inspections and diagnostic tests 

in accordance with NECA NEIS 130 and manufacturers' instructions.

C. Nonconforming Work:

1. Device will be considered defective if it does not pass tests and inspections.
2. Remove and replace defective units and retest.
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D. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.5 PROTECTION

A. Schedule and sequence installation to minimize risk of contamination of wires and 
cables, devices, device boxes, outlet boxes, covers, and cover plates by plaster, 
drywall joint compound, mortar, cement, concrete, dust, paint, and other materials.

B. After installation, protect wires and cables, devices, device boxes, outlet boxes, covers, 
and cover plates from construction activities. Remove and replace items that are 
contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to 
acceptance by Owner.

END OF SECTION 262726.33
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 SUMMARY

1. Molded-case circuit breakers (MCCBs).
2. Enclosures.

1.2 DEFINITIONS

A. GFEP: Ground-fault circuit-interrupter for equipment protection.

B. GFLS: Ground-fault circuit-interrupter for life safety.

C. SPDT: Single pole, double throw.

1.3 ACTION SUBMITTALS

A. Product Data:

1. For each type of enclosed switch, circuit breaker, accessory, and component 
indicated. Include nameplate ratings, dimensioned elevations, sections, weights, 
and manufacturers' technical data on features, performance, electrical 
characteristics, ratings, accessories, and finishes.

2. Enclosure types and details for types other than UL 50E, Type 1.
3. Current and voltage ratings.
4. Short-circuit current ratings (interrupting and withstand, as appropriate).
5. Include evidence of qualified electrical testing laboratory listing for series rating of 

installed devices.
6. Detail features, characteristics, ratings, and factory settings of individual 

overcurrent protective devices, accessories, and auxiliary components.

B. Shop Drawings: For enclosed switches and circuit breakers.

1. Include plans, elevations, sections, details, and attachments to other work.
2. Include wiring diagrams for power, signal, and control wiring.

C. Field Quality-Control Submittals:

1. Field quality-control reports.

1.4 INFORMATIONAL SUBMITTALS

A. Sample warranties.
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1.5 CLOSEOUT SUBMITTALS

A. Warranty documentation.

1.6 MAINTENANCE MATERIAL SUBMITTALS

A. Spare Parts: Furnish to Owner spare parts, for repairing enclosed switches and circuit 
breakers, that are packaged with protective covering for storage on-site and identified 
with labels describing contents.

1.7 WARRANTY

A. Special Manufacturer Extended Warranty: Manufacturer warrants that enclosed 
switches and circuit breakers perform in accordance with specified requirements and 
agrees to provide repair or replacement of components or products that fail to perform 
as specified within extended-warranty period.

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS

A. Source Limitations: Obtain products from single manufacturer.

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
enclosed switches and circuit breakers, including clearances between enclosures, and 
adjacent surfaces and other items. Comply with indicated maximum dimensions.

C. Electrical Components, Devices, and Accessories: Listed and labeled in accordance 
with NFPA 70, by qualified electrical testing laboratory recognized by authorities having 
jurisdiction, and marked for intended location and application.

2.2 ENCLOSURES

A. Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, UL 50E, and UL 50, to 
comply with environmental conditions at installed location.

B. Enclosure Finish: Enclosure must be gray baked enamel paint, electrodeposited on 
cleaned, phosphatized steel (UL 50E Type 1).

C. Conduit Entry: UL 50E Types 4, 4X, and 12 enclosures may not contain knockouts. UL 
50E Types 7 and 9 enclosures must be provided with threaded conduit openings in 
both endwalls.

D. Operating Mechanism: Circuit-breaker operating handle must be externally operable 
with operating mechanism being integral part of box, not cover. Cover interlock 
mechanism must have externally operated override. Override may not permanently 
disable interlock mechanism, which must return to locked position once override is 
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released. Tool used to override cover interlock mechanism must not be required to 
enter enclosure in order to override interlock.

E. Enclosures designated as UL 50E Type 4, 4X stainless steel, 12, or 12K must have 
dual cover interlock mechanism to prevent unintentional opening of enclosure cover 
when circuit breaker is ON and to prevent turning circuit breaker ON when enclosure 
cover is open.

F. UL 50E Type 7/9 enclosures must be furnished with breather and drain kit to allow their 
use in outdoor and wet location applications.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance of 
the Work.

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

1. Commencement of work will indicate Installer's acceptance of areas and 
conditions as satisfactory.

3.2 SELECTION OF ENCLOSURES

A. Indoor, Dry and Clean Locations: UL 50E, Type 1.

B. Outdoor Locations: UL 50E, Type 3R.

C. Other Wet or Damp, Indoor Locations: UL 50E, Type 4.

D. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: UL 
50E, Type 12.

3.3 INSTALLATION

A. Comply with manufacturer's published instructions.

B. Special Techniques:

1. Coordinate layout and installation of switches, circuit breakers, and components 
with equipment served and adjacent surfaces. Maintain required workspace 
clearances and required clearances for equipment access doors and panels.

2. Install individual wall-mounted switches and circuit breakers with tops at uniform 
height unless otherwise indicated.

3. Comply with mounting and anchoring requirements specified in Section 
260548.16 "Seismic Controls for Electrical Systems."
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4. Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and 
brackets and temporary blocking of moving parts from enclosures and 
components.

5. Install fuses in fusible devices.

3.4 IDENTIFICATION

A. Comply with requirements in Section 260553 "Identification for Electrical Systems."

1. Identify field-installed conductors, interconnecting wiring, and components; 
provide warning signs.

2. Label each enclosure with engraved metal or laminated-plastic nameplate.

3.5 FIELD QUALITY CONTROL

A. Tests and Inspections for Switches:

1. Visual and Mechanical Inspection:

a. Inspect physical and mechanical condition.
b. Inspect anchorage, alignment, grounding, and clearances.
c. Verify that unit is clean.
d. Verify blade alignment, blade penetration, travel stops, and mechanical 

operation.
e. Verify that fuse sizes and types match the Specifications and Drawings.
f. Verify that each fuse has adequate mechanical support and contact 

integrity.
g. Inspect bolted electrical connections for high resistance using one of the 

following methods:

1) Use low-resistance ohmmeter.

a) Compare bolted connection resistance values to values of 
similar connections. Investigate values that deviate from those 
of similar bolted connections by more than 50 percent of lowest 
value.

2) Verify tightness of accessible bolted electrical connections by 
calibrated torque-wrench method in accordance with manufacturer's 
published data or NETA ATS Table 100.12.

a) Bolt-torque levels must be in accordance with manufacturer's 
published data. In absence of manufacturer's published data, 
use NETA ATS Table 100.12.

h. Verify that operation and sequencing of interlocking systems is as 
described in the Specifications and shown on Drawings.

i. Verify correct phase barrier installation.
j. Verify lubrication of moving current-carrying parts and moving and sliding 
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surfaces.

2. Electrical Tests:

a. Perform resistance measurements through bolted connections with low-
resistance ohmmeter. Compare bolted connection resistance values to 
values of similar connections. Investigate values that deviate from adjacent 
poles or similar switches by more than 50 percent of lowest value.

b. Measure contact resistance across each switchblade fuseholder. Drop 
values may not exceed high level of manufacturer's published data. If 
manufacturer's published data are not available, investigate values that 
deviate from adjacent poles or similar switches by more than 50 percent of 
lowest value.

c. Perform insulation-resistance tests for one minute on each pole, phase-to-
phase and phase-to-ground with switch closed, and across each open 
pole. Apply voltage in accordance with manufacturer's published data. In 
absence of manufacturer's published data, use Table 100.1 from NETA 
ATS. Investigate values of insulation resistance less than those published 
in Table 100.1 or as recommended in manufacturer's published data.

d. Measure fuse resistance. Investigate fuse-resistance values that deviate 
from each other by more than 15 percent.

e. Perform ground fault test in accordance with NETA ATS Section 7.14 
"Ground Fault Protection Systems, Low-Voltage."

B. Tests and Inspections for Molded-Case Circuit Breakers:

1. Visual and Mechanical Inspection:

a. Verify that equipment nameplate data are as described in the 
Specifications and shown on Drawings.

b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, grounding, and clearances.
d. Verify that unit is clean.
e. Operate circuit breaker to ensure smooth operation.
f. Inspect bolted electrical connections for high resistance using one of the 

following methods:

1) Use low-resistance ohmmeter.

a) Compare bolted connection resistance values to values of 
similar connections. Investigate values that deviate from those 
of similar bolted connections by more than 50 percent of lowest 
value.

2) Verify tightness of accessible bolted electrical connections by 
calibrated torque-wrench method in accordance with manufacturer's 
published data or NETA ATS Table 100.12.

a) Bolt-torque levels must be in accordance with manufacturer's 
published data. In absence of manufacturer's published data, 
use NETA ATS Table 100.12.
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g. Inspect operating mechanism, contacts, and chutes in unsealed units.
h. Perform adjustments for final protective device settings in accordance with 

coordination study.

2. Electrical Tests:

a. Perform resistance measurements through bolted connections with low-
resistance ohmmeter. Compare bolted connection resistance values to 
values of similar connections. Investigate values that deviate from adjacent 
poles or similar switches by more than 50 percent of lowest value.

b. Perform insulation-resistance tests for one minute on each pole, phase-to-
phase and phase-to-ground with circuit breaker closed, and across each 
open pole. Apply voltage in accordance with manufacturer's published 
data. In absence of manufacturer's published data, use Table 100.1 from 
NETA ATS. Investigate values of insulation resistance less than those 
published in Table 100.1 or as recommended in manufacturer's published 
data.

c. Perform contact/pole resistance test. Drop values may not exceed high 
level of manufacturer's published data. If manufacturer's published data are 
not available, investigate values that deviate from adjacent poles or similar 
switches by more than 50 percent of lowest value.

d. Perform insulation resistance tests on control wiring with respect to ground. 
Applied potential must be 500 V(dc) for 300 V rated cable and 1000 V(dc) 
for 600 V rated cable. Test duration must be one minute. For units with 
solid state components, follow manufacturer's recommendation. Insulation 
resistance values may be no less than 2 MΩ.

e. Determine the following by primary current injection:

1) Long-time pickup and delay. Pickup values must be as specified. Trip 
characteristics may not exceed manufacturer's published time-current 
characteristic tolerance band, including adjustment factors.

2) Short-time pickup and delay. Short-time pickup values must be as 
specified. Trip characteristics may not exceed manufacturer's 
published time-current characteristic tolerance band, including 
adjustment factors.

3) Ground-fault pickup and time delay. Ground-fault pickup values must 
be as specified. Trip characteristics may not exceed manufacturer's 
published time-current characteristic tolerance band, including 
adjustment factors.

4) Instantaneous pickup. Instantaneous pickup values must be as 
specified and within manufacturer's published tolerances.

f. Test functionality of trip unit by means of primary current injection. Pickup 
values and trip characteristics must be as specified and within 
manufacturer's published tolerances.

g. Perform minimum pickup voltage tests on shunt trip and close coils in 
accordance with manufacturer's published data. Minimum pickup voltage of 
shunt trip and close coils must be as indicated by manufacturer.

h. Verify correct operation of auxiliary features such as trip and pickup 
indicators; zone interlocking; electrical close and trip operation; trip-free, 
anti-pump function; and trip unit battery condition. Reset trip logs and 
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indicators. Investigate units that do not function as designed.
i. Verify operation of charging mechanism. Investigate units that do not 

function as designed.

3. Test and adjust controls, remote monitoring, and safeties.

C. Nonconforming Work:

1. Enclosed switches and circuit breakers will be considered defective if they do not 
pass tests and inspections.

2. Remove and replace defective units and retest.

D. Collect, assemble, and submit test and inspection reports.

1. Test procedures used.
2. Include identification of each enclosed switch and circuit breaker tested and 

describe test results.
3. List deficiencies detected, remedial action taken, and observations after remedial 

action.

3.6 ADJUSTING

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer.

B. Set field-adjustable circuit-breaker trip ranges to values indicated on Drawings.

3.7 PROTECTION

A. After installation, protect enclosed switches and circuit breakers from construction 
activities. Remove and replace items that are contaminated, defaced, damaged, or 
otherwise caused to be unfit for use prior to acceptance by Owner.

3.8 MAINTENANCE

A. Infrared Scanning of Enclosed Switches and Breakers: Two months after Substantial 
Completion, perform infrared scan of joints and connections. Remove covers so joints 
and connections are accessible to portable scanner. Take visible light photographs at 
same locations and orientations as infrared scans for documentation to ensure follow-
on scans match same conditions for valid comparison.

1. Instruments and Equipment: Use infrared scanning device designed to measure 
temperature or to detect significant deviations from normal values. Provide 
calibration record for device.

2. Follow-up Infrared Scanning: Perform two follow-up infrared scans of enclosed 
switches and breakers, one at four months and another at 11 months after 
Substantial Completion.

3. Instrument: Use infrared-scanning device designed to measure temperature or to 
detect significant deviations from normal values. Provide documentation of 
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device calibration.
4. Report: Prepare certified report that identifies units checked and that describes 

scanning results. Include notation of deficiencies detected, remedial actions 
taken, and scanning observations after remedial action.

END OF SECTION 262816
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SECTION 265000 - LIGHTING

PART 1 - GENERAL

1.1 SUMMARY

1. Luminaires.
2. Luminaire fittings.

B. Related Requirements:

1. Section 260519 "Low-Voltage Electrical Power Conductors and Cables" 
andSection 260523 "Control-Voltage Electrical Power Cables" specifies wiring 
connections installed by this Section.

2. Section 260529 "Hangers and Supports for Electrical Systems" specifies channel 
and angle supports installed by this Section.

3. Section 260553 "Identification for Electrical Systems" specifies electrical 
equipment labels and warning signs installed by this Section.

4. Section 260923 "Lighting Control Devices" specifies automatic control of lighting, 
including time switches, photoelectric relays, occupancy sensors, and multipole 
lighting relays and contactors installed by this Section.

1.2 DEFINITIONS

A. BUG Rating: Backlight, uplight, and glare rating for light pollution from exterior 
luminaires.

B. Correlated Color Temperature (CCT): The absolute temperature (in kelvins) of a 
blackbody whose chromaticity (color quality) most nearly resembles that of the light 
source.

C. Color Rendering Index (CRI): The measure of the degree of color shift objects undergo 
when illuminated by the light source as compared with the color of those same objects 
when illuminated by a reference light source. The lower the CRI of a light source, the 
more difficult it is to identify colors and stripes on electronic components and wiring.

D. IDA: International Dark-Sky Association.

E. IES: Illuminating Engineering Society.

F. LPD: Lighting power density.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Luminaires: Include the following additional information:
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a. Product Listing: Include copy of unexpired approval letter, on letterhead of 
qualified electrical testing agency, certifying product's compliance with 
specified listing criteria.

1) If listed manufacturer differs from selling manufacturer, indicate 
relationship between entities on submittal. Clearly indicate which 
entity warrants product performance and fitness for purpose.

2) Listing criteria identified in approval letter must match specified listing 
criteria. Approval of only equipment's enclosure is not considered 
approval of equipment for intended application.

3) Product identification in approval letter must match product branding 
and model numbers in submittal. Approval letters for similar products 
are not acceptable.

b. Product Certificates: Include product certificates stating compliance with 
standards listed below, signed by manufacturer or fabricator.

1) Manufacturers' Certified Data: Photometric data certified by 
manufacturer's laboratory with current accreditation under National 
Voluntary Laboratory Accreditation Program (NVLAP) for Energy 
Efficient Lighting Products.

2) Testing Agency Certified Data: For luminaires indicated on Lighting 
Fixture Schedule on the Drawings, photometric data certified by 
qualified independent testing laboratory. Photometric data for 
remaining luminaires must be certified by manufacturer.

c. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes.

d. Include operating characteristics, electrical characteristics, and furnished 
accessories.

e. Include schedule of submitted lighting products. Arrange schedule and 
accompanying product data in order by luminaire and lamp designations 
indicated on the Drawings.

f. Include battery and charger data for emergency lighting units.
g. Include ballast factor.
h. Include life, output (lumens, CCT, and CRI), and energy-efficiency data.
i. Include photometric data and adjustment factors obtained from qualified 

laboratory tests.
j. Include manufacturer's sample warranty language.

2. Luminaire Fittings: Include the following additional information:

a. Product Listing: Include copy of unexpired approval letter, on letterhead of 
qualified electrical testing agency, certifying product's compliance with 
specified listing criteria.

1) If listed manufacturer differs from selling manufacturer, indicate 
relationship between entities on submittal. Clearly indicate which 
entity warrants product performance and fitness for purpose.

2) Listing criteria identified in approval letter must match specified listing 
criteria. Approval of only equipment's enclosure is not considered 
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approval of equipment for intended application.
3) Product identification in approval letter must match product branding 

and model numbers in submittal. Approval letters for similar products 
are not acceptable.

b. Include construction details, material descriptions, dimensions of individual 
components and profiles, and finishes.

c. Include operating characteristics, electrical characteristics, and furnished 
accessories.

d. Include schedule of submitted lighting products. Arrange schedule and 
accompanying product data in order by luminaire and lamp designations 
indicated on the Drawings.

e. Include manufacturer's sample warranty language.

B. Samples:

1. Luminaires: One for each kind of luminaire with specified rating, size, finish, 
color, and texture.

2. Luminaire Fittings: One for each kind of luminaire fitting with specified rating, 
size, finish, color, and texture.

C. Shop Drawings: Prepare and submit the following:

1. Drawings, Diagrams, and Supporting Documents for Custom Luminaires:

a. Include plans, elevations, sections, and mounting and attachment details.
b. Include details of luminaire assemblies. Indicate dimensions, weights, 

loads, required clearances, method of field assembly, components, and 
location and size of each field connection.

c. Include diagrams for power, signal, and control wiring.

D. Field quality-control reports.

1.4 INFORMATIONAL SUBMITTALS

A. Manufacturers' published instructions.

B. Field Reports:

1. Manufacturer's field reports for field quality-control support.
2. Manufacturer's field reports for system startup support.

1.5 CLOSEOUT SUBMITTALS

A. Warranty documentation.

1.6 MAINTENANCE MATERIAL SUBMITTALS

A. Spare parts.
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B. Extra stock material.

1.7 QUALIFICATIONS

A. Electrical Power Testing (EPT) Technician III: Possessing active NICET EPT Level III 
certification. Able to manage switching procedures; conduct tests of complex 
equipment; analyze test and equipment data; plan a job; and lead a team. Has 
experience performing NFPA 70B, IEEE, and NETA electrical tests.

B. Electrical Power Testing (EPT) Technician IV: Possessing active NICET EPT Level IV 
certification. Able to conduct tests of complex metering and relay systems; evaluate 
tests, test equipment, test results, and power system performance; recommend actions 
to maintain or improve system performance; and lead multi-team projects.

C. Electrical Power Testing and Inspecting Agency: Entities possessing active credentials 
from a qualified electrical testing laboratory recognized by authorities having 
jurisdiction.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Protect exposed surface finishes on lighting equipment by applying strippable, 
temporary protective covering before shipping.

1.9 WARRANTY FOR LUMINAIRES

A. Special Installer Extended Warranty: Installer warrants that fabricated and installed 
luminaires perform in accordance with specified requirements and agrees to repair or 
replace products that fail to perform as specified within extended-warranty period. 
Warranty must convey to Owner upon acceptance of the Work.

1. Extended-Warranty Period: Two years from date of Substantial Completion; full 
coverage for labor, materials, and equipment.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Regulatory Requirements: Products or components listed and labeled in accordance 
with NFPA 70, by qualified electrical testing laboratory recognized by authorities having 
jurisdiction, and marked for intended location and application.

2.2 LUMINAIRE FITTINGS

A. Luminaire Support Accessories:

1. Standard Features:
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a. Sized and rated for luminaire weight.
b. Capable of maintaining luminaire position after cleaning and relamping.
c. Capable of supporting luminaire without causing deflection of ceiling or 

wall.
d. Capable of supporting horizontal force equal to 100 percent of luminaire 

weight and vertical force equal to 400 percent of luminaire weight.

2. Other Available Features Required by the Project:

a. Hook Hangers: Integrated assembly matched to luminaire, supply voltage, 
and equipment with threaded attachment, cord, and locking-type plug.

b. Wires: ASTM A641/A641M, Class 3, soft temper, zinc-coated steel, 
12 gage wire supports 10 ft in length.

c. Aircraft Cables: 5/32 inch diameter aircraft cable supports 10 ft in length.
d. Single-Stem Hangers: 1/2 inch nominal diameter steel tubing with swivel 

ball fittings and ceiling canopy. Finish same as luminaire.
e. Rod Hangers: 3/16 inch nominal diameter, cadmium-plated, threaded steel 

rod.

2.3 MAINTENANCE MATERIAL ITEMS

A. Spare Parts: Furnish to Owner spare parts, for repairing lighting equipment, that are 
packaged with protective covering for storage on-site and identified with labels 
describing contents.

B. Extra Stock Material: Furnish to Owner extra materials that match products installed 
and that are packaged with protective covering for storage and identified with labels 
describing contents.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
the Work.

B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical 
connections before luminaire installation.

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

3.2 PREPARATION

A. Temporary Lighting: If approved by Architect, specified luminaires for the Project may 
be installed for temporary lighting. Install and energize minimum quantity of luminaires 
necessary to meet needs of construction activities. When construction is sufficiently 
complete, remove, disassemble, clean, and relamp luminaires used for temporary 
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lighting before reinstalling for the Project's delivery.

3.3 INSTALLATION OF LIGHTING

A. Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements 
are specified in Contract Documents or manufacturers' published instructions, comply 
with the following:

1. Electrical Construction: ICC IBC, ICC IFC, NFPA 1, NFPA 70, and NECA NEIS 
1.

2. Grounding and Bonding: NECA NEIS 331 and Article 250 of NFPA 70.
3. Work in Confined Spaces: NFPA 350.
4. Work in Basements and Other Developed Subterranean Spaces: NFPA 520.
5. Installation of Indoor Lighting Systems: NECA NEIS 500.
6. Installation of Exterior Lighting Systems: NECA NEIS 501.
7. Installation of Industrial Lighting Systems: NECA NEIS 502.
8. Installation of Luminaires, Lampholders, and Lamps: Article 410 of NFPA 70.
9. Installation of Extra-Low-Voltage Lighting: Article 411 of NFPA 70.
10. Installation of Lighting for Sensitive Electronic Equipment: Article 647 of NFPA 

70.
11. Installation of Emergency Lighting and Exit Signs: ICC IBC, NFPA 101, and Parts 

IV and V in Article 700 of NFPA 70.
12. Consult Architect for resolution of conflicting requirements.

C. Special Installation Techniques:

1. Install luminaires level, plumb, and square with finished floor or grade unless 
otherwise indicated.

2. Install luminaires at height and aiming angle as indicated on the Drawings.
3. Coordinate layout and installation of luminaires with other construction.
4. Adjust luminaires that require field adjustment or aiming.
5. Exterior Corrosion Prevention:

a. Do not use aluminum in contact with earth or concrete. When in direct 
contact with dissimilar metals, protect aluminum with insulating fittings or 
treatment.

b. When embedding steel conduits in concrete, wrap conduit with 10 mil thick, 
pipe-wrapping plastic tape applied with a 50 percent overlap.

6. Flush-Mounted Luminaire Support:

a. Secured to outlet box.
b. Attached to ceiling structural members at four points equally spaced 

around circumference of luminaire.
c. Trim ring flush with finished surface.

7. Wall-Mounted Luminaire Support: Attached to structural members in walls.
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a. Do not attach luminaires directly to gypsum board.

8. Suspended Luminaire Support:

a. Ceiling Mount:

1) Hook hangers.

b. Pendants and Rods: Where longer than 48 inch, brace to limit swinging.
c. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers. 

Support with approved outlet box and accessories that hold stem and 
provide damping of luminaire oscillations. Support outlet box vertically to 
building structure using approved devices.

d. Continuous Rows of Luminaires: Provide tubing or stem for wiring at one 
point and tubing or rod for suspension for each unit length of luminaire 
chassis, including one at each end.

e. Do not use ceiling grid as support for pendant luminaires. Connect support 
wires or rods to building structure.

9. Ceiling-Grid-Mounted Luminaire Support:

a. Install ceiling support system rods or wires, independent of the ceiling 
suspension devices, for each luminaire. Locate not more than 6 inch from 
luminaire corners.

b. Support Clips: Fasten to luminaires and to ceiling grid members at or near 
each luminaire corner with clips that are UL listed for application.

c. Luminaires of Sizes Smaller than Ceiling Grid: Install as indicated on 
reflected ceiling plans or center in acoustical panel, and support luminaires 
independently with no fewer than two 3/4 inch metal channels spanning 
and secured to ceiling tees.

d. Seismic Restraint: Install at least one independent support rod or wire from 
structure to tab on luminaire. Wire or rod must have breaking strength for 
luminaire weight with safety factor of 3.0.

10. Remote Mounting of Ballasts or Drivers: Do not exceed distance between ballast 
or driver and luminaire recommended by ballast or driver manufacturer.

11. Emergency Power Units: Secure with approved fasteners in four or more 
locations, spaced near corners of unit.

12. Install wiring connections for luminaires.
13. Identification: Provide labels for luminaires and associated electrical equipment.

a. Identify field-installed conductors, interconnecting wiring, and components.
b. Provide warning signs.
c. Label each enclosure with engraved metal or laminated-plastic nameplate.

D. Systems Integration: Integrate lighting control devices and equipment with electrical 
power connections for operation of luminaires as specified.
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3.4 FIELD QUALITY CONTROL OF LIGHTING

A. Administrant for Electrical Power Tests and Inspections:

1. Administer and perform tests and inspections.

B. Administrant for Field Tests and Inspections of Lighting Installations:

1. Administer and perform tests and inspections.

C. Tests and Inspections:

1. Perform manufacturer's recommended tests and inspections.
2. Operational Test: After installing luminaires, switches, and accessories, and after 

electrical circuitry has been energized, test units to confirm proper operation.
3. Test for Emergency Lighting: Interrupt power supply to demonstrate proper 

operation. Verify transfer from normal power to battery power and retransfer to 
normal.

4. Verify operation of photoelectric controls.
5. Exterior Illumination Tests:

a. Measure light intensities at night. Use photometers with calibration 
referenced to NIST standards.

D. Nonconforming Work:

1. Luminaire will be considered defective if it does not pass tests and inspections.
2. Remove and replace defective units and retest.

E. Field Quality-Control Reports: Collect, assemble, and submit test and inspection 
reports.

3.5 SYSTEM STARTUP

A. Perform startup service.

1. Complete installation and startup checks in accordance with manufacturer's 
published instructions.

2. Burn-in lamps that require specific aging period to operate properly, prior to 
occupancy by Owner.

3. Charge emergency power units minimum of one hour and depress switch to 
conduct short-duration test.

3.6 CLOSEOUT ACTIVITIES

A. Training:

1. Train Owner's maintenance personnel on the following topics:

a. How to adjust, operate, and maintain luminaires.
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3.7 PROTECTION

A. After installation, protect lighting equipment from construction activities. Remove and 
replace items that are contaminated, defaced, damaged, or otherwise caused to be 
unfit for use prior to acceptance by Owner.

END OF SECTION 265000


	SECTION 017419 - CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL
	SECTION 017419 - CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	The Work of this Section includes administrative and procedural requirements for the following:
	1.	Salvaging nonhazardous demolition and construction waste.
	2.	Recycling nonhazardous demolition and construction waste.
	3.	Disposing of nonhazardous demolition and construction waste.


	1.2	DEFINITIONS
	A.	Construction Waste: Building, structure, and site improvement materials and other solid waste resulting from construction, remodeling, renovation, or repair operations. Construction waste includes packaging.
	B.	Demolition Waste: Building, structure, and site improvement materials resulting from demolition operations.
	C.	Disposal: Removal of demolition or construction waste and subsequent salvage, sale, recycling, or deposit in landfill, incinerator acceptable to authorities having jurisdiction, or designated spoil areas on Owner's property.
	D.	Recycle: Recovery of demolition or construction waste for subsequent processing in preparation for reuse.
	E.	Salvage: Recovery of demolition or construction waste and subsequent sale or reuse in another facility.
	F.	Salvage and Reuse: Recovery of demolition or construction waste and subsequent incorporation into the Work.

	1.3	MATERIALS OWNERSHIP
	A.	Unless otherwise indicated, demolition and construction waste becomes property of Contractor.
	B.	Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones and their contents, commemorative plaques and tablets, and other items of interest or value to Owner that may be uncovered during demolition remain the property of Owner.
	1.	Carefully salvage in a manner to prevent damage and promptly return to Owner.


	1.4	ACTION SUBMITTALS
	A.	Waste Management Plan: Submit plan within 30 days of date established for the Notice of Award . Plan must include the following:
	1.	Strategies to reduce the generation of waste during Project design and construction.
	2.	Waste diversion goals for Project, identifying the materials (both structural and nonstructural) targeted for recycling, reuse, or salvage and identifying the target diversion percentage (at least 65 percent).
	3.	Where materials will be taken, including expected diversion rates for each material.


	1.5	INFORMATIONAL SUBMITTALS
	A.	Waste Reduction Progress Reports: Concurrent with each Application for Payment, submit report. Use Form CWM-7 for construction waste and Form CWM-8 for demolition waste . Include the following information:
	1.	Material category.
	2.	Generation point of waste.
	3.	Total quantity of waste in tons.
	4.	Quantity of waste salvaged, both estimated and actual in tons.
	5.	Quantity of waste recycled, both estimated and actual in tons.
	6.	Total quantity of waste recovered (salvaged plus recycled) in tons.
	7.	Total quantity of waste recovered (salvaged plus recycled) as a percentage of total waste.

	B.	Waste Reduction Calculations: Before request for Substantial Completion, submit calculated end-of-Project rates for salvage, recycling, and disposal as a percentage of total waste generated by the Work.
	C.	Records of Donations: Indicate receipt and acceptance of salvageable waste donated to individuals and organizations. Indicate whether organization is tax exempt.
	D.	Records of Sales: Indicate receipt and acceptance of salvageable waste sold to individuals and organizations. Indicate whether organization is tax exempt.
	E.	Recycling and Processing Facility Records: Indicate receipt and acceptance of recyclable waste by recycling and processing facilities licensed to accept them. Include manifests, weight tickets, receipts, and invoices.
	F.	Landfill and Incinerator Disposal Records: Indicate receipt and acceptance of waste by landfills and incinerator facilities licensed to accept them. Include manifests, weight tickets, receipts, and invoices.
	G.	Qualification Statements: For waste management coordinator .

	1.6	QUALITY ASSURANCE
	A.	Waste Management Coordinator Qualifications: Experienced firm, or individual employed and assigned by General Contractor, with a record of successful waste management coordination of projects with similar requirements. Superintendent may serve as Waste Management Coordinator.
	1.	Firm employs a LEED Accredited Professional, certified by USGBC, as waste management coordinator.

	B.	Regulatory Requirements: Comply with transportation and disposal regulations of authorities having jurisdiction.

	1.7	WASTE MANAGEMENT PLAN
	A.	General: Develop a waste management plan in accordance with requirements in this Section. Plan must include provisions for waste identification, waste reduction work plan, and cost/revenue analysis. Indicate quantities by weight or volume, but use same units of measure throughout waste management plan.
	B.	Waste Identification: Indicate anticipated types and quantities of demolition and construction waste generated by the Work. Use Form CWM-1 for construction waste and Form CWM-2 for demolition waste . Include estimated quantities and assumptions for estimates.
	C.	Waste Reduction Work Plan: List each type of waste and whether it will be salvaged, recycled, or disposed of in landfill or incinerator. Use the City of Eureka's Construction and Demolition Waste Management Plan . Include points of waste generation, total quantity of each type of waste, quantity for each means of recovery, and handling and transportation procedures.
	1.	Salvaged Materials for Reuse: For materials that will be salvaged and reused in this Project, describe methods for preparing salvaged materials before incorporation into the Work in compliance with Section 024119 "Selective Demolition."
	2.	Salvaged Materials for Sale: For materials that will be sold to individuals and organizations, include list of their names, addresses, and telephone numbers.
	3.	Salvaged Materials for Donation: For materials that will be donated to individuals and organizations, include list of their names, addresses, and telephone numbers.
	4.	Recycled Materials: Include list of local receivers and processors and type of recycled materials each will accept. Include names, addresses, and telephone numbers.
	5.	Disposed Materials: Indicate how and where materials will be disposed of. Include name, address, and telephone number of each landfill and incinerator facility.
	6.	Handling and Transportation Procedures: Include method that will be used for separating recyclable waste including sizes of containers, container labeling, and designated location where materials separation will be performed.

	D.	Cost/Revenue Analysis: Indicate total cost of waste disposal as if there were no waste management plan and net additional cost or net savings resulting from implementing waste management plan. Use Form CWM-5 for construction waste reduction work plan and Form CWM-6 for demolition waste reduction work plan . Include the following:
	1.	Total quantity of waste.
	2.	Estimated cost of disposal (cost per unit). Include transportation and tipping fees and cost of collection containers and handling for each type of waste.
	3.	Total cost of disposal (with no waste management).
	4.	Revenue from salvaged materials.
	5.	Revenue from recycled materials.
	6.	Savings in transportation and tipping fees by donating materials.
	7.	Savings in transportation and tipping fees that are avoided.
	8.	Handling and transportation costs. Include cost of collection containers for each type of waste.
	9.	Net additional cost or net savings from waste management plan.



	PART 2 -	PRODUCTS
	2.1	RECYCLING RECEIVERS AND PROCESSORS
	A.	Subject to compliance with requirements, available recycling receivers and processors include, but are not limited to, the following:
	1.	Those listed in the City of Eureka's Construction and Demolition Waste Management Plan .


	2.2	PERFORMANCE REQUIREMENTS
	A.	General: Achieve end-of-Project rates for salvage/recycling of 65 percent by weight of total nonhazardous solid waste generated by the Work. Practice efficient waste management in use of materials in the course of the Work. Use all reasonable means to divert construction and demolition waste from landfills and incinerators. Facilitate recycling and salvage of materials , including the following:
	1.	Demolition Waste:
	a.	Asphalt paving.
	b.	Concrete.
	c.	Concrete reinforcing steel.
	d.	Brick.
	e.	CMU.
	f.	Wood studs.
	g.	Wood joists.
	h.	Plywood and oriented strand board.
	i.	Wood paneling.
	j.	Wood trim.
	k.	Structural and miscellaneous steel.
	l.	Rough hardware.
	m.	Roofing.
	n.	Insulation.
	o.	Doors and frames.
	p.	Door hardware.
	q.	Windows.
	r.	Glazing.
	s.	Metal studs.
	t.	Gypsum board.
	u.	Acoustical tile and panels.
	v.	Carpet.
	w.	Carpet pad.
	x.	Demountable partitions.
	y.	Equipment.
	z.	Cabinets.
	aa.	Plumbing fixtures.
	bb.	Piping.
	cc.	Supports and hangers.
	dd.	Valves.
	ee.	Sprinklers.
	ff.	Mechanical equipment.
	gg.	Refrigerants.
	hh.	Electrical conduit.
	ii.	Copper wiring.
	jj.	Lighting fixtures.
	kk.	Lamps.
	ll.	Ballasts.
	mm.	Electrical devices.
	nn.	Switchgear and panelboards.
	oo.	Transformers.

	2.	Construction Waste:
	a.	Masonry and CMU.
	b.	Lumber.
	c.	Wood sheet materials.
	d.	Wood trim.
	e.	Metals.
	f.	Roofing.
	g.	Insulation.
	h.	Carpet and pad.
	i.	Gypsum board.
	j.	Piping.
	k.	Electrical conduit.
	l.	Packaging: Regardless of salvage/recycle goal indicated in "General" Paragraph above, salvage or recycle 100 percent of the following uncontaminated packaging materials:
	1)	Paper.
	2)	Cardboard.
	3)	Boxes.
	4)	Plastic sheet and film.
	5)	Polystyrene packaging.
	6)	Wood crates.
	7)	Wood pallets.
	8)	Plastic pails.

	m.	Construction Office Waste: Regardless of salvage/recycle goal indicated in "General" Paragraph above, salvage or recycle 100 percent of the following construction office waste materials:
	1)	Paper.
	2)	Aluminum cans.
	3)	Glass containers.





	PART 3 -	EXECUTION
	3.1	PLAN IMPLEMENTATION
	A.	General: Implement approved waste management plan. Provide handling, containers, storage, signage, transportation, and other items as required to implement waste management plan during entire duration of the Contract.
	B.	Waste Management Coordinator: Engage a waste management coordinator to be responsible for implementing, monitoring, and reporting status of waste management work plan.
	C.	Training: Train workers, subcontractors, and suppliers on proper waste management procedures, as appropriate for the Work.
	1.	Distribute waste management plan to everyone concerned within three days of submittal return.
	2.	Distribute waste management plan to entities when they first begin work on-site. Review plan procedures and locations established for salvage, recycling, and disposal.

	D.	Site Access and Temporary Controls: Conduct waste management operations to ensure minimum interference with roads, streets, walks, walkways, and other adjacent occupied and used facilities.
	1.	Designate and label specific areas on Project site necessary for separating materials that are to be salvaged and recycled.


	3.2	SALVAGING DEMOLITION WASTE
	A.	Comply with requirements in Section 024119 "Selective Demolition" for salvaging demolition waste.

	3.3	RECYCLING DEMOLITION AND CONSTRUCTION WASTE, GENERAL
	A.	General: Recycle paper and beverage containers used by on-site workers.
	B.	Recycling Incentives: Revenues, savings, rebates, tax credits, and other incentives received for recycling waste materials to be shared equally by Owner and Contractor .
	C.	Preparation of Waste: Prepare and maintain recyclable waste materials in accordance with recycling or reuse facility requirements. Maintain materials free of dirt, adhesives, solvents, petroleum contamination, and other substances deleterious to the recycling process.
	D.	Procedures: Separate recyclable waste from other waste materials, trash, and debris. Separate recyclable waste by type at Project site to maximum extent practical in accordance with approved construction waste management plan.
	1.	Provide appropriately marked containers or bins for controlling recyclable waste until removed from Project site. Include list of acceptable and unacceptable materials at each container and bin.
	a.	Inspect containers and bins for contamination, and remove contaminated materials if found.

	2.	Stockpile processed materials on-site without intermixing with other materials. Place, grade, and shape stockpiles to drain surface water. Cover to prevent windblown dust.
	3.	Stockpile materials away from construction area. Do not store within drip line of remaining trees.
	4.	Store components off the ground and protect from the weather.
	5.	Remove recyclable waste from Owner's property and transport to recycling receiver or processor as often as required to prevent overfilling bins.


	3.4	RECYCLING DEMOLITION WASTE
	A.	Wood Materials: Sort and stack members per size, type, and length. Separate lumber, engineered wood products, panel products, and treated wood materials.
	B.	Metals: Separate metals by type.
	1.	Structural Steel: Stack members per size, type of member, and length.
	2.	Remove and dispose of bolts, nuts, washers, and other rough hardware.

	C.	Gypsum Board: Stack large clean pieces on wood pallets or in containers and store in a dry location. Remove edge trim and sort with other metals. Remove and dispose of fasteners.
	D.	Acoustical Ceiling Panels and Tile: Stack large clean pieces on wood pallets and store in a dry location.
	E.	Metal Suspension System: Separate metal members, including trim and other metals from acoustical panels and tile, and sort with other metals.
	F.	Piping: Reduce piping to straight lengths and store by material and size. Separate supports, hangers, valves, sprinklers, and other components by material and size.
	G.	Conduit: Reduce conduit to straight lengths and store by material and size.
	H.	Lamps: Separate lamps by type and store in accordance with requirements in 40 CFR 273.

	3.5	RECYCLING CONSTRUCTION WASTE
	A.	Packaging:
	1.	Cardboard and Boxes: Break down packaging into flat sheets. Bundle and store in a dry location.
	2.	Polystyrene Packaging: Separate and bag materials.
	3.	Pallets: As much as possible, require deliveries using pallets to remove pallets from Project site. For pallets that remain on-site, break down pallets into component wood pieces and comply with requirements for recycling wood.
	4.	Crates: Break down crates into component wood pieces and comply with requirements for recycling wood.

	B.	Wood Materials:
	1.	Clean Cutoffs of Lumber: Grind or chip into small pieces.
	2.	Clean Sawdust: Bag sawdust that does not contain painted or treated wood.

	C.	Gypsum Board: Stack large clean pieces on wood pallets or in containers and store in a dry location.
	1.	Clean Gypsum Board: Grind scraps of clean gypsum board using small mobile chipper or hammer mill. Screen out paper after grinding.

	D.	Paint: Seal containers and store by type.

	3.6	DISPOSAL OF WASTE
	A.	Except for items or materials to be salvaged or recycled, remove waste materials from Project site and legally dispose of them in a landfill or incinerator acceptable to authorities having jurisdiction.
	1.	Unless otherwise specified, do not allow waste materials that are to be disposed of accumulate on-site.
	2.	Remove and transport debris in a manner that will prevent spillage on adjacent surfaces and areas.

	B.	Except for items or materials to be salvaged or recycled, remove waste materials and legally dispose of at designated spoil areas on Owner's property.
	C.	Burning:
	1.	Do not burn waste materials.


	3.7	ATTACHMENTS
	A.	Form CWM-1 for construction waste identification.
	B.	Form CWM-2 for demolition waste identification.
	C.	Form CWM-3 for construction waste reduction work plan.
	D.	Form CWM-4 for demolition waste reduction work plan.
	E.	Form CWM-5 for cost/revenue analysis of construction waste reduction work plan.
	F.	Form CWM-6 for cost/revenue analysis of demolition waste reduction work plan.
	G.	Form CWM-7 for construction waste reduction progress report.
	H.	Form CWM-8 for demolition waste reduction progress report.



	SECTION 024119 - SELECTIVE DEMOLITION
	SECTION 024119 - SELECTIVE DEMOLITION
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	The Work of this Section Includes:
	1.	Demolition and removal of selected portions of exterior or interior of building or structure and site elements.
	2.	Removal and salvage of existing items for delivery to Owner and removal of existing items for reinstallation.


	1.2	DEFINITIONS
	A.	Remove: Detach items from existing construction and legally dispose of off-site unless indicated to be removed and salvaged or removed and reinstalled.
	B.	Remove and Salvage: Detach items from existing construction, in a manner to prevent damage, and deliver to Owner as indicated.
	C.	Remove and Reinstall: Detach items from existing construction, in a manner to prevent damage; prepare for reuse; and reinstall where indicated.
	D.	Existing to Remain: Existing items of construction that are not to be removed.

	1.3	MATERIALS OWNERSHIP
	A.	Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones and their contents, commemorative plaques and tablets, and other items of interest or value to Owner that may be uncovered during demolition remain the property of Owner.
	1.	Carefully salvage in a manner to prevent damage and promptly return to Owner.


	1.4	COORDINATION
	A.	Arrange selective demolition schedule so as not to interfere with Owner's operations.

	1.5	PREINSTALLATION MEETINGS
	A.	Predemolition Conference: Conduct conference at Project site .
	1.	Inspect and discuss condition of construction to be selectively demolished.
	2.	Review structural load limitations of existing structure.
	3.	Review and finalize selective demolition schedule and verify availability of demolition personnel, equipment, and facilities needed to make progress and avoid delays.
	4.	Review requirements of work performed by other trades that rely on substrates exposed by selective demolition operations.
	5.	Review areas where existing construction is to remain and requires protection.
	6.	Review and finalize protection requirements.
	7.	Review procedures for noise control and dust control .
	8.	Review storage, protection, and accounting for items to be removed for salvage or reinstallation.


	1.6	INFORMATIONAL SUBMITTALS
	A.	Proposed Protection Measures: Submit report, including Drawings, that indicates the measures proposed for protecting individuals and property , for environmental protection , for dust control and , for noise control . Indicate proposed locations and construction of barriers.
	B.	Schedule of Selective Demolition Activities: Indicate the following:
	1.	Detailed sequence of selective demolition and removal work, with starting and ending dates for each activity. Ensure Owner's on-site operations are uninterrupted.
	2.	Temporary interruption of utility services. Indicate how long utility services will be interrupted.
	3.	Coordination for shutoff, capping, and continuation of utility services.
	4.	Use of elevator and stairs.
	5.	Coordination of Owner's continuing occupancy of portions of existing building and of Owner's partial occupancy of completed Work.

	C.	Warranties: Documentation indicating that existing warranties are still in effect after completion of selective demolition.

	1.7	CLOSEOUT SUBMITTALS
	A.	Inventory: Submit a list of items that have been removed and salvaged.

	1.8	FIELD CONDITIONS
	A.	Owner will  occupy portions of building immediately adjacent to selective demolition area. Conduct selective demolition so Owner's operations will not be disrupted.
	B.	Conditions existing at time of inspection for bidding purpose will be maintained by Owner as far as practical.
	C.	Notify Architect of discrepancies between existing conditions and Drawings before proceeding with selective demolition.
	D.	Hazardous Materials:
	1.	Hazardous materials may be present on site.
	a.	Prior to selective demolition the contractor will engage a certified asbestos and lead inspector inspect the areas of demolition and create a report of findings.
	b.	If materials  containing hazardous materials are discovered, the contractor will engage a specialist to remove and remediate the hazardous materials from the project site.


	E.	On-site sale of removed items or materials is not permitted.


	PART 2 -	PRODUCTS
	2.1	PERFORMANCE REQUIREMENTS
	A.	Regulatory Requirements: Comply with governing EPA notification regulations before beginning selective demolition. Comply with hauling and disposal regulations of authorities having jurisdiction.
	B.	Standards: Comply with ANSI/ASSP A10.6 and NFPA 241.


	PART 3 -	EXECUTION
	3.1	EXAMINATION
	A.	Verify that utilities have been disconnected and capped before starting selective demolition operations.
	B.	Engage a professional engineer to perform an engineering survey of condition of building to determine whether removing any element might result in structural deficiency or unplanned collapse of any portion of structure or adjacent structures during selective building demolition operations.
	1.	Perform surveys as the Work progresses to detect hazards resulting from selective demolition activities.

	C.	Verify that hazardous materials have been remediated before proceeding with building demolition operations.
	D.	Survey of Existing Conditions: Record existing conditions by use of preconstruction photographs or video , measured drawings and templates .
	1.	Inventory and record the condition of items to be removed for salvage or reinstallation. Photograph or video conditions that might be misconstrued as damage caused by removal.
	2.	Photograph or video existing conditions of adjoining construction including finish surfaces, that might be misconstrued as damage caused by selective demolition operations or removal of items for salvage or reinstallation.


	3.2	PREPARATION
	A.	Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural supports as required to preserve stability and prevent movement, settlement, or collapse of construction and finishes to remain, and to prevent unexpected or uncontrolled movement or collapse of construction being demolished.
	1.	Strengthen or add new supports when required during progress of selective demolition.

	B.	Temporary Protection: Provide temporary barricades and other protection required to prevent injury to people and damage to adjacent buildings and facilities to remain.
	1.	Provide protection to ensure safe passage of people around selective demolition area and to and from occupied portions of building.
	2.	Provide temporary weather protection, during interval between selective demolition of existing construction on exterior surfaces and new construction, to prevent water leakage and damage to structure and interior areas.
	3.	Protect walls, ceilings, floors, and other existing finish work that are to remain or that are exposed during selective demolition operations.
	4.	Cover and protect furniture, furnishings, and equipment that have not been removed.
	5.	Comply with requirements for temporary enclosures, dust control, heating, and cooling.

	C.	Existing Items to Remain: Protect construction indicated to remain against damage and soiling during selective demolition. When permitted by Architect, items may be removed to a suitable, protected storage location  and cleaned and reinstalled in their original locations after selective demolition operations are complete.

	3.3	UTILITY SERVICES AND BUILDING SYSTEMS
	A.	Existing Services/Systems to Remain: Maintain utilities and building systems and equipment to remain and protect against damage during selective demolition operations.
	1.	Maintain fire-protection facilities in service during selective demolition operations.

	B.	Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify, disconnect, and seal or cap off utilities and building systems serving areas to be selectively demolished.
	1.	Owner will arrange to shut off indicated utilities when requested by Contractor.
	2.	If disconnection of utilities and building systems will affect adjacent occupied parts of the building, provide temporary services/systems that bypass area of selective demolition and that maintain continuity of services/systems to those parts of the building.
	3.	Demolish and remove existing building systems, equipment, and components indicated on Drawings to be removed.
	a.	Piping to Be Removed: Remove portion of piping indicated to be removed and cap or plug remaining piping with same or compatible piping material.
	b.	Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug remaining ducts with same or compatible ductwork material.
	c.	Equipment to Be Removed: Disconnect and cap services and remove equipment and components.

	4.	Abandon existing building systems, equipment, and components indicated on Drawings to be abandoned in place.
	a.	Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same or compatible piping material and leave in place.
	b.	Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible ductwork material and leave in place.

	5.	Remove and reinstall/salvage existing building systems, equipment, and components indicated on drawings to be removed and reinstalled or removed and salvaged:
	a.	Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and store equipment and components; when appropriate, reinstall, reconnect, and make equipment operational.
	b.	Equipment to Be Removed and Salvaged: Disconnect and cap services and remove equipment and components and deliver to Owner.



	3.4	SALVAGE/REINSTALL
	A.	Removed and Salvaged Items:
	1.	Clean salvaged items.
	2.	Pack or crate items after cleaning. Identify contents of containers with label indicating elements, date of removal, quantity, and location where removed.
	3.	Store items in a secure area until delivery to Owner.
	4.	Transport items to Owner's storage area designated by Owner .
	5.	Protect items from damage during transport and storage.

	B.	Removed and Reinstalled Items:
	1.	Clean and repair items to functional condition adequate for intended reuse.
	2.	Pack or crate items after cleaning and repairing. Identify contents of containers.
	3.	Protect items from damage during transport and storage.
	4.	Reinstall items in locations indicated. Comply with installation requirements for new materials and equipment. Provide connections, supports, and miscellaneous materials necessary to make item functional for use indicated.


	3.5	SELECTIVE DEMOLITION, GENERAL
	A.	General: Demolish and remove existing construction only to extent required by new construction and as indicated. Use methods required to complete the Work within limitations of governing regulations and as follows:
	1.	Proceed with selective demolition systematically, from higher to lower level. Complete selective demolition operations above each floor or tier before disturbing supporting members on the next lower level.
	2.	Neatly cut openings and holes plumb, square, and true to dimensions required. Use cutting methods least likely to damage construction to remain or adjoining construction. Use hand tools or small power tools designed for sawing or grinding, not hammering and chopping. Temporarily cover openings to remain.
	3.	Cut or drill from the exposed or finished side into concealed surfaces to avoid marring existing finished surfaces.
	4.	Do not use cutting torches until work area is cleared of flammable materials. At concealed spaces, such as duct and pipe interiors, verify condition and contents of hidden space before starting flame-cutting operations. Maintain portable fire-suppression devices during flame-cutting operations.
	5.	Maintain fire watch during and for at least 1 hour after flame-cutting operations.
	6.	Maintain adequate ventilation when using cutting torches.
	7.	Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and promptly dispose of off-site.
	8.	Remove structural framing members and lower to ground by method suitable to avoid free fall and to prevent ground impact or dust generation.
	9.	Locate selective demolition equipment and remove debris and materials so as not to impose excessive loads on supporting walls, floors, or framing.

	B.	Site Access and Temporary Controls: Conduct selective demolition and debris-removal operations to ensure minimum interference with roads, streets, walks, walkways, and other adjacent occupied and used facilities.
	1.	Do not close or obstruct streets, walks, walkways, or other adjacent occupied or used facilities without permission from Owner and authorities having jurisdiction. Provide alternate routes around closed or obstructed trafficways if required by authorities having jurisdiction.
	2.	Use water mist and other suitable methods to limit spread of dust and dirt. Comply with governing environmental-protection regulations. Do not use water when it may damage adjacent construction or create hazardous or objectionable conditions, such as ice, flooding, and pollution.


	3.6	DISPOSAL OF DEMOLISHED MATERIALS
	A.	Remove demolition waste materials from Project site and dispose of them in an EPA-approved construction and demolition waste landfill acceptable to authorities having jurisdiction.
	1.	Do not allow demolished materials to accumulate on-site.
	2.	Remove and transport debris in a manner that will prevent spillage on adjacent surfaces and areas.
	3.	Remove debris from elevated portions of building by chute, hoist, or other device that will convey debris to grade level in a controlled descent.

	B.	Burning: Do not burn demolished materials.

	3.7	CLEANING
	A.	Clean adjacent structures and improvements of dust, dirt, and debris caused by selective demolition operations. Return adjacent areas to condition existing before selective demolition operations began.



	SECTION 061000 - ROUGH CARPENTRY
	SECTION 061000 - ROUGH CARPENTRY
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Section Includes:
	1.	Wood products.
	2.	Wood-preservative-treated lumber.
	3.	Dimension lumber framing.
	4.	Miscellaneous lumber.
	5.	Plywood backing panels.


	1.2	DEFINITIONS
	A.	Boards or Strips: Lumber of less than 2 inches nominal size in least dimension.
	B.	Dimension Lumber: Lumber of 2 inches nominal size or greater but less than 5 inches nominal size in least dimension.
	C.	Exposed Framing: Framing not concealed by other construction.
	D.	SBX: An inorganic boron used to prevent termites and fungal decay.
	E.	Lumber grading agencies, and abbreviations used to reference them, include the following:
	1.	NeLMA: Northeastern Lumber Manufacturers' Association.
	2.	NLGA: National Lumber Grades Authority.
	3.	RIS: Redwood Inspection Service.
	4.	SPIB: The Southern Pine Inspection Bureau.
	5.	WCLIB: West Coast Lumber Inspection Bureau.
	6.	WWPA: Western Wood Products Association.


	1.3	DELIVERY, STORAGE, AND HANDLING
	A.	Stack wood products flat with spacers beneath and between each bundle to provide air circulation. Protect wood products from weather by covering with waterproof sheeting, securely anchored. Provide for air circulation around stacks and under coverings.


	PART 2 -	PRODUCTS
	2.1	WOOD PRODUCTS
	A.	Lumber: Comply with DOC PS 20 and applicable rules of grading agencies indicated. If no grading agency is indicated, comply with the applicable rules of any rules-writing agency certified by the ALSC Board of Review. Grade lumber by an agency certified by the ALSC Board of Review to inspect and grade lumber under the rules indicated.
	1.	Factory mark each piece of lumber with grade stamp of grading agency.
	2.	For exposed lumber indicated to receive a stained or natural finish, mark grade stamp on end or back of each piece .
	3.	Where nominal sizes are indicated, provide actual sizes required by DOC PS 20 for moisture content specified. Where actual sizes are indicated, they are minimum dressed sizes for dry wood products.
	4.	Dress lumber, S4S, unless otherwise indicated.

	B.	Maximum Moisture Content:
	1.	Boards: 15 percent.
	2.	Dimension Lumber: 15 percent unless otherwise indicated.


	2.2	WOOD-PRESERVATIVE-TREATED LUMBER
	A.	Wood-Preservative-Treated Lumber by Pressure Process: AWPA U1, use categories as follows:
	1.	UC1, Interior/Dry: Interior construction continuously protected from weather or other sources of moisture. Include all rough carpentry.
	a.	Wood sills, sleepers, blocking,  furring,  stripping, and similar concealed members in contact with masonry or concrete.
	b.	Wood framing and furring attached directly to the interior of below-grade exterior masonry or concrete walls.
	c.	Wood floor plates that are installed over concrete slabs-on-grade.
	d.	Wood furniture.
	e.	Wood millwork.

	2.	Preservative Chemicals: Acceptable to authorities having jurisdiction and containing no arsenic or chromium.
	3.	For exposed items indicated to receive a stained or natural finish, chemical formulations are not to require incising, contain colorants, bleed through, or otherwise adversely affect finishes.
	4.	After treatment, redry dimension lumber to 19 percent maximum moisture content.

	B.	Kiln-dry lumber after treatment to a maximum moisture content of 19 percent. Do not use material that is warped or that does not comply with requirements for untreated material.
	C.	Mark lumber with treatment quality mark of an inspection agency approved by the ALSC Board of Review.
	D.	Application: Treat items indicated on Drawings, and the following:
	1.	Wood cants, nailers, curbs, equipment support bases, blocking, stripping, and similar members in connection with roofing, flashing, vapor barriers, and waterproofing.
	2.	Wood sills, sleepers, blocking,  furring,  stripping, and similar concealed members in contact with masonry or concrete.
	3.	Wood framing and furring attached directly to the interior of below-grade exterior masonry or concrete walls.


	2.3	DIMENSION LUMBER FRAMING
	A.	Non-Load-Bearing Interior Partitions by Grade:
	1.	Grade: Construction or No. 2 .
	2.	Application: Interior partitions not indicated as load bearing .
	3.	Species:
	a.	Western woods; WCLIB or WWPA.


	B.	Load-Bearing Partitions by Grade:
	1.	Grade: No. 2 .
	2.	Application: Exterior walls and interior load-bearing partitions .
	3.	Species:
	a.	Douglas fir-larch; WCLIB or WWPA.


	C.	Joists, Rafters, and Other Framing by Grade:
	1.	Grade: No. 2 .
	2.	Species:
	a.	Douglas fir-larch; WCLIB or WWPA.



	2.4	MISCELLANEOUS LUMBER
	A.	Provide miscellaneous lumber indicated and lumber for support or attachment of other construction, including the following:
	1.	Blocking.
	2.	Nailers.
	3.	Rooftop equipment bases and support curbs.
	4.	Cants.
	5.	Furring.
	6.	Grounds.
	7.	Utility shelving.

	B.	Dimension Lumber Items:
	1.	Grade: Construction or No. 2 .
	2.	Species: The following species:
	a.	Western woods; WCLIB or WWPA.


	C.	Utility Shelving:
	1.	Lumber Moisture Content: 15 percent maximum.
	2.	Species and Grade:
	a.	Eastern white pine, Idaho white, lodgepole, ponderosa, or sugar pine; Standard or No. 3 Common grade; NeLMA, NLGA, WCLIB, or WWPA.
	b.	Mixed southern pine or southern pine; No. 2 grade; SPIB.
	c.	Hem-fir or hem-fir (north); Construction or No. 2 Common grade; NLGA, WCLIB, or WWPA.
	d.	Spruce-pine-fir (south) or spruce-pine-fir; Construction or No. 2 Common grade; NeLMA, NLGA, WCLIB, or WWPA.


	D.	Concealed Boards:
	1.	Lumber Moisture Content: 15 percent maximum.
	2.	Species and Grade:  The following:
	a.	Western woods; Construction or No. 2 Common grade; WCLIB or WWPA.


	E.	Roofing Nailers: Structural- or No. 2-grade lumber or better; kiln-dried Douglas fir, southern pine, or wood having similar decay-resistant properties.
	F.	Wood Blocking: For blocking not used for attachment of other construction, Utility, Stud, or No. 3 grade lumber of any species may be used provided that it is cut and selected to eliminate defects that will interfere with its attachment and purpose.
	G.	Wood Furring: For furring strips for installing plywood or hardboard paneling, select boards with no knots capable of producing bent-over nails and damage to paneling.

	2.5	FASTENERS
	A.	General: Fasteners are to be of size and type indicated and comply with requirements specified in this article for material and manufacture. Provide nails or screws, in sufficient length, to penetrate not less than 1-1/2 inches into wood substrate.
	1.	Where rough carpentry is exposed to weather, in ground contact, pressure-preservative treated, or in area of high relative humidity, provide fasteners  with hot-dip zinc coating complying with ASTM A153/A153M or ASTM F2329 .

	B.	Nails, Brads, and Staples: ASTM F1667.
	C.	Power-Driven Fasteners: Fastener systems with an evaluation report acceptable to authorities having jurisdiction, based on ICC-ES AC70.
	D.	Post-Installed Anchors: Fastener systems with an evaluation report acceptable to authorities having jurisdiction, based on ICC-ES AC01 ICC-ES AC58 ICC-ES AC193 or ICC-ES AC308 as appropriate for the substrate.


	PART 3 -	EXECUTION
	3.1	INSTALLATION OF ROUGH CARPENTRY, GENERAL
	A.	Framing Standard: Comply with AF&PA's WCD 1, "Details for Conventional Wood Frame Construction," unless otherwise indicated.
	B.	Set work to required levels and lines, with members plumb, true to line, cut, and fitted. Fit rough carpentry accurately to other construction. Locate  furring, nailers, blocking,  grounds, and similar supports to comply with requirements for attaching other construction.
	C.	Plywood Backing Panels: Install backing panels by fastening to studs; coordinate locations with utilities requiring backing panels.  Install fire-retardant-treated plywood backing panels with classification marking of testing agency exposed to view.
	D.	Metal Framing Anchors: Install anchors to comply with manufacturer's written instructions. Install fasteners through each fastener hole.
	E.	Do not splice structural members between supports unless otherwise indicated.
	F.	Provide blocking and framing as indicated and as required to support facing materials, fixtures, specialty items, and trim.
	1.	Provide metal clips for fastening gypsum board or lath at corners and intersections where framing or blocking does not provide a surface for fastening edges of panels. Space clips not more than 16 inches o.c.

	G.	Provide fire blocking in furred spaces, stud spaces, and other concealed cavities as indicated and as follows:
	1.	Fire block furred spaces of walls, at each floor level, at ceiling, and at not more than 96 inches o.c. with solid wood blocking or noncombustible materials accurately fitted to close furred spaces.
	2.	Fire block concealed spaces of wood-framed walls and partitions at each floor level, at ceiling line of top story, and at not more than 96 inches o.c. Where fire blocking is not inherent in framing system used, provide closely fitted solid wood blocks of same width as framing members and 2-inch nominal thickness.
	3.	Fire block concealed spaces between floor sleepers with same material as sleepers to limit concealed spaces to not more than 100 sq. ft. and to solidly fill space below partitions.
	4.	Fire block concealed spaces behind combustible cornices and exterior trim at not more than 20 ft. o.c.

	H.	Sort and select lumber so that natural characteristics do not interfere with installation or with fastening other materials to lumber. Do not use materials with defects that interfere with function of member or pieces that are too small to use with minimum number of joints or optimum joint arrangement.
	I.	Securely attach rough carpentry work to substrate by anchoring and fastening as indicated, complying with the following:
	1.	Table 2304.10.1, "Fastening Schedule," in ICC's "International Building Code" (IBC).
	2.	ICC-ES evaluation report for fastener.

	J.	Use steel common nails unless otherwise indicated. Select fasteners of size that will not fully penetrate members where opposite side will be exposed to view or will receive finish materials. Make tight connections between members. Install fasteners without splitting wood. Drive nails snug but do not countersink nail heads unless otherwise indicated.

	3.2	INSTALLATION OF WOOD BLOCKING
	A.	Install wood blocking where indicated on Drawings and where required for  screeding or attaching other work. Form to shapes indicated and cut as required for true line and level of attached work. Coordinate locations with other work involved.

	3.3	INSTALLATION OF WOOD FURRING
	A.	Install wood furring level and plumb with closure strips at edges and openings. Shim with wood as required for tolerance of finish work.
	B.	Furring to Receive Plywood or Hardboard Paneling: Install 1-by-3-inch nominal- size furring horizontally and vertically at 24 inches o.c.
	C.	Furring to Receive Gypsum Board or Plaster Lath: Install 1-by-2-inch nominal- size furring vertically at 16 inches o.c.

	3.4	INSTALLATION OF WALL AND PARTITION FRAMING
	A.	General: Provide single bottom plate and double top plates using members of 2-inch nominal thickness whose widths equal that of studs, except single top plate may be used for non-load-bearing partitions  and for load-bearing partitions where framing members bearing on partition are located directly over studs . Fasten plates to supporting construction unless otherwise indicated.
	1.	For exterior walls, provide 2-by-4-inch nominal- size wood studs spaced 24 inches o.c. unless otherwise indicated.
	2.	For interior partitions and walls, provide 2-by-4-inch nominal- size wood studs spaced 24 inches o.c. unless otherwise indicated.
	3.	Provide continuous horizontal blocking at midheight of partitions more than 96 inches high, using members of 2-inch nominal thickness and of same width as wall or partitions.

	B.	Construct corners and intersections with three or more studs , except that two studs may be used for interior non-load-bearing partitions .
	C.	Frame openings with multiple studs and headers. Provide nailed header members of thickness equal to width of studs. Support headers on jamb studs.
	1.	For non-load-bearing partitions, provide double-jamb studs and headers not less than 4-inch nominal depth for openings 48 inches and less in width, 6-inch nominal depth for openings 48 to 72 inches in width, 8-inch nominal depth for openings 72 to 120 inches in width, and not less than 10-inch nominal depth for openings 10 to 12 ft. in width.
	2.	For load-bearing walls, provide double-jamb studs for openings 60 inches and less in width, and triple-jamb studs for wider openings. Provide headers of depth indicated  .




	SECTION 064023 - INTERIOR ARCHITECTURAL WOODWORK
	SECTION 064023 - INTERIOR ARCHITECTURAL WOODWORK
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Provide interior finish carpentry and architectural woodwork.
	B.	Related Requirements:
	1.	Section 061000 "Rough Carpentry" for wood furring, blocking, shims, and hanging strips required for installing interior architectural woodwork that are concealed within other construction before interior architectural woodwork installation.


	1.2	ACTION SUBMITTALS
	A.	Product Data:
	1.	Anchors.
	2.	Adhesives.
	3.	Shop finishing materials.

	B.	Shop Drawings:
	1.	Include the following:
	a.	Dimensioned plans, elevations, and sections.
	b.	Attachment details.


	C.	Samples: For each exposed product and for each shop-applied color and finish specified.
	1.	Size:
	a.	Panel Products: 12 inches by 12 inches.
	b.	Lumber Products: Not less than 4 inches wide by 12 inches long  , for each species and cut, finished on one side and one edge.



	1.3	QUALITY ASSURANCE
	A.	Manufacturer's Qualifications: Employs skilled workers who custom fabricate products similar to those required for this Project and whose products have a record of successful in-service performance.
	1.	Manufacturer's Certification: Licensed participant in AWI's Quality Certification Program .



	PART 2 -	PRODUCTS
	2.1	Materials
	A.	Interior Standing and Running Trim.
	1.	Species: Match existing
	2.	Grade: Match existing.
	3.	Site Finish: Match existing.



	PART 3 -	EXECUTION
	3.1	INSTALLATION
	A.	Grade: Install interior architectural woodwork to comply with same grade as item to be installed.
	B.	Assemble interior architectural woodwork and complete fabrication at Project site to the extent that it was not completed during shop fabrication.
	C.	Install interior architectural woodwork level, plumb, true in line, and without distortion.
	1.	Shim as required with concealed shims.
	2.	Install level and plumb to a tolerance of 1/8 inch in 96 inches.

	D.	Scribe and cut interior architectural woodwork to fit adjoining work, refinish cut surfaces, and repair damaged finish at cuts.
	E.	Preservative-Treated Wood: Where cut or drilled in field, treat cut ends and drilled holes in accordance with AWPA M4.
	F.	Anchor interior architectural woodwork to anchors or blocking built in or directly attached to substrates.
	1.	Secure with countersunk, concealed fasteners and blind nailing.
	2.	Use fine finishing nails  for exposed fastening, countersunk and filled flush with interior architectural woodwork.
	3.	For shop-finished items, use filler matching finish of items being installed.

	G.	Standing and Running Trim:
	1.	Install with minimum number of joints possible, using full-length pieces (from maximum length of lumber available) to greatest extent possible.
	2.	Do not use pieces less than 36 inches long, except where shorter single-length pieces are necessary.
	3.	Scarf running joints and stagger in adjacent and related members.
	4.	Fill gaps, if any, between top of base and wall with plastic wood filler; sand smooth; and finish same as wood base if finished .
	5.	Install standing and running trim with no more variation from a straight line than 1/8 inch in 96 inches.


	3.2	REPAIR
	A.	Repair damaged and defective interior architectural woodwork, where possible, to eliminate functional and visual defects  .



	SECTION 072100 - THERMAL INSULATION
	SECTION 072100 - THERMAL INSULATION
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Provide thermal/sound insulation.
	B.	Related Requirements:
	1.	Section 092900 "Gypsum Board" .


	1.2	ACTION SUBMITTALS
	A.	Product Data: For each type of product.


	PART 2 -	PRODUCTS
	2.1	PERFORMANCE REQUIREMENTS
	A.	Surface-Burning Characteristics: Maximum flame-spread and smoke-developed indexes less than Class C, 200 and 450 when tested in accordance with ASTM E84.
	B.	Fire-Resistance Ratings: Comply with ASTM E119 or UL 263; testing by a qualified testing agency. Identify products with appropriate markings of applicable testing agency.
	1.	Indicate design designations from UL's "Fire Resistance Directory" or from listings of another qualified testing agency.

	C.	Fire Propagation Characteristics: Passes NFPA 285 testing as part of an approved assembly.
	D.	Labeling: Provide identification of mark indicating R-value of each piece of insulation 12 inches and wider in width.
	E.	Thermal-Resistance Value (R-Value): R-value as indicated on Drawings in accordance with ASTM C518.


	PART 3 -	EXECUTION
	3.1	INSTALLATION, GENERAL
	A.	Comply with insulation manufacturer's written instructions applicable to products, applications and applicable codes.
	B.	Install insulation that is undamaged, dry, and unsoiled and that has not been left exposed to ice, rain, or snow at any time.
	C.	Install insulation with manufacturer's R-value label exposed after insulation is installed.
	D.	Extend insulation to envelop entire area to be insulated. Fit tightly around obstructions and fill voids with insulation. Remove projections that interfere with placement.
	E.	Provide sizes to fit applications and selected from manufacturer's standard thicknesses, widths, and lengths. Apply single layer of insulation units unless multiple layers are otherwise shown or required to make up total thickness or to achieve R-value.

	3.2	INSTALLATION OF INSULATION IN FRAMED CONSTRUCTION
	A.	Blanket Insulation: Install in cavities formed by framing members in accordance with the following requirements:
	1.	Use insulation widths and lengths that fill the cavities formed by framing members. If more than one length is required to fill the cavities, provide lengths that will produce a snug fit between ends.
	2.	Place insulation in cavities formed by framing members to produce a friction fit between edges of insulation and adjoining framing members.
	3.	Maintain 3-inch clearance of insulation around recessed lighting fixtures not rated for or protected from contact with insulation.
	4.	For metal-framed wall cavities where cavity heights exceed 96 inches, support unfaced blankets mechanically and support faced blankets by taping flanges of insulation to flanges of metal studs.
	5.	Where glass-fiber blankets are indicated for sound attenuation above ceilings, install unfaced blanket insulation over ceiling area in thickness indicated. Where partitions occur, extend insulation up either side of partition.
	6.	For wood-framed construction, install blankets in accordance with ASTM C1320 and as follows:
	a.	With faced blankets having stapling flanges, lap blanket flange over flange of adjacent blanket to maintain continuity of vapor retarder once finish material is installed over it.


	B.	Miscellaneous Voids: Install insulation in miscellaneous voids and cavity spaces where required to prevent gaps in insulation using the following materials:
	1.	Glass-Fiber Insulation: Compact to approximately 40 percent of normal maximum volume equaling a density of approximately 2.5 lb/cu. ft..




	SECTION 081400 - WOOD DOORS
	SECTION 085113 - ALUMINUM WINDOWS
	SECTION 085113 - ALUMINUM WINDOWS
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Provide aluminum windows.

	1.2	SUBMITTALS
	A.	Product Data: Submit manufacturer's product data and installation instructions for each material and product used.
	B.	Shop Drawings: Submit show drawings indicating material characteristics, details of construction, connections, and relationship with adjacent construction.
	C.	Warranty: Submit manufacturer's standard warranty. Include labor and materials to repair or replace defective materials.
	1.	Warranty Period: Full lifetime warranty.

	D.	Maintenance Data: Submit manufacturer's maintenance data, including maintenance schedule.

	1.3	QUALITY ASSURANCE
	A.	Manufacturer Qualifications: A manufacturer capable of fabricating aluminum windows that meet or exceed performance requirements indicated and of documenting this performance by test reports and calculations.
	B.	Comply with governing codes and regulations. Provide products of acceptable manufacturers, which have been in satisfactory use in similar service for three years. Use experienced installers. Deliver, handle, and store materials in accordance with manufacturer's instructions.


	PART 2 -	PRODUCTS
	2.1	PERFORMANCE REQUIREMENTS
	A.	Product Standard: Comply with AAMA/WDMA/CSA 101/I.S.2/A440 for definitions and minimum standards of performance, materials, components, accessories, and fabrication unless more stringent requirements are indicated.
	1.	Window Certification: FGIA certified with label attached to each window.


	2.2	ALUMINUM WINDOWS
	A.	Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following :
	1.	All Weather Architectural Aluminum
	2.	AluminTechno, LLC
	3.	Arcadia  Inc.

	B.	Provide manufacturer's standard aluminum window assemblies consisting of frames, sashes, glass, hardware, fasteners, and all components and accessories as required for a complete installation.
	C.	Operating Types: Provide the following operating types in locations indicated on Drawings:
	1.	Horizontal sliding.

	D.	Glass: Clear annealed glass, ASTM C1036, Type 1, Class 1, q3.
	E.	Glazing System: Double pane; low-e .
	F.	Hardware, General: Provide manufacturer's standard hardware fabricated from aluminum, stainless steel, carbon steel complying with AAMA 907, or other corrosion-resistant material compatible with adjacent materials; designed to smoothly operate, tightly close, and securely lock windows, and sized to accommodate sash weight and dimensions.
	G.	Horizontal-Sliding Window Hardware:
	1.	Sill Cap/Track: Manufacturer's standard of dimensions and profile indicated; designed to comply with performance requirements indicated and to drain to the exterior.
	2.	Locks and Latches: Allow unobstructed movement of the sash across adjacent sash in direction indicated and operated from the inside only.
	3.	Roller Assemblies: Low-friction design.

	H.	Weather Stripping: Provide manufacturer's standard full-perimeter weather stripping for each operable sash unless otherwise indicated.
	I.	Fasteners: Noncorrosive and compatible with window members, trim, hardware, anchors, and other components.
	1.	Exposed Fasteners: Avoid exposed fasteners to greatest extent possible. For application of hardware, use fasteners that match finish hardware being fastened.



	PART 3 -	EXECUTION
	3.1	INSTALLATION
	A.	Comply with manufacturer's written instructions for installing windows, hardware, accessories, and other components. For installation procedures and requirements not addressed in manufacturer's written instructions, comply with installation requirements in ASTM E2112.
	B.	Install windows level, plumb, square, true to line, without distortion or impeding thermal movement, anchored securely in place to structural support, and in proper relation to wall flashing and other adjacent construction to produce weathertight construction.
	C.	Install windows and components to drain water passing joints and condensation to the exterior.
	D.	Separate aluminum from sources of corrosion or electrolytic action at points of contact with other materials.

	3.2	CLEANING AND PROTECTION
	A.	Clean exposed surfaces immediately after installing windows using manufacturer's written instructions. Avoid damaging finishes. Remove excess sealants, glazing materials, dirt, and other substances.
	B.	Remove and replace glass that has been broken, chipped, cracked, abraded, or damaged during construction period.
	C.	Protect window surfaces from contact with contaminating substances resulting from construction operations. If contaminating substances do contact window surfaces, remove contaminants immediately in accordance with manufacturer's written instructions.



	SECTION 087100 - DOOR HARDWARE
	SECTION 087100 - DOOR HARDWARE
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Provide door hardware.
	B.	Related Requirements:
	1.	Section 081400 " Wood Doors."


	1.2	ACTION SUBMITTALS
	A.	Product Data: For each type of product.
	1.	Include construction details, material descriptions, dimensions of individual components and profiles, and finishes.


	1.3	QUALITY ASSURANCE
	A.	Comply with governing codes and regulations. Provide products of acceptable manufacturers, which have been in satisfactory use in similar service for three years. Use experienced installers. Deliver, handle, and store materials in accordance with manufacturer's instructions.
	B.	Materials and Application: ANSI A156 series standards.


	PART 2 -	PRODUCTS
	2.1	PERFORMANCE REQUIREMENTS
	A.	Accessibility Requirements: For door hardware on doors in an accessible route, comply with CBC 2022 .
	1.	Provide operating devices that do not require tight grasping, pinching, or twisting of the wrist and that operate with a force of not more than 5 lbf.
	2.	Comply with the following maximum opening-force requirements:
	a.	Interior, Non-Fire-Rated Hinged Doors: 5 lbf applied perpendicular to door.
	b.	Sliding or Folding Doors: 5 lbf applied parallel to door at latch.
	c.	Fire Doors: Minimum opening force allowable by authorities having jurisdiction.

	3.	Bevel raised thresholds with a slope of not more than 1:2. Provide thresholds not more than 1/2 inch high.
	4.	Adjust door closer sweep periods so that, from an open position of 90 degrees, the door will take at least 5 seconds to move to a position of 12 degrees from the latch.
	5.	Adjust spring hinges so that, from an open position of 70 degrees, the door will take at least 1.5 seconds to move to the closed position.


	2.2	MATERIALS
	A.	Door Hardware:
	1.	Manufacturers: Emtek, Baldwin, Schlage, or other approved manufacturer.
	2.	Quality Level: Commercial Accessible.
	3.	Locksets and Latchsets: Match existing, coordinate with owner.
	4.	Lock Cylinders: Match existing, coordinate with owner.
	5.	Keying: Match existing, coordinate with owner.
	6.	Hinges and Butts: Match existing, coordinate with owner.
	7.	Auxiliary Materials:
	a.	Stops
	b.	Silencers
	c.	Kick Plates
	d.	Thresholds
	e.	Pocket door hardware (door pulls and additional manufacturer specified)




	PART 3 -	EXECUTION
	3.1	INSTALLATION OF DOOR HARDWARE
	A.	Mounting Heights: Mount door hardware units at heights indicated on Drawings and complying with the CBC 2022 regulations  unless otherwise indicated or required to comply with other governing regulations.
	B.	Install each door hardware item to comply with manufacturer's written instructions. Where cutting and fitting are required to install door hardware onto or into surfaces that are later to be painted or finished in another way, coordinate removal, storage, and reinstallation of surface protective trim units with finishing work. Do not install surface-mounted items until finishes have been completed on substrates involved.
	1.	Set units level, plumb, and true to line and location. Adjust and reinforce attachment substrates as necessary for proper installation and operation.
	2.	Drill and countersink units that are not factory prepared for anchorage fasteners. Space fasteners and anchors in accordance with industry standards.

	C.	Hinges: Install types and in quantities indicated in door hardware schedule, but not fewer than the number recommended by manufacturer for application indicated or one hinge for every 30 inches of door height, whichever is more stringent, unless other equivalent means of support for door, such as spring hinges or pivots, are provided.
	D.	Intermediate Offset Pivots: Where offset pivots are indicated, provide intermediate offset pivots in quantities indicated in door hardware schedule, but not fewer than one intermediate offset pivot per door and one additional intermediate offset pivot for every 30 inches of door height greater than 90 inches.
	E.	Thresholds: Set thresholds for exterior doors and other doors indicated in full bed of sealant.
	F.	Stops: Provide floor stops for doors unless wall or other type stops are indicated in door hardware schedule. Do not mount floor stops where they will impede traffic.
	G.	Perimeter Gasketing: Apply to head and jamb, forming seal between door and frame.
	1.	Do not notch perimeter gasketing to install other surface-applied hardware.

	H.	Meeting Stile Gasketing: Fasten to meeting stiles, forming seal when doors are closed.
	I.	Door Bottoms: Apply to bottom of door, forming seal with threshold when door is closed.

	3.2	ADJUSTING
	A.	Initial Adjustment: Adjust and check each operating item of door hardware and each door to ensure proper operation or function of every unit. Replace units that cannot be adjusted to operate as intended. Adjust door control devices to compensate for final operation of heating and ventilating equipment and to comply with referenced accessibility requirements.
	1.	Door Closers: Adjust sweep period to comply with accessibility requirements and requirements of authorities having jurisdiction.
	2.	Spring Hinges: Adjust to achieve positive latching when door is allowed to close freely from an open position of 70 degrees and so that closing time complies with accessibility requirements of authorities having jurisdiction.


	3.3	DOOR HARDWARE SCHEDULE
	A.	Hardware Schedule: See construction plan sets.



	SECTION 092216 - NON-STRUCTURAL METAL FRAMING
	SECTION 092216 - NON-STRUCTURAL METAL FRAMING
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Provide non-structural metal framing.
	B.	Related Requirements:
	1.	Section 061000 "Rough Carpentry."
	2.	Section 064023 "Interior Architectual Woodwork."
	3.	Section 095113 "Acoustical Panel Ceilings."


	1.2	QUALITY ASSURANCE
	A.	Code-Compliance Certification of Studs and Track: Provide documentation that framing members are certified in accordance with product-certification program of the Steel Framing Industry Association the Steel Stud Manufacturers Association or the Supreme Steel Framing System Association .


	PART 2 -	PRODUCTS
	2.1	PERFORMANCE REQUIREMENTS
	A.	Fire-Test-Response Characteristics: Where indicated on Drawings, provide assemblies incorporating nonstructural steel framing identical to those of assemblies tested for fire resistance in accordance with ASTM E119 by an independent testing agency.
	B.	STC-Rated Assemblies: Where indicated on Drawings, provide assemblies incorporating nonstructural steel framing identical to those of assemblies tested in accordance with ASTM E90 and classified in accordance with ASTM E413 by an independent testing agency.

	2.2	MATERIALS
	A.	Steel Studs: .
	1.	Size: 3-1/2 inch, 20 GA.

	B.	Acoustical Panel Ceiling:
	1.	See Section 09 51 13 "Acoustical Panel Ceilings."



	PART 3 -	EXECUTION
	3.1	PREPARATION
	A.	Suspended Assemblies: Coordinate installation of suspension systems with installation of overhead structure to ensure that inserts and other provisions for anchorages to building structure have been installed to receive hangers at spacing required to support the Work and that hangers will develop their full strength.
	1.	Furnish concrete inserts and other devices required to other trades for installation in advance of time needed for coordination and construction.


	3.2	INSTALLATION OF GRID SUSPENSION SYSTEMS


	SECTION 092900 - GYPSUM BOARD
	SECTION 092900 - GYPSUM BOARD
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Section Includes
	1.	Interior gypsum board.


	1.2	ACTION SUBMITTALS
	A.	Product Data:Submit manufacturer's product data and installation instructions for each material and product used..

	1.3	FIELD CONDITIONS
	A.	Environmental Limitations: Comply with ASTM C840 requirements or manufacturer's written instructions, whichever are more stringent.
	B.	Do not install panels that are wet, moisture damaged, or mold damaged.
	1.	Indications that panels are wet or moisture damaged include, but are not limited to, discoloration, sagging, or irregular shape.
	2.	Indications that panels are mold damaged include, but are not limited to, fuzzy or splotchy surface contamination and discoloration.


	1.4	QUALITY ASSURANCE
	A.	Comply with governing codes and regulations. Provide products of acceptable manufacturers, which have been in satisfactory use in similar service for three years. Use experienced installers. Deliver, handle, and store materials in accordance with manufacturer's instructions.
	B.	Tolerances: Not more than 1/16 inch difference in true plane at joints between adjacent boards before finishing. After finishing, joints shall not be visible. Not more that 1/8 inch in 10 feet deviation from true plane, plumb, level, and proper relation to adjacent surfaces in finished work.
	C.	Fire Resistance for Fire-Rate Assemblies: ASTM E 119.
	D.	Performance: Fire, structural, and seismic performance meeting requirements of building code and local authorities.


	PART 2 -	PRODUCTS
	2.1	MATERIALS
	A.	Interior Gypsum Board:
	1.	Manufacturer: USG, CertainTeed, or other approved manufacturer.
	2.	Application: Interior walls and partitions with tape and joint compound finish,
	3.	Material Standard: ASTM C1396
	4.	Type: Board for tape and joint compound finish.
	a.	Type: Regular, moisture-resistant and fire rated types as required.
	b.	Typical Thickness: 3/8 inch.

	5.	Joint Treatment: ASTM C474 and ASTM C840, 3-coat system, paper or fiberglass tape.
	6.	Auxiliary Materials:
	a.	Cornerbead, edge trim and control joints.
	b.	Extruded aluminum reveals and channels.
	c.	Gypsum board screws, ASTM C1002.
	d.	Gypsum board nails, ASTM 514.
	e.	Mineral fiber sound attenuation blankets.
	f.	Mineral fiber thermal insulation.
	g.	Polyethylene vapor retarder, 6 mils.




	PART 3 -	EXECUTION
	3.1	INSTALLATION AND FINISHING OF GYPSUM BOARD, GENERAL
	A.	Comply with ASTM C840 requirements.
	B.	New walls to be finished to a level 4 finish as specified in the most current edition of Gypsum Association publication GA-214. The new texture finish shall match the texture finish of the adjacent existing walls.
	C.	Install ceiling panels across framing to minimize the number of abutting end joints and to avoid abutting end joints in central area of each ceiling. Stagger abutting end joints of adjacent panels not less than one framing member.
	D.	Install panels with face side out. Butt panels together for a light contact at edges and ends with not more than 1/16 inch of open space between panels. Do not force into place.
	E.	Locate edge and end joints over supports, except in ceiling applications where intermediate supports or gypsum board back-blocking is provided behind end joints. Do not place tapered edges against cut edges or ends. Stagger vertical joints on opposite sides of partitions. Do not make joints other than control joints at corners of framed openings.
	F.	Form expansion (control) joints with space between edges of adjoining gypsum panels.
	G.	Cover both faces of support framing with gypsum panels in concealed spaces (above ceilings, etc.), except in chases braced internally.
	1.	Unless concealed application is indicated or required for sound, fire, air, or smoke ratings, coverage may be accomplished with scraps of not less than 8 sq. ft. in area.
	2.	Fit gypsum panels around ducts, pipes, and conduits.
	3.	Where partitions intersect structural members projecting below underside of floor/roof slabs and decks, cut gypsum panels to fit profile formed by structural members; allow 1/4- to 3/8-inch- wide joints to install sealant.

	H.	Isolate perimeter of gypsum board applied to non-load-bearing partitions at structural abutments. Provide 1/4- to 1/2-inch- wide spaces at these locations and trim edges with edge trim where edges of panels are exposed. Seal joints between edges and abutting structural surfaces with acoustical sealant.
	I.	Attachment to Steel Framing: Attach panels so leading edge or end of each panel is attached to open (unsupported) edges of stud flanges first.
	J.	Wood Framing: Install gypsum panels over wood framing, with floating internal corner construction. Do not attach gypsum panels across the flat grain of wide-dimension lumber, including floor joists and headers. Float gypsum panels over these members or provide control joints to counteract wood shrinkage.
	K.	STC-Rated Assemblies: Seal construction at perimeters, behind control joints, and at openings and penetrations with a continuous bead of acoustical sealant. Install acoustical sealant at both faces of partitions at perimeters and through penetrations. Comply with ASTM C919 requirements and with manufacturer's written instructions for locating edge trim and closing off sound-flanking paths around or through assemblies, including sealing partitions above acoustical ceilings.
	L.	Install sound-attenuation blankets before installing gypsum panels unless blankets are readily installed after panels have been installed on one side.

	3.2	PROTECTION
	A.	Protect adjacent surfaces from joint compound and promptly remove from floors and other non-gypsum board surfaces. Repair surfaces stained, marred, or otherwise damaged during gypsum board installation and finishing.
	B.	Protect installed products from damage from weather, condensation, direct sunlight, construction, and other causes during remainder of the construction period.
	C.	Remove and replace panels that have gotten wet, moisture damaged, or mold damaged.
	1.	Indications that panels are wet or moisture damaged include, but are not limited to, discoloration, sagging, or irregular shape.
	2.	Indications that panels are mold damaged include, but are not limited to, fuzzy or splotchy surface contamination and discoloration.




	SECTION 095113 - ACOUSTICAL PANEL CEILINGS
	SECTION 095113 - ACOUSTICAL PANEL CEILINGS
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Section Includes:
	1.	Acoustical panels.
	2.	Metal suspension system.
	3.	Metal edge moldings and trim.


	1.2	ACTION SUBMITTALS
	A.	Product Data:
	1.	For each type of product.


	1.3	MAINTENANCE MATERIAL SUBMITTALS
	A.	Furnish extra materials , from the same production run, that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1.	Acoustical Ceiling Units: Full-size panels equal to 2 percent of quantity installed.
	2.	Suspension-System Components: Quantity of each exposed component equal to 2 percent of quantity installed.
	3.	Hold-Down Clips: Equal to 2 percent of quantity installed.
	4.	Impact Clips: Equal to 2 percent of quantity installed.



	PART 2 -	PRODUCTS
	2.1	MATERIALS
	A.	All materials to meet the standards outlined in the construction documents and be installed per the construction documents and manufacturer instructions.
	B.	Materials:
	1.	Wire: All hander wires shall be number 12 galvanized wire or code approved equal.
	2.	Runners: To be sized per manufacturer recommendations and construction documents to support 24 inch by 24 inch grid.
	3.	Compression Post: 2 inch diameter with 12 foot spacing. Sized per manufacturer recommendations.
	4.	Bolt and Locknuts: 1/8 inch diameter minimum. To be sized per manufacture recommendations.
	5.	Ceiling Grid:
	a.	Armstrong 24 inch by 24 inch grid: Prelude ML 15/16" exposed tee system, color white.

	6.	Ceiling Panel:
	a.	Armstrong: Cortega 15/16" beveled tegular, medium texture, 24 inch by 24 inch by 5/8 inch, white.



	2.2	PERFORMANCE REQUIREMENTS
	A.	Seismic Performance: Suspended ceilings to withstand the effects of earthquake motions determined in accordance with ASCE/SEI 7 for seismic categories D, E, and F.
	B.	Surface-Burning Characteristics: Comply with ASTM E84; testing by a qualified testing agency. Identify products with appropriate markings of applicable testing agency.
	1.	Flame-Spread Index: Class A in accordance with ASTM E1264.
	2.	Smoke-Developed Index: 50 or less.

	C.	Fire-Resistance Ratings: Comply with ASTM E119; testing by a qualified testing agency. Identify products with appropriate markings of applicable testing agency.
	1.	Indicate design designations from UL or from the listings of another qualified testing agency.



	PART 3 -	EXECUTION
	3.1	PREPARATION
	A.	Measure each ceiling area and establish layout of acoustical panels to balance border widths at opposite edges of each ceiling. Avoid using less-than-half-width panels at borders unless otherwise indicated, and comply with layout shown on reflected ceiling plans.
	B.	Layout openings for penetrations centered on the penetrating items.

	3.2	INSTALLATION OF ACOUSTICAL PANEL CEILINGS
	A.	Install acoustical panel ceilings in accordance with ASTM C636/C636M , seismic design requirements, and manufacturer's written instructions.
	1.	Fire-Rated Assembly: Install fire-rated ceiling systems in accordance with tested fire-rated design.

	B.	Suspend ceiling hangers from building's structural members and as follows:
	1.	Install hangers plumb and free from contact with insulation or other objects within ceiling plenum that are not part of supporting structure or of ceiling suspension system.
	2.	Splay hangers only where required  and, if permitted with fire-resistance-rated ceilings, to miss obstructions; offset resulting horizontal forces by bracing, countersplaying, or other equally effective means.
	3.	Where width of ducts and other construction within ceiling plenum produces hanger spacings that interfere with location of hangers at spacings required to support standard suspension-system members, install supplemental suspension members and hangers in form of trapezes or equivalent devices.
	4.	Secure wire hangers to ceiling-suspension members and to supports above with a minimum of three tight turns. Connect hangers directly to structure or to inserts, eye screws, or other devices that are secure and appropriate for substrate and that will not deteriorate or otherwise fail due to age, corrosion, or elevated temperatures.
	5.	Secure flat, angle, channel, and rod hangers to structure, including intermediate framing members, by attaching to inserts, eye screws, or other devices that are secure and appropriate for both the structure to which hangers are attached and the type of hanger involved. Install hangers in a manner that will not cause them to deteriorate or fail due to age, corrosion, or elevated temperatures.
	6.	Do not support ceilings directly from permanent metal forms or floor deck. Fasten hangers to cast-in-place hanger inserts, postinstalled mechanical or adhesive anchors, or power-actuated fasteners that extend through forms into concrete.
	7.	When steel framing does not permit installation of hanger wires at spacing required, install carrying channels or other supplemental support for attachment of hanger wires.
	8.	Do not attach hangers to steel deck tabs.
	9.	Do not attach hangers to steel roof deck. Attach hangers to structural members.
	10.	Space hangers not more than 48 inches o.c. along each member supported directly from hangers unless otherwise indicated; provide hangers not more than 8 inches from ends of each member.
	11.	Size supplemental suspension members and hangers to support ceiling loads within performance limits established by referenced standards.

	C.	Secure bracing wires to ceiling suspension members and to supports with a minimum of four tight turns. Suspend bracing from building's structural members as required for hangers, without attaching to permanent metal forms, steel deck, or steel deck tabs. Fasten bracing wires into concrete with cast-in-place or postinstalled anchors.
	D.	Install edge moldings and trim of type indicated at perimeter of acoustical ceiling area and where necessary to conceal edges of acoustical panels.
	1.	Apply acoustical sealant in a continuous ribbon concealed on back of vertical legs of moldings before they are installed.
	2.	Screw attach moldings to substrate at intervals not more than 16 inches o.c. and not more than 3 inches from ends. Miter corners accurately and connect securely.
	3.	Do not use exposed fasteners, including pop rivets, on moldings and trim.

	E.	Install suspension-system runners so they are square and securely interlocked with one another. Remove and replace dented, bent, or kinked members.
	F.	Install acoustical panels with undamaged edges and fit accurately into suspension-system runners and edge moldings. Scribe and cut panels at borders and penetrations to provide precise fit.
	1.	Arrange directionally patterned acoustical panels as follows:
	a.	As indicated on reflected ceiling plans.

	2.	For square-edged panels, install panels with edges fully hidden from view by flanges of suspension-system runners and moldings.
	3.	For reveal-edged panels on suspension-system runners, install panels with bottom of reveal in firm contact with top surface of runner flanges.
	4.	For reveal-edged panels on suspension-system members with box-shaped flanges, install panels with reveal surfaces in firm contact with suspension-system surfaces and panel faces flush with bottom face of runners.
	5.	Paint cut edges of panel remaining exposed after installation; match color of exposed panel surfaces using coating recommended in writing for this purpose by acoustical panel manufacturer.
	6.	Install hold-down impact and seismic clips in areas indicated; space in accordance with panel manufacturer's written instructions unless otherwise indicated.
	a.	Hold-Down Clips: Space 24 inches o.c. on all cross runners.

	7.	Protect lighting fixtures and air ducts in accordance with requirements indicated for fire-resistance-rated assembly.

	G.	For additional and specific requirements, refer to "Seismic Ceiling Installation Notes for Seismic Categories D, E, and F" on sheet A6 of the construction plan set and the manufacturers installation instructions.

	3.3	ERECTION TOLERANCES
	A.	Suspended Ceilings: Install main and cross runners level to a tolerance of 1/8 inch in 12 feet , non-cumulative.
	B.	Moldings and Trim: Install moldings and trim to substrate and level with ceiling suspension system to a tolerance of 1/8 inch in 12 feet , non-cumulative.



	SECTION 099123 - INTERIOR PAINTING
	SECTION 099123 - INTERIOR PAINTING
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Section Includes: Surface preparation of interior substrates and application of the following:
	1.	Primers.
	2.	Water-based finish coatings.
	3.	Solvent-based finish coatings.
	4.	Dry fall coatings.

	B.	Related Requirements:
	1.	Section 064023 "Interior Architectural Woodwork."
	2.	Section 092900 "Gypsum Board."


	1.2	ACTION SUBMITTALS
	A.	Product Data: For each type of product.
	1.	Include preparation requirements and application instructions.
	2.	Indicate VOC content.

	B.	Samples for Verification: For each type of paint system and each color and gloss of topcoat. Submit paint manufacturer's standard printed cards for verification Samples.
	1.	Submit Samples on rigid backing, 8 inches square.
	2.	Apply coats on Samples in steps to show each coat required for system.
	3.	Label each coat of each Sample.
	4.	Label each Sample for location and application area.

	C.	Product List: Cross-reference to paint system and locations of application areas. Use same designations indicated on Drawings and in applicable interior painting schedule articles to cross-reference paint systems specified in this Section. Include color designations.

	1.3	MAINTENANCE MATERIAL SUBMITTALS
	A.	Furnish extra materials that match paint products applied and that are packaged with protective covering for storage and identified with labels describing contents.
	1.	Paint Products: 5 percent, but not less than 1 gal. of each material and color applied.


	1.4	QUALITY ASSURANCE
	A.	Comply with governing codes and regulations. Provide products of acceptable manufacturers, which have been in satisfactory use in a similar service for three ears. Use experienced installers. Deliver, handle, and store materials in accordance with manufacturer's instructions.
	B.	Regulations: Compliance with VOC and environmental regulations.


	PART 2 -	PRODUCTS
	2.1	SOURCE LIMITATIONS
	A.	Obtain each paint product from single source from single manufacturer.

	2.2	INTERIOR PAINTS, GENERAL
	A.	Interior Paints: Subject to compliance with requirements,  listed in product types below and applicable interior painting schedule articles for the paint category indicated.
	B.	Paint:
	1.	Manufacturer: Sherwin-Williams or other approved manufacturer.
	2.	Color: Off-white to match existing color in adjacent spaces.
	3.	Finish: To match existing finish in adjacent spaces.

	C.	Material Compatibility:
	1.	Materials for use within each paint system must be compatible with one another and substrates indicated, under conditions of service and application as demonstrated by manufacturer based on testing and field experience.
	2.	For each coat in a paint system, provide products recommended in writing by topcoat manufacturer for use in paint system and on substrate indicated.

	D.	VOC Emissions: For field applications inside the building, wall paints shall contain no more than half of the chronic REL of VOCs when tested according to the California Department of Public Health's "Standard Method for the Testing and Evaluation of Volatile Organic Chemical Emissions from Indoor Sources Using Environmental Chambers." The building concentration of formaldehyde shall not exceed half of the indoor recommended exposure limit or 33 mcg/cu. m and that of acetaldehyde shall not exceed 9 mcg/cu. m.


	PART 3 -	EXECUTION
	3.1	PREPARATION
	A.	Comply with manufacturer's written instructions applicable to substrates and paint systems indicated.
	B.	Remove hardware, covers, plates, and similar items already in place that are removable and are not to be painted. If removal is impractical or impossible because of size or weight of item, provide surface-applied protection before surface preparation and painting.
	1.	After completing painting operations, use workers skilled in the trades involved to reinstall items that were removed. Remove surface-applied protection if any.

	C.	Clean substrates of substances that could impair bond of paints, including dust, dirt, oil, grease, and incompatible paints and encapsulants.
	1.	Remove incompatible primers and reprime substrate with compatible primers or apply tie coat as required to produce paint systems indicated.

	D.	Steel Substrates: Remove loose rust, loose mill scale, loose shop primer, and other loose foreign matter. Clean using methods recommended in writing by paint manufacturer .
	E.	Shop-Primed Steel Substrates: Clean field welds, bolted connections, and areas where shop paint is abraded. Paint exposed areas with the same material as used for shop priming to comply with SSPC-PA 1 for touching up shop-primed surfaces.
	F.	Galvanized Metal Substrates: Remove grease and oil residue from galvanized metal by mechanical methods to produce clean, lightly etched surfaces that promote adhesion of subsequently applied paints.
	G.	Aluminum Substrates: Remove loose surface oxidation.
	H.	Wood Substrates:
	1.	Scrape and clean knots. Before applying primer, apply coat of wood-knot sealer.
	2.	Sand surfaces that will be exposed to view and remove sanding dust.
	3.	Prime edges, ends, faces, undersides, and backsides of wood.
	4.	After priming, fill holes and imperfections in the finish surfaces with putty or plastic wood filler. Sand smooth when dried.

	I.	Canvas and Cotton Insulation Covering Substrates: Remove dust, dirt, and other foreign material that might impair bond of paints to substrates.
	J.	Plastic Trim Fabrication Substrates: Remove dust, dirt, and other foreign material that might impair bond of paints to substrates.

	3.2	APPLICATION OF INTERIOR PAINT PRODUCTS
	A.	Apply paints in accordance with manufacturer's written instructions.
	1.	Use applicators and techniques suited for paint and substrate indicated.
	2.	Paint surfaces behind movable equipment and furniture same as similar exposed surfaces. Before final installation, paint surfaces behind permanently fixed equipment or furniture with prime coat only.
	3.	Paint front and backsides of access panels, removable or hinged covers, and similar hinged items to match exposed surfaces.
	4.	Paint entire exposed surface of window frames and sashes.
	5.	Do not paint over labels of independent testing agencies or equipment name, identification, performance rating, or nomenclature plates.
	6.	Primers specified in the applicable interior painting schedule articles may be omitted on items that are factory primed or factory finished if compatible with intermediate and topcoat coatings and acceptable to intermediate and topcoat paint manufacturers.

	B.	Tint each undercoat a lighter shade to facilitate identification of each coat if multiple coats of same material are to be applied. Tint undercoats to match color of topcoat but provide sufficient difference in shade of undercoats to distinguish each separate coat.
	C.	If undercoats or other conditions show through topcoat, apply additional coats until cured film has a uniform paint finish, color, and appearance.
	D.	Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, roller tracking, runs, sags, ropiness, or other surface imperfections. Cut in sharp lines and color breaks.
	E.	Painting Fire-Suppression, Plumbing, HVAC, Electrical, Communication, and Electronic Safety and Security Work:
	1.	Paint the following work where exposed to view in occupied spaces:
	a.	Equipment, including panelboards.
	b.	Uninsulated metal piping.
	c.	Uninsulated plastic piping.
	d.	Pipe hangers and supports.
	e.	Metal conduit.
	f.	Plastic conduit.
	g.	Duct, equipment, and pipe insulation having cotton or canvas insulation covering or other paintable jacket material.
	h.	Other items as directed by Architect.

	2.	Paint portions of internal surfaces of metal ducts, without liner, behind air inlets and outlets that are visible from occupied spaces.


	3.3	FIELD QUALITY CONTROL
	A.	Dry-Film Thickness Testing: Owner may engage the services of a qualified testing and inspecting agency to inspect and test paint for dry-film thickness.
	1.	Touch up and restore painted surfaces damaged by testing.
	2.	If test results show that dry-film thickness of applied paint does not comply with paint manufacturer's written recommendations, apply additional coats as needed to provide dry-film thickness that complies with paint manufacturer's written recommendations.
	3.	Cost of retesting is Contractor's responsibility.


	3.4	CLEANING
	A.	At end of each workday, remove rubbish, empty cans, rags, and other discarded materials from Project site.
	1.	Do not clean equipment with free-draining water and prevent solvents, thinners, cleaners, and other contaminants from entering into waterways, sanitary and storm drain systems, and ground.
	2.	Dispose of contaminants in accordance with requirements of authorities having jurisdiction.
	3.	Allow empty paint cans to dry before disposal.
	4.	Collect waste paint by type and deliver to recycling or collection facility.

	B.	After completing paint application, clean spattered surfaces. Remove spattered paints by washing, scraping, or other methods. Do not scratch or damage adjacent finished surfaces.

	3.5	PROTECTION
	A.	Protect work of other trades against damage from paint application. Correct damage to work of other trades by cleaning, repairing, replacing, and refinishing, as approved by Architect, and leave in an undamaged condition.
	B.	At completion of construction activities of other trades, touch up and restore damaged or defaced painted surfaces.



	SECTION 101423.16 - ROOM-IDENTIFICATION PANEL SIGNAGE
	SECTION 101423.16 - ROOM-IDENTIFICATION PANEL SIGNAGE
	PART 1 -	GENERAL
	1.1	SUMMARY
	A.	Section includes room-identification signs that are directly attached to the building.

	1.2	DEFINITIONS
	A.	Accessible: In accordance with the accessibility standard.

	1.3	ACTION SUBMITTALS
	A.	Product Data: For each type of product.
	B.	Product Schedule: For room-identification signs. Use same designations indicated on Drawings or specified.

	1.4	INFORMATIONAL SUBMITTALS
	A.	Qualification Data: For manufacturer .


	PART 2 -	PRODUCTS
	2.1	PERFORMANCE REQUIREMENTS
	A.	Accessibility Standard: Comply with applicable provisions in CBC 2022 .

	2.2	SIGN MATERIALS
	A.	Acrylic Sheet: ASTM D4802, category as standard with manufacturer for each sign, Type UVF (UV filtering).

	2.3	ACCESSORIES
	A.	Fasteners and Anchors: Manufacturer's standard as required for secure anchorage of signs, noncorrosive and compatible with each material joined, and complying with the following:
	1.	Use concealed fasteners and anchors unless indicated to be exposed.
	2.	For exterior exposure, furnish nonferrous-metal stainless-steel or hot-dip galvanized devices unless otherwise indicated.
	3.	Exposed Metal-Fastener Components, General:
	a.	Fabricated from same basic metal and finish of fastened sign unless otherwise indicated.
	b.	Fastener Heads: Use flathead or oval countersunk screws and bolts with tamper-resistant Allen-head spanner-head or one-way-head slots unless otherwise indicated.

	4.	Sign Mounting Fasteners:
	a.	Concealed Studs: Concealed (blind), threaded studs welded or brazed to back of sign material or screwed into back of sign assembly unless otherwise indicated.
	b.	Through Fasteners: Exposed metal fasteners matching sign finish, with type of head indicated, and installed in predrilled holes.


	B.	Adhesive: As recommended by sign manufacturer.
	C.	Two-Face Tape: Manufacturer's standard high-bond, foam-core tape, 0.045 inch thick, with adhesive on both sides.
	D.	Hook-and-Loop Tape: Manufacturer's standard two-part tape consisting of hooked part on sign back and looped side on mounting surface.
	E.	Magnetic Tape: Manufacturer's standard magnetic tape with adhesive on one side.


	PART 3 -	EXECUTION
	3.1	INSTALLATION
	A.	General: Install signs using mounting methods indicated and according to manufacturer's written instructions.
	1.	Install signs level, plumb, true to line, and at locations and heights indicated, with sign surfaces free of distortion and other defects in appearance.
	2.	Install signs so they do not protrude or obstruct according to the accessibility standard.
	3.	Before installation, verify that sign surfaces are clean and free of materials or debris that would impair installation.

	B.	Accessibility: Install signs in locations on walls as indicated on Drawings and according to the accessibility standard .
	C.	Mounting Methods:
	1.	Concealed Studs: Using a template, drill holes in substrate aligning with studs on back of sign. Remove loose debris from hole and substrate surface.
	a.	Masonry Substrates: Fill holes with adhesive. Leave recess space in hole for displaced adhesive. Place sign in position and push until flush to surface, embedding studs in holes. Temporarily support sign in position until adhesive fully sets.
	b.	Thin or Hollow Surfaces: Place sign in position and flush to surface, install washers and nuts on studs projecting through opposite side of surface, and tighten.

	2.	Through Fasteners: Drill holes in substrate using predrilled holes in sign as template. Countersink holes in sign if required. Place sign in position and flush to surface. Install through fasteners and tighten.
	3.	Adhesive: Clean bond-breaking materials from substrate surface and remove loose debris. Apply linear beads or spots of adhesive symmetrically to back of sign and of suitable quantity to support weight of sign after cure without slippage. Keep adhesive away from edges to prevent adhesive extrusion as sign is applied and to prevent visibility of cured adhesive at sign edges. Place sign in position, and push to engage adhesive. Temporarily support sign in position until adhesive fully sets.
	4.	Two-Face Tape: Clean bond-breaking materials from substrate surface and remove loose debris. Apply tape strips symmetrically to back of sign and of suitable quantity to support weight of sign without slippage. Keep strips away from edges to prevent visibility at sign edges. Place sign in position, and push to engage tape adhesive.
	5.	Hook-and-Loop Tape: Clean bond-breaking materials from substrate surface and remove loose debris. Apply sign component of two-part tape strips symmetrically to back of sign and of suitable quantity to support weight of sign without slippage; push to engage tape adhesive. Keep tape strips 0.250 inch away from edges to prevent visibility at sign edges when sign is initially installed or reinstalled. Apply substrate component of tape to substrate in locations aligning with tape on back of sign; push and rub well to fully engage tape adhesive to substrate.
	6.	Magnetic Tape: Clean bond-breaking materials from substrate surface and remove loose debris. Apply tape strips symmetrically to back of sign and of suitable quantity to support weight of sign without slippage. Keep strips away from edges to prevent visibility at sign edges. Place sign in position.
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