SECTION 01 01 40
SCOPE AND SEQUENCE OF WORK

PART 1- GENERAL

1.01 WORK INCLUDED:

A. This Section of the specifications covers the scope and sequence of work for the
“RECC HVAC Modifications” in Worcester, Massachusetts, including:

The project consists of the removal of 3 existing ceiling mounted Liebert air
conditioning units from the Communications Center, a new dedicated ERV, ductwork
and controls modifications in the Communications Center, and the protection of the
existing equipment that comprise the Communications Center. The Liebert unit will be
reinstalled in the upper level and ducted down to re-serve the Communications Center.
Work in the office space consists of the addition of VAV reheat coils in existing VAV
boxes, the addition of a new VAV box, ductwork and controls modifications.

The project will be bid HVAC prime with no filed sub bids.

B. The Contractor shall furnish all labor, materials, equipment, and incidentals required to
complete the work as shown on the drawings and as specified herein.

C. Use of Site Utilities: In general, where the Contractor is being allowed the use of site
utilities for the sole purpose of executing the Contract, any abuse or waste as deemed
solely by the Owner or the Owner’s Representative of any utility, shall be grounds for
the cessation of the privilege of utility usage and all further utility needs shall be
provided by the Contractor at no additional cost to the owner.

1.  Potable Water: The Contractor may use the site’s potable water.

2. Sanitary: The Contractor may use the site’s sanitary facilities.

3. Electricity: The Contractor may use the site’s electricity.

4.  HVAC: To the extent that the existing or new HVAC system is available and
required, the Contractor may use the site’s HVAC system. Should the HVAC
system not be available due to construction, the Contractor shall provide
temporary heat and ventilation as required to execute the work at no additional

cost to the Owner.

D. Contractor Storage Space: The Contractor will be allowed to store tools, equipment,
and material in vacant upper level space.

E. Parking: The Contractor shall park outside the facilities’ gate.
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F.  Background Checks: All personnel will be required to pass a background check by the
Worcester Police. Background checks will require one week to process.

G. Permits: Permits will be required. Permit fees will be waived by the City
1.02 RELATED WORK:

A. SUPPLEMENT TO SPECIFICATIONS — SPECIAL PROVISIONS

PART 2 — PRODUCTS — NOT APPLICABLE

PART 3 - EXECUTION

3.01 SEQUENCE OF WORK:
A. See Communications Center shutdown note on HD-1.
B. All work may be scheduled at the Contractor’s discretion within the time of contract

so long as it adheres to this scope and sequence of work and all plans and
specifications. The schedule is also subject to approval by the Engineer.

END OF SECTION
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SECTION 017419

CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL

PART 1 - GENERAL

1.1

1.2

A.

SUMMARY

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.

Related Requirements:

1. Section 011200 "Multiple Contract Summary" for coordination of responsibilities for
waste management.
2. Section 042000 "Unit Masonry" for disposal requirements for masonry waste.

3. Section 044313.13 "Anchored Stone Masonry Veneer" for disposal requirements for
excess stone and stone waste.

4. Section 044313.16 "Adhered Stone Masonry Venecer" for disposal requirements for
excess stone and stone waste.

5. Section 311000 "Site Clearing" for disposition of waste resulting from site clearing and
removal of above- and below-grade improvements.

DEFINITIONS

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

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

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.

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

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

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

09/15/2021 017419 - 1



1.3 ACTION SUBMITTALS

A.  Waste Management Plan: Submit plan within 30 days of date established for commencement of
the Work.

1.4 INFORMATIONAL SUBMITTALS

A.  Waste Reduction Progress Reports: Concurrent with each Application for Payment, submit
report. Include the following information:

1. Material category.

2. Generation point of waste.

3. Total quantity of waste in tons (tonnes).

4. Quantity of waste salvaged, both estimated and actual in tons (tonnes).

5. Quantity of waste recycled, both estimated and actual in tons (tonnes).

6. Total quantity of waste recovered (salvaged plus recycled) in tons (tonnes).

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.

1.5 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.
B.  If including refrigerant recovery in this Section, retain first "Refrigerant Recovery Technician
Qualifications" Paragraph below and delete second paragraph. Refrigerant Recovery Technician

Qualifications: Type I] certified by EPA-approved certification program.

C.  Refrigerant Recovery Technician Qualifications: Comply with requirements in Section 024119
"Selective Demolition."
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D.

1.6

A.

B.

C.

Waste Management Conference(s): Conduct conference(s) at Project site to comply with
requirements in Section 013100 "Project Management and Coordination."

WASTE MANAGEMENT PLAN

General: Develop a waste management plan according to requirements in this Section. Plan
shall consist of waste identification, waste reduction work plan, and cost/revenue analysis.
Distinguish between demolition and construction waste. Indicate quantities by weight or
volume, but use same units of measure throughout waste management plan.

Waste Identification: Indicate anticipated types and quantities of demolition and construction
waste generated by the Work. Include estimated quantities and assumptions for estimates.

Waste Reduction Work Plan: List each type of waste and whether it will be salvaged, recycled,
or disposed of in landfill or incinerator. 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.

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.

PART 2 - PRODUCTS

2.1

A.

PERFORMANCE REQUIREMENTS

General: Achieve end-of-Project rates for salvage/recycling of 50 percent by weight of total
nonhazardous solid waste generated by the Work. Facilitate recycling and salvage of materials.

PART 3 - EXECUTION

3.1

A.

PLAN IMPLEMENTATION

General: Implement approved waste management plan. Provide handling, containers, storage,
signage, transportation, and other items as required to implement waste management plan
during the entire duration of the Contract.
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Waste Management Coordinator: Engage a waste management coordinator to be responsible for
implementing, monitoring, and reporting status of waste management work plan. Coordinator
shall be present at Project site full time for duration of Project.

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.

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.

2. Comply with Section 015000 "Temporary Facilities and Controls" for controlling dust
and dirt, environmental protection, and noise control.

Waste Management in Historic Zones or Areas: Transportation equipment and other materials
shall be of sizes that clear surfaces within historic spaces, areas, rooms, and openings, by 12
inches (300 mm) or more.

SALVAGING DEMOLITION WASTE

Comply with requirements in Section 024119 "Selective Demolition" for salvaging demolition
waste.

Salvaged Items for Reuse in the Work:

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.

Store items in a secure area until installation.

Protect items from damage during transport and storage.

5. Install salvaged items to comply with installation requirements for new materials and
equipment. Provide connections, supports, and miscellaneous materials necessary to
make items functional for use indicated.

B w

Salvaged Items for Sale: Not permitted on Project site.
Salvaged Items for Owner's Use:

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.

Store items in a secure area until delivery to Owner.

4, Transport items to Owner's storage area designated by Owner.

W
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3.3

34

5. Protect items from damage during transport and storage.

RECYCLING DEMOLITION AND CONSTRUCTION WASTE, GENERAL
General: Recycle paper and beverage containers used by on-site workers.

Recycling Incentives: Revenues, savings, rebates, tax credits, and other incentives received for
recycling waste materials shall accrue to Owner

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

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

L. 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.

RECYCLING DEMOLITION WASTE

Asphalt Paving: Grind asphalt to maximum 4-inch (100-mm) size.

Asphalt Paving: Break up and transport paving to asphalt-recycling facility.

Concrete: Remove reinforcement and other metals from concrete and sort with other metals.
1. Pulverize concrete to maximum 4-inch (100-mm) size.

Masonry: Remove metal reinforcement, anchors, and ties from masonry and sort with other
metals.

1. Pulverize masonry to maximum 4-inch (100-mm) size.
2. Clean and stack undamaged, whole masonry units on wood pallets.

Wood Materials: Sort and stack members according to size, type, and length. Separate lumber,
engineered wood products, panel products, and treated wood materials.
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3.5

Metals: Separate metals by type.

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

Asphalt Shingle Roofing: Separate organic and glass-fiber asphalt shingles and felts. Remove
and dispose of nails, staples, and accessories.

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

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

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

Carpet and Pad: Roll large pieces tightly after removing debris, trash, adhesive, and tack strips.

1. Store clean, dry carpetand pad in a closed container or trailer provided by carpet
reclamation agency or carpet recycler.

Carpet Tile: Remove debris, trash, and adhesive.

L. Stack tile on pallet and store clean, dry carpet in a closed container or trailer provided by
carpet reclamation agency or carpet recycler.

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

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

Lamps: Separate lamps by type and store according to requirements in 40 CFR 273.

RECYCLING CONSTRUCTION WASTE

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.

Wood Materials:

I. Clean Cut-Offs of Lumber: Grind or chip into small pieces.
2. Clean Sawdust: Bag sawdust that does not contain painted or treated wood.
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3.6

3.7

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

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

Paint: Seal containers and store by type.

DISPOSAL OF WASTE

General: 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.

L. Except as 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.

General: 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.

Burning: Do not burn waste materials.
Burning: Burning of waste materials is permitted only at designated areas on Owner's property,

provided required permits are obtained. Provide full-time monitoring for burning materials until
fires are extinguished.

ATTACHMENTS

END OF SECTION 017419
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SECTION 017823

OPERATION AND MAINTENANCE DATA

PART 1 - GENERAL

1.1

1.2

A.

SUMMARY

Section includes administrative and procedural requirements for preparing operation and
maintenance manuals, including the following:

1. Operation and maintenance documentation directory manuals.
2. Emergency manuals.

3. Systems and equipment operation manuals.

4. Systems and equipment maintenance manuals.

5. Product maintenance manuals.

CLOSEOUT SUBMITTALS

Submit operation and maintenance manuals indicated. Provide content for each manual as
specified in individual Specification Sections, and as reviewed and approved at the time of
Section submittals. Submit reviewed manual content formatted and organized as required by
this Section.

1. Architect will comment on whether content of operation and maintenance submittals is
acceptable.
2. Where applicable, clarify and update reviewed manual content to correspond to revisions

and field conditions.

Format: Submit operation and maintenance manuals in the following format:

1. Submit on digital media acceptable to Architect. Enable reviewer comments on draft
submittals.

2. Submit three paper copies. Architect, through Construction Manager, will return two
copies.

Final Manual Submittal: Submit each manual in final form prior to requesting inspection for
Substantial Completion and at least 15 days before commencing demonstration and training.
Architect will return copy with comments.

1. Correct or revise each manual to comply with Architect's comments. Submit copies of
each corrected manual within 15 days of receipt of Architect's comments and prior to
commencing demonstration and training.

Comply with Section 017700 "Closeout Procedures" for schedule for submitting operation and
maintenance documentation.
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1.3 FORMAT OF OPERATION AND MAINTENANCE MANUALS

A.  Manuals, Electronic Files: Submit manuals in the form of a multiple file composite electronic
PDF file for each manual type required.

1.

Electronic Files: Use electronic files prepared by manufacturer where available. Where
scanning of paper documents is required, configure scanned file for minimum readable
file size.

File Names and Bookmarks: Bookmark individual documents based on file names. Name
document files to correspond to system, subsystem, and equipment names used in manual
directory and table of contents. Group documents for each system and subsystem into
individual composite bookmarked files, then create composite manual, so that resulting
bookmarks reflect the system, subsystem, and equipment names in a readily navigated
file tree. Configure electronic manual to display bookmark panel on opening file.

B.  Manuals, Paper Copy: Submit manuals in the form of hard-copy, bound and labeled volumes.

1.

Binders: Heavy-duty, three-ring, vinyl-covered, post-type binders, in thickness necessary
to accommodate contents, sized to hold 8-1/2-by-11-inch (215-by-280-mm) paper; with
clear plastic sleeve on spine to hold label describing contents and with pockets inside
covers to hold folded oversize sheets.

Drawings: Attach reinforced, punched binder tabs on drawings and bind with text.

a. If oversize drawings are necessary, fold drawings to same size as text pages and
use as foldouts.
b. If drawings are too large to be used as foldouts, fold and place drawings in labeled

envelopes and bind envelopes in rear of manual. At appropriate locations in
manual, insert typewritten pages indicating drawing titles, descriptions of contents,
and drawing locations.

1.4 REQUIREMENTS FOR EMERGENCY, OPERATION, AND MAINTENANCE MANUALS

A.  Organization of Manuals: Unless otherwise indicated, organize each manual into a separate
section for each system and subsystem, and a separate section for each piece of equipment not
part of a system. Each manual shall contain the following materials, in the order listed:

1. Title page.
2. Table of contents.
3. Manual contents.
B.  Title Page: Include the following information:
1. Subject matter included in manual.
2. Name and address of Project.
3. Name and address of Owner.
4. Date of submittal.
5. Name and contact information for Contractor.
6. Name and contact information for Construction Manager.
7. Name and contact information for Architect.
8. Name and contact information for Commissioning Authority.
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9. Names and contact information for major consultants to the Architect that designed the
systems contained in the manuals.
10.  Cross-reference to related systems in other operation and maintenance manuals.

C.  Table of Contents: List each product included in manual, identified by product name, indexed to
the content of the volume, and cross-referenced to Specification Section number in Project
Manual.

D.  Manual Contents: Organize into sets of manageable size. Arrange contents alphabetically by
system, subsystem, and equipment. If possible, assemble instructions for subsystems,
equipment, and components of one system into a single binder.

E. Identification: In the documentation directory and in each operation and maintenance manual,
identify each system, subsystem, and piece of equipment with same designation used in the
Contract Documents. If no designation exists, assign a designation according to
ASHRAE Guideline 4, "Preparation of Operating and Maintenance Documentation for Building
Systems."

1.5 EMERGENCY MANUALS

A.  Emergency Manual: Assemble a complete set of emergency information indicating procedures
for use by emergency personnel and by Owner's operating personnel for types of emergencies
indicated.

B.  Content: Organize manual into a separate section for each of the following:

L. Type of emergency.
2. Emergency instructions.
3. Emergency procedures.

C.  Type of Emergency: Where applicable for each type of emergency indicated below, include
instructions and procedures for each system, subsystem, piece of equipment, and component:

Fire.

Flood.

Gas leak.

Water leak.

Power failure.

Water outage.

System, subsystem, or equipment failure.
Chemical release or spill.

PN RO =

D.  Emergency Instructions: Describe and explain warnings, trouble indications, error messages,
and similar codes and signals. Include responsibilities of Owner's operating personnel for
notification of Installer, supplier, and manufacturer to maintain warranties.

E. Emergency Procedures: Include the following, as applicable:
L. Instructions on stopping.
2. Shutdown instructions for each type of emergency.
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3. Operating instructions for conditions outside normal operating limits.
4. Required sequences for electric or electronic systems.
5. Special operating instructions and procedures.

1.6 SYSTEMS AND EQUIPMENT OPERATION MANUALS

A.  Systems and Equipment Operation Manual: Assemble a complete set of data indicating
operation of each system, subsystem, and piece of equipment not part of a system. Include
information required for daily operation and management, operating standards, and routine and
special operating procedures.

B.  Content: In addition to requirements in this Section, include operation data required in
individual Specification Sections and the following information:

1. System, subsystem, and equipment descriptions. Use designations for systems and
equipment indicated on Contract Documents.

Performance and design criteria if Contractor has delegated design responsibility.
Operating standards.

Operating procedures.

Operating logs.

Wiring diagrams.

Control diagrams.

Piped system diagrams.

Precautions against improper use.

0. License requirements including inspection and renewal dates.

S0 RN LR W

C.  Descriptions: Include the following:

L. Product name and model number. Use designations for products indicated on Contract
Documents.

Manufacturer's name.

Equipment identification with serial number of each component.

Equipment function.

Operating characteristics.

Limiting conditions.

Performance curves.

Engineering data and tests.

Complete nomenclature and number of replacement parts.

e e A e

D.  Operating Procedures: Include the following, as applicable:

Startup procedures.

Equipment or system break-in procedures.

Routine and normal operating instructions.
Regulation and control procedures.

Instructions on stopping.

Normal shutdown instructions.

Seasonal and weekend operating instructions.
Required sequences for electric or electronic systems.
Special operating instructions and procedures.

VXA R WD
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E. Systems and Equipment Controls: Describe the sequence of operation, and diagram controls as
installed.

F. Piped Systems: Diagram piping as installed, and identify color coding where required for
identification.

1.7 SYSTEMS AND EQUIPMENT MAINTENANCE MANUALS

A. Systems and Equipment Maintenance Manuals: Assemble a complete set of data indicating
maintenance of each system, subsystem, and piece of equipment not part of a system. Include
manufacturers' maintenance documentation, preventive maintenance procedures and frequency,
repair procedures, wiring and systems diagrams, lists of spare parts, and warranty information.

B.  Content: For each system, subsystem, and piece of equipment not part of a system, include
source information, manufacturers’ maintenance documentation, maintenance procedures,
maintenance and service schedules, spare parts list and source information, maintenance service
contracts, and warranties and bonds, as described below.

C.  Manufacturers' Maintenance Documentation: Include the following information for each
component part or piece of equipment:

I. Standard maintenance instructions and bulletins; include only sheets pertinent to product
or component installed. Mark each sheet to identify each product or component
incorporated into the Work. If data include more than one item in a tabular format,
identify each item using appropriate references from the Contract Documents. Identify
data applicable to the Work and delete references to information not applicable.

a. Prepare supplementary text if manufacturers' standard printed data are not
available and where the information is necessary for proper operation and
maintenance of equipment or systems.

2. Drawings, diagrams, and instructions required for maintenance, including disassembly
and component removal, replacement, and assembly.

3. Identification and nomenclature of parts and components.

4. List of items recommended to be stocked as spare parts.

D.  Maintenance Procedures: Include the following information and items that detail essential
maintenance procedures:

1. Test and inspection instructions.
2. Troubleshooting guide.
3. Precautions against improper maintenance.
4. Disassembly; component removal, repair, and replacement; and reassembly instructions.
5. Aligning, adjusting, and checking instructions.
6. Demonstration and training video recording, if available.
E. Maintenance and Service Schedules: Include service and lubrication requirements, list of

required lubricants for equipment, and separate schedules for preventive and routine
maintenance and service with standard time allotment.
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F. Spare Parts List and Source Information: Include lists of replacement and repair parts, with
parts identified and cross-referenced to manufacturers' maintenance documentation and local
sources of maintenance materials and related services.

G.  Warranties and Bonds: Include copies of warranties and bonds and lists of circumstances and
conditions that would affect validity of warranties or bonds.

1. Include procedures to follow and required notifications for warranty claims.

H. Drawings: Prepare drawings supplementing manufacturers' printed data to illustrate the
relationship of component parts of equipment and systems and to illustrate control sequence and
flow diagrams. Coordinate these drawings with information contained in record Drawings to
ensure correct illustration of completed installation.

1.8 PRODUCT MAINTENANCE MANUALS

A.  Product Maintenance Manual: Assemble a complete set of maintenance data indicating care and
maintenance of each product, material, and finish incorporated into the Work.

B.  Content: Organize manual into a separate section for each product, material, and finish. Include
source information, product information, maintenance procedures, repair materials and sources,

and warranties and bonds, as described below.

C.  Product Information: Include the following, as applicable:

1. Product name and model number.
2. Manufacturer's name.
3. Color, pattern, and texture.
4, Material and chemical composition.
5. Reordering information for specially manufactured products.
D.  Maintenance Procedures: Include manufacturer's written recommendations and the following:
1. Inspection procedures.
2. Types of cleaning agents to be used and methods of cleaning.
3. List of cleaning agents and methods of cleaning detrimental to product.
4. Schedule for routine cleaning and maintenance.
5. Repair instructions.
E. Repair Materials and Sources: Include lists of materials and local sources of materials and

related services.

F. Warranties and Bonds: Include copies of warranties and bonds and lists of circumstances and
conditions that would affect validity of warranties or bonds.

L. Include procedures to follow and required notifications for warranty claims.
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PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 017823
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SECTION 017900

DEMONSTRATION AND TRAINING

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

SUMMARY

Section includes administrative and procedural requirements for instructing Owner's personnel,
including the following:

1. Instruction in operation and maintenance of systems, subsystems, and equipment.
2. Demonstration and training video recordings.

INFORMATIONAL SUBMITTALS

Instruction Program: Submit outline of instructional program for demonstration and training,
including a list of training modules and a schedule of proposed dates, times, length of
instruction time, and instructors' names for each training module. Include learning objective and
outline for each training module.

1. Indicate proposed training modules using manufacturer-produced demonstration and
training video recordings for systems, equipment, and products in licu of video recording
of live instructional module.

CLOSEOUT SUBMITTALS

Demonstration and Training Video Recordings: Submit two copies within seven days of end of
each training module.

1. At completion of training, submit complete training manual(s) for Owner's use prepared
in same PDF file format required for operation and maintenance manuals specified in
Section 017823 "Operation and Maintenance Data."

QUALITY ASSURANCE

Facilitator Qualifications: A firm or individual experienced in training or educating
maintenance personnel in a training program similar in content and extent to that indicated for
this Project, and whose work has resulted in training or education with a record of successful
learning performance.

Instructor Qualifications: A factory-authorized service representative, complying with
requirements in Section 014000 "Quality Requirements," experienced in operation and
maintenance procedures and training.
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C.  Preinstruction Conference: Conduct conference at Project site to comply with requirements in
Section 013100 "Project Management and Coordination."

1.5 COORDINATION

A.  Coordinate instruction schedule with Owner's operations. Adjust schedule as required to
minimize disrupting Owner's operations and to ensure availability of Owner's personnel.

B.  Coordinate instructors, including providing notification of dates, times, length of instruction
time, and course content.

C. Coordinate content of training modules with content of approved emergency, operation, and
maintenance manuals. Do not submit instruction program until operation and maintenance data
have been reviewed and approved by Architect.

1.6 INSTRUCTION PROGRAM

A.  Program Structure: Develop an instruction program that includes individual training modules
for each system and for equipment not part of a system, as required by individual Specification
Sections.

B.  Training Modules: Develop a learning objective and teaching outline for each module. Include a
description of specific skills and knowledge that participant is expected to master. For each
module, include instruction for the following as applicable to the system, equipment, or

component:
1. Basis of System Design, Operational Requirements, and Criteria: Include the following:
a. System, subsystem, and equipment descriptions.
b. Performance and design criteria if Contractor is delegated design responsibility.
c. Operating standards.
d. Regulatory requirements.
e. Equipment function.
f. Operating characteristics.
g. Limiting conditions.
h. Performance curves.
2. Documentation: Review the following items in detail:
a. Emergency manuals.
b. Systems and equipment operation manuals.
c. Systems and equipment maintenance manuals.
d. Product maintenance manuals.
e. Project Record Documents.
f. Identification systems.
g. Warranties and bonds.
h. Maintenance service agreements and similar continuing commitments.
3. Emergencies: Include the following, as applicable:
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Instructions on meaning of warnings, trouble indications, and error messages.
Instructions on stopping.

Shutdown instructions for each type of emergency.

Operating instructions for conditions outside of normal operating limits.
Sequences for electric or electronic systems.

Special operating instructions and procedures.

Operations: Include the following, as applicable:

S AT ER MO AL T

Startup procedures.

Equipment or system break-in procedures.

Routine and normal operating instructions.
Regulation and control procedures.

Control sequences.

Safety procedures.

Instructions on stopping.

Normal shutdown instructions.

Operating procedures for emergencies.

Operating procedures for system, subsystem, or equipment failure.
Seasonal and weekend operating instructions.
Required sequences for electric or electronic systems.
Special operating instructions and procedures.

Adjustments: Include the following:

oo

Alignments.

Checking adjustments.

Noise and vibration adjustments.
Economy and efficiency adjustments.

Troubleshooting: Include the following:

a.

b.

Diagnostic instructions.
Test and inspection procedures.

Maintenance: Include the following:

Qe e os

Inspection procedures.

Types of cleaning agents to be used and methods of cleaning.

List of cleaning agents and methods of cleaning detrimental to product.
Procedures for routine cleaning.

Procedures for preventive maintenance.

Procedures for routine maintenance.

Instruction on use of special tools.

Repairs: Include the following:

o

Diagnosis instructions.

Repair instructions.

Disassembly; component removal, repair, and replacement; and reassembly
instructions.

017900 - 3



d. Instructions for identifying parts and components.
e. Review of spare parts needed for operation and maintenance.

1.7 PREPARATION

A.  Assemble educational materials necessary for instruction, including documentation and training
module. Assemble training modules into a training manual organized in coordination with
requirements in Section 017823 "Operation and Maintenance Data."

B. Set up instructional equipment at instruction location.

1.8 INSTRUCTION

A.  Facilitator: Engage a qualified facilitator to prepare instruction program and training modules,
to coordinate instructors, and to coordinate between Contractor and Owner for number of
participants, instruction times, and location.

B.  Engage qualified instructors to instruct Owner's personnel to adjust, operate, and maintain
systems, subsystems, and equipment not part of a system.

C. Scheduling: Provide instruction at mutually agreed-on times. For equipment that requires
seasonal operation, provide similar instruction at start of each season.

1. Schedule training with Owner, through Construction Manager, with at least seven days'
advance notice.

D.  Training Location and Reference Material: Conduct training on-site in the completed and fully
operational facility using the actual equipment in-place. Conduct training using final operation
and maintenance data submittals.

E. Evaluation: At conclusion of each training module, assess and document each participant's
mastery of module by use of a demonstration performance-based test.

F. Cleanup: Collect used and leftover educational materials and give to Owner. Remove
instructional equipment. Restore systems and equipment to condition existing before initial
training use.

1.9 DEMONSTRATION AND TRAINING VIDEO RECORDINGS
A.  General: Engage a qualified commercial videographer to record demonstration and training
video recordings. Record each training module separately. Include classroom instructions and

demonstrations, board diagrams, and other visual aids, but not student practice.

1. At beginning of each training module, record each chart containing learning objective
and lesson outline.

B.  Digital Video Recordings: Provide high-resolution, digital video in MPEG format, produced by

a digital camera with minimum sensor resolution of 12 megapixels and capable of recording in
full HD mode with vibration reduction technology.
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1. Submit video recordings by uploading to web-based Project software site.

C.  Recording: Mount camera on tripod before starting recording, unless otherwise necessary to
adequately cover area of demonstration and training. Display continuous running time.

D.  Light Levels: Verify light levels are adequate to properly light equipment. Verify equipment
markings are clearly visible prior to recording.

E.  Preproduced Video Recordings: Provide video recordings used as a component of training
modules in same format as recordings of live training.

PART 2 - PRODUCTS

PART 3 - EXECUTION

END OF SECTION 017900
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SECTION 013516

ALTERATION PROJECT PROCEDURES

PART 1 - GENERAL

1.1

1.2

A.

SUMMARY

Section includes special procedures for alteration work.

DEFINITIONS

Alteration Work: This term includes remodeling, renovation, repair, and maintenance work
performed within existing spaces or on existing surfaces as part of the Project.

Consolidate: To strengthen loose or deteriorated materials in place.

Design Reference Sample: A sample that represents the Architect's prebid selection of work to
be matched; it may be existing work or work specially produced for the Project.

Dismantle: To remove by disassembling or detaching an item from a surface, using gentle
methods and equipment to prevent damage to the item and surfaces; disposing of items unless

indicated to be salvaged or reinstalled.

Match: To blend with adjacent construction and manifest no apparent difference in material
type, species, cut, form, detail, color, grain, texture, or finish; as approved by Architect.

Refinish: To remove existing finishes to base material and apply new finish to match original,
or as otherwise indicated.

Repair: To correct damage and defects, retaining existing materials, features, and finishes. This
includes patching, piecing-in, splicing, consolidating, or otherwise reinforcing or upgrading

materials.

Replace: To remove, duplicate, and reinstall entire item with new material. The original item is
the pattern for creating duplicates unless otherwise indicated.

Replicate: To reproduce in exact detail, materials, and finish unless otherwise indicated.

Reproduce: To fabricate a new item, accurate in detail to the original, and from either the same
or a similar material as the original, unless otherwise indicated.

Retain: To keep existing items that are not to be removed or dismantled.

Strip: To remove existing finish down to base material unless otherwise indicated.
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1.3 PROJECT MEETINGS FOR ALTERATION WORK

A.  Preliminary Conference for Alteration Work: Before starting alteration work, Construction
Manager will conduct conference at Project site.

1. Attendees: In addition to representatives of Owner, Construction Manager, Architect, and
Contractor, Owner's insurer, testing service representative, and chemical-cleaner
manufacturer(s) shall be represented at the meeting.

2. Agenda: Discuss items of significance that could affect progress of alteration work,
including review of the following:

a. Fire-prevention plan.

b. Governing regulations.

c. Areas where existing construction is to remain and the required protection.

d. Hauling routes.

e. Sequence of alteration work operations.

f. Storage, protection, and accounting for salvaged and specially fabricated items.

g. Existing conditions, staging, and structural loading limitations of areas where
materials are stored.

3. Reporting: Construction Manager will record conference results and distribute copies to
everyone in attendance and to others affected by decisions or actions resulting from
conference.

B.  Coordination Meetings: Conduct coordination meetings specifically for alteration work at

monthly intervals. Coordination meetings are in addition to specific meetings held for other
purposes, such as progress meetings and preinstallation conferences.

1. Agenda: Review and correct or approve minutes of previous coordination meeting.
Review other items of significance that could affect progress of alteration work. Include
topics for discussion as appropriate to status of Project.
2. Reporting: Record meeting results and distribute copies to everyone in attendance and to
others affected by decisions or actions resulting from each meeting.
1.4 MATERIALS OWNERSHIP
A. Historic items, relics, and similar objects including, but not limited to, cornerstones and their
contents, commemorative plaques and tablets, antiques, and other items of interest or value to
Owner that may be encountered or uncovered during the Work, regardless of whether they were
previously documented, remain Owner's property.
1.5 INFORMATIONAL SUBMITTALS
A.  Alteration Work Program: Submit 30 days before work begins.

B.  Fire-Prevention Plan: Submit 30 days before work begins.
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1.6 QUALITY ASSURANCE

A.  Title X Requirement: Each firm conducting activities that disturb painted surfaces shall be a
"Lead-Safe Certified Firm" according to 40 CFR 745, Subpart E, and use only workers that are
trained in lead-safe work practices.

B.  Alteration Work Program: Prepare a written plan for alteration work for whole Project,
including each phase or process and protection of surrounding materials during operations.
Show compliance with indicated methods and procedures specified in this and other Sections.
Coordinate this whole-Project alteration work program with specific requirements of programs
required in other alteration work Sections.

1. Dust and Noise Control: Include locations of proposed temporary dust- and noise-control
partitions and means of egress from occupied areas coordinated with continuing on-site
operations and other known work in progress.

2. Debris Hauling: Include plans clearly marked to show debris hauling routes, turning radii,
and locations and details of temporary protective barriers.

C.  Fire-Prevention Plan: Prepare a written plan for preventing fires during the Work, including
placement of fire extinguishers, fire blankets, rag buckets, and other fire-control devices during
each phase or process. Coordinate plan with Owner's fire-protection equipment and
requirements. Include fire-watch personnel's training, duties, and authority to enforce fire
safety.

D.  Safety and Health Standard: Comply with ANSI/ASSE A10.6.

1.7 STORAGE AND HANDLING OF SALVAGED MATERIALS

A.  Salvaged Materials:

1. Clean loose dirt and debris from salvaged items unless more extensive cleaning is
indicated.
2. Pack or crate items after cleaning; cushion against damage during handling. Label

contents of containers.

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. Salvaged Materials for Reinstallation:

—

Repair and clean items for reuse as indicated.

2. Pack or crate items after cleaning and repairing; cushion against damage during handling.
Label contents of containers.

Protect items from damage during transport and storage.

4, Reinstall items in locations indicated. Comply with installation requirements for new
materials and equipment unless otherwise indicated. Provide connections, supports, and
miscellaneous materials to make items functional for use indicated.

W

C.  Existing Materials to Remain: Protect construction indicated to remain against damage and
soiling from construction work. Where permitted by Architect, items may be dismantled and
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D.

taken to a suitable, protected storage location during construction work and reinstalled in their
original locations after alteration and other construction work in the vicinity is complete.

Storage: Catalog and store items within a weathertight enclosure where they are protected from
moisture, weather, condensation, and freezing temperatures.

1. Identify each item for reinstallation with a nonpermanent mark to document its original
location. Indicate original locations on plans, elevations, sections, or photographs by
annotating the identifying marks.

2. Secure stored materials to protect from theft.

Control humidity so that it does not exceed 85 percent. Maintain temperatures 5 deg F (3

deg C) or more above the dew point.

(98]

PART 2 - PRODUCTS - (Not Used)

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

PROTECTION

Protect persons, motor vehicles, surrounding surfaces of building, building site, plants, and
surrounding buildings from harm resulting from alteration work.

1. Use only proven protection methods, appropriate to each area and surface being
protected.
2. Provide temporary barricades, barriers, and directional signage to exclude the public from

areas where alteration work is being performed.

3. Erect temporary barriers to form and maintain fire-egress routes.

4, Erect temporary protective covers over walkways and at points of pedestrian and
vehicular entrance and exit that must remain in service during alteration work.

5. Contain dust and debris generated by alteration work, and prevent it from reaching the
public or adjacent surfaces.

6. Provide shoring, bracing, and supports as necessary. Do not overload structural elements.

7. Protect floors and other surfaces along hauling routes from damage, wear, and staining.

8. Provide supplemental sound-control treatment to isolate demolition work from other

areas of the building.

Temporary Protection of Materials to Remain:

1. Protect existing materials with temporary protections and construction. Do not remove
existing materials unless otherwise indicated.
2. Do not attach temporary protection to existing surfaces except as indicated as part of the

alteration work program.
Comply with each product manufacturer's written instructions for protections and precautions.
Protect against adverse effects of products and procedures on people and adjacent materials,

components, and vegetation.

Utility and Communications Services:

09/15/2021 013516 -4



32

1. Notify Owner, Architect, authorities having jurisdiction, and entities owning or
controlling wires, conduits, pipes, and other services affected by alteration work before
commencing operations.

2. Disconnect and cap pipes and services as required by authorities having jurisdiction, as
required for alteration work.

3. Maintain existing services unless otherwise indicated; keep in service, and protect against
damage during operations. Provide temporary services during interruptions to existing
utilities.

Existing Drains: Prior to the start of work in an area, test drainage system to ensure that it is
functioning properly. Notify Architect immediately of inadequate drainage or blockage. Do not
begin work in an area until the drainage system is functioning properly.

L. Prevent solids such as adhesive or mortar residue or other debris from entering the
drainage system. Clean out drains and drain lines that become sluggish or blocked by
sand or other materials resulting from alteration work.

2. Protect drains from pollutants. Block drains or filter out sediments, allowing only clean
water to pass.

Existing Roofing: Prior to the start of work in an area, install roofing protection as indicated on
Drawings.

PROTECTION FROM FIRE

General: Follow fire-prevention plan and the following:

1. Comply with NFPA 241 requirements unless otherwise indicated. Perform duties titled
"Owner's Responsibility for Fire Protection."
2. Remove and keep area free of combustibles, including rubbish, paper, waste, and

chemicals, unless necessary for the immediate work.

a. If combustible material cannot be removed, provide fire blankets to cover such
materials.

Heat-Generating Equipment and Combustible Materials: Comply with the following procedures
while performing work with heat-generating equipment or combustible materials, including
welding, torch-cutting, soldering, brazing, removing paint with heat, or other operations where
open flames or implements using high heat or combustible solvents and chemicals are
anticipated:

1. Obtain Owner's approval for operations involving use of open-flame or welding or other
high-heat equipment. Notify Owner at least 72 hours before each occurrence, indicating
location of such work.

2. As far as practicable, restrict heat-generating equipment to shop areas or outside the
building.
3. Do not perform work with heat-generating equipment in or near rooms or in areas where

flammable liquids or explosive vapors are present or thought to be present. Use a
combustible gas indicator test to ensure that the area is safe.

4. Use fireproof baffles to prevent flames, sparks, hot gases, or other high-temperature
material from reaching surrounding combustible material.
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5. Prevent the spread of sparks and particles of hot metal through open windows, doors,
holes, and cracks in floors, walls, ceilings, roofs, and other openings.

6. Fire Watch: Before working with heat-generating equipment or combustible materials,
station personnel to serve as a fire watch at each location where such work is performed.
Fire-watch personnel shall have the authority to enforce fire safety. Station fire watch
according to NFPA 51B, NFPA 241, and as follows:

a. Train each fire watch in the proper operation of fire-control equipment and alarms.

b. Prohibit fire-watch personnel from other work that would be a distraction from
fire-watch duties.

c. Cease work with heat-generating equipment whenever fire-watch personnel are not
present.

d. Have fire-watch personnel perform final fire-safety inspection each day beginning

no sooner than 30 minutes after conclusion of work in each area to detect hidden or
smoldering fires and to ensure that proper fire prevention is maintained.

e. Maintain fire-watch personnel at each area of Project site until two hours after
conclusion of daily work.

Fire-Control Devices: Provide and maintain fire extinguishers, fire blankets, and rag buckets for
disposal of rags with combustible liquids. Maintain each as suitable for the type of fire risk in
each work area. Ensure that nearby personnel and the fire-watch personnel are trained in fire-
extinguisher and blanket use.

Sprinklers: Where sprinkler protection exists and is functional, maintain it without interruption
while operations are being performed. If operations are performed close to sprinklers, shield
them temporarily with guards.

1. Remove temporary guards at the end of work shifts, whenever operations are paused, and
when nearby work is complete.

PROTECTION DURING APPLICATION OF CHEMICALS

Protect motor vehicles, surrounding surfaces of building, building site, plants, and surrounding
buildings from harm or spillage resulting from applications of chemicals and adhesives.

Cover adjacent surfaces with protective materials that are proven to resist chemicals selected for
Project unless chemicals being used will not damage adjacent surfaces as indicated in alteration
work program. Use covering materials and masking agents that are waterproof and UV resistant
and that will not stain or leave residue on surfaces to which they are applied. Apply protective
materials according to manufacturer's written instructions. Do not apply liquid masking agents
or adhesives to painted or porous surfaces. When no longer needed, promptly remove protective
materials.

Do not apply chemicals during winds of sufficient force to spread them to unprotected surfaces.
Neutralize alkaline and acid wastes and legally dispose of off Owner's property.
Collect and dispose of runoff from chemical operations by legal means and in a manner that

prevents soil contamination, soil erosion, undermining of paving and foundations, damage to
landscaping, or water penetration into building interior.
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3.4 GENERAL ALTERATION WORK
A.  Record existing work before each procedure (preconstruction), and record progress during the
work. Use digital preconstruction documentation photographs. Comply with requirements in

Section 013233 "Photographic Documentation."

B.  Perform surveys of Project site as the Work progresses to detect hazards resulting from
alterations.

C.  Notify Architect of visible changes in the integrity of material or components whether from
environmental causes including biological attack, UV degradation, freezing, or thawing or from

structural defects including cracks, movement, or distortion.

1. Do not proceed with the work in question until directed by Architect.

END OF SECTION 013516

09/15/2021 013516 -7



SECTION 017300

EXECUTION

PART 1 - GENERAL

1.1 SUMMARY

A.  Section includes general administrative and procedural requirements governing execution of the
Work, including, but not limited to, the following:

Construction layout.

Field engineering and surveying.

Installation of the Work.

Cutting and patching.

Coordination of Owner's portion of the Work.
Coordination of Owner-installed products.
Progress cleaning.

Starting and adjusting.

Protection of installed construction.

A e A At e

B.  Related Requirements:

L. Section 011000 "Summary" for coordination of Owner-furnished products, Owner-
performed work, Owner's separate contracts, and limits on use of Project site.

2. Section 017700 "Closeout Procedures" for submitting final property survey with Project
Record Documents, recording of Owner-accepted deviations from indicated lines and
levels, replacing defective work, and final cleaning.

3. Section 024119 "Selective Demolition" for demolition and removal of selected portions

of the building.

1.2 DEFINITIONS

A.  Cutting: Removal of in-place construction necessary to permit installation or performance of
subsequent work.

B.  Patching: Fitting and repair work required to restore construction to original conditions after
installation of subsequent work.

1.3 INFORMATIONAL SUBMITTALS
A.  Certified Surveys: Submit two copies signed by professional engineer.

B.  Certificates: Submit certificate signed by professional engineer, certifying that location and
elevation of improvements comply with requirements.
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1.4

1.5

A.

A.

B.

C.

CLOSEOUT SUBMITTALS

Final Property Survey: Submit 10 copies showing the Work performed and record survey data.

QUALITY ASSURANCE

Land Surveyor Qualifications: A professional land surveyor who is legally qualified to practice
in jurisdiction where Project is located and who is experienced in providing land-surveying
services of the kind indicated.

Cutting and Patching: Comply with requirements for and limitations on cutting and patching of
construction elements.

1. Structural Elements: When cutting and patching structural elements, or when
encountering the need for cutting and patching of elements whose structural function is
not known, notify Architect of locations and details of cutting and await directions from
Architect before proceeding. Shore, brace, and support structural elements during cutting
and patching. Do not cut and patch structural elements in a manner that could change
their load-carrying capacity or increase deflection.

2. Operational Elements: Do not cut and patch operating elements and related components
in a manner that results in reducing their capacity to perform as intended or that results in
increased maintenance or decreased operational life or safety.

3. Other Construction Elements: Do not cut and patch other construction elements or
components in a manner that could change their load-carrying capacity, that results in
reducing their capacity to perform as intended, or that results in increased maintenance or
decreased operational life or safety.

4. Visual Elements: Do not cut and patch construction in a manner that results in visual
evidence of cutting and patching. Do not cut and patch exposed construction in a manner
that would, in Architect's opinion, reduce the building's aesthetic qualities. Remove and
replace construction that has been cut and patched in a visually unsatisfactory manner.

Manufacturer's Installation Instructions: Obtain and maintain on-site manufacturer's written
recommendations and instructions for installation of specified products and equipment.

PART 2 - PRODUCTS

2.1

A.

B.

MATERIALS
Comply with requirements specified in other Sections.

1. For projects requiring compliance with sustainable design and construction practices and
procedures, use products for patching that comply with sustainable design requirements.

In-Place Materials: Use materials for patching identical to in-place materials. For exposed
surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent
possible.
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1. If identical materials are unavailable or cannot be used, use materials that, when installed,
will provide a match acceptable to Architect for the visual and functional performance of
in-place materials. Use materials that are not considered hazardous.

Cleaning Agents: Use cleaning materials and agents recommended by manufacturer or
fabricator of the surface to be cleaned. Do not use cleaning agents that are potentially hazardous
to health or property or that might damage finished surfaces.

1. Use cleaning products that comply with Green Seal's GS-37, or if GS-37 is not
applicable, use products that comply with the California Code of Regulations maximum
allowable VOC levels.

PART 3 - EXECUTION

3.1

A.

B.

C.

EXAMINATION

Existing Conditions: The existence and location of underground and other utilities and
construction indicated as existing are not guaranteed. Before beginning sitework, investigate
and verify the existence and location of underground utilities, mechanical and electrical
systems, and other construction affecting the Work.

1. Before construction, verify the location and invert elevation at points of connection of
sanitary sewer, storm sewer, gas service piping, and water-service piping; underground
electrical services; and other utilities.

2. Furnish location data for work related to Project that must be performed by public
utilities serving Project site.

Examination and Acceptance of Conditions: Before proceeding with each component of the
Work, examine substrates, areas, and conditions, with Installer or Applicator present where
indicated, for compliance with requirements for installation tolerances and other conditions
affecting performance. Record observations.

1. Examine roughing-in for mechanical and electrical systems to verify actual locations of
connections before equipment and fixture installation.
2. Examine walls, floors, and roofs for suitable conditions where products and systems are

to be installed.
3. Verify compatibility with and suitability of substrates, including compatibility with
existing finishes or primers.

Written Report: Where a written report listing conditions detrimental to performance of the
Work is required by other Sections, include the following:

1. Description of the Work, including Specification Section number and paragraph, and
Drawing sheet number and detail, where applicable.

2. List of detrimental conditions, including substrates.

3. List of unacceptable installation tolerances.

4. Recommended corrections.
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33

Proceed with installation only after unsatisfactory conditions have been corrected. Proceeding
with the Work indicates acceptance of surfaces and conditions.

PREPARATION

Existing Utility Information: Furnish information to Owner that is necessary to adjust, move, or
relocate existing utility structures, utility poles, lines, services, or other utility appurtenances
located in or affected by construction. Coordinate with authorities having jurisdiction.

Field Measurements: Take field measurements as required to fit the Work properly. Recheck
measurements before installing each product. Where portions of the Work are indicated to fit to
other construction, verify dimensions of other construction by field measurements before
fabrication. Coordinate fabrication schedule with construction progress to avoid delaying the
Work.

Space Requirements: Verify space requirements and dimensions of items shown
diagrammatically on Drawings.

Review of Contract Documents and Field Conditions: Immediately on discovery of the need for
clarification of the Contract Documents, submit a request for information to Architect through
Construction Manager in accordance with requirements in Section 013100 "Project
Management and Coordination."

CONSTRUCTION LAYOUT
Verification: Before proceeding to lay out the Work, verify layout information shown on
Drawings, in relation to the property survey and existing benchmarks and existing conditions. If

discrepancies are discovered, notify Architect and Construction Manager promptly.

Engage a professional engineer experienced in laying out the Work, using the following
accepted surveying practices:

1. Establish benchmarks and control points to set lines and levels at each story of
construction and elsewhere as needed to locate each element of Project.

2. Establish limits on use of Project site.

3. Establish dimensions within tolerances indicated. Do not scale Drawings to obtain
required dimensions.

4. Inform installers of lines and levels to which they must comply.

5. Check the location, level and plumb, of every major element as the Work progresses.

6. Notify Architect and Construction Manager when deviations from required lines and
levels exceed allowable tolerances.

7. Close site surveys with an error of closure equal to or less than the standard established

by authorities having jurisdiction.

Site Improvements: Locate and lay out site improvements, including pavements, grading, fill
and topsoil placement, utility slopes, and rim and invert elevations.

Building Lines and Levels: Locate and lay out control lines and levels for structures, building
foundations, column grids, and floor levels, including those required for mechanical and
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electrical work. Transfer survey markings and elevations for use with control lines and levels.
Level foundations and piers from two or more locations.

Record Log: Maintain a log of layout control work. Record deviations from required lines and
levels. Include beginning and ending dates and times of surveys, weather conditions, name and
duty of each survey party member, and types of instruments and tapes used. Make the log
available for reference by Architect and Construction Manager.

FIELD ENGINEERING
Identification: Owner will identify existing benchmarks, control points, and property corners.

Reference Points: Locate existing permanent benchmarks, control points, and similar reference
points before beginning the Work. Preserve and protect permanent benchmarks and control
points during construction operations.

1. Do not change or relocate existing benchmarks or control points without prior written
approval of Construction Manager. Report lost or destroyed permanent benchmarks or
control points promptly. Report the need to relocate permanent benchmarks or control
points to Architect and Construction Manager before proceeding.

2. Replace lost or destroyed permanent benchmarks and control points promptly. Base
replacements on the original survey control points.

Benchmarks: Establish and maintain a minimum of two permanent benchmarks on Project site,
referenced to data established by survey control points. Comply with authorities having
jurisdiction for type and size of benchmark.

1. Record benchmark locations, with horizontal and vertical data, on Project Record
Documents.

2. Where the actual location or elevation of layout points cannot be marked, provide
temporary reference points sufficient to locate the Work.

3. Remove temporary reference points when no longer needed. Restore marked construction

to its original condition.

Certified Survey: On completion of foundation walls, major site improvements, and other work
requiring field-engineering services, prepare a certified survey showing dimensions, locations,
angles, and elevations of construction and sitework.

Final Property Survey: Engage a professional engineer to prepare a final property survey
showing significant features (real property) for Project. Include on the survey a certification,
signed by professional engineer, that principal metes, bounds, lines, and levels of Project are
accurately positioned as shown on the survey.

1. Show boundary lines, monuments, streets, site improvements and utilities, existing
improvements and significant vegetation, adjoining properties, acreage, grade contours,
and the distance and bearing from a site corner to a legal point.
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3.5 INSTALLATION

A.  Locate the Work and components of the Work accurately, in correct alignment and elevation, as

indicated.
1. Make vertical work plumb, and make horizontal work level.
2. Where space is limited, install components to maximize space available for maintenance

and ease of removal for replacement.

Conceal pipes, ducts, and wiring in finished areas unless otherwise indicated.

4. Maintain minimum headroom clearance of 96 inches (2440 mm)in occupied spaces and
90 inches (2300 mm) in unoccupied spaces, unless otherwise indicated on Drawings.

W

B.  Comply with manufacturer's written instructions and recommendations for installing products in
applications indicated.

C.  Install products at the time and under conditions that will ensure satisfactory results as judged
by Architect. Maintain conditions required for product performance until Substantial
Completion.

D.  Conduct construction operations, so no part of the Work is subjected to damaging operations or
loading in excess of that expected during normal conditions of occupancy of type expected for
Project.

E. Sequence the Work and allow adequate clearances to accommodate movement of construction
items on-site and placement in permanent locations.

F. Tools and Equipment: Select tools or equipment that minimize production of excessive noise
levels.

G.  Templates: Obtain and distribute to the parties involved templates for Work specified to be
factory prepared and field installed. Check Shop Drawings of other portions of the Work to
confirm that adequate provisions are made for locating and installing products to comply with
indicated requirements.

H.  Attachment: Provide blocking and attachment plates and anchors and fasteners of adequate size
and number to securely anchor each component in place, accurately located and aligned with
other portions of the Work. Where size and type of attachments are not indicated, verify size
and type required for load conditions with manufacturer.

1. Mounting Heights: Where mounting heights are not indicated, mount components at
heights directed by Architect.

2. Allow for building movement, including thermal expansion and contraction.

3. Coordinate installation of anchorages. Furnish setting drawings, templates, and directions

for installing anchorages, including sleeves, concrete inserts, anchor bolts, and items with
integral anchors, that are to be embedded in concrete or masonry. Deliver such items to
Project site in time for installation.

L. Joints: Make joints of uniform width. Where joint locations in exposed Work are not indicated,

arrange joints for the best visual effect, as judged by Architect. Fit exposed connections together
to form hairline joints.
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3.6

Repair or remove and replace damaged, defective, or nonconforming Work.

L. Comply with Section 017700 "Closeout Procedures" for repairing or removing and
replacing defective Work.

CUTTING AND PATCHING

General: Employ skilled workers to perform cutting and patching. Proceed with cutting and
patching at the earliest feasible time, and complete without delay.

1. Cut in-place construction to provide for installation of other components or performance
of other construction, and subsequently patch as required to restore surfaces to their
original condition.

Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or damaged
during installation or cutting and patching operations, by methods and with materials so as not
to void existing warranties.

Temporary Support: Provide temporary support of Work to be cut.

Protection: Protect in-place construction during cutting and patching to prevent damage.
Provide protection from adverse weather conditions for portions of Project that might be
exposed during cutting and patching operations.

Adjacent Occupied Areas: Where interference with use of adjoining areas or interruption of free
passage to adjoining areas is unavoidable, coordinate cutting and patching in accordance with
requirements in Section 011000 "Summary."

Existing Utility Services and Mechanical/Electrical Systems: Where existing services/systems
are required to be removed, relocated, or abandoned, bypass such services/systems before
cutting to minimize interruption to occupied areas.

Cutting: Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar
operations, including excavation, using methods least likely to damage elements retained or
adjoining construction. If possible, review proposed procedures with original Installer; comply
with original Installer's written recommendations.

1. In general, use hand or small power tools designed for sawing and grinding, not
hammering and chopping. Cut holes and slots neatly to minimum size required, and with
minimum disturbance of adjacent surfaces. Temporarily cover openings when not in use.

2. Finished Surfaces: Cut or drill from the exposed or finished side into concealed surfaces.

3. Concrete and Masonry: Cut using a cutting machine, such as an abrasive saw or a
diamond-core drill.

4. Excavating and Backfilling: Comply with requirements in applicable Sections where
required by cutting and patching operations.

5. Mechanical and Electrical Services: Cut off pipe or conduit in walls or partitions to be
removed. Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent
entrance of moisture or other foreign matter after cutting.

6. Proceed with patching after construction operations requiring cutting are complete.
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3.7

Patching: Patch construction by filling, repairing, refinishing, closing up, and similar operations
following performance of other Work. Patch with durable seams that are as invisible as
practicable, as judged by Architect. Provide materials and comply with installation requirements
specified in other Sections, where applicable.

1. Inspection: Where feasible, test and inspect patched areas after completion to
demonstrate physical integrity of installation.
2. Exposed Finishes: Restore exposed finishes of patched areas and extend finish restoration

into retained adjoining construction in a manner that will eliminate evidence of patching
and refinishing.

a. Clean piping, conduit, and similar features before applying paint or other finishing
materials.
b. Restore damaged pipe covering to its original condition.
3. Floors and Walls: Where walls or partitions that are removed extend one finished area

into another, patch and repair floor and wall surfaces in the new space. Provide an even
surface of uniform finish, color, texture, and appearance. Remove in-place floor and wall
coverings and replace with new materials, if necessary, to achieve uniform color and
appearance.

a. Where patching occurs in a painted surface, prepare substrate and apply primer and
intermediate paint coats appropriate for substrate over the patch, and apply final
paint coat over entire unbroken surface containing the patch, corner to corner of
wall and edge to edge of ceiling. Provide additional coats until patch blends with
adjacent surfaces.

4. Ceilings: Patch, repair, or rehang in-place ceilings as necessary to provide an even-plane
surface of uniform appearance.
5. Exterior Building Enclosure: Patch components in a manner that restores enclosure to a

weathertight condition and ensures thermal and moisture integrity of building enclosure.
Cleaning: Clean areas and spaces where cutting and patching are performed. Remove paint,
mortar, oils, putty, and similar materials from adjacent finished surfaces.

COORDINATION OF OWNER'S PORTION OF THE WORK

Site Access: Provide access to Project site for Owner's construction personnel and Owner's
separate contractors.

1. Provide temporary facilities required for Owner-furnished, Contractor-installed products.
2. Refer to Section 011000 "Summary" for other requirements for Owner-furnished,
Contractor-installed products

Coordination: Coordinate construction and operations of the Work with work performed by
Owner's construction personnel and Owner's separate contractors.

L. Construction Schedule: Inform Owner of Contractor's preferred construction schedule for
Owner's portion of the Work. Adjust construction schedule based on a mutually agreeable
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3.8

timetable. Notify Owner if changes to schedule are required due to differences in actual
construction progress.

PROGRESS CLEANING

Clean Project site and work areas daily, including common areas. Enforce requirements strictly.
Dispose of materials lawfully.

1. Comply with requirements in NFPA 241 for removal of combustible waste materials and
debris.

2. Do not hold waste materials more than seven days during normal weather or three days if
the temperature is expected to rise above 80 deg F (27 deg C).

3. Containerize hazardous and unsanitary waste materials separately from other waste. Mark

containers appropriately and dispose of legally, according to regulations.
a. Use containers intended for holding waste materials of type to be stored.

4. Coordinate progress cleaning for joint-use areas where Contractor and other contractors
are working concurrently.

Site: Maintain Project site free of waste materials and debris.

Work Areas: Clean areas where Work is in progress to the level of cleanliness necessary for
proper execution of the Work.

1. Remove liquid spills promptly.
2. Where dust would impair proper execution of the Work, broom-clean or vacuum the
entire work area, as appropriate.

Installed Work: Keep installed work clean. Clean installed surfaces according to written
instructions of manufacturer or fabricator of product installed, using only cleaning materials
specifically recommended. If specific cleaning materials are not recommended, use cleaning
materials that are not hazardous to health or property and that will not damage exposed surfaces.

Concealed Spaces: Remove debris from concealed spaces before enclosing the space.

Exposed Surfaces: Clean exposed surfaces and protect as necessary to ensure freedom from
damage and deterioration at time of Substantial Completion.

Waste Disposal: Do not bury or burn waste materials on-site. Do not wash waste materials
down sewers or into waterways. Comply with waste disposal requirements in Section 015000
"Temporary Facilities and Controls." and Section 017419 "Construction Waste Management
and Disposal."

During handling and installation, clean and protect construction in progress and adjoining
materials already in place. Apply protective covering where required to ensure protection from
damage or deterioration at Substantial Completion.
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3.9

3.10

Clean and provide maintenance on completed construction as frequently as necessary through
the remainder of the construction period. Adjust and lubricate operable components to ensure
operability without damaging effects.

Limiting Exposures: Supervise construction operations to ensure that no part of the
construction, completed or in progress, is subject to harmful, dangerous, damaging, or otherwise
deleterious exposure during the construction period.

STARTING AND ADJUSTING

Coordinate startup and adjusting of equipment and operating components with requirements in
Section 019113 "General Commissioning Requirements."

Start equipment and operating components to confirm proper operation. Remove
malfunctioning units, replace with new units, and retest.

Adjust equipment for proper operation. Adjust operating components for proper operation
without binding.

Test each piece of equipment to verify proper operation. Test and adjust controls and safeties.
Replace damaged and malfunctioning controls and equipment.

Manufacturer's Field Service: Comply with qualification requirements in Section 014000
"Quality Requirements."
PROTECTION AND REPAIR OF INSTALLED CONSTRUCTION

Provide final protection and maintain conditions that ensure installed Work is without damage
or deterioration at time of Substantial Completion.

Repair Work previously completed and subsequently damaged during construction period.
Repair to like-new condition.

Protection of Existing Items: Provide protection and ensure that existing items to remain
undisturbed by construction are maintained in condition that existed at commencement of the
Work.

Comply with manufacturer's written instructions for temperature and relative humidity.

END OF SECTION 017300
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SECTION 01 73 29

CUTTING, CORING AND PATCHING

PART 1 - GENERAL

1.01

WORK INCLUDED:

This Section covers the cutting, coring, rough and finish patching of holes and openings
in existing structures.

PART 2 - PRODUCTS

2.01

A

2.02

C.

SEALING MATERIALS:

Mechanical seals shall be modular, adjustable, bolted, mechanical type consisting of
interlocking synthetic rubber links shaped to continuously fill the annular space
between the pipe and sleeve. The seal shall be rated by the manufacturer for 40 feet of
head or 20 psig. Mechanical seals shall be Link-Seal, manufactured by Thunderline
Corp., Wayne, M., or approved equal.

Sealant shall be a two part foamed silicone elastomer as manufactured by Dow Corning
Co., product No. 3-6548 silicone R.T.V.; 3M brand fire barrier products caulk C.P. 25
and 3M brand putty 303; Flame-Safe fire stop systems Fig. No. FS-500 by Thomas &
Betts Corporation, or approved equal. Packing shall be a fire retardant pliable material,
Fig. 310 by Sealtite Co.; White Oakum W.S.-600 by American Manufacturing Co., or
approved equal. Sealant bead configuration, depth and width shall be in accordance
with manufacturer's recommendations.

MISCELLANEOUS MATERIALS:

Bonding compound shall be Sikadur Hi-Mod epoxy by Sika Corporation, or equivalent
by Euclid Chemical Corporation, Master Builders Company, or approved equal.

Non-shrink grout shall be Masterflow 713 by Master Builders Company; Euco N-S by
Euclid Chemical Co.; Five Star Grout by U.S. Grout Corp. or approved equal.

Materials for finish patching shall be equal to those of adjacent construction.

PART 3 - EXECUTION

3.01

A

GENERAL:

The Contractor shall leave all chases or openings for the installation of his own or any
other contractor's or subcontractor's work, or shall cut the same in existing work, and
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3.02

shall see that all sleeves or forms are at the work and properly set in ample time to
prevent delays. He shall see that all such chases, openings, and sleeves are located
accurately and are of proper size and shape and shall consult with the Engineer and the
contractors and subcontractors concerned in reference to this work.

In case of his failure to leave or cut all such openings or have all such sleeves provided
and set in proper time, Contractor shall cut them or set them afterwards at his own
expense, but in so doing he shall confine the cutting to the smallest extent possible
consistent with the work to be done. In no case shall piers or structural members be cut
without the written consent of the Engineer.

The Contractor shall not cut or alter the work of any subcontractor or any other
contractor, nor permit any of his subcontractors to cut or alter the work of any other
contractor or subcontractor, except with the written consent of the contractor or
subcontractor whose work is to be cut or altered or with the written consent of the
Engineer. All cutting and patching or repairing made necessary by the negligence,
carelessness, or incompetence of the Contractor or any of his subcontractors shall be
done by or at the expense of the Contractor and shall be the responsibility of the
Contractor.

All cutting and coring shall be performed in such a manner as to limit the extent of
patching.

All holes cut through concrete and masonry walls, slabs or arches shall be core drilled
unless otherwise approved. No structural members shall be cut without the approval of
the Engineer and all such cutting shall be done in a manner required by him. No holes
may be drilled in beams or other structural members without obtaining prior approval.
All work shall be performed by mechanics skilled in this type of work.

CORING:

Coring shall be performed with an approved non-impact rotary tool with diamond core
drills. Size of holes shall be suitable for pipe, conduit, sleeves, equipment or
mechanical seals to be installed.

If holes are cored through floor slabs they shall be drilled from below.

All equipment shall conform to OSHA standards and specifications pertaining to plugs,

noise and fume pollution, wiring and maintenance.

Provide protection for existing equipment, utilities and critical areas against water or
other damage caused by drilling operation.

Slurry or tailings resulting from coring operations shall be vacuumed or otherwise
removed from the area following drilling.
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3.03

3.04

CUTTING:

Cutting shall be performed with a concrete saw and diamond saw blades of proper size
and application.

Provide for control of slurry generated by sawing operation on both sides of wall or
slab.

When cutting a reinforced concrete wall, the cutting shall be done so as not to damage
bond between the concrete and reinforcing steel left in the structure. Cut shall be made
so that steel neither protrudes nor is recessed from the face of the cut.

Adequate bracing of area to be cut shall be installed prior to start of cutting. Check area
during sawing operations for partial cracking and provide additional bracing as required
to prevent a partial release of cut area during sawing operations.

Provide equipment of adequate size to remove cut panel.

For cutting a trench in a floor slab, a full-depth cut shall be made using a concrete saw
for the desired width of the trench. A partial-depth cut shall be made to expose the
reinforcing bars. The width of the partial cut shall be to the required lap length of the
reinforcing bars. Care shall be taken not to cut exposed reinforcing bars but if any are
cut, dowel holes shall be drilled and dowels epoxied in. Reinforcing of the same size,
as the existing shall be tied to the existing exposed reinforcing and/or dowels with the
proper lap length.

PATCHING:

Rough patching shall be such as to bring the cut or cored area flush with existing
construction unless otherwise shown. Finish patching shall match existing surfaces as
approved.

Trenches in floor slabs shall be repaired as described in 3.03F above and concrete
meeting the requirements of Section 03 30 00 CAST-IN-PLACE CONCRETE shall be
poured and cured.

END OF SECTION
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PART 1 - GENERAL

1.1 SUMMARY

SECTION 017839

PROJECT RECORD DOCUMENTS

A.  Section includes administrative and procedural requirements for Project Record Documents,
including the following:

1.
2.
3.

Record Drawings.
Record specifications.
Record Product Data.

B.  Related Requirements:

1.

Section 017823 "Operation and Maintenance Data" for operation and maintenance
manual requirements.

1.2 CLOSEOUT SUBMITTALS

A.  Record Drawings: Comply with the following:

1.
2.

09/15/2021

Number of Copies: Submit one set(s) of marked-up record prints.
Number of Copies: Submit copies of Record Drawings as follows:

a.

Initial Submittal:

1) Submit one paper-copy set(s) of marked-up record prints.

2) Submit PDF electronic files of scanned record prints and one set(s) of file
prints.

3) Submit Record Digital Data Files and one set(s) of plots.

4) Architect will indicate whether general scope of changes, additional
information recorded, and quality of drafting are acceptable.

Final Submittal:

1) Submit three paper-copy set(s) of marked-up record prints.

2) Submit PDF electronic files of scanned Record Prints and three set(s) of file
prints.

3) Print each drawing, whether or not changes and additional information were
recorded.

Final Submittal:

1) Submit one paper-copy set(s) of marked-up record prints.
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2) Submit Record Digital Data Files and three set(s) of Record Digital Data
File plots.

3) Plot each drawing file, whether or not changes and additional information
were recorded.

B.  Record Specifications: Submit annotated PDF electronic files of Project's Specifications,
including addenda and Contract modifications.

C. Record Product Data: Submit annotated PDF electronic files and directories of each submittal.

1.

Where record Product Data are required as part of operation and maintenance manuals,
submit duplicate marked-up Product Data as a component of manual.

1.3 RECORD DRAWINGS

A.  Record Prints: Maintain one set of marked-up paper copies of the Contract Drawings and Shop
Drawings, incorporating new and revised drawings as modifications are issued.

L.

09/15/2021

Preparation: Mark record prints to show the actual installation, where installation varies
from that shown originally. Require individual or entity who obtained record data,
whether individual or entity is Installer, subcontractor, or similar entity, to provide
information for preparation of corresponding marked-up record prints.

°ono o

Give particular attention to information on concealed elements that would be
difficult to identify or measure and record later.

Accurately record information in an acceptable drawing technique.

Record data as soon as possible after obtaining it.

Record and check the markup before enclosing concealed installations.
Cross-reference record prints to corresponding photographic documentation.

Content: Types of items requiring marking include, but are not limited to, the following:

BE AT SRRSO S o

Dimensional changes to Drawings.

Revisions to details shown on Drawings.

Depths of foundations.

Locations and depths of underground utilities.

Revisions to routing of piping and conduits.

Revisions to electrical circuitry.

Actual equipment locations.

Duct size and routing.

Locations of concealed internal utilities.

Changes made by Change Order or Construction Change Directive.
Changes made following Architect's written orders.

Details not on the original Contract Drawings.

Field records for variable and concealed conditions.

Record information on the Work that is shown only schematically.

Mark the Contract Drawings and Shop Drawings completely and accurately. Use
personnel proficient at recording graphic information in production of marked-up record

prints.
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Mark record prints with erasable, red-colored pencil. Use other colors to distinguish
between changes for different categories of the Work at same location.

Mark important additional information that was either shown schematically or omitted
from original Drawings.

Note Construction Change Directive numbers, alternate numbers, Change Order
numbers, and similar identification, where applicable.

B.  Record Digital Data Files: Immediately before inspection for Certificate of Substantial
Completion, review marked-up record prints with Architect and Construction Manager. When
authorized, prepare a full set of corrected digital data files of the Contract Drawings, as follows:

L.

2.
3.

e

Format: Same digital data software program, version, and operating system as for the
original Contract Drawings.

Format: DWG,

Format: Annotated PDF electronic file with comment function enabled.

Incorporate changes and additional information previously marked on record prints.
Delete, redraw, and add details and notations where applicable.

Refer instances of uncertainty to Architect through Construction Manager for resolution.
Architect will furnish Contractor with one set of digital data files of the Contract
Drawings for use in recording information.

C.  Format: Identify and date each Record Drawing; include the designation "PROJECT RECORD
DRAWING" in a prominent location.

1.

2.
3.

Record Prints: Organize record prints into manageable sets. Bind each set with durable
paper cover sheets. Include identification on cover sheets.

Format: Annotated PDF electronic file with comment function enabled.

Record Digital Data Files: Organize digital data information into separate electronic files
that correspond to each sheet of the Contract Drawings. Name each file with the sheet
identification. Include identification in each digital data file.

Identification: As follows:

Project name.

Date.

Designation "PROJECT RECORD DRAWINGS."
Name of Architect and Construction Manager.
Name of Contractor.

opoos

1.4 RECORD SPECIFICATIONS

A.  Preparation: Mark Specifications to indicate the actual product installation, where installation
varies from that indicated in Specifications, addenda, and Contract modifications.

L.

2.

09/15/2021

Give particular attention to information on concealed products and installations that
cannot be readily identified and recorded later.

Mark copy with the proprietary name and model number of products, materials, and
equipment furnished, including substitutions and product options selected.

Record the name of manufacturer, supplier, Installer, and other information necessary to
provide a record of selections made.
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4, For each principal product, indicate whether Record Product Data has been submitted in
operation and maintenance manuals instead of submitted as Record Product Data.

5. Note related Change Orders, Record Product Data, and Record Drawings where
applicable.

B.  Format: Submit record specifications as annotated PDF electronic file.

1.5 RECORD PRODUCT DATA

A.  Recording: Maintain one copy of each submittal during the construction period for Project
Record Document purposes. Post changes and revisions to Project Record Documents as they
occur; do not wait until end of Project.

B.  Preparation: Mark Product Data to indicate the actual product installation where installation
varies substantially from that indicated in Product Data submittal.

1. Give particular attention to information on concealed products and installations that
cannot be readily identified and recorded later.

2. Include significant changes in the product delivered to Project site and changes in
manufacturer's written instructions for installation.

3. Note related Change Orders, Record Specifications, and Record Drawings where
applicable.

C. Format: Submit Record Product Data as annotated PDF electronic file.

L. Include Record Product Data directory organized by Specification Section number and
title, electronically linked to each item of Record Product Data.

1.6 MAINTENANCE OF RECORD DOCUMENTS

A.  Maintenance of Record Documents: Store Record Documents in the field office apart from the
Contract Documents used for construction. Do not use Project Record Documents for
construction purposes. Maintain Record Documents in good order and in a clean, dry, legible
condition, protected from deterioration and loss. Provide access to Project Record Documents
for Architect's and Construction Manager's reference during normal working hours.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 017839
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SECTION 02 41 19

SELECTIVE STRUCTURE DEMOLITION

PART 1 - GENERAL

1.01

A.

1.02

1.04

1.05

WORK INCLUDED:

Remove designated building equipment and fixtures; remove designated wall partitions,
ceilings and components.

REGULATORY REQUIREMENTS:

Conform to applicable codes and requirements for demolition of structure, safety of
adjacent structure, dust control, service utilities, and discovered hazards.

Dispose or recycle all demolition debris in accordance with all applicable regulations.

SUBMITTALS: IN ACCORDANCE WITH REQUIREMENTS OF GENERAL
SPECIFICATIONS, SUBMIT THE FOLLOWING:

In accordance with Section 01 33 23, SUBMITTALS, submit a demolition plan to the
Engineer for review at least two weeks prior to the start of work, describing the proposed
sequence, methods, and equipment required for the demolition and disposal. Also, indicate
measures to be taken to protect new work, and structures and facilities to remain.

Do not proceed with the demolition until the Engineer has given written acceptance of the
demolition plan. Also, no demolition work shall proceed until the new facility is complete,
fully operational, and beneficial occupancy has been obtained by the Owner.

BUILDING DEMOLITION

Section Includes: Salvage materials and equipment scheduled or indicated to be salvaged
and removed to storage as directed by the owner. All other components of the building
shall be removed and disposed/recycled in accordance with local, state, and federal
regulations. Building components include the heating system, piping, lighting, plumbing,
electrical fixtures and other building components/utilities.

Buildings/structures identified to be removed on the drawings shall be completely removed
in their entirety. Demolish structures indicated to be demolished on the drawings, including
foundations, footings, structure, finishes and equipment, and legally dispose of all
demolished material off the site.
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1.06

1.08

Shore, brace, and underpin or provide other temporary support if necessary, to keep
partially demolished structure safe as work progresses.

The Contractor shall be responsible for disconnecting/de-energizing and
removing/abandoning all utilities on site as needed to allow construction of the new
building, and as indicated on the drawings. The Contractor is responsible for coordinating
with all utility companies and disconnecting and removing/cutting the capping the utilities
as required in accordance with the utilities company’s requirements. The contractor shall
obtain and pay for all permits/fees as needed to discontinue the utilities. Work will include
but not limited to the disconnecting, capping and otherwise making inactive existing
mechanical services, water, sewer, gas, electrical, and fire alarm/protection devices. Work
will include coordinating with the Fire Department, Board of Health, the Water
Department, and other local Departments/Agencies to endure the utilities are properly
abandoned.

PERMITS, TAXES, AND LISCENSES

Obtain and pay for all permits and licenses required by governing authorities to carry out
the work of this section.

Pay all legally imposed fees and taxes on the work of this Section.
COORDINATION

Schedule demolition work in sequence which accommodates the Owner’s requirements for
access and use of the site during demolition.

Coordinate demolition work with earthwork and site utilities work. Remove existing
underground structures to the extent required to permit construction of new underground
improvements.

NOTIFICATION

Give required notices to utilities and local agencies having authority prior to beginning
demolition work.

Inform Engineer, Owner, governing authorities, utility companies, and fire department, and
tenants of surrounding structures of demolition schedule and intended starting date.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.01

PREPARATION:
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3.02

3.04

3.06

A

Provide, erect, and maintain temporary barriers and security devices.

Notify Owner of procedures which may affect property, of potential noise, utility outage,
or disruption. Coordinate with Owner.

Erect and maintain weatherproof airtight closures for exterior openings.

Erect and maintain temporary partitions to prevent spread of dust, odors and noise to
permit continued Owner occupancy.

Protect existing items which are not indicated to be removed.

Arrange with, pay for all required fees, and perform work required by utility companies
and municipal departments for discontinuance or interruptions of utility services due to
demolition work.

DEMOLITION REQUIREMENTS:

Conduct demolition in accordance with approved plan, so as to minimize interference with
adjacent building areas.

Under no circumstances shall explosives be used.
Conduct operations with minimum interference to public or private accesses.

Maintain protected access and egress at all times. Do not close or obstruct roadways
without permits.

Cease operations immediately if adjacent structure appears to be in danger. Notify
Engineer.

SELECTIVE DEMOLITION:

Demolish and remove components in an orderly and careful manner, in sequence as
indicated on Drawings.

Protect existing supporting structural members and equipment.
CLEAN UP:

Remove demolished materials from site as work progresses.
Leave areas of work in clean condition.

DEMOLITION MATERIAL HANDLING AND REMOVAL

The demolition debris generated by the demolition activities shall be sorted,
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and to the extent practical, shall be recycled. The CONTRACTOR shall
dispose of as much of the steel, surplus concrete, and rubble as possible at a
facility that will recycle such material. General demolition debris that is not

recycled shall be disposed of at appropriate designated licensed solid waste
disposal facilities.

B. All material removed from the site shall be transported from the site by
licensed haulers, via designated truck routes, using appropriate vehicles,
containment, and documentation. No material shall leave the site without an
associated tracking document; the form of such tracking documents shall be
acceptable to the ENGINEER. Where the means of tracking does not have a
preprinted unique alphanumeric identifier, CONTRACTOR shall assign and
record a tracking number for the document prior to transport of the material
from the site.

END OF SECTION
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SECTION 05 50 00

METAL FABRICATIONS

PART 1 - GENERAL

11

A.

1.2

1.3

14

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:
1.  Steel framing and supports for mechanical and electrical equipment.

COORDINATION

Coordinate selection of shop primers with topcoats to be applied over them. Comply
with paint and coating manufacturers' written instructions to ensure that shop primers
and topcoats are compatible with one another.

Coordinate installation of metal fabrications that are anchored to or that receive other
work. Furnish setting drawings, templates, and directions for installing anchorages,
including sleeves, concrete inserts, anchor bolts, and items with integral anchors, that
are to be embedded in concrete or masonry. Deliver such items to Project site in time
for installation.

ACTION SUBMITTALS
Product Data: For the following:

Nonslip aggregates and nonslip-aggregate surface finishes.
Fasteners.

Shop primers.

Shrinkage-resisting grout.

Prefabricated building columns.

Slotted channel framing.

ogakrwdE

Shop Drawings: Show fabrication and installation details. Include plans, elevations,
sections, and details of metal fabrications and their connections. Show anchorage and
accessory items. Provide Shop Drawings for the following:

1.  Steel framing and supports for mechanical and electrical equipment.
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1.5

1.6

1.7

INFORMATIONAL SUBMITTALS

Welding certificates.

Paint Compatibility Certificates: From manufacturers of topcoats applied over shop
primers, certifying that shop primers are compatible with topcoats.

QUALITY ASSURANCE

Welding Qualifications: Qualify procedures and personnel in accordance with the
following:

1.  AWSD1.1/D1.1M, "Structural Welding Code - Steel."
2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum."

FIELD CONDITIONS

Field Measurements: Verify actual locations of walls, floor slabs, decks, and other
construction contiguous with metal fabrications by field measurements before
fabrication.

PART 2 - PRODUCTS

2.1

2.2

PERFORMANCE REQUIREMENTS

METALS

Metal Surfaces, General: Provide materials with smooth, flat surfaces unless otherwise
indicated. For metal fabrications exposed to view in the completed Work, provide
materials without seam marks, roller marks, rolled trade names, or blemishes.

Steel Tubing: ASTM A500/A500M, cold-formed steel tubing.

Steel Pipe: ASTM A53/A53M, Standard Weight (Schedule 40) unless otherwise
indicated.

Zinc-Coated Steel Wire Rope: ASTM A741.

1.  Wire Rope Fittings: Hot-dip galvanized-steel connectors with capability to
sustain, without failure, a load equal to minimum breaking strength of wire rope
with which they are used.

Slotted Channel Framing: Cold-formed metal box channels (struts) complying with
MFMA-4.
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2.3

2.4

1.  Size of Channels: 1-5/8 by 1-5/8 inches.
2. Material: Galvanized steel, ASTM A653/A653M, structural steel, Grade 33, with
G90 coating; 0.108-inch nominal thickness.

FASTENERS

Steel Bolts and Nuts: Regular hexagon-head bolts, ASTM A307, Grade A; with hex
nuts, ASTM A563; and, where indicated, flat washers.

High-Strength Bolts, Nuts, and Washers: ASTM F3125/F3125M, Grade A325, Type 3,
heavy-hex steel structural bolts; ASTM A563, Grade DH3, heavy-hex carbon-steel nuts;
and where indicated, flat washers.

Anchor Bolts: ASTM F1554, Grade 36, of dimensions indicated; with nuts,
ASTM A563; and, where indicated, flat washers.

1.  Hot-dip galvanize or provide mechanically deposited, zinc coating where item
being fastened is indicated to be galvanized.

Anchors, General: Capable of sustaining, without failure, a load equal to six times the
load imposed when installed in unit masonry and four times the load imposed when
installed in concrete, as determined by testing in accordance with ASTM E488/E488M,
conducted by a qualified independent testing agency.

Post-Installed Anchors: Torque-controlled expansion anchors.

1.  Material for Interior Locations: Carbon-steel components zinc plated to comply
with ASTM B633 or ASTM F1941/F1941M, Class Fe/Zn 5, unless otherwise
indicated.

Slotted-Channel Inserts: Cold-formed, hot-dip galvanized-steel box channels (struts)
complying with MFMA-4, 1-5/8 by 7/8 inches by length indicated with anchor straps or
studs not less than 3 inches long at not more than 8 inches o.c. Provide with temporary
filler and tee-head bolts, complete with washers and nuts, all zinc-plated to comply with
ASTM B633, Class Fe/Zn 5, as needed for fastening to inserts.

FABRICATION, GENERAL

Shop Assembly: Preassemble items in the shop to greatest extent possible. Disassemble
units only as necessary for shipping and handling limitations. Use connections that
maintain structural value of joined pieces. Clearly mark units for reassembly and
coordinated installation.

Cut, drill, and punch metals cleanly and accurately. Remove burrs and ease edges to a
radius of approximately 1/32 inch unless otherwise indicated. Remove sharp or rough
areas on exposed surfaces.
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2.5

Form bent-metal corners to smallest radius possible without causing grain separation or
otherwise impairing work.

Form exposed work with accurate angles and surfaces and straight edges.
Weld corners and seams continuously to comply with the following:

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

corrosion resistance of base metals.

Obtain fusion without undercut or overlap.

Remove welding flux immediately.

4. At exposed connections, finish exposed welds and surfaces smooth and blended
so no roughness shows after finishing and contour of welded surface matches that
of adjacent surface.

wmn

Form exposed connections with hairline joints, flush and smooth, using concealed
fasteners or welds where possible. Where exposed fasteners are required, use Phillips
flat-head (countersunk) fasteners unless otherwise indicated. Locate joints where least
conspicuous.

Fabricate seams and other connections that are exposed to weather in a manner to
exclude water. Provide weep holes where water may accumulate.

Cut, reinforce, drill, and tap metal fabrications as indicated to receive finish hardware,
screws, and similar items.

Provide for anchorage of type indicated; coordinate with supporting structure. Space
anchoring devices to secure metal fabrications rigidly in place and to support indicated
loads.

Where units are indicated to be cast into concrete or built into masonry, equip with
integrally welded steel strap anchors, 1/8 by 1-1/2 inches, with a minimum 6-inch
embedment and 2-inch hook, not less than 8 inches from ends and corners of units and
24 inches o.c., unless otherwise indicated.

MISCELLANEOUS FRAMING AND SUPPORTS

General: Provide steel framing and supports not specified in other Sections as needed to
complete the Work.

Fabricate units from steel shapes, plates, and bars of welded construction unless
otherwise indicated. Fabricate to sizes, shapes, and profiles indicated and as necessary
to receive adjacent construction.

1.  Fabricate units from slotted channel framing where indicated.
2. Furnish inserts for units installed after concrete is placed.
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2.6

2.7

GENERAL FINISH REQUIREMENTS

Finish metal fabrications after assembly.

Finish exposed surfaces to remove tool and die marks and stretch lines, and to blend
into surrounding surface.

STEEL AND IRON FINISHES

Galvanizing: Hot-dip galvanize items as indicated to comply with ASTM A153/A153M
for steel and iron hardware and with ASTM A123/A123M for other steel and iron
products.

1. Do not quench or apply post galvanizing treatments that might interfere with paint
adhesion.

Preparation for Shop Priming Galvanized Items: After galvanizing, thoroughly clean
galvanized surfaces of grease, dirt, oil, flux, and other foreign matter, and treat with
metallic phosphate process.

PART 3 - EXECUTION

3.1

A

INSTALLATION, GENERAL

Cutting, Fitting, and Placement: Perform cutting, drilling, and fitting required for
installing metal fabrications. Set metal fabrications accurately in location, alignment,
and elevation; with edges and surfaces level, plumb, true, and free of rack; and
measured from established lines and levels.

Fit exposed connections accurately together to form hairline joints. Weld connections
that are not to be left as exposed joints but cannot be shop welded because of shipping
size limitations. Do not weld, cut, or abrade surfaces of exterior units that have been
hot-dip galvanized after fabrication and are for bolted or screwed field connections.

Field Welding: Comply with the following requirements:

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

corrosion resistance of base metals.

Obtain fusion without undercut or overlap.

Remove welding flux immediately.

4. At exposed connections, finish exposed welds and surfaces smooth and blended
so no roughness shows after finishing and contour of welded surface matches that
of adjacent surface.

wmn

Fastening to In-Place Construction: Provide anchorage devices and fasteners where
metal fabrications are required to be fastened to in-place construction. Provide threaded
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3.2

3.3

fasteners for use with concrete and masonry inserts, toggle bolts, through bolts, lag
screws, wood screws, and other connectors.

Provide temporary bracing or anchors in formwork for items that are to be built into
concrete, masonry, or similar construction.

Corrosion Protection: Coat concealed surfaces of aluminum that come into contact with
grout, concrete, masonry, wood, or dissimilar metals with the following:

1.  Cast Aluminum: Heavy coat of bituminous paint.
2.  Extruded Aluminum: Two coats of clear lacquer.
INSTALLATION OF MISCELLANEOUS FRAMING AND SUPPORTS

General: Install framing and supports to comply with requirements of items being
supported, including manufacturers' written instructions and requirements indicated on
Shop Drawings.

Anchor shelf angles securely to existing construction with expansion anchors, anchor
bolts, or through bolts.

Support steel girders on solid grouted masonry, concrete, or steel pipe columns. Secure
girders with anchor bolts embedded in grouted masonry or concrete or with bolts
through top plates of pipe columns.

1. Where grout space under bearing plates is indicated for girders supported on
concrete or masonry, install as specified in "Installing Bearing and Leveling
Plates” Article.

Install pipe columns on concrete footings with grouted baseplates. Position and grout
column baseplates as specified in "Installation of Bearing and Leveling Plates™" Article.

1.  Grout baseplates of columns supporting steel girders after girders are installed and
leveled.

REPAIRS

Touchup Painting:

1.  Immediately after erection, clean field welds, bolted connections, and abraded
areas. Paint uncoated and abraded areas with same material as used for shop
painting to comply with SSPC-PA 1 for touching up shop-painted surfaces.

a.  Apply by brush or spray to provide a minimum 2.0-mil dry film thickness.

2.  Cleaning and touchup painting of field welds, bolted connections, and abraded
areas of shop paint .
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B. Galvanized Surfaces: Clean field welds, bolted connections, and abraded areas and
repair galvanizing to comply with ASTM A780/A780M.

END OF SECTION
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SECTION 07 84 13

PENETRATION FIRESTOPPING

PART 1 - GENERAL

11

A.

1.2

13

14

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1.  Penetration firestopping systems for the following applications:

a. Penetrations in fire-resistance-rated walls.
b. Penetrations in horizontal assemblies.

Related Requirements:

1. Section 07 84 43 "Joint Firestopping" for joints in or between fire-resistance-rated
construction, at exterior curtain-wall/floor intersections, and in smoke barriers.

ALLOWANCES

Penetration firestopping Work is part of an allowance.

UNIT PRICES

Work of this Section is affected by unit prices.

ACTION SUBMITTALS
Product Data: For each type of product.

Product Schedule: For each penetration firestopping system. Include location,
illustration of firestopping system, and design designation of qualified testing and
inspecting agency.

1.  Engineering Judgments: Where Project conditions require modification to a
qualified testing and inspecting agency's illustration for a particular penetration
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1.6

1.7

1.8

1.9

1.10

firestopping system, submit illustration, with modifications marked, approved by
penetration firestopping system manufacturer's fire-protection engineer as an
engineering judgment or equivalent fire-resistance-rated assembly. Obtain
approval of authorities having jurisdiction prior to submittal.

INFORMATIONAL SUBMITTALS

Quialification Data: For Installer.

Product Test Reports: For each penetration firestopping system, for tests performed by a
qualified testing agency.

CLOSEOUT SUBMITTALS

Installer Certificates: From Installer indicating that penetration firestopping systems
have been installed in compliance with requirements and manufacturer's written
instructions.

QUALITY ASSURANCE

Installer Qualifications: A firm that has been approved by FM Approval according to
FM Approval 4991, "Approval Standard for Firestop Contractors," or been evaluated by
UL and found to comply with its "Qualified Firestop Contractor Program
Requirements."

PROJECT CONDITIONS

Environmental Limitations: Do not install penetration firestopping system when
ambient or substrate temperatures are outside limits permitted by penetration
firestopping system manufacturers or when substrates are wet because of rain, frost,
condensation, or other causes.

Install and cure penetration firestopping materials per manufacturer's written
instructions using natural means of ventilations or, where this is inadequate, forced-air
circulation.

COORDINATION

Coordinate construction of openings and penetrating items to ensure that penetration
firestopping systems can be installed according to specified firestopping system design.

Coordinate sizing of sleeves, openings, core-drilled holes, or cut openings to
accommodate penetration firestopping systems.
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PART 2 - PRODUCTS

2.1

A.

2.2

PERFORMANCE REQUIREMENTS
Fire-Test-Response Characteristics:

1.  Perform penetration firestopping system tests by a qualified testing agency
acceptable to authorities having jurisdiction.

2. Test per testing standards referenced in "Penetration Firestopping Systems"
Article. Provide rated systems complying with the following requirements:

a.  Penetration firestopping systems shall bear classification marking of a
qualified testing agency.

1) UL inits "Fire Resistance Directory."
2) Intertek Group in its "Directory of Listed Building Products.”
3) FM Approval in its "Approval Guide.”

PENETRATION FIRESTOPPING SYSTEMS

Penetration Firestopping Systems: Systems that resist spread of fire, passage of smoke
and other gases, and maintain original fire-resistance rating of construction penetrated.
Penetration firestopping systems shall be compatible with one another, with the
substrates forming openings, and with penetrating items if any.

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

a. 3M Fire Protection Products.
b. Hilti, Inc.
c. Or Equal.

Penetrations in Fire-Resistance-Rated Walls: Penetration firestopping systems with
ratings determined per ASTM E814 or UL 1479, based on testing at a positive pressure
differential of 0.01-inch wg.

1.  F-Rating: Not less than the fire-resistance rating of constructions penetrated.

Penetrations in Horizontal Assemblies: Penetration firestopping systems with ratings
determined per ASTM E814 or UL 1479, based on testing at a positive pressure
differential of 0.01-inch wg.

1. F-Rating: At least one hour, but not less than the fire-resistance rating of
constructions penetrated.

2. T-Rating: At least one hour, but not less than the fire-resistance rating of
constructions penetrated except for floor penetrations within the cavity of a wall.

09/03/2020 078413-3


http://www.specagent.com/Lookup?ulid=11857
http://www.specagent.com/Lookup?uid=123457153263
http://www.specagent.com/Lookup?uid=123457153266

3. W-Rating: Provide penetration firestopping systems showing no evidence of
water leakage when tested according to UL 1479.

D. Penetrations in Smoke Barriers: Penetration firestopping systems with ratings
determined per UL 1479, based on testing at a positive pressure differential of 0.30-inch
wg.

1.  L-Rating: Not exceeding 5.0 cfm/sq. ft. of penetration opening at and no more
than 50-cfm cumulative total for any 100 sq. ft. at both ambient and elevated
temperatures.

E. Exposed Penetration Firestopping Systems: Flame-spread and smoke-developed
indexes of less than 25 and 450, respectively, per ASTM E84.

F.  Manufactured Piping Penetration Firestopping System: Penetration firestopping systems
with ratings determined per ASTM E814 or UL 1479, based on testing at a positive
pressure differential of 0.01-inch wg.

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

a. Or Equal.
b. ProVent Systems, Inc.
C. RectorSeal Firestop; a CSW Industrials Company.

2. F-Rating: At least one hour, but not less than the fire-resistance rating of
constructions penetrated.

3. T-Rating: At least one hour, but not less than the fire-resistance rating of
constructions penetrated except for floor penetrations within the cavity of a wall.

4.  W-Rating: Provide penetration firestopping systems showing no evidence of
water leakage when tested according to UL 1479.

5.  Sleeve: Molded-PVC plastic, of length to match slab thickness and with integral
nailing flange on one end for installation in cast-in-place concrete slabs.

6.  Stack Fitting: ASTM A48/A48M, gray-iron, hubless-pattern wye branch with
neoprene O-ring at base and gray-iron plug in thermal-release harness. Include
PVC protective cap for plug.

7. Special Coating: Corrosion resistant on interior of fittings.

G. Accessories: Provide components for each penetration firestopping system that are
needed to install fill materials and to maintain ratings required. Use only those
components specified by penetration firestopping system manufacturer and approved by
qualified testing and inspecting agency for conditions indicated.

1.  Permanent forming/damming/backing materials.
2. Substrate primers.

3. Collars.

4 Steel sleeves.
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2.3

2.4

FILL MATERIALS

Cast-in-Place Firestop Devices: Factory-assembled devices for use in cast-in-place
concrete floors and consisting of an outer sleeve lined with an intumescent strip, a
flange attached to one end of the sleeve for fastening to concrete formwork, and a
neoprene gasket.

Latex Sealants: Single-component latex formulations that do not re-emulsify after cure
during exposure to moisture.

Firestop Devices: Factory-assembled collars formed from galvanized steel and lined
with intumescent material sized to fit specific diameter of penetrant.

Intumescent Composite Sheets: Rigid panels consisting of aluminum-foil-faced
intumescent elastomeric sheet bonded to galvanized-steel sheet.

Intumescent Putties: Nonhardening, water-resistant, intumescent putties containing no
solvents or inorganic fibers.

Intumescent Wrap Strips: Single-component intumescent elastomeric sheets with
aluminum foil on one side.

Mortars: Prepackaged dry mixes consisting of a blend of inorganic binders, hydraulic
cement, fillers and lightweight aggregate formulated for mixing with water at Project
site to form a nonshrinking, homogeneous mortar.

Pillows/Bags: Reusable heat-expanding pillows/bags consisting of glass-fiber cloth
cases filled with a combination of mineral-fiber, water-insoluble expansion agents, and
fire-retardant additives. Where exposed, cover openings with steel-reinforcing wire
mesh to protect pillows/bags from being easily removed.

Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed,
expand and cure in place to produce a flexible, nonshrinking foam.

Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric
sealants.

MIXING

Penetration Firestopping Materials: For those products requiring mixing before
application, comply with penetration firestopping system manufacturer's written
instructions for accurate proportioning of materials, water (if required), type of mixing
equipment, selection of mixer speeds, mixing containers, mixing time, and other items
or procedures needed to produce products of uniform quality with optimum
performance characteristics for application indicated.
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PART 3 - EXECUTION

3.1

A.

3.2

3.3

EXAMINATION

Examine substrates and conditions, with Installer present, for compliance with
requirements for opening configurations, penetrating items, substrates, and other
conditions affecting performance of the Work.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Surface Cleaning: Before installing penetration firestopping systems, clean out openings
immediately to comply with manufacturer's written instructions and with the following
requirements:

1.  Remove from surfaces of opening substrates and from penetrating items foreign
materials that could interfere with adhesion of penetration firestopping materials.

2. Clean opening substrates and penetrating items to produce clean, sound surfaces
capable of developing optimum bond with penetration firestopping materials.
Remove loose particles remaining from cleaning operation.

3. Remove laitance and form-release agents from concrete.

Prime substrates where recommended in writing by manufacturer using that
manufacturer's recommended products and methods. Confine primers to areas of bond;
do not allow spillage and migration onto exposed surfaces.

INSTALLATION

General: Install penetration firestopping systems to comply with manufacturer's written
installation instructions and published drawings for products and applications.

Install forming materials and other accessories of types required to support fill materials
during their application and in the position needed to produce cross-sectional shapes
and depths required to achieve fire ratings.

1.  Afterinstalling fill materials and allowing them to fully cure, remove combustible
forming materials and other accessories not forming permanent components of
firestopping.

Install fill materials by proven techniques to produce the following results:

1.  Fill voids and cavities formed by openings, forming materials, accessories and
penetrating items to achieve required fire-resistance ratings.

2. Apply materials so they contact and adhere to substrates formed by openings and
penetrating items.
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3.4

3.5

3.6

3. For fill materials that will remain exposed after completing the Work, finish to
produce smooth, uniform surfaces that are flush with adjoining finishes.

IDENTIFICATION

Penetration Identification: ldentify each penetration firestopping system with legible
metal or plastic labels. Attach labels permanently to surfaces adjacent to and within 6
inches of penetration firestopping system edge so labels are visible to anyone seeking to
remove penetrating items or firestopping systems. Use mechanical fasteners or self-
adhering-type labels with adhesives capable of permanently bonding labels to surfaces
on which labels are placed. Include the following information on labels:

1. The words "Warning - Penetration Firestopping - Do Not Disturb. Notify
Building Management of Any Damage."

Contractor's name, address, and phone number.

Designation of applicable testing and inspecting agency.

Date of installation.

Manufacturer's name.

Installer's name.

ok wnN

FIELD QUALITY CONTROL

Owner will engage a qualified testing agency to perform tests and inspections according
to ASTM E2174.

Where deficiencies are found or penetration firestopping system is damaged or removed
because of testing, repair or replace penetration firestopping system to comply with
requirements.

Proceed with enclosing penetration firestopping systems with other construction only
after inspection reports are issued and installations comply with requirements.

CLEANING AND PROTECTION

Clean off excess fill materials adjacent to openings as the Work progresses by methods
and with cleaning materials that are approved in writing by penetration firestopping
system manufacturers and that do not damage materials in which openings occur.

Provide final protection and maintain conditions during and after installation that ensure
that penetration firestopping systems are without damage or deterioration at time of
Substantial Completion. If, despite such protection, damage or deterioration occurs,
immediately cut out and remove damaged or deteriorated penetration firestopping
material and install new materials to produce systems complying with specified
requirements.
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END OF SECTION
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SECTION 09 90 00

PAINTING

PART 1 - GENERAL

1.01 WORK INCLUDED:

A.  This Section covers field painting and coating of surfaces, complete. Shop painting of
metal items is specified under the applicable item.

B.  Aschedule listing the various types of surfaces to be painted and the types of paints to be
applied is included herein.

C.  Unless otherwise indicated, the following items shall not be painted:

1.

* 10.

* 11.

Labels on equipment, such as Underwriters' Laboratories and Factory Mutual,
equipment identification, performance rating, and name or nomenclature plates.

Moving parts of operating units, exposed bolt threads, mechanical and electrical
parts, such as valve and damper operators, linkages, sensing devices, motor and fan
shafts.

Electrical conduit unless mounted on painted or finished surfaces or exposed in a
finished room.

Structural steel not exposed to view, and other parts of buildings also not exposed
to view.

Stainless steel.

Concrete.

Plumbing fixtures.

Fiberglass and polyethylene storage tanks.
Uninsulated PVC piping (to be banded only)
Factory prefinished architectural components.

Electrical panels and cabinets factory finish painted.

*  Except for touch-up painting when required

09/03/2020
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1.02

A.

1.03

1.04

RELATED WORK:

DIVISION 22, 23, 26 PLUMBING, HVAC & ELECTRICAL

SYSTEM DESCRIPTION:

The term "paint™ as used herein includes emulsions, enamels, paints, stains, varnishes,
sealers, and other coatings, organic or inorganic, whether used as prime, intermediate, or
finish coats.

The Contractor shall do a complete painting job throughout the work in accordance with
generally approved modern practices for work of high quality. Unless otherwise
specified, all materials and surfaces customarily painted shall be given not less than one
shop coat and two field coats or one prime coat and two finish coats, regardless of whether
or not the surface to be painted is specifically mentioned.

Paints containing lead shall not be used.

To ensure a satisfactory painting job it is essential that the paints applied in the shop and
in the field be mutually compatible. The Contractor shall determine what shop paints
have been used and shall verify that field applied paints are compatible therewith.

The colors of finish coatings shall be selected by the Engineer from color chips submitted
by the Contractor for review. The color selection shall be in the form of a schedule
indicating the colors to be used on the various surfaces. The colors used in the final work
shall be in accordance with the color schedule and shall match the selected color chips.

All coating systems used for potable water applications shall be previously approved by
the National Sanitation Foundation (N.S.F.) in accordance with Standard 61. Evidence
of such approval shall be an approval letter from N.S.F. listing the submitted materials.

Paints submitted shall meet all Federal and State E.P.A. regulations pertaining to volatile
organic compounds (VOC) compliance.

REFERENCES:

The following standards form a part of these specifications, and indicate the minimum
standards required:

American Society for Testing and Materials (ASTM)

ASTM F1869 Moisture Vapor Emission Rate Using Anhydrous Calcium Chloride

09/01/2020 09 90 00-2



1.05

SUBMITTALS: IN ACCORDANCE WITH REQUIREMENTS OF GENERAL
CONDITIONS, SUBMIT THE FOLLOWING:

A. Provide manufacturer’s literature of proposed paints shall be submitted to the Engineer
for review.

B.  The painting schedule shall be submitted to the Engineer for review.

C.  Three (3) sets of color chips shall be submitted to the Engineer for selection of colors.

1.06 DELIVERY AND STORAGE:

A.  Paintshall be delivered to the site in the manufacturer's sealed containers. Each container
shall bear the manufacturer's label, listing the brand name, type and color of paint, and
instructions for thinning. Thinning shall be done only in accordance with directions of
the manufacturer. Job mixing or job tinting may be done when approved by the Engineer
and for preparing sample colors.

B. Painting materials shall be stored and mixed in a single location designated by the
Engineer for this purpose. The Contractor shall not use any plumbing fixture or pipe for
mixing or for disposal of any refuse. He shall carry all necessary water to his mixing
room and shall dispose of all waste outside of the building in a suitable receptacle. The
Contractor will be held responsible for any damage done due to failure to observe these
precautions.

C. The paint storage area shall be kept clean at all times, and any damage thereto or to its
surroundings shall be repaired. Any oily rags, waste, etc., shall be removed from the
building every night, and every precaution shall be taken to avoid danger of fire.

D. Heat must be provided in the storage area if paints are to be stored during winter months.
The temperature shall be maintained above 40 degrees F. at all times.

PART 2 - PRODUCTS
2.01 MATERIALS:
A. PAINT SCHEDULE:

Except as otherwise indicated, all paint used shall be of the type listed in the schedule
below, by Tnemec Company, Inc., or equivalent paints by Sherwin-Williams Company,
International Paints, or other approved paint fully equal to paint manufactured by the
above-named companies. No brand other than those named will be considered for
approval unless the brand and type of paint proposed for each item in the following
painting schedule are submitted in writing to the Engineer, along with sufficient data
supported by certified tests.
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AGE

APE

ABF
BO

CEE

CEM
CEP
EMC
EP

EPW
HGV
HSE

MA
MAE
MCU
MPE
NE
PEF
PEP
PVA
PWC
SA
VB

09/01/2020

PAINT SCHEDULE

Acryli Gloss Enamel

Acrylic Polyurethane

Cementitious Block Filler
Bleaching Qil

Catalyzed Epoxy

Catalyzed Epoxy Mastic
Catalyzed Epoxy Primer
Epoxy Modified Cement

Epoxy-Polyamide (thinned 30%
#4 thinner)

Water-based Epoxy Primer
High Gloss Varnish

High Solids Epoxy (Minimum
69%)

Modified Acrylic

Modified Acrylic Elastomer
Moisture Cured Urethane
Modified Polyamine Epoxy
Novolac Epoxy

Polyamine Epoxy Finish
Polyamine Epoxy Primer
PVA Sealer

Potable Water Coating
Silicone Aluminum

Vapor Barrier

09 90 00-4

Tnemec

1029 Enduratone

73 Endura-Shield
Enamel

130 Envirofill
Note 5

L69F Epoxoline Il

27 WB Typoxy
L69F Epoxoline
218 Mortar-Clad
FC 22 Pota-pox

151 Elasto-Grip

L69 Epoxy

115 Uni-bond

156 Envirocrete
Series 1 - Omnithane
Series 435 - Permaglaze
282 Tneme-Glaze

280 Tneme-Glaze

201 Epoxoprime

151 Elasto Grip
Series FC 22 Pota Pox
39-1261 (Note 4)

262 Elasto Shield

Note 1

3.5

3.0

80-100 s.f./gal

4.0

Note 3

3.0
Fill/Surface
25-30

1.0-1.5
Note 2
6.0

3.0
6.0-8.0
2.5-3.0
15-20 mils
7.5
6.0-8.0
6.0-8.0
0.75-1.5
25-30
1.5
50-100



Key Tnemec Note 1
WP Wood Primer 151 Elasto-Grip 1.0-1.5
WS Wood Sealer Note 2 -

Z Zinc-Rich Primer 90G-1K97 Tneme-Zinc 2.5

Notes 1:  Minimum Dry Film Thickness/Coat (mils)

2: Furnished by reputable manufacturer and acceptable to the Engineer.

3:  Shall be used as a tie-coat between incompatible paints @ 3.0-4.0 mils.

4: This paint is suitable for temperatures up to 1200°F and must be final
cured at 400°F for one hour.

5: Bleaching oil is a translucent gray paint stain with a chemical additive to

enhance the natural bleaching tendencies of cedar shingles.
B. PAINTING SCHEDULE:

Paint shall be applied in accordance with the paint key listed on the following schedule
and defined in the preceding Paint Schedule:

Ite Field Coats

1st 2nd 3"
Walls:
Interior concrete masonry units ABF HSE HSE
Interior concrete designated to be painted, to include top HSE HSE -

and outside of all concrete containment curbs

Interior chemical containment curbs on the chemical storage PEP NE NE

side

Exterior concrete masonry units (if sprayed, backroll MAE MAE --
first coat)***

Exterior wood shingles BO BO --
Plaster & gypsum wallboard PVA HSE HSE
Floors:

Concrete floors designated to be painted PEP PEF  PEF
Concrete floor slab in chemical containment areas including PEP NE NE
tank pads

Concrete floor and pads in chemical feed and fluoride rooms PEP NE NE

Ceilings and Walls:

Exposed galvanized metal deck/bar joists, dry spaces™ MA -- --
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Exposed galvanized metal deck/bar joists, wet spaces”

Exposed galvanized wall panel
Plaster & gypsum wallboard

Equipment Items:

With shop prime coat, including machinery

and pumps (non-submerged)
(submerged)

With shop finish coat (when designated to

be painted)
Tanks:
Steel tanks (interior)

Steel tanks (exterior)

Exterior of potassium permanganate (KMn04)

tanks (steel only)(with CEP shop coat)

Interior of potassium permanganate tanks

Potable Water Coatings (immersion service):

Interior
Exterior
Exterior

Interior
Exterior

Concrete Tanks (when designated to be brush blasted and

painted)

Steel Tanks (SSPC-SP#10 prep. required)

Metals:

Exposed interior structural steel including monorails and

supports

Exposed exterior structural steel including monorails

and supports

Interior miscellaneous galvanized and non-ferrous metals

and piping

Exterior miscellaneous galvanized and non ferrous metals

and piping (SP7 required)

Miscellaneous interior ferrous piping, metalwork, ferrous
parts or operating devices, valve handles, levers, pumps,

and ferrous hangers and supports (exterior exposure)

Exposed electrical conduit, conduit fittings, outlet boxes

Hot ferrous metal surface

09/01/2020
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CEE
APE

CEE

APE

APE

CEE

CEE CEE
PVA  CEE
*CEP CEE
*CEP APE
MPE  MPE
*CEM CEE
*CEM APE
*MCU CEE
*MCU CEE
HSE HSE
NE NE
EMC PWC
PWC PWC
*Z CEE
*Z CEE
CEE CEE
CEE  APE
CEP CEE
CEP CEE
Same as adjacent wall
or ceiling

SA SA



Wood and Carpentry Items:

Wood trim (natural finish) WS
Wood trim (unprimed) WP
Doors and Frames:

Interior hollow metal doors, frames and panels AGE
Exterior hollow metal doors AGE
Interior wood doors (painted) WP
Interior wood doors (natural) HGV
Piping:

PVC Piping designated to be painted (SP7 or hand sand) CEE
Pipe insulation (plastic or metal sheathed paint as scheduled PVA

for plastic or metal surface)

Other piping (see metals)

* Spot Prime

HG

AGE

AGE
AGE
AGE
HG

CEE
CEE

HGV

AGE

CEE

***Eor existing, painted masonry walls, use EPW primer, followed by two coats of MAE.
A If galvanized metal is provided with a light top coat sealer, light brush blast surface

preparation is required prior to first field coat

B. SPARE PAINT:

1. Furnish to the Owner one unopened gallon of each type and color of paint used on

the work.

2. Furnish both components for each type and color of epoxy paints used on the work.

PART 3 - EXECUTION

3.01 SURFACE PREPARATION:

A. Before any surface is painted, it shall be cleaned carefully of all dust, dirt, grease, loose
rust, mill scale, old weathered paint, efflorescence, etc. All necessary special preparatory
treatment shall then be applied. Where required, imperfections and holes in surfaces to

be painted shall be filled in an approved manner.

B.  Cleaning and painting shall be so programmed that dust and other contaminants from the

cleaning process will not fall on wet, newly painted surfaces.
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C.  Surfaces which have been cleaned, pretreated, or otherwise prepared for painting, shall
be painted with the first field coat as soon as practicable after such preparation has been
completed, but in any event prior to any deterioration of the prepared surface.

D. Wood shall be sanded to a smooth and even surface and then dusted off. Before priming
wood that is to be painted, shellac shall be applied to all knots, pitch and sapwood. After
priming or stain coat has been applied, nail holes and cracks shall be thoroughly filled
with plastic wood or putty. For natural finish work, putty shall be colored to be
imperceptible in the finished work.

E.  Exposed nails and other ferrous metal or surfaces to be painted with water-thinned paint
shall be spot primed with aluminum.

F.  Cracks and holes in masonry and concrete surfaces to be painted shall be filled with
patching material recommended by the coatings manufacturer. Surfaces shall be clean
and dry before painting. All efflorescence, grease, oil, etc., shall be removed before
painting, and all loose, crumbling material shall be removed by vigorous wire brushing
over entire surface, followed by removal of all dust. All high areas on masonry and
concrete surfaces such as mortar daubs, mortar ridges at joints, and ridges at form joints
in concrete shall be removed.

G. All holes in plaster shall be filled with plaster of paris and all cracks shall be cut out and
filled. No sandpaper shall be used on plastered surfaces. Prior to painting, surfaces shall
be tested with a moisture detecting device, such as Kaydel Plaster Tester, Type CP-48, as
manufactured by Hard Moisture Gauges, Inc. No sealer or paint shall be applied when
the moisture content of the plaster exceeds 8 percent, as determined by the test. Testing
shall be done in the presence of the Engineer's representative, and in as many locations
as directed. Plaster shall be thoroughly dry-brushed before painting or sealing.

H.  All nonferrous metal surfaces to be painted shall be cleaned of all dirt, grease, oil and
other foreign substances uniformly profiled per SSPC SP 7.

l. All galvanized surfaces to be painted shall be brush blasted to create a uniform surface
profile per SSPC SP7.

J. Before application of the first full field coat, abraded areas of all non-galvanized ferrous
metal items having shop coats shall be touched up with paint of the type indicated on the
Painting Schedule.

K. All items of equipment such as motors, pumps, instrumentation panels, electrical
switchgear, and similar items, that have been given shop coats, paint filler, enamel or
other treatment customary with the manufacturer, shall have, after installation, all
scratches and blemishes touch up prior to application of the first field coat. Factory
prefinished items not to be field painted shall be touched up with matching paint to repair
any areas damaged during installation.
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All submerged concrete surfaces that are to receive an epoxy coating shall be brush
blasted to remove surface laitance and provide a uniform surface profile, reference SSPC
SP #13. Surface preparation may commence one week after the concrete has been
pronounced cured. The curing period is defined as that length of time during which the
concrete is fully hydrated (28-day cure). Patch holes and voids with specified modified
epoxy cement prior to coating.

Concrete floors that are to receive epoxy coating shall be brush blasted or shot blasted
per SSPC SP #13 and ICRI Surface Profile requirements per the coating manufacturer
(Blastrack). Check for excessive moisture migration per ASTM F1869, Moisture Vapor
Emission Rate Using Anhydrous Calcium Chloride. Test results not to exceed 3 Ibs per
1,000 square feet in one 24-hour period.

Hardware accessories, machine surfaces, plates, lighting fixtures, and similar items in
place prior to cleaning and painting, and not intended to be painted, shall be removed
during painting operations and repositioned upon completion of each area or shall
otherwise be protected.

All PVC pipe to be painted shall be brush blasted per SSPC SP7 or shall be sanded to
provide a uniform surface profile.

APPLICATION:

Paint shall be used and applied as recommended by the manufacturer without being
extended or modified, and with particular attention to the correct preparation and
condition of surfaces to be painted.

Paint shall be applied only within the temperature range recommended by the
manufacturer. Painting of surfaces when they are exposed to the sun shall be avoided.

Paint shall not be applied to wet or damp surfaces and shall not be applied in rain, snow,
fog, or mist, or when the relative humidity exceeds 85 percent.

No paint shall be applied when it is expected that the relative humidity will exceed 85
percent or that the air temperature will drop below 40°F within 18 hours after the
application of paint. Dew or moisture condensation should be anticipated and if such
conditions are prevalent, painting shall be delayed until midmorning to be certain that the
surfaces are dry. Further, the days painting should be completed well in advance of the
probable time of day when condensation will occur, in order to permit the film an
appreciable drying time prior to the formation of moisture.

All paint shall be applied under favorable conditions by skilled painters and shall be
brushed out carefully to a smooth, even coating without run or sags. Enamel shall be
applied evenly and smoothly. Each coat of paint shall be allowed to dry thoroughly, not
only on the surface but also throughout the thickness of the paint film before the next coat
is applied. Finish surfaces shall be uniform in finish and color, and free from flash spots
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and brush marks. In all cases, the paint film produced shall be satisfactory in all respects
to the Engineer.

Exposed nails and other ferrous metal or surfaces to be painted with water-thinned paints
shall be spot primed with aluminum paints.

In order to provide contrast between successive coats, each coat shall be of such tint as
will distinguish it from preceding coats.

The Contractor shall not only protect his work at all times but shall also protect all
adjacent work and materials by the use of sufficient drop cloths during the progress of his
work. Upon completion of the work, he shall clean up all paint, spots, oil, and stains from
floors, glass, hardware, and similar finished items.

Paint shall be applied so as to obtain coverage per gallon and the dry film thickness
recommended by the manufacturer. Dry film thickness readings shall be taken to insure
that required thicknesses have been achieved. The Contractor shall record in a manner
satisfactory to the Engineer, the quantities of paint used for successive coats on the
various parts of the work.

Spraying with adequate apparatus may be substituted for brush application of those paints
and in those locations for which spraying is suitable.

If paints are thinned for spraying, the film thickness after application shall be the same as
though the unthinned paint were applied by brush. That is, the addition of a thinner shall
not be used as a means of extending the coverage of the paint, but the area covered shall
be no greater than the area that would have been covered with the same quantity of
unthinned paint.

Blast cleaned metal surfaces shall be coated immediately after cleaning, before any rusting
or other deterioration or contamination of the surface occurs. Blast cleaned surfaces shall
be coated not later than 8 hours after cleaning under ideal conditions or sooner if
conditions are not ideal.

The use of carbon dioxide or carbon monoxide emitting heaters is not permitted during
the painting operation. Only indirect hot-air systems shall be permitted.

PIPING COLOR CODE:

The following Tnemec colors shall be utilized to facilitate identification of piping. Only
insulation is to be painted on chemical feed lines.

1. Water Lines

Raw Olive Green 110GN
Settled or Clarified Agua 10GN

09/01/2020 09 90 00-10



Finished or Potable Dark Blue

2. Woastewater or Potable Waste Lines

Sewer (sanitary or drain) Dark Gray
Backwash Waste Light Brown
Sludge Dark Brown
Sewage Plant Effluent Clay

3. Chemical Lines

Chlorine (Gas and Solution)  Yellow

Fluoride Compounds Light Blue with Red Band

Phosphate Compounds Light Green with Red Band
4.  Other

Compressed Air Dark Green

Gas or Oil Red

Other Lines Light Gray

11SF

34GR
68BR
84BR
07RD

02SF
25BL/06SF

08GN/06SF

91GN
28RD
32GR

B. In situations where two colors do not have sufficient contrast to easily differentiate
between them, a 6-inch band of contrasting color shall be painted on one of the pipes at

approximately 30-inch intervals.

C.  Piping which is not painted shall be color coded with bands placed at each change in

direction and no more than 5 feet apart on straight runs.

3.04 PIPING IDENTIFICATION:

A.  After painting, piping shall be identified by stenciling using the same specified paint as
used on the pipes. Stenciling shall be of wording and color selected by the Engineer and

sized as follows:

Outside Diameter of Pipe or Covering Size of Legend Letters
3/4-inch to 1-1/4-inch 2-inch

1-1/2-inch to 2-inch 3/4-inch

2-1/2-inch to 6-inch 1-1/4-inch

8-inch to 10-inch 2-1/2-inch

Over 10-inch 3-1/2-inch

B.  Arrows shall indicate direction of flows. Where "a" is equal to 3/4 of outside diameter
of pipe or covering, the arrow shaft shall be 2 "a" long by 3/8 "a" wide. The arrow head
shall be an equilateral triangle with sides equal to "a." Maximum "a" dimension shall be
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6-inches.

Where pipe passes through a wall, use pipe markers and directional arrows on each side
of the wall.

Use pipe markers and directional arrows every 50 feet along continuous pipe lines.
Use a pipe marker and directional arrow at each rise and "T" joint.

When using directional arrows, point arrowhead away from pipe markers and in direction
of flow. If flow can be in both directions, use a double-headed directional arrow.

The Engineer will assist in determining pipe content and direction of flows.
CLEANUP:

The Contractor shall at all times keep the premises free from accumulation of waste
material and rubbish caused by his employees or work. At the completion of the painting,
he shall remove all of his tools, scaffolding, surplus materials, and all of his rubbish from
and about the buildings and shall leave his work "broom clean™ unless more exactly
specified.

The Contractor shall also, upon completion, remove all paint where it has been spilled,
splashed, or splattered on all surfaces, including floors, fixtures, equipment, furniture,
glass, hardware, etc., leaving the work ready for inspection.

END OF SECTION
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SECTION 23 00 50

BASIC HVAC REQUIREMENTS

PART 1 - GENERAL

1.1 SUMMARY:

A.

09/03/2020

The work of Division 23 is governed by the General and Supplementary
Conditions of the Contract, and Sections of Division 1 of the Project Manual.

Perform work and provide materials and equipment as shown on Drawings and as
specified or referenced in this Section of the Specifications. Completely
coordinate work of this Section with work of other trades and provide complete
and fully functional systems installation.

Give notices, file plans, obtain permits and licenses, pay fees and backcharges,
and obtain necessary approvals from authorities that have jurisdiction as required
to perform work in accordance with all legal requirements and with the Contract
Documents.

Section Includes: The work of this Section includes the basic requirements
common to the HVAC Sections of Division 23, including:

1. Definitions,

2. Organization of submittals,

3. Proposed substitutions,

4, Core drilling,

5. Cutting and Patching,

6. Sleeves and penetrations,

7. Coordination drawings,

8. Valve tags,

9. Equipment and piping identification,

10. Record documents,
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11.

12.

13.

Systems start-ups,
Fire Watch,

Scaffolding, hoisting, rigging and staging,

Related Sections: Related work specified in other Sections includes, but is not
necessarily limited to:

6.

7.

Section 01 73 29 — Cutting, Coring, and Patching: Openings in masonry,
concrete, tile, and other parts of structure, except drilling for hangers,
providing holes and openings in metal decks, and core drilling.

Section 02 41 19 - Selective Demolition: Removal and disposal of
demolished mechanical and electrical piping and conduit systems and
equipment.

Section 05 50 00 - Metal Fabrications: Structural supports necessary to
distribute loading from equipment to roof, floor, walls or other building
structural components.

Section 07 84 13 — Penetrations and Fire Stopping: Caulking of pipe and
duct penetrations through floor slabs and fire-rated or smoke partitions.

Section 09 90 00 — Painting: Painting of exposed piping and equipment
except as specified in this Section.

Division 23 - HVAC

Division 26 - Electrical.

1.2 REFERENCES:

A

09/03/2020

American National Standards Institute (ANSI)

1.

ANSI A13.1 - Scheme for the Identification of piping systems.

American Society for Testing and Materials (ASTM)

1.

ASTM E119 - Test Methods for Fire Tests of Building Construction and
Materials.

ASTM E814 - Test Method for Fire Tests of Through-Penetration Fire
Stops.
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Construction Specifications Institute. (CSI)
1. Manual of Practice
Underwriters Laboratories (UL)

1. Fire Resistance Directory, Vol. | - Beams, Columns, Floors, Roofs, Walls,
and Partitions.

2. Fire Resistance Directory, Vol. Il, Through Penetration Firestop Systems.
3. ANSI/UL1479 - Fire Tests of Through Penetration Firestops.

Sheet Metal and Air Conditioning Contractors National Association, Inc.
(SMACNA).

1. Fire, Smoke, and Radiation Damper Installation Guide for HVAC
Systems.

National Fire Protection Association

1. No. 241-Safeguarding Construction, Alteration, and Demolition
Operations.

Code of Massachusetts Regulations (CMR)

1. 248 CMR Massachusetts State Fuel Gas and Plumbing Code.
2. 527 CMR Massachusetts Board of Fire Protection Regulations.
3. 780 CMR Massachusetts State Building Code.

International Code Council (ICC):

International Building Code — IBC 2015.

International Plumbing Code — IPC 2015.

International Mechanical Code — IMC 2015.

International Fire Prevention Code — IFPC 2015.
International Energy Conservation Code — IECC 2018

AR

DEFINITIONS:

General: Words and terminology used throughout the HVAC Sections of Division
23 shall be understood in their common usage as defined in a common dictionary,
and as further defined in the CSI Manual of Practice, the General and
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Supplemental Conditions of the Contract, Division 1 of the Project Manual, and
the Sections of Division 23.

Specification Content: The HVAC Specification Sections in Division 23 may use
certain conventions regarding the style of language and the intended meaning of
certain terms, words, and phrases when used in particular situations or
circumstances. These conventions are explained as follows:

1. Abbreviated Language: Language used in Specifications and other
Contract Documents maybe of the abbreviated style. Words and meanings
shall be interpreted as appropriate. Words implied, but not stated shall be
interpolated as the sense requires. Singular words will be interpreted as
plural and plural words interpreted as singular where applicable as the
context of the Contract Documents indicates.

2. Streamlined Language: The Specifications generally use the imperative
mood and streamlined language. Requirements expressed in the
imperative mood shall be performed by the Contractor. At certain
locations in the Text, subjective language is used for clarity to describe
responsibilities that must be fulfilled indirectly by the Contractor or by
others when so noted.

A. The words "shall be" are implied where a colon (:) is used within a
sentence or phrase.

Indicated: The term "indicated" refers to graphic representations, notes, or
schedules on the Drawings, or other paragraphs or Schedules in the
Specifications, and similar requirements in the Contract Documents. Terms such
as "shown," "noted," "scheduled,” and "specified" are used to help the reader
locate the reference. Location is not limited.

Directed: Terms such as "directed,” "requested,"” "authorized,” "selected,"
"approved,” "required,” and "permitted" mean directed by the Engineers,
requested by the Architect, and similar phrases.

Approved: When used in conjunction with the Engineer’s action on the
Contractor's submittals, applications, and requests, The term "approved,” is
limited to the Engineer’s duties and responsibilities as stated in the Conditions of
the Contract.

Furnish: Furnish means purchase, delivery and storage at the Project Site for
installation under other Sections or by the Owner.

Install: Includes operations at the Project Site including the actual unpacking,
preparation, assembly, erecting, placing, anchoring, supporting, connecting,
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applying, working to dimension, finishing, curing, protecting, cleaning, and
similar operations required for a complete installation ready for the intended use.

Provide: Provide means to furnish and install.

Project Site: Project Site is the space available to the Contractor for performing
construction activities, either exclusively or in conjunction, with others
performing other work as part of the Project. The extent of the Project Site is
shown on the Drawings and may or may not be identical with the description of
the land on which the Project is to be built.

Testing Agencies: A testing agency is an independent entity engaged to perform
specific inspections or tests, either at the Project Site or elsewhere, and to report
on and, if required, to interpret results of those inspections or tests.

Product Data: Product data sheets include the manufacturers standard catalog
information with illustrations, standard schedules, diagrams, performance charts,
instructions, and brochures that illustrate physical appearance, size, weight, and
other general characteristics of materials and equipment for some portion of the
work.

Shop Drawings: Shop drawings are detailed drawings, diagrams, illustrations,
and schedules specifically prepared by the installing contractor or supplier to
illustrate some portion of the work.

Fabrication Drawings: The installation shop drawings required by the work of the
various Sections of the Project Manual, such as sheet metal and sprinkler shop
drawings, and normally prepared by the installing sub-contractor.

Coordination Drawings: The coordinated installation shop drawings normally
prepared by the installing sub-contractors indicating multiple building systems
and interdisciplinary work on a single set of coordinated documents.

Piping: Includes all necessary piping system components, including pipe, fittings,
couplings, gaskets, flanges, unions, valves, strainers, hangers, supports,
attachments, insulation, and identification.

Substitutions: Substitutions include manufacturers not listed as acceptable within
the specifications, or materials, products, systems, or equipment, which differ
from the requirements of the Contract Documents.

Regulations: Regulations includes laws, ordinances, statutes, and lawful orders
issued by authorities having jurisdiction, as well as rules, conventions, and
agreements within the construction industry that control performance of the
Work.
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NRTL: Nationally Recognized Testing Laboratory such as Underwriters
Laboratory, Inc. or Factory Mutual Research Corporation.

Life Safety Systems: Life Safety Systems include all fire protection systems,
devices, and equipment used to detect fire, activate alarms, suppress or control
fire and smoke, or any combination thereof.

1.4  SUBMITTALS:

A

09/03/2020

General Requirements: Comply with pertinent Submittals, the Sections of
Division 23 - HVAC, and the additional requirements of this Section.

Materials List: Within 14 calendar days after the Contractor has received the
Owner's Notice to proceed, submit a list of the proposed materials to be provided
under the work of the HVAC Sections of Division 23.

Organization of Submittals: Bind submittals into comprehensible packages with
related product data sheets and shop drawings organized and identified by
Specification Section and Article numbers and titles. Bind submittals into
packages in order as specified in the Sections of Division 23. Identify submittal
pages to indicate the specific equipment or fixture type the data sheet applies to
by Article number and title. Submittals, which are not properly bound and
identified, may be returned without review.

1. Indicate appropriate model numbers in manufacturers' brochures and cross
out non-applicable information.

2. Copies of faxed pages are unacceptable.

3. Submit shop drawings for particular systems complete, simultaneously,
and organized by system.

Submittal Cover Sheet: Provide a completed cover sheet with each submittal
package indicating the information on the following sample page:

23 00 50-6



SUBMITTAL COVER SHEET

PROJECT: CONTRACTOR:
SECTION NO.: ARTICLE NO.:
DESCRIPTION:

CONTRACT DRAWING REFERENCE NO.:

EQUIPMENT IDENTIFICATION TAG NUMBER:

SUBMISSION (CIRCLE ONE): FIRST, SECOND, THIRD, FOURTH

DATE:

INFORMATION AND CHECKLIST REPLY | COMMENTS

1.  Contractor’s Log #ID

2. Name, address, and phone number of supplier.

3. Are all specified or scheduled items included | Yes No
and exactly match scheduled/specified items?

4. Is this item a substitution? Yes No

5.  Are deviations clearly identified? Yes No

6. Does equipment fit space shown on| Yes No
construction documents, coordination
drawings, and actual field conditions?

7. Has support, erection, weights, and installation | Yes No
been coordinated with all trades?

8.  Does the proposed installation void warranties | Yes No
or violate UL or code requirements?

9.  Does this material/equipment add expense to | Yes No
any other trade or project costs?

10. Does equipment require interface with other | Yes No
trades? List sections and specifics requiring
coordination?

11  Is control interface coordinated? Yes No

12 List electrical characteristics (V/Ph/A)
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After approval of the proposed materials list, provide complete submittals as soon
as possible and with adequate time for processing in order to not delay the project.

Submit for review of all project specific electronic reproducible drawings, and
one print of each drawing. If submitting hard copies, submit for review eight sets
of detailed Shop Drawings and Product Data. Submittals for review shall include
complete Specifications, including type of materials, electrical characteristics,
capacities, performance and power requirements to determine compliance with
Contract Documents. All data submitted including wiring diagrams shall be
complete for all equipment and shall apply only to this specific project. All
extraneous material shall be deleted or marked out. Items to be supplied shall be
specifically indicated using a method that will be visible after photocopying.

Contractor’s Review: Review, stamp and certify each submittal prior to
submission to the Architect. The certification shall state that the data and details
contained on each Shop Drawing, Product Data, layout drawing, catalog data and
brochure has been reviewed and that it complies with the Contract Documents in
all respects. Shop Drawings, layout drawings, catalog data and brochures will not
be reviewed and will be returned unchecked unless they are certified and all items
specifically identified.

Multiple submissions: It is intended that Submittal data be complete and accurate
at the first submission. If the Submittal is returned marked “Resubmit” only one
additional submission will be permitted.

1. If the second submission is not acceptable, or if the submittal is not made
within the specified time frame, the right of substitution and selection will
be lost. At that time, the specified item shall be provided at no additional
cost.

Required Review Time: A minimum period of ten working days, exclusive of
transmittal time, will be required in the Engineer’s office each time Shop
Drawings, Product Data, layout drawings, catalog data and brochures are
submitted or resubmitted for review. A minimum period of fifteen working days
exclusive of transmittal time will be required for reviewing substitute materials or
manufacturer. The required review time, including multiple submission, shall be
considered when scheduling the work.

Submit Shop Drawings and Product Data sheets in a timely manner sufficiently in
advance to give ample time for reviewing, correcting, resubmitting and re-
reviewing if necessary. No claim for delay will be granted for failure to comply
with this requirement.

Equipment shall be of proper size for its allotted space. Equipment may be
disassembled as required, where it does not invalidate the manufacturer’s
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warranty, so that it can be installed through available window door, or louver
openings.

Schedule of Shutdowns: After the project construction schedule is developed,
submit the following information to the Owner for all required shutdowns of
existing systems.

1. Date of proposed shutdown.

2. List of systems to be affected.

3. List of areas affected by the shutdown.
4. Description of work to be performed.

5. Estimated length of the shutdown.

Piping Systems Schedule: Prepare and submit a schedule of HVAC piping
systems to indicate the piping material, joints, and fittings to be used with each
system.

Insulation Schedule: Prepare and submit a schedule to indicate insulation types
and thicknesses to be used on each HVAC piping system.

UL Through-Penetration Firestop System Schedule: Prepare and submit a
schedule to indicate the UL-System number for through-penetration assemblies to
be used with all mechanical systems. Coordinate with the work of the
Penetrations and Fire Stopping Section in Division 7.

Shop Drawings: Submit product data sheets and shop drawings as specified
within the HVAC Sections of Division 23.

Record Drawings: Prepare record drawings in accordance with the provisions of
Division 1 governing - Project Record Documents and the additional requirements
of this Section.

Valve Tag Charts: Prepare and submit valve tag charts as specified in this Section.
Operation and Maintenance Manuals: Prepare and submit copies of the Operation
and Maintenance Manuals as specified in the appropriate Section of Division 1
governing - Contract Close-out the additional requirements of this Section.

Training Seminar Confirmation: Prior to the final completion of the project,

submit copies of the training seminar sign in sheets and a letter to the Owner
containing the names of training seminar participants, including instructor’s
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names, the name of the firms represented and the dates of the instruction
seminars.

Engineer’s Action: Except for items submitted solely for record purposes or
information, the Engineer will review each submittal for general compliance with
the Contract Documents, as defined in the General Conditions, and return the
submittal with comments.

Action Stamp: The Engineer will attach a Submittal Review sheet to each
submittal package to indicate the status of the submission and the action taken, as
follows:

1. Furnish as Submitted: Submission is generally in compliance with the
intent of the contract documents and fabrication may be undertaken.

2. Furnish as Noted: Submission is generally in compliance with the contract
documents and fabrication may be undertaken with the corrections noted.

3. Revise and Resubmit: Submission is not in compliance with the contract
documents and requires substantial corrections. Fabrication work may not
be undertaken.

4. Rejected: Submission is not in compliance with the contract documents.
Resubmit as specified.

5. Submit Specified Item: Second submission is not in compliance with the
contract documents. Submit specified item without deviation.

6. Reviewed for Comment Only: Engineer is not responsible for the approval
of the submittal.

1.5 QUALITY ASSURANCE:

A
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Qualifications: Use adequate numbers of skilled, licensed workers who are
thoroughly trained and experienced and who are completely familiar with the
specified requirements and the methods needed for proper performance of the
work of this Section.

Standard of Quality: The manufacturers names specified first or scheduled on the
drawings are used for the design and to establish the standards of function,
dimension, space requirements, appearance, and quality upon which the Contract
is based. Acceptable manufacturers’ names are listed to provide competitive bids
with the specified or scheduled manufacturer.

1. Acceptable Manufacturers: The inclusion of a manufacturer’s name
within the list of acceptable manufacturers does not necessarily mean that
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the manufacturer’s standard product is equal to the specified or scheduled
product without some required modification. The submitted product shall
be equal in terms of quality, durability, appearance, space requirements,
weight, strength, and design to the product required by the Contract
Documents.

Contractor’s Review: It is solely the Contractor's responsibility to verify that the
products of acceptable manufacturers and proposed substitutes meet or exceed the
performance of the specified or scheduled product. To be considered acceptable,
products must comply with the following for the full possible performance range:

ONoa~WNE

Horsepower: Equal or less.

Efficiency: Equal or greater.
Capacities: Equal or greater.
Space/Clearances: Equal or greater.
Storage and Recovery: Equal or greater.
Warranty: Equal or better.

Weight: Equal or less.

Noise: Equal or quieter.

Substitutions: Substitutions include manufacturers not listed as acceptable within
the specifications, or products, systems and methods, which differ from the
specified systems.

1.

Comply with the provisions of the Instructions to Bidders and pertinent
sections in Division 1. Submit list of proposed substitutes for review and
approval in compliance with the Instructions to Bidders, AIA Document
A701.

By the submission of a proposed substitution, the Contractor represents
that he has reviewed the proposed substitution and certifies that:

A. The proposed substitution does not affect dimensions shown on
drawings.

B. Changes to the building design, including A/E design and review
time at a rate of 2.6 x DPE, detailing and construction costs caused
by the requested substitution will be included in the bid price with
no additional cost to the Owner.

C. The proposed substitution will have no adverse affect on other
trades, the construction schedule, or specified warranty
requirements.

D. Maintenance and service parts are available locally.
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E.

F.

E. All costs associated with or caused by the use of the proposed
substitute will be covered by the Contractor.

Codes and Regulations:

1. In addition to complying with the specified requirements, comply with
pertinent regulations of governmental agencies and authorities that have
jurisdiction.

2. In case of conflict between or among specified requirements and pertinent

regulations, the more stringent requirement will govern.
Qualifications for Welding and Brazing Work:

1. Qualify welding processes and welding operators in accordance with
AWS Standard Qualification Procedure."

2. Provide certification that welders to be employed in work have
satisfactorily passed AWS qualification tests.

A. If recertification of welders is required, retesting will be
Contractor's responsibility.

1.6 DELIVERY, STORAGE, AND HANDLING:

A

Protection: Use all means necessary to protect materials of the Mechanical
Sections before, during and after installation and to protect installed work and
materials of all trades and Sections.

Replacements: In the event of damage, immediately make all repairs and
replacement necessary to the approval of the Engineer at no change in Contract
Sum.

1.7 PROJECT CONDITIONS:

A

09/03/2020

Comply with Article 2 of the Instructions to Bidders, AIA Document A701,
including the Appendix. Visit the site prior to submission of bids and examine
existing conditions to be familiar with the related implications to the Work of the
HVAC Sections.

1. Questions regarding the Bidding Documents: Submit questions and
requests for clarifications in compliance with the Instructions to Bidders.

Contract Documents: The Contract Drawings are diagrammatic and do not show

every fitting and component and shall be used in conjunction with the specified
requirements to provide complete and fully functional systems for the intended
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use. The drawings and specifications are complimentary, and the requirements
indicated on both establish the requirements of the Contract.

1. The Contract Drawings indicate the general locations of equipment and
distribution systems throughout the project. The actual installation
locations shall be coordinated by the contractor on site based on actual
field measurements performed by the contractor.

Document Review: Review the complete set of Contract Documents and be
familiar with the space requirements and work of other Sections. Thoroughly
review building sections, architectural details, space availability phasing
requirements and mechanical drawings for a complete understanding of the scope
and coordination requirements of the HVAC Sections.

Scheduled Equipment: Standard manufacturers model numbers scheduled on the
drawings shall be modified as specified in the descriptive specification for the
scheduled equipment. The drawings generally define quantities, and the
specifications further define equipment quality and system components, which
may not be included in the standard model number.

Pipe sizing notations: Pipe sizing notations run along the pipe from the larger
sizes to the smaller size. Sections of pipe, which are not specifically identified
with a pipe size, are the continuation of the previous larger pipe size indication.
Pipe sizes change only where indicated by a notation change.

Existing Conditions: The existing conditions indicated on the contract drawings
are taken primarily from existing record drawings provided by the Owner and do
not necessarily indicate actual as-built conditions. Preparation work of the
mechanical and electrical sections includes the verification of existing conditions
before the start of related installation work.

1.8  WARRANTY:

A

09/03/2020

Upon completion of the Work and as a condition of its acceptance and final
payment, deliver to the Architect five (5) copies of a written Warranty agreeing to
replace the work of Division 23, which fails due to defective materials or
workmanship within one year after Date of Substantial Completion as that date is
determined in accordance with the General Conditions. All refrigeration
compressors shall have the manufacturer’s extended warranty for a total of five
(5) years.

Failure due to defective materials or workmanship is deemed to include, but is not
to be limited to:

1. Failures in operating component or components.
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2. Leakage from piping system.
3. Code violations.

Obtain written equipment and material warranties offered in manufacturer's
published data without exclusion or limitation, in Owner's name.

Replace material and equipment that require excessive service during warranty
period as defined and as directed by Architect.

Warranty shall include 24-hour service of complete system during warranty
period at no cost to Owner. Choice of service organization shall be subject to
Owner's approval.

Include copy of warranty in the Operation and Maintenance Manuals.

At end of warranty period, transfer manufacturer's equipment and material
warranties still in force to Owner.

This Article shall not be interpreted to limit Owner's rights under applicable codes
and laws and under this Contract.

1.9 MANUALS AND INSTRUCTIONS:

A

09/03/2020

Comply with pertinent provisions of the appropriate Section in Division 1
regarding - Contract Closeout.

Operation and Maintenance Manuals: Bind Manuals in hardcover, three-ring
binders, and provide identified dividers with tabs. Indicate appropriate model
numbers in manufacturers' brochures and cross out non-applicable information.
Review the Manuals with the Owner's maintenance personnel and add additional
maintenance data sheets and information as directed by the Owner's
Representatives. Copies of faxed pages are unacceptable.

1. Obtain at time of purchase of equipment, three copies of operation,
lubrication and maintenance manuals for all items. Assemble literature in
coordinated manuals with additional information describing combined
operation of field-assembled units, including as-built wiring diagrams.
Manual shall contain names and addresses of manufacturers and local
representatives who stock or furnish repair parts for items or equipment.

2. Provide directions for and sequences of operation for HVAC systems of

Division 23. Sequence shall list valves, switches, and other devices used
to start, stop and control systems.

23 00 50-14



09/03/2020

3. Lubrication instructions detailing type of lubricant, amount, and intervals
recommended by manufacturer for each item of equipment. Include
additional instructions necessary for implementation of first-class
lubrication program. Include approved summary of lubrication
instructions in chart form, where appropriate.

Furnish three (3) copies of manuals to Architect for approval and distribution to
Owner. Deliver manuals no less than 30 days prior to acceptance of equipment to
permit Owner's personnel to become familiar with equipment and operation prior
to acceptance.

Organization of Manuals: Divide manuals with identified tabs to match the
mechanical and electrical specification sections numbers and titles. Separate
product information within each section by the Article numbers and titles as listed
in Part 2 of each specification section. Provide a clear see-through plastic holder
on the edge of the binder with a typed card indicating the Project name, the
Engineer’s name, the Installer’s name and the Volume number (e.g., Vol. No. 1 of
2).

Manuals shall include the following materials and information for all specified
materials and equipment:

1. Table of contents.

2. Emergency instructions with 24-hour phone number to contact a
responsible individual for each Section of Work.

3. Subcontractor's warranties.

4. Name and telephone number of local representative and supplier.

5. Manufacturers' maintenance procedures.

6. Exploded drawings and parts lists.

7. Troubleshooting checklists with potential problems and possible causes.
8. Schematic wiring diagrams.

9. Record drawings.

10.  Valve tag charts.
11.  Equipment warranties and guaranties.

12.  Sequence of Operations and Systems Descriptions.
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13.  Additional requirements specified in other sections.

Maintenance Information: Systems which require preventive maintenance to
maintain efficient operation shall be furnished with complete necessary
maintenance information. Required routine maintenance actions, as specified by
the manufacturer, shall be stated clearly and incorporated on a readily accessible
label on the equipment. Such label may be limited to identifying, by title or
publication number, the operation and maintenance manual for that particular
model and type of product.

Instruction Seminars: Perform systems instruction seminars and walk-through
with the Owner's designated representatives after preparation, review and
approval of the Operation and Maintenance manuals by the Architect and Owner.

1. Record the names and firms represented of all training seminar
participants, including all instructors and manufacturers representatives on
a seminar sign in sheet.

2. During the instruction period the Operation and Maintenance Manual shall
be used and explained.

As a minimum training sessions shall consist of the following:

1. General project information and review shall be by the General Foreman
or Superintendent of the Trade.

2. Specific system and equipment training shall be by a Factory Trained
Representative.

3. Provide a complete review of the project and systems including, but not
limited to, the following:

A. In a classroom environment mount the drawings on an easel or
equivalent and review each Record Drawing (can use typicals).

B. Note equipment layouts, locations and control points.

C. Review each system.

D. Review system design operation and philosophy.

E. Review alarms and necessary responses.

F. Review areas served by various equipment and systems.
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G. Identify color codes used.
H. Review features and special functions.

l. Review maintenance requirements.

J. Review operation and maintenance manuals.
K. Respond to questions. Record questions and answers.
4. After classroom training, walk the entire project, review each equipment

room and typical locations. Explain equipment and proper operation.

1.10 RECORD DOCUMENTS:

A

Prepare record documents for the work of Division 23 as specified in Division 1
for Project Record Documents. The record drawings shall accurately indicate all
valve locations and shall clearly show the assigned valve tag number. Record
drawings shall include:

1. Piping and equipment location changes from the Contract Documents.

2. Updated schedules to indicate the scheduled characteristics of the actual
installed equipment.

3. Valve locations and valve tag numbers.

4. Equipment identification numbers coordinated with the Owner's Facility
Management Program.

5. Locations of seismic restraints.

Record drawings include ductwork, sprinkler and fabrication drawings required
for all other systems and coordination drawings prepared under the work of this
contract.  Provide polyester mylar reproducible drawings and electronic
AutoCAD or Revit files of both the contract drawings and additional
fabrication/coordination drawings that indicate mechanical and electrical systems.
All electronic files shall be fully bound and submitted on CD format.

1.11 ELECTRONIC DRAWING FILES:

A

09/03/2020

Electronic drawing files of floor plans and schedules on AutoCAD, Revit, or DXF
format will be made available by the engineer for the contractor’s use to prepare
fabrication, coordination or record drawings. After the contractor requests the
electronic files, a waiver will be provided for the contractor to sign and return to
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Weston & Sampson, Inc. A service charge of one hundred dollars ($100.00) per
disc will be charged to cover the cost of the engineer’s time and materials. After
Weston & Sampson, Inc. receives the signed waiver the electronic drawing files
will be forwarded to the contractor.

1.12 HVAC/ELECTRICAL SCOPE DELINIATIONS

A

09/03/2020

Unless otherwise called out in the plans and specifications, HVAC/Electrical
coordination shall be:

1.

Motors. Division 23 - HVAC shall provide motors for all HVAC
equipment and shall be provided by the specific equipment manufacturer.
All motors provided by Division 23 - HVAC shall conform to the
requirements of Section 23 05 13 Common Motor Requirements for
HVAC Equipment. Motors for Division 23 shall be Premium Efficiency.

Motor Starters not located in a Motor Control Center (MCC). Division 23-
HVAC shall provide motor starters for all HVAC equipment that is not
controlled by a Motor Starter located in an MCC or by a VFD. Whenever
possible Motor Starters shall be factory mounted and wired. For Motor
Controllers that are remotely located, Division 26 shall wire the motor to
the Motor Starter. All Motor Starters provided by Division 23 — HVAC
shall conform to the requirements of Section 26 29 13 - Manual and
Magnetic Motor Controllers

Motor Starters and Variable Frequency Drives (VFDs) located in MCCs.
Division 26 shall provide all Motor Starters and VFDs that are located in
an MCC.

Variable Frequency Drives (VFDs) not located in an MCC. Division 23-
HVAC shall provide VFDs for motors as called out in the HVAC
schedules. Whenever possible VFDs shall be factory mounted and wired.
For motors that are remotely located, Division 26 shall wire the motor to
the VFD. All VFDs provided by Division 23 — HVAC shall conform to the
requirements of Section 26 29 23 - Variable Frequency Motor Controllers

Duct Smoke Detectors. Duct Smoke Detectors shall be furnished by
Division 26 - Electrical, installed in the ductwork by Division 23 —
HVAC, wired and tested to the Fire Alarm system by Division 26 —
Electrical, and wired and tested to the HVAC controls by Division 23 -
HVAC.
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PART 2 - PRODUCTS

21  VALVE TAGS:

A

Upon completion of piping installation work provide valve tags on all valves
installed under the work of the HVAC Sections. Valve tags shall be at least 1-1/2
inch diameter brass or engraved plastic with 1/4 inch high lettering for service
designation over 1/2 inch high consecutively numbered valve identification.
Engraved valve tags shall be color coded as specified for piping identification.
Coordinate valve tag numbers with the Owner's facility management program.
Provide service designation prefix as scheduled:

1. Systems: Prefix:
A Refrigerant Liquid RL
B. Refrigerant Suction RS
C. Pumped Condensate PD

Identify Non-Potable water outlets with permanently attached yellow color-coded
marker or 4-inch high triangle tag reading: Water Unsafe.

2.2 PRESSURE VESSELS:

A

Pressure vessels including provided under Division 23 shall be ASME rated
construction.

PART 3 - EXECUTION

3.1 EXAMINATION:

A

Inspect site conditions before starting preparatory work and verify that actual
conditions are known and acceptable before starting work. Be familiar with the
work of other sections, separate contractors, and the Owner.

Inspect areas where piping, conduit, ductwork, fixtures and equipment will be
installed and verify adequate space is available for access, service and removal of
equipment. Coordinate with the Work of other Sections.

3.2 PREPARATION:

A.

09/03/2020

Perform coordination with the work of other Sections and prepare composite
coordination drawings as specified in this Section before starting installation work
of Division 23.
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3.3  LIFE SAFETY SYSTEMS SHUTDOWNS:

A.

Maintain the existing Life Safety Systems in operation during construction and
obtain impairment permits from the local Authorities Having Jurisdiction for all
Life Safety Systems affected by the work of Division 23.

Safeguarding Construction: Provide fire watch, portable extinguishers, and safety
procedures in compliance with 527 CMR 39.00, 780 CMR 3305 and NFPA 241.

3.4  CORE DRILLING:

Do not core new concrete structure without written approval from the Engineer.

Perform all core drilling required for the proper installation of the work of
Division 23. Locate all required openings and prior to coring coordinate the
opening with the other Trades and obtain approval from the Engineer.

Thoroughly investigate the existing conditions in the vicinity of the required
opening prior to cutting. Take care so as not to disturb the existing building
systems. Damage to existing conditions incurred during core drilling shall be
corrected to the Owners satisfaction with no additional expense to the Owner.

3.5 CUTTING AND PATCHING:

A

Cutting and patching shall be performed under other Sections. Locate all other
than cored openings required for the installation of the mechanical piping
systems. Coordinate the opening with the work of the other trades so as not to
interfere with the work of other Sections. Thoroughly investigate the existing
conditions in the vicinity of the required openings as much as possible.

Patching of the existing walls around openings shall be performed by the
respective trade responsible for the finish material in which the opening is made.

3.6 GENERAL INSTALLATION REQUIREMENTS

A

09/03/2020

General: Coordinate with the work of other trades before starting installation.
Install materials and equipment in accordance with the Manufacturers latest
printed installation instructions and the product NRTL listing requirements.

1. Install piping straight, plumb and form right angles on parallel lines with
building walls. Locate groups of pipes parallel to each other. Provide
sufficient spacing for insulation and valve access.

2. Install systems as high as possible to maximize ceiling heights.
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10.

11.

12.

13.

14.

Pipe shall be free from scale and dirt. Protect open ended pipe ends to
prevent debris from entering. All piping shall be reamed free of burrs.

Locate valves for easy access and operation. Install valve stems above the
horizontal.

Piping connections to coils and equipment shall be made with off-sets
provided with isolation valves, unions of flanges arranged so that
equipment can be serviced or removed without dismantling.

Provide for expansion and contraction in all piping systems to prevent
undue strains on piping or equipments. Provide double off-sets at risers to
take up expansion.

Install equipment with care to minimize damage to shop applied finishes.
Replace or repair damaged components or finishes incurred during
shipping and installation to the Owners satisfaction.

Thoroughly clean items before installation. Cap pipe openings to exclude
dirt until fixtures are installed and final connections have been made.

Cut pipe accurately and work into place without springing or forcing, and
properly clearing windows, doors, and other openings.

Show no tool marks or threads on exposed plated, polished, or enameled
connections from fixtures. Tape all finished surfaces to prevent damage
during construction.

Make changes in directions with fittings, make changes in main sizes with
eccentric reducing fittings. Install water supply and return piping with
straight side of eccentric fittings at top of the pipe.

Run piping concealed above ceilings and within furred spaces. Take
special care to locate stacks and risers within pipe chases as indicated on
the Architectural Drawings. Obtain approval from the Architect for piping
locations which require furrings not indicated on the Contract Drawings.

Install equipment and components to minimize noise and vibration
transmission to the structure. Provide vibration isolators and flexible
connectors for all vibrating equipment.

Provide sufficient swing joints, ball joints, expansion loops, and devices
necessary for a flexible piping system.
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15.

16.

17.

18.

19.

20.

21.

Support piping independently at pumps, coils, tanks and similar locations,
so that weight of piping will not be supported by the equipment.

Pipe the drains from pump glands, drip pans, relief valves, air vents and
similar locations, to spill through an air gap into a floor drain.

Securely bolt all equipment, isolators, hangers, and similar items in place.

Provide complete dielectric isolation between ferrous and non-ferrous
metals.

Do not install plastic piping systems when the ambient temperature is
below 60 degrees F.

Provide Armstrong Armaflex 2000 white insulation on pipe hangers, duct
hangers, duct flanges, the edge of ductwork, and to the sharp edges of
mechanical systems when located below 6'-8" above the floor.

Insulating Clamps: Provide IPS Corp. Strap-Tite insulating clamps on
uninsulated copper piping installed through metal stud perforations.

Equipment Access for Maintenance and Removal:

1.

Install piping, equipment and accessories to permit access for maintenance
as specified by the equipment manufacturer. Provide adequate clearance to
disconnect equipment for removal. Locate valves and unions so additional
piping removal is not necessary to remove equipment. Coordinate piping
and equipment locations with all trades to ensure adequate clearance is
maintained for equipment maintenance and removal.

Relocate items as necessary to provide access for maintenance and
removal without additional cost to the Owner.

3.7 VALVE TAG CHARTS:

A

09/03/2020

Prepare valve tag charts to indicate the location of all valves by room name and
number as identified on the architectural floor plans. Indicate areas, floors, or
specific rooms controlled by each valve. Provide valve tag charts for each system
as specified in Part 2 of this Section.

Coordinate valve tag numbers with the Owner's facility management programs.
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3.8

3.9

3.10

3.11

09/03/2020

IDENTIFICATION OF PIPING, DUCTWORK AND EQUIPMENT:

A

Piping: Install pipe and conduit identification markers in compliance with ANSI
Al13.1 on each side of wall penetrations, at each valve, at tee fittings, behind
access panels and base of risers. Spacing of markers shall not exceed 20 feet and
shall include at least one marker in each room. Ensure that markers are visible
from 4 foot 6 inches to 6 feet above the finish floor.

1. Install markers on painted piping only after painting is complete and has
been accepted by the Architect. Install marker adjacent to access panels
where piping is concealed.

Ductwork: Stencil ductwork on both sides and bottom, and at each junction or
branch takeoff. Provide identification stencil at least once in each room, and at
intervals not longer than 20 ft. Stencil shall clearly identify duct service (S for
supply, R for return, X for exhaust), are served by branch, and arrow indicating
direction of flow.

Equipment: Stencil equipment such as pumps, air handlers, water heaters, and
tanks with the name of the equipment and equipment number. Coordinate
equipment numbers with the Owner's maintenance personnel. Stencils shall be at
least 6 inches high and of a color to provide a contrast with the equipment finish.

Equipment markings shall be prominently displayed on each normally visible side
of equipment. Equipment intended for installation in finished area shall have
markings located behind normally used access panels mounted so as to be readily
found. Equipment identification designations shall be taken from equipment
schedules as indicated on the Drawings.

FIRE WATCH:

A

Provide a fire watch as required by the City of Worcester when performing work,
which may cause a fire, such as welding or torch cutting work.

SCAFFOLDING, HOISTING, RIGGING AND STAGING

A

Provide scaffolding, hoisting, rigging, conveyance apparatus and staging as
required to perform the work specified in the other mechanical sections of
Division 23.

RECORD DOCUMENTS:

A.

Project Progress and Record Drawings: Comply with the appropriate Section of
Division 1 governing Project Record Documents and the additional requirements
of this Section.
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1. Maintain a daily record of the project construction progress by coloring
the work completed on the white prints furnished by the Owner at the
commencement of the work.

2. Modify the equipment schedules to reflect data consistent with that of the
installed equipment. Clearly show all changes to the work as a result of
addenda, change orders, clarifications, instructions issued by the Architect
or conditions encountered in the field. Accurately indicate the location,
size, type and elevation of new work and their relationship to existing
work. Provide dimensions from permanent site improvements or column
centerlines.

3. The marked up and colored in prints will be used as a guide for
determining the progress of the work installed. They shall be inspected
weekly and shall be corrected immediately if found inaccurate or
incomplete. Requisitions for Payment will not be approved until the
Drawings are accurate and up-to-date.

At the completion of the work submit one set of the marked up prints for review
and acceptance. After acceptance, these marked up record prints shall be used to
prepare the Owner’s final Record Drawings.

Maintain the established layering, color and pen thickness scheme on modified
electronic drawing files.

Make all modifications on the AutoCAD or Revit files indicated on the approved
marked up set of Record Drawings. Remove all superseded data to show the
completed installation.

The final approved AutoCAD or Revit Record Drawing files shall become the
property of the Owner.

Deliver the completed Record Documents properly titled and dated to the
Architect. These Record Documents shall become the property of the Owner.

3.12 SYSTEM START-UPS AND INSTRUCTIONS:

A

09/03/2020

Start-Ups: Perform system and equipment start-ups in accordance with the
manufacturers’ printed start-up instructions in the presence of the manufacturers'
representatives.

1. Perform initial systems start up for all Life Safety Systems with the
manufacturers’ representatives and provide complete integrated systems
testing and verification as detailed in the Fire Protection Narrative before
notifying the approving Authorities having Jurisdiction. Make all
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necessary adjustments, corrections and changes and retest the systems
with the manufacturers’ representatives present during the final testing and
preliminary acceptance tests.

After the successful completion of all preliminary Life Safety Systems
acceptance tests notify the approving Authorities having Jurisdiction.

Perform the final Life Safety Systems acceptance tests as detailed in the
Fire Protection Narrative with the Manufacturers’ Representatives,
Authorities having Jurisdiction and Owner’s Maintenance and Facility
staff in attendance.

3.13 CONSTRUCTION CERTIFICATIONS AND AFFIDAVITS:

A

09/03/2020

Engineer’s Responsibility: During construction the Engineer is responsible for the
following services as defined by the Massachusetts State Building Code, 780
CMR Section 116.2.2:

1.

Review, for conformance to the design concept, shop drawings, samples
and other submittals, which are submitted by the contractor in accordance
with the requirements of the construction documents.

Review and approval of the quality control procedures for all code-
required controlled materials.

Be present at intervals appropriate to the stage of construction to become,
generally familiar with the progress and quality of the work and to
determine, in general, if the work is being performed in a manner
consistent with the construction documents.

Contractor’s Responsibility: The Contractor is solely responsible for the
completion of the work on schedule and in compliance with the Contract
Documents and the applicable codes; and for scheduling sufficient time for all
required testing and submissions and approvals.

1.

Construction Affidavits: If upon the completion of the construction, the
Building Official requires Affidavits from a Professional Engineer stating
that the Contractor’s work is in accordance with the approved construction
documents and with applicable local, state and federal statues and
regulations as required by 780 CMR 116.3, the Contractor shall retain the
services of a qualified Registered Professional Engineer to be on site
during construction.

Submission Schedule: Allow sufficient time for the initial submission;
Architect/Engineer review; resubmission; and final review and approval of

23 00 50-25



09/03/2020

all documents required for acceptance of the request for a Certificate of
Occupancy in accordance with 780 CMR 903.4.

3. Testing Schedule: Allow sufficient time for the initial testing, adjustments,
and final functional operational testing of all fire protection systems as
outlined in the Fire Protection Narrative.

Construction Certifications: After the Contractor submits signed Certifications of
Compliance as required by the Massachusetts State Building Code, 780 CMR,
Section 116.3, and complies with the requirements of 780 CMR 903.4, the
responsible engineers will provide written certifications to confirm that to the best
of the engineer’s knowledge, information, and belief, the finished work is in
compliance with the approved drawings issued for permit.

1. Prior to submission of the final signed Certifications of Compliance, the
Contractor shall submit written responses to all punch list items submitted
by the design team.

2. The engineer will not submit certifications until all required certifications
of testing, compliance and completion of punch list items have been
submitted to the engineer.

END OF SECTION
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SECTION 23 05 17

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1 - GENERAL

11 RELATED DOCUMENTS:

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

B. Related Sections:
Section 07 92 00 — JOINT SEALANTS

Section 07 84 13 — PENETRATION FIRESTOPPING

1.2 SUMMARY:
A. Section Includes:

Sleeves.
Stack-sleeve fittings.
Sleeve-seal systems.
Sleeve-seal fittings.
Grout.

arwdPE

13 ACTION SUBMITTALS:

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

PART 2 - PRODUCTS

2.1 SLEEVES:

A.  Cast-lron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to ductile-iron
pressure pipe, with plain ends and integral waterstop unless otherwise indicated.

B. Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded
steel collar; zinc coated.

C.  Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc
coated, with plain ends.
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2.2

2.3

24
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PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.

Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with
welded longitudinal joint.

Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with
nailing flange for attaching to wooden forms.

Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.

STACK-SLEEVE FITTINGS:

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

1. Jay R. Smith Mfg Co:; a division of Morris Group International.
2. Zurn Industries, LLC.
3. Or Equal.

Description: Manufactured, cast-iron sleeve with integral clamping flange. Include clamping
ring, bolts, and nuts for membrane flashing.

1. Underdeck Clamp: Clamping ring with setscrews.

SLEEVE-SEAL SYSTEMS:

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

Airex Manufacturing.

GPT; an EnPro Industries company.
Metraflex Company (The).

Or Equal.

el N =

Description: Modular sealing-element unit, designed for field assembly, for filling annular
space between piping and sleeve.

1. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe. Include
type and number required for pipe material and size of pipe.

2. Pressure Plates: Carbon steel or Stainless steel in wet locations.

3. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, or Stainless
steel of length required to secure pressure plates to sealing elements.

SLEEVE-SEAL FITTINGS:

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

1. Advance Products & Systems, Inc.
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B.

2.5

A.

B.

C.

D.

2. GPT: an EnPro Industries company.
3. Metraflex Company (The).
4. Or Equal.

Description: Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in
concrete slab or wall. Unit has plastic or rubber waterstop collar with center opening to match
piping OD.

GROUT:

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

Characteristics: Nonshrink; recommended for interior and exterior applications.
Design Mix: 5000-psi, 28-day compressive strength.

Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1

A

B.

C.

D.

09/03/20

SLEEVE INSTALLATION:
Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.

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.

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 slabs and walls without sleeve-seal
system.

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.
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3.2

3.3

3.4

09/03/20

3. Seal annular space between sleeve and piping or piping insulation; use joint sealants
appropriate for size, depth, and location of joint. Comply with requirements for sealants
specified in Section 07 92 00 "Joint Sealants."

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors
at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements
for firestopping specified in Section 07 84 13 "Penetration Firestopping."”

STACK-SLEEVE-FITTING INSTALLATION:
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 grout, seal the space around outside of stack-sleeve fittings.

Fire-Barrier Penetrations: Maintain indicated fire rating of floors at pipe penetrations. Seal pipe
penetrations with firestop materials. Comply with requirements for firestopping specified in
Section 078413 "Penetration Firestopping."

SLEEVE-SEAL-SYSTEM INSTALLATION:

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

Select type, size, and number of sealing elements required for piping material and size and for
sleeve ID or hole size. Position piping in center of sleeve. Center piping in penetration,
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.

SLEEVE-SEAL-FITTING INSTALLATION:

Install sleeve-seal fittings in new walls and slabs as they are constructed.

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

Secure nailing flanges to concrete forms.

Using grout, seal the space around outside of sleeve-seal fittings.
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35 SLEEVE AND SLEEVE-SEAL SCHEDULE:
A.  Use sleeves and sleeve seals for the following piping-penetration applications:
1. Exterior Concrete Walls above Grade:

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves
b. Piping NPS 6 and Larger: Galvanized-steel wall sleeves

2. Concrete Slabs above Grade:

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves.
b. Piping NPS 6 and Larger: Galvanized-steel-pipe sleeves.

3. Interior Partitions:

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves.
b. Piping NPS 6 and Larger: Galvanized-steel-sheet sleeves.

END OF SECTION
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SECTION 23 05 29

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

11

1.2

1.3

14

RELATED DOCUMENTS:

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

Related Sections:

Section 05 50 00 —- METAL FABRICATIONS

Section 23 05 48 — VIBRATION AND SEISMIC CONTROLS FOR HVAC

SUMMARY:
Section Includes:

Metal pipe hangers and supports.
Trapeze pipe hangers.

Metal framing systems.
Thermal-hanger shield inserts.
Fastener systems.

Pipe stands.

Equipment supports.

Noook~wbdPE

DEFINITIONS:

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

PERFORMANCE REQUIREMENTS:

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

Structural Performance: Hangers and supports for HVAC piping and equipment shall
withstand the effects of gravity loads and stresses within limits and under conditions
indicated according to ASCE/SEI 7.
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1.5

1.6

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.

Product Data: For each type of product indicated.

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

Trapeze pipe hangers.
Metal framing systems.
Fiberglass strut systems.
Pipe stands.

Equipment supports.

agkrownE

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

1.  Detail fabrication and assembly of trapeze hangers.
2. Design Calculations: Calculate requirements for designing trapeze hangers.
INFORMATIONAL SUBMITTALS:

Welding certificates.

QUALITY ASSURANCE:

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

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

PART 2 - PRODUCTS

2.1

A

METAL PIPE HANGERS AND SUPPORTS:
Carbon-Steel Pipe Hangers and Supports:

1.  Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
2.  Galvanized Metallic Coatings: Pregalvanized or hot dipped.

09/03/2020 230529-2



2.2

2.3

3. Nonmetallic Coatings: Plastic coating, jacket, or liner.

4.  Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to
support bearing surface of piping.

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

Stainless-Steel Pipe Hangers and Supports:

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

2.  Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to
support bearing surface of piping.

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

Copper Pipe Hangers:

1.  Description. MSS SP-58, Types1 through 58, copper-coated-steel, factory-
fabricated components.
2. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel.

TRAPEZE PIPE HANGERS:

Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly
made from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods,
nuts, saddles, and U-bolts.

METAL FRAMING SYSTEMS:

MFMA Manufacturer Metal Framing Systems:

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

a B-line; Eaton, Electrical Sector.
b. Flex-Strut Inc.
c
d

MIRO Industries.
Unistrut; Atkore International.

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

3. Standard: MFMA-4.

4.  Channels: Continuous slotted steel channel with inturned lips.

5. Channel Nuts: Formed or stamped steel nuts or other devices designed to fit into
channel slot and, when tightened, prevent slipping along channel.

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

7. Metallic Coating: Hot-dipped galvanized.
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2.4

2.5

2.6

THERMAL-HANGER SHIELD INSERTS:

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

Carpenter & Paterson, Inc.
National Pipe Hanger Corporation.

Pipe Shields Inc.
Piping Technology & Products, Inc.

el NS

Insulation-Insert Material for Cold Piping: ASTM C 552, Type Il cellular glass with
100-psig minimum compressive strength and vapor barrier.

Insulation-Insert Material for Hot Piping: Water-repellent treated, ASTM C 533, Type |
calcium silicate with 100-psig minimum compressive strength.

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

For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.
Insert Length: Extend 2-inches beyond sheet metal shield for piping operating below
ambient air temperature.

FASTENER SYSTEMS:

Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement
concrete with pull-out, tension, and shear capacities appropriate for supported loads and
building materials where used.

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

PIPE STANDS:

General Requirements for Pipe Stands: Shop- or field-fabricated assemblies made of
manufactured corrosion-resistant components to support roof-mounted piping.

Compact Pipe Stand: One-piece plastic unit with integral-rod roller, pipe clamps, or V-
shaped cradle to support pipe, for roof installation without membrane penetration.

Low-Type, Single-Pipe Stand: One-piece stainless-steel base unit with plastic roller, for
roof installation without membrane penetration.

High-Type, Single-Pipe Stand:
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2.7

2.8

1.  Description: Assembly of base, vertical and horizontal members, and pipe

support, for roof installation without membrane penetration.

Base: Stainless steel.

Vertical Members: Two or more cadmium-plated-steel or stainless-steel,

continuous-thread rods.

4.  Horizontal Member: Cadmium-plated-steel or stainless-steel rod with plastic or
stainless-steel, roller-type pipe support.

wmn

High-Type, Multiple-Pipe Stand:

1.  Description: Assembly of bases, vertical and horizontal members, and pipe
supports, for roof installation without membrane penetration.

2 Bases: One or more; plastic.

3 Vertical Members: Two or more protective-coated-steel channels.

4.  Horizontal Member: Protective-coated-steel channel.

5 Pipe Supports: Galvanized-steel, clevis-type pipe hangers.

Curb-Mounted-Type Pipe Stands: Shop- or field-fabricated pipe supports made from
structural-steel shapes, continuous-thread rods, and rollers, for mounting on permanent
stationary roof curb.

EQUIPMENT SUPPORTS:

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

MISCELLANEOUS MATERIALS:

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

Grout: ASTM C 1107, 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

A

HANGER AND SUPPORT INSTALLATION:

Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install
hangers, supports, clamps, and attachments as required to properly support piping from
the building structure.
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B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89.
Arrange for grouping of parallel runs of horizontal piping, and support together on
field-fabricated trapeze pipe hangers.

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

2.  Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads
being supported. Weld steel according to AWS D1.1/D1.1M.

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

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

1.  Install powder-actuated fasteners for use in lightweight concrete or concrete slabs
less than 4-inches thick in concrete after concrete is placed and completely cured.
Use operators that are licensed by powder-actuated tool manufacturer. Install
fasteners according to powder-actuated tool manufacturer's operating manual.

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

F.  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 07 72 00 — ROOF
ACCESSORIES for curbs.

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

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

l. 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.

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

K. Install building attachments within concrete slabs or attach to structural steel. Install
additional attachments at concentrated loads, including valves, flanges, and strainers,
NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts
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before concrete is placed; fasten inserts to forms and install reinforcing bars through
openings at top of inserts.

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

M. 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.

N. Insulated Piping:

1.

09/03/2020

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.

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

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

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

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

Shield Dimensions for Pipe: Not less than the following:

NPS 1/4 to NPS 3-1/2: 12-inches long and 0.048-inch thick.
NPS 4: 12-inches long and 0.06-inch thick.

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

NPS 8 to NPS 14: 24-inches long and 0.075-inch thick.
NPS 16 to NPS 24: 24-inches long and 0.105-inch thick.

®o0 o

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

Thermal-Hanger Shields: Install with insulation same thickness as piping
insulation.
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3.2

3.4

3.5

EQUIPMENT SUPPORTS:

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

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

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

METAL FABRICATIONS:

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

Fit exposed connections together to form hairline joints. Field weld connections that
cannot be shop welded because of shipping size limitations.

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.

ADJUSTING:

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

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

PAINTING:

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

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

Touchup: Cleaning and touchup painting of field welds, bolted connections, and
abraded areas.
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3.6

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

HANGER AND SUPPORT SCHEDULE:

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

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

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

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

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

Use stainless-steel pipe hangers and fiberglass pipe hangers and Fiberglass strut systems
and stainless-steel attachments for hostile environment applications.

Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
Use padded hangers for piping that is subject to scratching.
Use thermal-hanger shield inserts for insulated piping and tubing.

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.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

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

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

Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For
suspension of noninsulated, stationary pipes NPS 3/8 to NPS 8.

Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension
of noninsulated, stationary pipes NPS 3/8 to NPS 3.

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

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

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.

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.

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.

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.

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.

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 not necessary.

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 not necessary.

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.

2.

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

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:

09/03/2020

230529-10
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Steel Turnbuckles (MSS Type 13): For adjustment up to 6-inches for heavy loads.
Steel Clevises (MSS Type 14): For 120 to 450 deg. F piping installations.

Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings.
Malleable-lIron Sockets (MSS Type 16): For attaching hanger rods to various
types of building attachments.

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
system Sections, install the following types:

1.

2.

@

o

10.

11.

12.

13.
14.

15.

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

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

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

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

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

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

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

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

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

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

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

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 Ib.
b.  Medium (MSS Type 32): 1500 Ib.
c.  Heavy (MSS Type 33): 3000 Ib.

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

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

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:

09/03/2020
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2.

3.

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

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

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.

2.

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

Spring Cushions (MSS Type 48): For light loads if vertical movement does not
exceed 1-1/4-inches.

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

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

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.

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.

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.

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-69 for trapeze pipe-hanger selections and applications that are
not specified in piping system Sections.

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

R.  Use powder-actuated fasteners or mechanical-expansion anchors instead of building
attachments where required in concrete construction.

09/03/2020
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SECTION 23 05 48

VIBRATION AND SEISMIC CONTROLS FOR HVAC

PART 1 - GENERAL

1.1 SUMMARY:
A. Section Includes:

Elastomeric isolation pads.
Elastomeric isolation mounts.
Restrained-spring isolators.
Elastomeric hangers.

Spring hangers.
Seismic-restraint accessories.
Mechanical anchor bolts.

NoookrwnpE

1.2 ACTION SUBMITTALS:
A. Product Data: For each type of product.
Delegated-Design Submittal: For each vibration isolation and seismic-restraint device.

1.  Include design calculations and details for selecting vibration isolators and
seismic restraints complying with performance requirements, design criteria, and
analysis data signed and sealed by the qualified professional engineer responsible
for their preparation.

13 INFORMATIONAL SUBMITTALS:
A.  Welding certificates.

Field quality-control reports.

14 QUALITY ASSURANCE:

A. Comply with seismic-restraint requirements in the IBC unless requirements in this
Section are more stringent.

09/01/2020 230548-1



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

Seismic-restraint devices shall have horizontal and vertical load testing and analysis and
shall bear anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES,
or preapproval by another agency acceptable to authorities having jurisdiction, showing
maximum seismic-restraint ratings. Ratings based on independent testing are preferred
to ratings based on calculations. If preapproved ratings are unavailable, submittals
based on independent testing are preferred. Calculations (including combining shear
and tensile loads) to support seismic-restraint designs must be signed and sealed by a
qualified professional engineer.

PART 2 - PRODUCTS

2.1

2.2

PERFORMANCE REQUIREMENTS:
Wind-Restraint Loading:

1.  Basic Wind Speed: 134 mph.

2. Building Classification Category: 1V.

3. Minimum 16 Ib/sq. ft. multiplied by maximum area of HVAC component
projected on vertical plane normal to wind direction, and 45 degrees either side of
normal.

Seismic-Restraint Loading:

=

Site Class as Defined in the IBC: D.
Assigned Seismic Use Group or Building Category as Defined in the IBC: V.
3. Seismic Design Category as Defined in the IBC: C

N

a. Component Importance Factor: 1.5.

b.  Component Amplification Factor: 2.5.

c.  Component Response Modification Factor:
1)  Neoprene or elastomeric 2.5.
2)  Spring isolated 2.0
3)  Suspended 2.5

d. Component Overstrength Factor 2.0

4.  Design Spectral Response Acceleration at Short Periods (0.2 Second): SDS -
0.192.
5.  Design Spectral Response Acceleration at 1.0-Second Period: SD1 - 0.106.

ELASTOMERIC ISOLATION PADS:

Elastomeric Isolation Pads:
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1.
2.
3.
4.
5.
6.
7.
2.3
A
1.
2.
3.
2.4
A
1.
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Manufacturers: Subject to compliance with requirements, provide products by one
of the following:

a. Mason Industries, Inc.
b. Novia; A Division of C&P.
C. Vibration Mountings & Controls, Inc.

Fabrication: Single or multiple layers of sufficient durometer stiffness for uniform
loading over pad area.

Size: Factory or field cut to match requirements of supported equipment.
Pad Material: Oil and water resistant with elastomeric properties.
Surface Pattern: Waffle pattern.

Infused nonwoven cotton or synthetic fibers.

Load-bearing metal plates adhered to pads.

ELASTOMERIC ISOLATION MOUNTS:

Double-Deflection, Elastomeric Isolation Mounts: <Insert drawing designation>.

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

a. Mason Industries, Inc.
b. Novia; A Division of C&P.
C. Vibration Mountings & Controls, Inc.

Mounting Plates:

a.  Top Plate: Encapsulated steel load transfer top plates, factory drilled and
threaded [ with threaded studs or bolts].

b.  Baseplate: Encapsulated steel bottom plates with holes provided for
anchoring to support structure.

Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other elastomeric
material.

RESTRAINED ELASTOMERIC ISOLATION MOUNTS:

Restrained Elastomeric Isolation Mounts:

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

a. Mason Industries, Inc.
b. Novia; A Division of C&P.
C. Vibration Mountings & Controls, Inc.
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Description: All-directional isolator with seismic restraints containing two
separate and opposing elastomeric elements that prevent central threaded element
and attachment hardware from contacting the housing during normal operation.

a.  Housing: Cast-ductile iron or welded steel.
b.  Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other
elastomeric material.

2.5 RESTRAINED-SPRING ISOLATORS:

A. Freestanding, Laterally Stable, Open-Spring Isolators with Vertical-Limit Stop
Restraint:

1.

oo

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

a. Mason Industries, Inc.
b. Novia; A Division of C&P.
C. Vibration Mountings & Controls, Inc.

Housing: Steel housing with vertical-limit stops to prevent spring extension due to
weight being removed.

a.  Base with holes for bolting to structure with an elastomeric isolator pad
attached to the underside. Bases shall limit floor load to 500 psig.

b.  Top plate with threaded mounting holes.

c.  Internal leveling bolt that acts as blocking during installation.

Restraint: Limit stop as required for equipment and authorities having
jurisdiction.

Outside Spring Diameter: Not less than 80 percent of the compressed height of
the spring at rated load.

Minimum Additional Travel: 50 percent of the required deflection at rated load.
Lateral Stiffness: More than 80 percent of rated vertical stiffness.

Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

2.6 ELASTOMERIC HANGERS:

A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods:

1.

09/01/2020

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

a. Mason Industries, Inc.
b. Novia; A Division of C&P.
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C. Vibration Mountings & Controls, Inc.

Frame: Steel, fabricated with a connection for an upper threaded hanger rod and
an opening on the underside to allow for a maximum of 30 degrees of angular
lower hanger-rod misalignment without binding or reducing isolation efficiency.

Dampening Element: Molded, oil-resistant rubber, neoprene, or other elastomeric
material with a projecting bushing for the underside opening preventing steel to
steel contact.

2.7 SPRING HANGERS:

A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in
Compression: <Insert drawing designation>.

1.

o oA

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

a. Mason Industries, Inc.
b. Novia; A Division of C&P.
C. Vibration Mountings & Controls, Inc.

Frame: Steel, fabricated for connection to threaded hanger rods and to allow for a
maximum of 30 degrees of angular hanger-rod misalignment without binding or
reducing isolation efficiency.

Outside Spring Diameter: Not less than 80 percent of the compressed height of
the spring at rated load.

Minimum Additional Travel: 50 percent of the required deflection at rated load.
Lateral Stiffness: More than 80 percent of rated vertical stiffness.

Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-
reinforced cup to support spring and bushing projecting through bottom of frame.
Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop™ on lower
threaded rod.

Self-centering hanger-rod cap to ensure concentricity between hanger rod and
support spring coil.

2.8 SEISMIC-RESTRAINT ACCESSORIES:

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

the following:

1.
2.

09/01/2020

Mason Industries, Inc.
Novia; A Division of C&P.
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3. Vibration & Seismic Technologies, LLC.

Hanger-Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally
bolted connections to hanger rod.

Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for
rigid equipment mountings and matched to type and size of anchor bolts and studs.

Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene
elements and steel sleeves designed for rigid equipment mountings and matched to type
and size of attachment devices used.

Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant
neoprene, with a flat washer face.

Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-
coated steel for interior applications and stainless steel for exterior applications. Select
anchor bolts with strength required for anchor and as tested according to ASTM E 488.

PART 3 - EXECUTION

3.1

3.2

APPLICATIONS:

Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for
application by an evaluation service member of ICC-ES.

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.

Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select
sizes of components so strength is adequate to carry present and future static and
seismic loads within specified loading limits.

VIBRATION CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION:

Installation of vibration isolators must not cause any change of position of equipment,
piping, or ductwork resulting in stresses or misalignment.

Comply with requirements in Section07 72 00 — ROOF ACCESSORIES for
installation of roof curbs, equipment supports, and roof penetrations.

Equipment Restraints:
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1. Install seismic snubbers on HVAC 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 evaluation service
member of ICC-ES that provides required submittals for component.

D. 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.

E. Install cables so they do not bend across edges of adjacent equipment or building
structure.

F.  Install seismic-restraint devices using methods approved by an evaluation service
member of ICC-ES that provides required submittals for component.

G. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to
provide resilient media between anchor bolt and mounting hole in concrete base.

H. 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.

J. Drilled-in 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 the 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. Wedge Anchors: 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.  Setanchors to manufacturer's recommended torque, using a torque wrench.

Install zinc-coated steel anchors for interior and stainless-steel anchors for

exterior applications.

o
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3.3 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION:

A. Install flexible connections in piping where they cross seismic joints, where adjacent
sections or branches are supported by different structural elements, and where the
connections terminate with connection to equipment that is anchored to a different
structural element from the one supporting the connections as they approach equipment.
Comply with requirements in Section 23 21 13 — HYDRONIC PIPING for piping
flexible connections.

3.4 FIELD QUALITY CONTROL.:

A.  Testing Agency: Engage a qualified testing agency to perform tests and inspections.

Perform tests and inspections.

C. Tests and Inspections:

1.

2.

NGO

Provide evidence of recent calibration of test equipment by a testing agency
acceptable to authorities having jurisdiction.

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.

Obtain Architect's approval before transmitting test loads to structure. Provide
temporary load-spreading members.

Test at least four of each type and size of installed anchors and fasteners selected
by Architect.

Test to 90 percent of rated proof load of device.

Measure isolator restraint clearance.

Measure isolator deflection.

Verify snubber minimum clearances.

D. Remove and replace malfunctioning units and retest as specified above.

E.  Prepare test and inspection reports.

3.5 ADJUSTING:

A.  Adjust isolators after piping system is at operating weight.

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.

09/01/2020
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SECTION 23 05 53

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

11

A.

1.2

1.3

RELATED DOCUMENTS:

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY:
Section Includes:

Equipment labels.
Warning signs and labels.
Pipe labels.

Duct labels.

Stencils.

Valve tags.

Warning tags.

Noook~whPE

ACTION SUBMITTALS:
Product Data: For each type of product.

Samples: For color, letter style, and graphic representation required for each
identification material and device.

Equipment Label Schedule: Include a listing of all equipment to be labeled with the
proposed content for each label.

Valve numbering scheme.

Valve Schedules: For each piping system to include in maintenance manuals.

PART 2 - PRODUCTS

2.1

A

EQUIPMENT LABELS:

Plastic Labels for Equipment:
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Manufacturers: Subject to compliance with requirements, provide products by one
of the following:

Brady Corporation.

Brimar Industries, Inc.

Carlton Industries, LP.

Champion America.

Craftmark Pipe Markers.

emedco.

Kolbi Pipe Marker Co.

LEM Products Inc.

Marking Services, Inc.

Seton Identification Products; a Brady Corporation company.

T SQ@ oo o0 o

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical
engraving, 1/8-inch thick and having predrilled holes for attachment hardware.
Letter Color: White.

Background Color: Black.

Maximum Temperature: Able to withstand temperatures up to 160 deg F.
Minimum Label Size: Length and width vary for required label content, but not
less than 2-1/2-inch by %s-inch.

Minimum Letter Size: Ys-inch for name of units if viewing distance is less than
24-inches, Y-inch for viewing distances up to 72-inches, and proportionately
larger lettering for greater viewing distances. Include secondary lettering two-
thirds to three-quarters the size of principal lettering.

Fasteners: Stainless-steel self-tapping screws.

Adhesive: Contact-type permanent adhesive, compatible with label and with
substrate.

B. Label Content: Include equipment's Drawing designation or unique equipment number,
Drawing numbers where equipment is indicated (plans, details, and schedules), and the
Specification Section number and title where equipment is specified.

C.  Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-
inch bond paper. Tabulate equipment identification number and identify Drawing
numbers where equipment is indicated (plans, details, and schedules) and the
Specification Section number and title where equipment is specified. Equipment
schedule shall be included in operation and maintenance data.

2.2 WARNING SIGNS AND LABELS:

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

following:
1. Brady Corporation.
2. Brimar Industries, Inc.
3. Carlton Industries, LP.
09/03/2020 230553-2
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2.3

m O O

Al

Champion America.

Craftmark Pipe Markers.

emedco.

LEM Products Inc.

Marking Services Inc.

. National Marker Company.

0. Seton Identification Products; a Brady Corporation company.
1. Stranco, Inc.

RB©oo~No O~

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/16-inch thick and having predrilled holes for attachment hardware.

Letter Color: Black.
Background Color: Yellow.
Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less
than 2-1/2-inch by %s-inch.

Minimum Letter Size: ¥-inch for name of units if viewing distance is less than 24-
inches, %-inch for viewing distances up to 72-inches, and proportionately larger
lettering for greater viewing distances. Include secondary lettering two-thirds to three-
quarters the size of principal lettering.

Fasteners: Stainless-steel rivets or self-tapping screws.
Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Label Content: Include caution and warning information plus emergency notification
instructions.

PIPE LABELS:

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

Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc.
Brady Corporation.

Brimar Industries, Inc.

Carlton Industries, LP.

Champion America.

Craftmark Pipe Markers.

emedco.

Kolbi Pipe Marker Co.

LEM Products Inc.

CoNoO~wWNE
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2.4
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10. Marking Services Inc.
11. Seton Identification Products; a Brady Corporation company.

General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with
lettering indicating service, and showing flow direction according to ASME A13.1.

Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive
backing.

Pipe Label Contents: Include identification of piping service using same designations or
abbreviations as used on Drawings; also include pipe size and an arrow indicating flow
direction.

1.  Flow-Direction Arrows: Integral with piping system service lettering to
accommodate both directions or as separate unit on each pipe label to indicate
flow direction.

2.  Lettering Size: Size letters according to ASME A13.1 for piping.

DUCT LABELS:

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

Brady Corporation.

Brimar Industries, Inc.

Carlton Industries, LP.

Champion America.

Craftmark Pipe Markers.

emedco.

Kolbi Pipe Marker Co.

LEM Products Inc.

Marking Services Inc.

0. Seton Identification Products; a Brady Corporation company.

RHRoOoo~NoOr~WNE

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/8 inch thick and having predrilled holes for attachment hardware.

Letter Color: Black.
Background Color: White.
Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less
than 2-1/2-inch by %-inch.
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2.5

Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24-
inches, %-inch for viewing distances up to 72-inches, and proportionately larger
lettering for greater viewing distances. Include secondary lettering two-thirds to three-
quarters the size of principal lettering.

Fasteners: Stainless-steel rivets or self-tapping screws.
Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Duct Label Contents: Include identification of duct service using same designations or
abbreviations as used on Drawings; also include duct size and an arrow indicating flow
direction.

1.  Flow-Direction Arrows: Integral with duct system service lettering to
accommodate both directions or as separate unit on each duct label to indicate
flow direction.

VALVE TAGS:

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

Actioncraft Products, Inc.; a division of Industrial Test Equipment Co., Inc.
Brady Corporation.

Brimar Industries, Inc.

Carlton Industries, LP.

Champion America.

Craftmark Pipe Markers.

emedco.

Kolbi Pipe Marker Co.

. LEM Products Inc.

0. Marking Services Inc.

1. Seton Identification Products; a Brady Corporation company.

RBoOoo~NoOR~wNE

Description: Stamped or engraved with 1/4-inch letters for piping system abbreviation
and 1/2-inch numbers.

1.  Tag Material: Brass, 0.032-inch minimum thickness, and having predrilled or
stamped holes for attachment hardware.
2.  Fasteners: Brass wire-link chain or beaded chain or S-hook.

Valve Schedules: For each piping system, on 8-1/2-inch by 11-inch bond paper.
Tabulate valve number, piping system, system abbreviation (as shown on valve tag),
location of valve (room or space), normal-operating position (open, closed, or
modulating), and variations for identification. Mark valves for emergency shutoff and
similar special uses.
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2.6

1.  Valve-tag schedule shall be included in operation and maintenance data.

WARNING TAGS:

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

Brady Corporation.

Brimar Industries, Inc.

Champion America.

Craftmark Pipe Markers.

emedco.

Kolbi Pipe Marker Co.

LEM Products Inc.

Marking Services Inc.

Seton Identification Products; a Brady Corporation company.

CoNOR~wNE

Description: Preprinted or partially preprinted accident-prevention tags of plasticized
card stock with matte finish suitable for writing.

1. Size: 3-inches by 5-1/4-inches minimum.

2.  Fasteners: Brass grommet and wire.

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

4.  Color: Safety-yellow background with black lettering.

PART 3 - EXECUTION

3.1

3.2

PREPARATION:

Clean piping and equipment surfaces of substances that could impair bond of
identification devices, including dirt, oil, grease, release agents, and incompatible
primers, paints, and encapsulants.

GENERAL INSTALLATION REQUIREMENTS:

Coordinate installation of identifying devices with completion of covering and painting
of surfaces where devices are to be applied.

Coordinate installation of identifying devices with locations of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar concealment.
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3.3

3.4

3.5

EQUIPMENT LABEL INSTALLATION:
Install or permanently fasten labels on each major item of mechanical equipment.

Locate equipment labels where accessible and visible.

PIPE LABEL INSTALLATION:

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. Near each valve and control device.

2. Near each branch connection, excluding short takeoffs for fixtures and terminal
units. Where flow pattern is not obvious, mark each pipe at branch.

3. Near penetrations and on both sides of through walls, floors, ceilings, and
inaccessible enclosures.

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

concealed piping.

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

6.  Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25-
feet in areas of congested piping and equipment.

7. On piping above removable acoustical ceilings. Omit intermediately spaced
labels.

o

Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes,
including pipes where flow is allowed in both directions.

Pipe Label Color Schedule:
1.  Refrigerant Piping: Black letters on a safety-orange background.

DUCT LABEL INSTALLATION:

Install self-adhesive duct labels with permanent adhesive on air ducts in the following
color codes:

1.  Blue: For cold-air supply ducts.
2. Yellow: For hot-air supply ducts.
3. Green: For exhaust-, outside-, relief-, return-, and mixed-air ducts.

Stenciled Duct Label Option: Stenciled labels showing service and flow direction may
be provided instead of plastic-laminated duct labels, at Installer's option.

Locate labels near points where ducts enter into and exit from concealed spaces and at
maximum intervals of 50 feet in each space where ducts are exposed or concealed by
removable ceiling system.
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3.6 VALVE-TAG INSTALLATION:
A. Install tags on valves and control devices in piping systems, except check valves, valves
within factory-fabricated equipment units, shutoff valves, faucets, convenience and

lawn-watering hose connections, and HVAC terminal devices and similar roughing-in
connections of end-use fixtures and units. List tagged valves in a valve schedule.

3.7 WARNING-TAG INSTALLATION:

A.  Write required message on, and attach warning tags to, equipment and other items
where required.

END OF SECTION
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SECTION 23 05 93

TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

11 RELATED DOCUMENTS:

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

B. Related Sections:
Section 23 07 13 — DUCT INSULATION
Section 23 07 19 — HVAC PIPING INSULATION
Section 23 31 10 - DUCTWORK AND ACCESSORIES

Section 23 33 00 — AIR DUCT ACCESSORIES

1.2 SUMMARY:
A. Section Includes:
1. Balancing Air Systems:

a. Constant-volume air systems.
b. Multizone systems.

Sound tests.

Vibration tests.

Duct leakage tests.

Control system verification.

abrwn

1.3 DEFINITIONS:
A. AABC: Associated Air Balance Council.
B. BAS: Building automation systems.
C. NEBB: National Environmental Balancing Bureau.
D. TAB: Testing, adjusting, and balancing.
E. TABB: Testing, Adjusting, and Balancing Bureau.

F. TAB Specialist: An independent entity meeting qualification to perform TAB work.
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1.4

15

1.6

TDH: Total dynamic head.

PREINSTALLATION MEETINGS:

TAB Conference: If requested by the Owner, conduct a TAB conference at the Project site after
approval of the TAB strategies and procedures plan to develop a mutual understanding of the
details. Provide a minimum of 14 days' advance notice of scheduled meeting time and location.

1. Minimum Agenda Items:

The Contract Documents examination report.

The TAB plan.

Needs for coordination and cooperation of trades and subcontractors.
Proposed procedures for documentation and communication flow.

oo

INFORMATIONAL SUBMITTALS:

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.

Contract Documents Examination Report: Within 60 days of Contractor's Notice to Proceed,
submit the Contract Documents review report as specified in Part 3.

Strategies and Procedures Plan: Within 60 days of Contractor's Notice to Proceed, submit TAB
strategies and step-by-step procedures as specified in "Preparation” Article.

System Readiness Checklists: Within 30 days of Contractor's Notice to Proceed, submit system
readiness checklists as specified in "Preparation” Article.

Examination Report: Submit a summary report of the examination review required in
"Examination" Article.

Certified TAB reports.

Sample report forms.

Instrument calibration reports, to include the following:
Instrument type and make.

Serial number.

Application.

Dates of use.
Dates of calibration.

agrwONE

QUALITY ASSURANCE:
TAB Specialists Qualifications: Certified by AABC NEBB or TABB.

1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC NEBB or
TABB.
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1.7

A.

B.

2. TAB Technician: Employee of the TAB specialist and certified by AABC NEBB or TABB
as a TAB technician.

Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in
ASHRAE 111, Section 4 — INSTRUMENTATION.

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section7.2.2 - AIR
BALANCING.

ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6.7.2.3
— SYSTEM BALANCING.

FIELD CONDITIONS:

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.

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

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1

A.

C.

D.

EXAMINATION:

Examine the Contract Documents to become familiar with Project requirements and to discover
conditions in systems designs that may preclude proper TAB of systems and equipment.

Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify
that locations of these balancing devices are applicable for intended purpose and are
accessible.

Examine the approved submittals for HVAC systems and equipment.

Examine design data including HVAC system descriptions, statements of design assumptions
for environmental conditions and systems output, and statements of philosophies and
assumptions about HVAC system and equipment controls.

Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to
verify that they are properly separated from adjacent areas. Verify that penetrations in plenum
walls are sealed and fire-stopped if required.

Examine equipment performance data including fan and pump curves.
1. Relate performance data to Project conditions and requirements, including system effects

that can create undesired or unpredicted conditions that cause reduced capacities in all
or part of a system.
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3.2

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when
installed under conditions different from the conditions used to rate equipment
performance. To calculate system effects for air systems, use tables and charts found in
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."
Compare results with the design data and installed conditions.

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

Examine test reports specified in individual system and equipment Sections.

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

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

Examine strainers. Verify that startup screens have been replaced by permanent screens with
indicated perforations.

Examine control valves for proper installation for their intended function of throttling, diverting, or
mixing fluid flows.

Examine heat-transfer coils for correct piping connections and for clean and straight fins.
Examine operating safety interlocks and controls on HVAC equipment.

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.

PREPARATION:

Prepare a TAB plan that includes the following:

Equipment and systems to be tested.

Strategies and step-by-step procedures for balancing the systems.

Instrumentation to be used.
Sample forms with specific identification for all equipment.

el S

Perform system-readiness checks of HVAC systems and equipment to verify system readiness
for TAB work. Include, at a minimum, the following:

1. Airside:

a. Verify that leakage and pressure tests on air distribution systems have been
satisfactorily completed.

Duct systems are complete with terminals installed.

Volume, smoke, and fire dampers are open and functional.

Clean filters are installed.

Fans are operating, free of vibration, and rotating in correct direction.
Variable-frequency controllers' startup is complete, and safeties are verified.
Automatic temperature-control systems are operational.

Ceilings are installed.

Se@roa0oT
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3.3

3.4

i. Windows and doors are installed.
j- Suitable access to balancing devices and equipment is provided.

GENERAL PROCEDURES FOR TESTING AND BALANCING>

Perform testing and balancing procedures on each system according to the procedures
contained in AABC's "National Standards for Total System Balance" ASHRAE 111 NEBB's
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems"
SMACNA's "HVAC Systems - Testing, Adjusting, and Balancing" and in this Section.

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the
minimum extent necessary for TAB procedures.

1. After testing and balancing, patch probe holes in ducts with same material and thickness
as used to construct ducts.

2. After testing and balancing, install test ports and duct access doors that comply with
requirements in Section 233300 — AIR DUCT ACCESSORIES

3. Install and join new insulation that matches removed materials. Restore insulation,

coverings, vapor barrier, and finish according to Section 230713 — DUCT INSULATION
and Section 230719 — HVAC PIPING INSULATION.

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.

Take and report testing and balancing measurements in inch-pound (IP) units.

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS:
Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and

recommended testing procedures. Cross-check the summation of required outlet volumes with
required fan volumes.

Prepare schematic diagrams of systems' "as-built" duct layouts.
For variable-air-volume systems, develop a plan to simulate diversity.
Determine the best locations in main and branch ducts for accurate duct-airflow measurements.

Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-
air dampers through the supply-fan discharge and mixing dampers.

Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
Verify that motor starters are equipped with properly sized thermal protection.
Check dampers for proper position to achieve desired airflow path.

Check for airflow blockages.

Check condensate drains for proper connections and functioning.

Check for proper sealing of air-handling-unit components.
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L. Verify that air duct system is sealed as specified in Section 23 31 13 — METAL DUCTS.

3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS:

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by
fan manufacturer.

1.

Measure total airflow.

a. Set outside-air, return-air, and relief-air dampers for proper position that simulates
minimum outdoor-air conditions.

b. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary,
perform multiple Pitot-tube traverses to obtain total airflow.

C. Where duct conditions are not suitable for Pitot-tube traverse measurements, a coil
traverse may be acceptable.

d. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at

terminals and calculate the total airflow.

Measure fan static pressures as follows:

a. Measure static pressure directly at the fan outlet or through the flexible connection.

b. Measure static pressure directly at the fan inlet or through the flexible connection.

C. Measure static pressure across each component that makes up the air-handling
system.

d. Report artificial loading of filters at the time static pressures are measured.

Review Record Documents to determine variations in design static pressures versus
actual static pressures. Calculate actual system-effect factors. Recommend adjustments
to accommodate actual conditions.

Obtain approval from commissioning authority for adjustment of fan speed higher or
lower than indicated speed. Comply with requirements in HVAC Sections for air-handling
units for adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit
performance.

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 have been adjusted.

C. Adjust air inlets and outlets for each space to indicated airflows.

1. Set airflow patterns of adjustable outlets for proper distribution without drafts.
2. Measure inlets and outlets airflow.
3. Adjust each inlet and outlet for specified airflow.
4. Re-measure each inlet and outlet after they have been adjusted.
D. Verify final system conditions.
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Re-measure and confirm that minimum outdoor, return, and relief airflows are within
design. Readjust to design if necessary.

Re-measure and confirm that total airflow is within design.

Re-measure all final fan operating data, rpms, volts, amps, and static profile.

Mark all final settings.

Test system in economizer mode. Verify proper operation and adjust if necessary.
Measure and record all operating data.

Record final fan-performance data.

3.6 PROCEDURES FOR DUAL-DUCT SYSTEMS:

3.7 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS:

A. Adjust the variable-air-volume systems as follows:

1.

2.
3.

09/03/2020

Verify that the system static pressure sensor is located two-thirds of the distance down
the duct from the fan discharge.

Verify that the system is under static pressure control.

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.

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. When in full cooling or full heating, ensure that there is no mixing of hot-deck and
cold-deck airstreams unless so designed.
g. 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.

After terminals have been calibrated and balanced, test and adjust system for total
airflow. Adjust fans to deliver total design airflows within the maximum allowable fan
speed listed by fan manufacturer.

a. Set outside-air, return-air, and relief-air dampers for proper position that simulates
minimum outdoor-air conditions.
b. Set terminals for maximum airflow. If system design includes diversity, adjust

terminals for maximum and minimum airflow so that connected total matches fan
selection and simulates actual load in the building.
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C. Where duct conditions allow, measure airflow by Pitot-tube traverse. If necessary,
perform multiple Pitot-tube traverses to obtain total airflow.

d. Where duct conditions are not suitable for Pitot-tube traverse measurements, a coil
traverse may be acceptable.
e. If a reliable Pitot-tube traverse or coil traverse is not possible, measure airflow at

terminals and calculate the total airflow.

6. Measure fan static pressures as follows:
a. Measure static pressure directly at the fan outlet or through the flexible connection.
b. Measure static pressure directly at the fan inlet or through the flexible connection.
C. Measure static pressure across each component that makes up the air-handling
system.
d. Report any artificial loading of filters at the time static pressures are measured.
7. Set final return and outside airflow to the fan while operating at maximum return airflow
and minimum outdoor airflow.
a. Balance the return-air ducts and inlets the same as described for constant-volume
air systems.
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, rpms, 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 MOTORS:

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

1. Manufacturer's name, model number, and serial number.
2. Motor horsepower rating.
3. Motor rpm.
4. Phase and hertz.
5. Nameplate and measured voltage, each phase.
6. Nameplate and measured amperage, each phase.
7. Starter size and thermal-protection-element rating.
8. Service factor and frame size.
B. Motors Driven by Variable-Frequency Controllers: Test manual bypass of controller to prove

proper operation.

09/03/2020

230593-8



3.9

3.10

3.11

3.12

DUCT LEAKAGE TESTS:
Witness the duct pressure testing performed by Installer.
Verify that proper test methods are used and that leakage rates are within specified tolerances.

Report deficiencies observed.

CONTROLS VERIFICATION:

In conjunction with system balancing, perform the following:

1. Verify temperature control system is operating within the design limitations.

2. Confirm that the sequences of operation are in compliance with Contract Documents.

3. Verify that controllers are calibrated and function as intended.

4, Verify that controller set points are as indicated.

5. Verify the operation of lockout or interlock systems.

6. Verify the operation of valve and damper actuators.

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.

Reporting: Include a summary of verifications performed, remaining deficiencies, and variations
from indicated conditions.

TOLERANCES:
Set HVAC system's airflow rates and water flow rates within the following tolerances:

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

Maintaining pressure relationships as designed shall have priority over the tolerances specified
above.

PROGRESS REPORTING:

Initial Construction-Phase Report: Based on examination of the Contract Documents as
specified in "Examination” Article, prepare a report on the adequacy of design for systems
balancing devices. Recommend changes and additions to systems balancing devices to
facilitate proper performance measuring and balancing. Recommend changes and additions to
HVAC systems and general construction to allow access for performance measuring and
balancing devices.

Status Reports: Prepare monthly progress reports to describe completed procedures,
procedures in progress, and scheduled procedures. Include a list of deficiencies and problems
found in systems being tested and balanced. Prepare a separate report for each system and
each building floor for systems serving multiple floors.
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3.13

D.

FINAL REPORT:

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

Fan curves.

Manufacturers' test data.

Field test reports prepared by system and equipment installers.

Other information relative to equipment performance; do not include Shop Drawings and
Product Data.

el

General Report Data: In addition to form titles and entries, include the following data:

Title page.

Name and address of the TAB specialist.

Project name.

Project location.

Architect's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB supervisor who certifies the report.

0. 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:

BOoOo~NOOA~WNE

a. Indicated versus final performance.

b. Notable characteristics of systems.

C. Description of system operation sequence if it varies from the Contract
Documents.

12. Nomenclature sheets for each item of equipment.

13. Data for terminal units, including manufacturer's name, type, size, and fittings.

14. Notes to explain why certain final data in the body of reports vary from indicated values.
15. Test conditions for fans and pump performance forms including the following:

Settings for outdoor-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling coil, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch diameter.
Inlet vane settings for variable-air-volume systems.

Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

Se@roa0 o

System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present
each system with single-line diagram and include the following:
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Quantities of outdoor, supply, return, and exhaust airflows.
Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Terminal units.

Balancing stations.

Position of balancing devices.

oukrwnE

E. Electric-Coil Test Reports: For electric furnaces, duct coils, and electric coils installed in central-
station air-handling units, include the following:

1. Unit Data:

System identification.

Location.

Coil identification.

Capacity in Btu/h.

Number of stages.

Connected volts, phase, and hertz.
Rated amperage.

Airflow rate in cfm.

Face area in sq. ft.

Minimum face velocity in fpm.

T TSe@moa0 T

2. Test Data (Indicated and Actual Values):

Heat output in Btu/h.

Airflow rate in cfm.

Air velocity in fpm.

Entering-air temperature in deg. F.
Leaving-air temperature in deg. F.
Voltage at each connection.
Amperage for each phase.

N

F. Fan Test Reports: For supply, return, and exhaust fans, include the following:
1. Fan Data:

System identification.

Location.

Make and type.

Model number and size.

Manufacturer's serial number.

Arrangement and class.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave and amount of adjustments in inches.

Se@roa0oTy

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustments in inches.
Number, make, and size of belts.

@~oooop
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3. Test Data (Indicated and Actual Values):

Total airflow rate in cfm.

Total system static pressure in inches wg.
Fan rpm.

Discharge static pressure in inches wg.
Suction static pressure in inches wg.

coooTp

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:

System and air-handling-unit number.
Location and zone.

Traverse air temperature in deg. F.
Duct static pressure in inches wg.
Duct size in inches.

Duct area in sq. ft.

Indicated airflow rate in cfm.
Indicated velocity in fpm.

Actual airflow rate in cfm.

Actual average velocity in fpm.
Barometric pressure in psig.

T T TQ@Toa0 o

H. Air-Terminal-Device Reports:
1. Unit Data:

System and air-handling unit identification.
Location and zone.

Apparatus used for test.

Area served.

Make.

Number from system diagram.

Type and model number.

Size.

Effective area in sq. ft.

TST@ o o0 T

2. Test Data (Indicated and Actual Values):

Airflow rate in cfm.

Air velocity in fpm.

Preliminary airflow rate as needed in cfm.
Preliminary velocity as needed in fpm.
Final airflow rate in cfm.

Final velocity in fpm.

Space temperature in deg. F.

@~ooooTw

l. System-Coil Reports: For terminal units, include the following:

1. Unit Data:
a. System and air-handling-unit identification.
b. Location and zone.
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3.14

3.15

C. Room or riser served.

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

2. Test Data (Indicated and Actual Values):
a. Airflow rate in cfm.
b. Entering-air temperature in deg. F.
C. Leaving-air temperature in deg. F.

VERIFICATION OF TAB REPORT:

The TAB specialist's test and balance engineer shall conduct the inspection in the presence of
Architect Owner Construction Manager commissioning authority.

Architect Owner Construction Manager Commissioning authority shall randomly select
measurements, documented in the final report, to be rechecked. Rechecking shall be limited to
either 10 percent of the total measurements recorded or the extent of measurements that can
be accomplished in a normal 8-hour business day.

If rechecks yield measurements that differ from the measurements documented in the final
report by more than the tolerances allowed, the measurements shall be noted as "FAILED."

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

If TAB work fails, proceed as follows:

1. TAB specialists shall recheck all measurements and make adjustments. Revise the final
report and balancing device settings to include all changes; resubmit the final report and
request a second final inspection.

2. If the second final inspection also fails, Owner may contract the services of another TAB
specialist to complete TAB work according to the Contract Documents and deduct the
cost of the services from the original TAB specialist's final payment.

3. If the second verification also fails, Owner design professional Architect may contact
AABC Headquarters regarding the AABC National Performance Guaranty.

Prepare test and inspection reports.

ADDITIONAL TESTS:

Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are
being maintained throughout and to correct unusual conditions.

Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and
winter conditions, perform additional TAB during near-peak summer and winter conditions.

END OF SECTION

09/03/2020 230593 - 13



SECTION 2307 13

DUCT INSULATION

PART 1 - GENERAL

11 RELATED DOCUMENTS:

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY:
A.  Section includes insulating the following duct services:

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, concealed return located in unconditioned space.

Indoor, exposed return located in unconditioned space.

Indoor, concealed exhaust between isolation damper and penetration of building
exterior.

Indoor, exposed exhaust between isolation damper and penetration of building
exterior.

7. Outdoor, concealed supply and return.

8.  Outdoor, exposed supply and return.

agkrownE
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B. Related Sections:

1.  Section 23 07 16 "HVAC Equipment Insulation.”
2. Section 23 07 19 "HVAC Piping Insulation.”
3. Section 23 31 13 "Metal Ducts" for duct liners.

1.3 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.
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1.4

1.5

1.6

3. Detail application of field-applied jackets.
4.  Detail application at linkages of control devices.

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
range of colors available for each type of finish material.

INFORMATIONAL SUBMITTALS:
Qualification Data: For qualified Installer.

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.

Field quality-control reports.

QUALITY ASSURANCE:

Installer Qualifications: Skilled mechanics who have successfully completed an
apprenticeship program or another craft training program certified by the Department of
Labor, Bureau of Apprenticeship and Training.

Surface-Burning Characteristics: For insulation and related materials, as determined by
testing identical products according to ASTM E 84, by a testing agency acceptable to
authorities having jurisdiction. Factory label insulation and jacket materials and
adhesive, mastic, tapes, and cement material containers, with appropriate markings of
applicable testing agency.

1.  Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-
developed index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-

developed index of 150 or less.

DELIVERY, STORAGE, AND HANDLING:

Packaging: Insulation material containers shall be marked by manufacturer with
appropriate  ASTM standard designation, type and grade, and maximum use
temperature.
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1.7

1.8

COORDINATION:

Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 23 05 29 "Hangers and Supports for HVAC Piping and Equipment.”

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.

Coordinate installation and testing of heat tracing.

SCHEDULING:

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.

Complete installation and concealment of plastic materials as rapidly as possible in each
area of construction.

PART 2 - PRODUCTS

2.1

A.

INSULATION MATERIALS:

Comply with requirements in "Duct Insulation Schedule, General,” "Indoor Duct and
Plenum Insulation Schedule,” and "Aboveground, Outdoor Duct and Plenum Insulation
Schedule" articles for where insulating materials shall be applied.

Products shall not contain asbestos, lead, mercury, or mercury compounds.

Products that come in contact with stainless steel shall have a leachable chloride content
of less than 50 ppm when tested according to ASTM C 871.

Insulation materials for use on austenitic stainless steel shall be qualified as acceptable
according to ASTM C 795.

Foam insulation materials shall not use CFC or HCFC blowing agents in the
manufacturing process.

Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials.
Comply with ASTM C 534, Type Il for sheet materials.

1.  Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
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http://www.specagent.com/Lookup?ulid=3062

a. Aeroflex USA.
b. Armacell LLC.
c.  OrEqual.

G. Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting
resin. Comply with ASTM C 553, Type Il and ASTM C 1290, Type Il with factory-
applied vinyl jacket, Type Il with factory-applied FSK jacket or Type Il with factory-
applied FSP jacket. Factory-applied jacket requirements are specified in "Factory-
Applied Jackets" Article.

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

CertainTeed Corporation; Saint-Gobain North America.
Johns Manville; a Berkshire Hathaway company.
Knauf Insulation.

Manson Insulation Inc.

Owens Corning.
Or Equal.

hD OO0 T

H.  Mineral-Fiber Board Insulation: Mineral or glass fibers bonded with a thermosetting
resin. Comply with ASTM C 612, TypelA or TypelB. For duct and plenum
applications, provide insulation with factory-applied ASJ or with factory-applied FSK
jacket. Factory-applied jacket requirements are specified in "Factory-Applied Jackets"
Article.

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

CertainTeed Corporation; Saint-Gobain North America.
Johns Manville; a Berkshire Hathaway company.
Knauf Insulation.

Manson Insulation Inc.

Owens Corning.
Or Equal.

hD OO o

l. Mineral-Fiber, Pipe and Tank Insulation: Mineral or glass fibers bonded with a
thermosetting resin. Semirigid board material with factory-applied ASJ or FSK jacket
complying with ASTM C 1393, Type Il or Type IlIIA Category 2, or with properties
similar to ASTM C 612, Type IB. Nominal density is 2.5 Ib./cu. ft. or more. Thermal
conductivity (k-value) at 100 deg. F is 0.29 Btu x in./h x sq. ft. x deg. F or less. Factory-
applied jacket requirements are specified in "Factory-Applied Jackets" Acrticle.

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

a. CertainTeed Corporation; Saint-Gobain North America.
b. Johns Manville; a Berkshire Hathaway company.
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2.2

2.3

C. Knauf Insulation.

d. Manson Insulation Inc.

e. Owens Corning.

f. Or Equal.
ADHESIVES:

Materials shall be compatible with insulation materials, jackets, and substrates and for
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.

Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.

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

Childers Brand; H. B. Fuller Construction Products.
Eagle Bridges - Marathon Industries.

Foster Brand; H. B. Fuller Construction Products.
Mon-Eco Industries, Inc.

Or Equal.

®o0 o

ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2,
Grade A for bonding insulation jacket lap seams and joints.

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

Childers Brand; H. B. Fuller Construction Products.
Eagle Bridges - Marathon Industries.

Foster Brand; H. B. Fuller Construction Products.
Mon-Eco Industries, Inc.

o0 o

PVC Jacket Adhesive: Compatible with PVC jacket.

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

a. Johns Manville; a Berkshire Hathaway company.
b. The Dow Chemical Company.
c.  OrEqual.

MASTICS:
Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.

1. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
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3.
4.
5

Childers Brand; H. B. Fuller Construction Products.
Foster Brand; H. B. Fuller Construction Products.
Knauf Insulation.

Or Equal.

o0 o

Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil
dry film thickness.

Service Temperature Range: Minus 20 to plus 180 deg. F.

Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.
Color: White.

B.  Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below ambient services.

1. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Eagle Bridges - Marathon Industries.
C. Foster Brand; H. B. Fuller Construction Products.
2. Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
3. Service Temperature Range: 0 to 180 deg. F.
4.  Solids Content: ASTM D 1644, 44 percent by volume and 62 percent by weight.
5. Color: White.
C. Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below ambient
services.
1. Manufacturers: Subject to compliance with requirements, provide products by one

of the following:

Childers Brand; H. B. Fuller Construction Products.
Eagle Bridges - Marathon Industries.

Foster Brand; H. B. Fuller Construction Products.
d Or Equal
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2. Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 30-mil dry film thickness.
3. Service Temperature Range: Minus 50 to plus 220 deg. F.
4.  Solids Content: ASTM D 1644, 33 percent by volume and 46 percent by weight.
5.  Color: White.

D. Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient
services.
1. Manufacturers: Subject to compliance with requirements, provide products by one

09/03/2020

of the following:

a. Childers Brand; H. B. Fuller Construction Products.
b. Eagle Bridges - Marathon Industries.
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C. Foster Brand; H. B. Fuller Construction Products.

d. Knauf Insulation.

e.  OrEqual.

Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film
thickness.

Service Temperature Range: Minus 20 to plus 180 deg. F.

Solids Content: 60 percent by volume and 66 percent by weight.

Color: White.

2.4 LAGGING ADHESIVES:

A.  Description: Comply with MIL-A-3316C, Class I, Grade A and shall be compatible
with insulation materials, jackets, and substrates.

1.

L

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

a. Childers Brand; H. B. Fuller Construction Products.

b. Foster Brand; H. B. Fuller Construction Products.

c.  OrEqual.

Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere
fire-resistant lagging cloths over duct insulation.

Service Temperature Range: 0 to plus 180 deg. F.

Color: White.

2.5 SEALANTS:

A. FSK and Metal Jacket Flashing Sealants:

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

a. Childers Brand; H. B. Fuller Construction Products.

b. Eagle Bridges - Marathon Industries.

C. Foster Brand; H. B. Fuller Construction Products.

d.  OrEqual.

Materials shall be compatible with insulation materials, jackets, and substrates.
Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg. F.

Color: Aluminum.

B. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants:

1.

09/03/2020

Manufacturers: Subject to compliance with requirements, provide products by the
following:
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2.6

2.7

a. Childers Brand: H. B. Fuller Construction Products.

b.  OrEqual.

Materials shall be compatible with insulation materials, jackets, and substrates.
Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg. F.

Color: White.
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FACTORY-APPLIED JACKETS:

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 C 1136, Type I.

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive
covered by a removable protective strip; complying with ASTM C 1136, Type I.

3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type II.

4.  FSP Jacket: Aluminum-foil, fiberglass-reinforced scrim with polyethylene
backing; complying with ASTM C 1136, Type II.

5. Vinyl Jacket: White vinyl with a permeance of 1.3 perms when tested according
to ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and
NFPA 90B.

FIELD-APPLIED FABRIC-REINFORCING MESH:

Woven Glass-Fiber Fabric: Approximately 6 0z./sq. yd. with a thread count of 5 strands
by 5 strands/sq. in. for covering ducts.

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

a. Childers Brand; H. B. Fuller Construction Products.

b.  Or Equal.

Woven Polyester Fabric: Approximately 1 oz./sq. yd. with a thread count of 10 strands
by 10 strands/sg. in., in a Leno weave, for ducts.

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

a. Foster Brand; H. B. Fuller Construction Products.
b. Vimasco Corporation.
c.  OrEqual.
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2.8

2.9

FIELD-APPLIED CLOTHS:

Woven Glass-Fiber Fabric: Comply with MIL-C-20079H, Type I, plain weave, and pre-
sized a minimum of 8 0z./sg. yd.

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

a. Alpha Associates, Inc.

FIELD-APPLIED JACKETS:

Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise
indicated.

FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and
forming. Thickness is indicated in field-applied jacket schedules.

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

a. Johns Manville; a Berkshire Hathaway company.

b.  Or Equal.
2. Adhesive: As recommended by jacket material manufacturer.
3. Color: White.

Metal Jacket:

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

a. ITW Insulation Systems; Illinois Tool Works, Inc.
b. RPR Products, Inc.
c.  OrEqual.
2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005,
Temper H-14.

a.  Sheet and roll stock ready for shop or field sizing.

b.  Finish and thickness are indicated in field-applied jacket schedules.

c.  Moisture Barrier for Indoor Applications: 3-mil-thick, heat-bonded
polyethylene and kraft paper or2.5-mil-thick polysurlyn.

d.  Moisture Barrier for Outdoor Applications: 3-mil-thick, heat-bonded
polyethylene and kraft paper or 2.5-mil-thick polysurlyn.
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2.10 TAPES:

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic
adhesive, complying with ASTM C 1136.

1.

Noohkown

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

a. Avery Dennison Corporation, Specialty Tapes Division.
b. Ideal Tape Co., Inc., an American Biltrite Company.

C. Knauf Insulation.

d.  OrEqual.

Width: 3 inches.

Thickness: 11.5 mils.

Adhesion: 90 ounces’ force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic
adhesive; complying with ASTM C 1136.

1.

Noohkown

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

Avery Dennison Corporation, Specialty Tapes Division.

Ideal Tape Co., Inc., an American Biltrite Company.

Knauf Insulation.

d.  OrEqual.

Width: 3 inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces’ force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

oo

C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic
adhesive; suitable for indoor and outdoor applications.

1.

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

a. Ideal Tape Co., Inc., an American Biltrite Company.
b. Venture Tape.
c.  OrEqual.

Width: 2 inches.
Thickness: 6 mils.
Adhesion: 64 ounces’ force/inch in width.
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5.
6.

Elongation: 500 percent.
Tensile Strength: 18 Ibf/inch in width.

D.  Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.

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

a. Avery Dennison Corporation, Specialty Tapes Division.
b. Ideal Tape Co., Inc., an American Biltrite Company.

C. Knauf Insulation.

d.  OrEqual.

Width: 2 inches.

Thickness: 3.7 mils.

Adhesion: 100 ounces’ force/inch in width.
Elongation: 5 percent.

Tensile Strength: 34 Ibf/inch in width.

211 SECUREMENTS:

A. Bands:

1.

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

a. ITW Insulation Systems: Illinois Tool Works, Inc.
b. RPR Products, Inc.
c.  OrEqual.

Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316;
0.015-inch-thick, 1/2 inchwide with wing seal or closed seal.

Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020-
inch-thick, 3/4 inch wide with wing seal or closed seal.

Springs: Twin spring set constructed of stainless steel with ends flat and slotted to
accept metal bands. Spring size determined by manufacturer for application.

B. Insulation Pins and Hangers:

1.

09/03/2020

Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully annealed
for capacitor-discharge welding,0.135-inch diameter shank, length to suit depth of
insulation indicated.

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

1) Hardcast; a Carlisle Company.
2)  Midwest Fasteners, Inc.
3) Nelson Stud Welding.
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4)  OrEqual.

2. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin,

fully annealed for capacitor-discharge welding, 0.135-inch- diameter shank,
length to suit depth of insulation indicated with integral 1-1/2-inch galvanized
carbon-steel washer.

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

1)  Gemco.

2)  Hardcast; a Carlisle Company.
3) Midwest Fasteners, Inc.

4)  Nelson Stud Welding.

5)  OrEqual.

3. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
thick, galvanized-steel or aluminum sheet, with beveled edge sized as required to
hold insulation securely in place but not less than 1-1/2 inches in diameter.

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

1) Gemco.
2)  Hardcast; a Carlisle Company.
3) Midwest Fasteners, Inc.
4)  Nelson Stud Welding.
b.  Protect ends with capped self-locking washers incorporating a spring steel
insert to ensure permanent retention of cap in exposed locations.

Staples: Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or
Monel.

Wire: 0.062-inch soft-annealed, stainless steel.

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

a. C & F Wire.
b.  OrEqual.
CORNER ANGLES:

PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC according to
ASTM D 1784, Class 16354-C. White or color-coded to match adjacent surface.
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B.  Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according
to ASTM B 209, 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
according to ASTM A 167 or ASTM A 240/A 240M, 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.

B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required
for each item of duct system as specified in insulation system schedules.

C. Install accessories compatible with insulation materials and suitable for the service.
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in
either wet or dry state.

D. Install insulation with longitudinal seams at top and bottom of horizontal runs.

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

F.  Keep insulation materials dry during application and finishing.

G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints
with adhesive recommended by insulation material manufacturer.

H. Install insulation with least number of joints practical.
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3.4

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. Forinsulation 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.

Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate
and wet and dry film thicknesses.

Install insulation with factory-applied jackets as follows:

1.  Draw jacket tight and smooth.

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
4 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.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and
joints and at ends adjacent to duct flanges and fittings.

Cut insulation in a manner to avoid compressing insulation more than 75 percent of its
nominal thickness.

Finish installation with systems at operating conditions. Repair joint separations and
cracking due to thermal movement.

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.

PENETRATIONS:

Insulation Installation at Roof Penetrations: Install insulation continuously through roof
penetrations.

1. Seal penetrations with flashing sealant.
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3.5

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.

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.

Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire
Rated): Install insulation continuously through walls and partitions.

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."
Insulation Installation at Floor Penetrations:

1.  Duct: For penetrations through fire-rated assemblies, terminate insulation at fire
damper sleeves and externally insulate damper sleeve beyond floor to match
adjacent duct insulation. Overlap damper sleeve and duct insulation at least 2
inches.

2. Seal penetrations through fire-rated assemblies. Comply with requirements in
Section 078413 "Penetration Firestopping."

INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION:

Seal longitudinal seams and end joints with manufacturer's recommended adhesive to
eliminate openings in insulation that allow passage of air to surface being insulated.
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3.6 INSTALLATION OF MINERAL-FIBER INSULATION:

A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and
insulation pins.

1.

2.

09/03/2020

Apply adhesives according to manufacturer's recommended coverage rates per
unit area, for coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

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.

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.

@

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 shall consist of vapor-barrier mastic applied
in a Z-shaped pattern over insulation face, along butt end of insulation, and
over the surface. Cover insulation face and surface to be insulated a width
equal to two times the insulation thickness, but not less than 3 inches.

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.
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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.

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.

B. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and
insulation pins.

1.

2.

09/03/2020

Apply adhesives according to manufacturer's recommended coverage rates per
unit area, for 100 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

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.

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 shall consist of vapor-barrier mastic applied
in a Z-shaped pattern over insulation face, along butt end of insulation, and
over the surface. Cover insulation face and surface to be insulated a width
equal to two times the insulation thickness, but not less than 3 inches.

2307 13-17



3.7

3.8

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.

FIELD-APPLIED JACKET INSTALLATION:

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.

Where FSK jackets are indicated, install as follows:

Draw jacket material smooth and tight.

Install lap or joint strips with same material as jacket.

Secure jacket to insulation with manufacturer's recommended adhesive.

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.

PoNbdE

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.

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.

FIRE-RATED INSULATION SYSTEM INSTALLATION:

Where fire-rated insulation system is indicated, secure system to ducts and duct hangers
and supports to maintain a continuous fire rating.

Insulate duct access panels and doors to achieve same fire rating as duct.
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3.9

3.10

Install firestopping at penetrations through fire-rated assemblies. Fire-stop systems are
specified in Section 078413 "Penetration Firestopping.”

FINISHES:

Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with
paint system identified below and as specified in Section 099113 "Exterior Painting"
and Section 099123 "Interior Painting."

1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket
material and finish coat paint. Add fungicidal agent to render fabric mildew proof.

a. Finish Coat Material: Interior, flat, latex-emulsion size.

Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two
coats of insulation manufacturer's recommended protective coating.

Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.

Do not field paint aluminum or stainless-steel jackets.

DUCT INSULATION SCHEDULE, GENERAL:
Plenums and Ducts Requiring Insulation:

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, concealed return located in unconditioned space.

Indoor, exposed return located in unconditioned space.

Indoor, concealed, Type I, commercial, kitchen hood exhaust.

Indoor, exposed, Type I, commercial, kitchen hood exhaust.

Indoor, concealed oven and warewash exhaust.

Indoor, exposed oven and warewash exhaust.

Indoor, concealed exhaust between isolation damper and penetration of building
exterior.

Indoor, exposed exhaust between isolation damper and penetration of building
exterior.

11. OQutdoor, concealed supply and return.

12.  Outdoor, exposed supply and return.

CoNoOR~WNE
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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.
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3.11

Factory-insulated flexible ducts.
Factory-insulated plenums and casings.
Flexible connectors.

Vibration-control devices.
Factory-insulated access panels and doors.

No o ko

INDOOR DUCT AND PLENUM INSULATION SCHEDULE:

Concealed, round and flat-oval, supply-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Concealed, round and flat-oval, return-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Concealed, round and flat-oval, outdoor-air duct insulation shall be one of the
following:

1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.

2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Concealed, round and flat-oval, exhaust-air duct insulation shall be one of the
following:

1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.

2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Concealed, rectangular, supply-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Concealed, rectangular, return-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Concealed, rectangular, outdoor-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Concealed, rectangular, exhaust-air duct insulation between isolation damper and
penetration of building exterior shall be one of the following:

1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.

2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Concealed, supply-air plenum insulation shall be one of the following:
1.  Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.
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J. Concealed, return-air plenum insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

K.  Concealed, outdoor-air plenum insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

L. Exposed, round and flat-oval, supply-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

M.  Exposed, round and flat-oval, return-air duct insulation shall be one of the following:
1.  Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

N.  Exposed, round and flat-oval, outdoor-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

O. Exposed, round and flat-oval, exhaust-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

P.  Exposed, rectangular, supply-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

Q. Exposed, rectangular, return-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

R.  Exposed, rectangular, outdoor-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

S.  Exposed, rectangular, exhaust-air duct insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

T.  Exposed, return-air plenum insulation shall be one of the following:
1. Mineral-Fiber Blanket: to meet requirements of IECC-2015.
2. Mineral-Fiber Board: to meet requirements of IECC-2015.

END OF SECTION

09/03/2020 230713-21



SECTION 23 07 19

HVAC PIPING INSULATION

PART 1 - GENERAL

11 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A.  Section includes insulation for HVAC piping systems.

B. Related Sections:

1.
2.

Section 23 07 13 "Duct Insulation” for duct insulation.
Section 23 07 16 "HVAC Equipment Insulation™ for equipment insulation.

1.3 ACTION SUBMITTALS

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

2.
3.
4.

5.
6.
7.

Detail application of protective shields, saddles, and inserts at hangers for each type of
insulation and hanger.

Detail attachment and covering of heat tracing inside insulation.

Detail insulation application at pipe expansion joints for each type of insulation.

Detail insulation application at elbows, fittings, flanges, valves, and specialties for each
type of insulation.

Detail removable insulation at piping specialties.

Detail application of field-applied jackets.

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.

aogrwbdE
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Preformed Pipe Insulation Materials: 12-inches long by NPS 2.

Sheet Form Insulation Materials: 12-inches square.

Jacket Materials for Pipe: 12-inches long by NPS 2.

Sheet Jacket Materials: 12-inches square.

Manufacturer's Color Charts: For products where color is specified, show the full range
of colors available for each type of finish material.

230719-1



14

15

1.6

1.7

INFORMATIONAL SUBMITTALS
Qualification Data: For qualified Installer.

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.

Field quality-control reports.

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship
program or another craft training program certified by the Department of Labor, Bureau of
Apprenticeship and Training.

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 and jacket materials and adhesive, mastic, tapes,
and cement material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed

index of 150 or less.

COORDINATION

Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 23 05 29 "Hangers and Supports for HVAC Piping and Equipment."

Coordinate clearance requirements with piping Installer for piping insulation application.
Before preparing piping Shop Drawings, establish and maintain clearance requirements for
installation of insulation and field-applied jackets and finishes and for space required for
maintenance.

Coordinate installation and testing of heat tracing.

SCHEDULING

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.

Complete installation and concealment of plastic materials as rapidly as possible in each area of
construction.
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PART 2 - PRODUCTS

2.1

A

INSULATION MATERIALS

Comply with requirements in "Piping Insulation Schedule, General,” "Indoor Piping Insulation
Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground
Piping Insulation Schedule™ articles for where insulating materials shall be applied.

Products shall not contain asbestos, lead, mercury, or mercury compounds.

Products that come into contact with stainless steel shall have a leachable chloride content of
less than 50 ppm when tested in accordance with ASTM C871.

Insulation materials for use on austenitic stainless steel shall be qualified as acceptable in
accordance with ASTM C795.

Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
process.

Calcium Silicate: Preformed Pipe Sections: Flat-, curved-, and grooved-block sections of
noncombustible, inorganic, hydrous calcium silicate with a non-asbestos fibrous reinforcement.
Comply with ASTM C533, Type .

1. Prefabricated Fitting Covers: Comply with ASTM C450 and ASTM C585 for dimensions
used in preforming insulation to cover valves, elbows, tees, and flanges.

2. Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. Johns Manville; a Berkshire Hathaway company.

b. Or Equal.

Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with annealed, rigid,
hermetically sealed cells. Comply with ASTM C552.

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

a. Pittsburgh Corning Corporation.

b. Or Equal.

Preformed Pipe Insulation: Type 11, Class 1, without jacket.

Preformed Pipe Insulation: Type 11, Class 2, with factory-applied ASJ jacket.

Factory fabricate shapes in accordance with ASTM C450 and ASTM C585.
Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

agkrwm

Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply with
ASTM C534/C534M, Type | for tubular materials, Type Il for sheet materials.
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2.2

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

a. Aeroflex USA.
b. Armacell LLC.
C. Or Equal.

Mineral-Fiber, Preformed Pipe: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C547.

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

following:

a. Johns Manville; a Berkshire Hathaway company.
b. Knauf Insulation.

C. Manson Insulation Inc.

d. Owens Corning.

2. Preformed Pipe Insulation: Type I, Grade A with factory-applied ASJ or with factory-
applied ASJ-SSL.

3. 850 deg F.

4. Factory fabricate shapes in accordance with ASTM C450 and ASTM C585.

5. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
ADHESIVES

Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated unless otherwise indicated.

Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.

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

a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller Construction Products.
C. Or Equal.

ASJ Adhesive and FSK and PVDC Jacket Adhesive: Comply with MIL-A-3316C, Class 2,
Grade A, for bonding insulation jacket lap seams and joints.

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

a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller Construction Products.

PVC Jacket Adhesive: Compatible with PVC jacket.
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a. Johns Manville; a Berkshire Hathaway company.
b. The Dow Chemical Company.
C. Or Equal.

MASTICS AND COATINGS
Materials shall be compatible with insulation materials, jackets, and substrates.
Vapor-Retarder Mastic, Water Based: Suitable for indoor use on below-ambient services.

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

a. Childers Brand: H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller Construction Products.
C. Knauf Insulation.

Water-Vapor Permeance: Comply with ASTM E96/E96M or ASTM F1249.
Service Temperature Range: Minus 20 to plus 180 deg F.

Comply with MIL-PRF-19565C, Type Il, for permeance requirements.
Color: White.

abrwn

Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.

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

a. Childers Brand; H. B. Fuller Construction Products.
b. Knauf Insulation.
C. Or Equal.

2. Water-Vapor Permeance: ASTM E96/E96M, greater than 1.0 perm at manufacturer's
recommended dry film thickness.

Service Temperature Range: Minus 20 to plus 180 deg F.

4, Color: White.

w

LAGGING ADHESIVES

Adhesives shall comply with MIL-A-3316C, Class |, Grade A, and shall be compatible with
insulation materials, jackets, and substrates.

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

a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller Construction Products.
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C. Or Equal.

Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation.

Service Temperature Range: 0 to plus 180 deg F.

Color: White.

2.5 SEALANTS

A.  Materials shall be as recommended by the insulation manufacturer and shall be compatible with
insulation materials, jackets, and substrates.

B. FSKand Metal Jacket Flashing Sealants:

1.

wmn

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

a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller Construction Products.
C. Or Equal.

Fire- and water-resistant, flexible, elastomeric sealant.
Service Temperature Range: Minus 40 to plus 250 deg F.
Color: Aluminum.

C.  ASJFlashing Sealants and PVDC and PVC Jacket Flashing Sealants:

1.

N

Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. Childers Brand; H. B. Fuller Construction Products.

Fire- and water-resistant, flexible, elastomeric sealant.
Service Temperature Range: Minus 40 to plus 250 deg F.
Color: White.

2.6 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1.

2.

09/03/2020

ASJ: White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C1136, Type I.

ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
removable protective strip; complying with ASTM C1136, Type I.

FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C1136, Type II.
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2.7

FIELD-APPLIED JACKETS

Field-applied jackets shall comply with ASTM C1136, Type I, unless otherwise indicated.

FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D1784,
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.

Thickness is indicated in field-applied jacket schedules.

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

following:

a. Johns Manville; a Berkshire Hathaway company.
b. P.1.C. Plastics, Inc.

C. Speedline Corporation.

d. Or Equal.

N

Adhesive: As recommended by jacket material manufacturer.
3. Color: White.
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.

a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges,
unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and
supply covers for lavatories.

Metal Jacket:

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

following:
a. ITW Insulation Systems: Illinois Tool Works, Inc.
b. Or Equal.

2. Aluminum Jacket: Comply with ASTM B209, Alloy 3003, 3005, 3105, or 5005,
Temper H-14.

a. Sheet and roll stock ready for shop or field sizing.

b. Finish and thickness are indicated in field-applied jacket schedules.

C. Moisture Barrier for Indoor Applications: 3-mil-thick, heat-bonded polyethylene
and kraft paper.

d. Moisture Barrier for Outdoor Applications: 3-mil-thick, heat-bonded polyethylene
and kraft paper.

e. Factory-Fabricated Fitting Covers:

1)  Same material, finish, and thickness as jacket.

2) Preformed two-piece or gore, 45- and 90-degree, short- and long-radius
elbows.

3)  Tee covers.

4) Flange and union covers.
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5) End caps.

6) Beveled collars.

7)  Valve covers.

8) Field fabricate fitting covers only if factory-fabricated fitting covers are not
available.

E.  Self-Adhesive Outdoor Jacket: 60-mil-thick, laminated vapor barrier and waterproofing
membrane for installation over insulation located aboveground outdoors; consisting of a
rubberized bituminous resin on a cross-laminated polyethylene film covered with stucco-
embossed aluminum-foil facing.

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

a. Polyguard Products, Inc.

b. Or Equal.

F. PVDC Jacket for Indoor Applications: 4-mil-thick, white PVDC biaxially oriented barrier film
with a permeance at 0.02 perms when tested in accordance with ASTM E96/E96M and with a
flame-spread index of 10 and a smoke-developed index of 20 when tested in accordance with

ASTM E84.

1. Manufacturers: Subject to compliance with requirements, provide products by the
following:
a. ITW Insulation Systems; Illinois Tool Works, Inc.
b. Or Equal.

G.  PVDC Jacket for Outdoor Applications: 6-mil-thick, white P\VDC biaxially oriented barrier film
with a permeance at 0.01 perms when tested in accordance with ASTM E96/E96M and with a
flame-spread index of 25 and a smoke-developed index of 50 when tested in accordance with

ASTM E84.

1. Manufacturers: Subject to compliance with requirements, provide products by the
following:
a. ITW Insulation Systems; Illinois Tool Works, Inc.
b. Or Equal.

H.  PVDC-SSL Jacket: PVDC jacket with a self-sealing, pressure-sensitive, acrylic-based adhesive
covered by a removable protective strip.

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

following:
a. ITW Insulation Systems; Illinois Tool Works, Inc.
b. Or Equal.
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2.8 TAPES

A.  ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C1136.

1.

Noookrwn

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

a. Avery Dennison Corporation, Specialty Tapes Division.
b. Knauf Insulation.
C. Or Equal.

Width: 3-inches.

Thickness: 11.5 mils.

Adhesion: 90 ounces force/inch.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;
complying with ASTM C1136.

Noook~wdE

<Double click here to find, evaluate, and insert list of manufacturers and products.>
Width: 3-inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

C.  PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive;
suitable for indoor and outdoor applications.

1.

ok wd

Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. Ideal Tape Co., Inc., an American Biltrite Company.

b. Or Equal.

Width: 2-inches.

Thickness: 6 mils.

Adhesion: 64 ounces force/inch in width.
Elongation: 500 percent.

Tensile Strength: 18 Ibf/inch in width.

D.  Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.

1.

09/03/2020

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
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Avery Dennison Corporation, Specialty Tapes Division.
Ideal Tape Co., Inc., an American Biltrite Company.
Knauf Insulation.

Or Equal.

oo oe

Width: 2-inches.

Thickness: 3.7 mils.

Adhesion: 100 ounces force/inch in width.
Elongation: 5 percent.

Tensile Strength: 34 Ibf/inch in width.

E. PVDC Tape for Indoor Applications: White vapor-retarder PVDC tape with acrylic adhesive.

1.

oA~ LN

Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. ITW Insulation Systems; Illinois Tool Works, Inc.

b. Or Equal.

Width: 3-inches.

Film Thickness: 2 mils.
Adhesive Thickness: 1.5 mils.
Elongation at Break: 120 percent.
Tensile Strength: 20 psi in width.

F. PVDC Tape for Outdoor Applications: White vapor-retarder PVVDC tape with acrylic adhesive.

1.

Sohr LN

Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. ITW Insulation Systems; Illinois Tool Works, Inc.

b. Or Equal.

Width: 3-inches.

Film Thickness: 6 mils.
Adhesive Thickness: 1.5 mils.
Elongation at Break: 145 percent.
Tensile Strength: 55 psi in width.

2.9 SECUREMENTS

A. Bands:

1.

09/03/2020

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

a. ITW Insulation Systems; Illinois Tool Works, Inc.
b. RPR Products, Inc.
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C. Or Equal.

Stainless Steel: ASTM A240/A240M, Type 304 or Type 316; 0.015 inch thick, 1/2 inch
3/4 inch wide with wing seal or closed seal.

Aluminum: ASTM B209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch
thick, 3/4 inch wide with wing seal or closed seal.

Springs: Twin spring set constructed of stainless steel, with ends flat and slotted to accept
metal bands. Spring size is determined by manufacturer for application.

B.  Staples: Outward-clinching insulation staples, nominal 3/4 inch wide, stainless steel or Monel.

C. Wire: 0.062-inch soft-annealed, stainless steel.

1.

Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. C & F Wire.

b. Or Equal.

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.
2.

Verify that systems to be insulated have been tested and are free of defects.
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. Clean and dry surfaces to receive insulation. Remove materials that will adversely affect
insulation application.

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

1.

09/03/2020

Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils thick and an
epoxy finish 5 mils thick if operating in a temperature range between 140 and 300 deg F.
Consult coating manufacturer for appropriate coating materials and application methods
for operating temperature range.

Carbon Steel: Coat carbon steel operating at a service temperature of between 32 and 300
deg F with an epoxy coating. Consult coating manufacturer for appropriate coating
materials and application methods for operating temperature range.
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3.3

Coordinate insulation installation with the tradesman installing heat tracing. Comply with
requirements for heat tracing that apply to insulation.

Mix insulating cements with clean potable water; if insulating cements are to be in contact with
stainless steel surfaces, use demineralized water.

GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of piping, including fittings, valves, and specialties.

Install insulation materials, forms, vapor barriers or retarders, jackets, and of thicknesses
required for each item of pipe system, as specified in insulation system schedules.

Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or
dry state.

Install insulation with longitudinal seams at top and bottom of horizontal runs.
Install multiple layers of insulation with longitudinal and end seams staggered.
Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

Keep insulation materials dry during storage, application, and finishing. Replace insulation
materials that get wet.

Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

Install insulation with least number of joints practical.

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 attached to structure with vapor-barrier mastic.

3. Install insert materials and insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
and dry film thicknesses.

Install insulation with factory-applied jackets as follows:
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Draw jacket tight and smooth.

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. Install insulation with

longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap.

Staple laps with outward-clinching staples along edge at 4-inches o.c.

a. For below-ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, in accordance with insulation material manufacturer's
written instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at
ends adjacent to pipe flanges and fittings.

Cut insulation in a manner to avoid compressing insulation more than 25 percent of its nominal
thickness.

Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

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 in
similar fashion to butt joints.

For above-ambient services, do not install insulation to the following:

1. Vibration-control devices.
2. Testing agency labels and stamps.
3. Nameplates and data plates.

PENETRATIONS

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.

Insulation Installation at Underground Exterior Wall Penetrations: Terminate insulation flush
with sleeve seal. Seal terminations with flashing sealant.

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation
continuously through wall penetrations.
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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.

Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.

Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation
continuously through penetrations of fire-rated walls and partitions.

1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping
and fire-resistive joint sealers.

Insulation Installation at Floor Penetrations:

1. Pipe: Install insulation continuously through floor penetrations.
2. Seal penetrations through fire-rated assemblies. Comply with requirements in
Section 078413 "Penetration Firestopping."

GENERAL PIPE INSULATION INSTALLATION

Requirements in this article generally apply to all insulation materials, except where more
specific requirements are specified in various pipe insulation material installation articles.

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

1. Install insulation over fittings, valves, strainers, flanges, mechanical couplings, unions,
and other specialties with continuous thermal and vapor-retarder integrity unless
otherwise indicated.

2. Insulate pipe elbows using preformed fitting insulation or mitered fittingsmade from
same material and density as that of adjacent pipe insulation. Each piece shall be butted
tightly against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and
irregular surfaces with insulating cement finished to a smooth, hard, and uniform contour
that is uniform with adjoining pipe insulation.

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same
material and thickness as that used for adjacent pipe. Cut sectional pipe insulation to fit.
Butt each section closely to the next and hold in place with tie wire. Bond pieces with
adhesive.

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as that used for adjacent pipe. Overlap adjoining pipe
insulation by not less than 2 times the thickness of pipe insulation, or one pipe diameter,
whichever is thicker. For valves, insulate up to and including the bonnets, valve stuffing-
box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with insulating
cement.
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Insulate strainers using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as that used for adjacent pipe. Overlap adjoining pipe
insulation by not less than 2 times the thickness of pipe insulation, or one pipe diameter,
whichever is thicker. Fill joints, seams, and irregular surfaces with insulating cement.
Insulate strainers, so strainer basket flange or plug can be easily removed and replaced
without damaging the insulation and jacket. Provide a removable reusable insulation
cover. For below-ambient services, provide a design that maintains vapor barrier.

Insulate flanges, mechanical couplings, and unions using a section of oversized
preformed pipe insulation to fit. Overlap adjoining pipe insulation by not less than 2
times the thickness of pipe insulation, or one pipe diameter, whichever is thicker. Stencil
or label the outside insulation jacket of each union with the word "union™ matching size
and color of pipe labels.

Cover segmented insulated surfaces with a layer of finishing cement and coat with a
mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for
above-ambient services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the
mastic to a smooth and well-shaped contour.

For services not specified to receive a field-applied jacket, except for flexible elastomeric
and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and
unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining insulation
facing, using PVC tape.

C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps,
test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape
insulation at these connections by tapering it to and around the connection with insulating
cement and finish with finishing cement, mastic, and flashing sealant.

D. Install removable insulation covers at locations indicated. Installation shall conform to the
following:
1. Make removable flange and union insulation from sectional pipe insulation of same

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

When flange and union covers are made from sectional pipe insulation, extend insulation
from flanges or union at least 2 times the insulation thickness over adjacent pipe
insulation on each side of flange or union. Secure flange cover in place with stainless
steel or aluminum bands. Select band material compatible with insulation and jacket.
Construct removable valve insulation covers in same manner as for flanges, except divide
the two-part section on the vertical center line of valve body.

When covers are made from block insulation, make two halves, each consisting of
mitered blocks wired to stainless steel fabric. Secure this wire frame, with its attached
insulation, to flanges with tie wire. Extend insulation at least 2-inches over adjacent pipe
insulation on each side of valve. Fill space between flange or union cover and pipe
insulation with insulating cement. Finish cover assembly with insulating cement applied
in two coats. After first coat is dry, apply and trowel second coat to a smooth finish.
Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed
surfaces with a metal jacket.

3.6 INSTALLATION OF CALCIUM SILICATE INSULATION

A.  Insulation Installation on Straight Pipes and Tubes:

09/03/2020
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1. Secure single-layer insulation with stainless steel bands at 12-inch intervals and tighten
bands without deforming insulation materials.

2. Install two-layer insulation with joints tightly butted and staggered at least 3-inches.
Secure inner layer with wire spaced at 12-inch intervals. Secure outer layer with stainless
steel bands at 12-inch intervals.

3. Apply a skim coat of mineral-fiber, hydraulic-setting cement to insulation surface. When
cement is dry, apply flood coat of lagging adhesive and press on one layer of glass cloth
or tape. Overlap edges at least 1 inch. Apply finish coat of lagging adhesive over glass
cloth or tape. Thin finish coat to achieve smooth, uniform finish.

B. Insulation Installation on Pipe Flanges:

1. Install preformed pipe insulation to outer diameter of pipe flange.

2. Make width of insulation section same as overall width of flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference of
adjacent straight pipe segments with cut sections of block insulation of same material and
thickness as that of pipe insulation.

4, Finish flange insulation same as pipe insulation.

C. Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as that of straight segments of pipe insulation
when available. Secure according to manufacturer's written instructions.

2. When preformed insulation sections of insulation are not available, install mitered
sections of calcium silicate insulation. Secure insulation materials with wire or bands.

3. Finish fittings insulation same as pipe insulation.

D. Insulation Installation on Valves and Pipe Specialties:

1. Install mitered segments of calcium silicate insulation to valve body. Arrange insulation
to permit access to packing and to allow valve operation without disturbing insulation.

2. Install insulation to flanges as specified for flange insulation application.

3. Finish valve and specialty insulation same as pipe insulation.

3.7 INSTALLATION OF CELLULAR-GLASS INSULATION
A.  Insulation Installation on Straight Pipes and Tubes:

1. Secure each layer of insulation to pipe with wire or bands and tighten bands without
deforming insulation materials.

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions
with vapor-barrier mastic and joint sealant.

3. For insulation with factory-applied jackets on above-ambient services, secure laps with
outward-clinched staples at 6-inches o.c.

4. For insulation with factory-applied jackets on below-ambient services, do not staple
longitudinal tabs. Instead, secure tabs with additional adhesive, as recommended by
insulation material manufacturer, and seal with vapor-barrier mastic and flashing sealant.

B. Insulation Installation on Pipe Flanges:

09/03/2020
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Install preformed pipe insulation to outer diameter of pipe flange.

2. Make width of insulation section same as overall width of flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference of
adjacent straight pipe segments with cut sections of cellular-glass block insulation of
same thickness as that of pipe insulation.

4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least

1 inch, and seal joints with flashing sealant.

Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as that of straight segments of pipe insulation
when available. Secure according to manufacturer's written instructions.

2. When preformed sections of insulation are not available, install mitered sections of
cellular-glass insulation. Secure insulation materials with wire or bands.

Insulation Installation on Valves and Pipe Specialties:

=

Install preformed sections of cellular-glass insulation to valve body.

2. Arrange insulation to permit access to packing and to allow valve operation without
disturbing insulation.

3. Install insulation to flanges as specified for flange insulation application.

INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION

Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate
openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Pipe Flanges:

1. Install pipe insulation to outer diameter of pipe flange.

2. Make width of insulation section same as overall width of flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference of
adjacent straight pipe segments with cut sections of sheet insulation of same thickness as
that of pipe insulation.

4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive
to eliminate openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Pipe Fittings and Elbows:

1. Install mitered sections of pipe insulation.

2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to
eliminate openings in insulation that allow passage of air to surface being insulated.

Insulation Installation on Valves and Pipe Specialties:

1. Install preformed valve covers manufactured of same material as that of pipe insulation
when available.
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2. When preformed valve covers are not available, install cut sections of pipe and sheet
insulation to valve body. Arrange insulation to permit access to packing and to allow
valve operation without disturbing insulation.

3. Install insulation to flanges as specified for flange insulation application.

4, Secure insulation to valves and specialties, and seal seams with manufacturer's
recommended adhesive to eliminate openings in insulation that allow passage of air to
surface being insulated.

3.9 INSTALLATION OF MINERAL-FIBER INSULATION

A. Insulation Installation on Straight Pipes and Tubes:

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten
bands without deforming insulation materials.

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions
with vapor-barrier mastic and joint sealant.

3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with
outward-clinched staples at 6-inches o.c.

4, For insulation with factory-applied jackets on below-ambient surfaces, do not staple
longitudinal tabs. Instead, secure tabs with additional adhesive, as recommended by
insulation material manufacturer, and seal with vapor-barrier mastic and flashing sealant.

B. Insulation Installation on Pipe Flanges:

1. Install preformed pipe insulation to outer diameter of pipe flange.

2. Make width of insulation section same as overall width of flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference of
adjacent straight pipe segments with mineral-fiber blanket insulation.

4, Install jacket material with manufacturer's recommended adhesive, overlap seams at least
1 inch, and seal joints with flashing sealant.

C. Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as that of straight segments of pipe insulation
when available.

2. When preformed insulation elbows and fittings are not available, install mitered sections
of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation
materials with wire or bands.

D. Insulation Installation on Valves and Pipe Specialties:

1. Install preformed sections of same material as that of straight segments of pipe insulation
when available.

2. When preformed sections are not available, install mitered sections of pipe insulation to
valve body.

3. Arrange insulation to permit access to packing and to allow valve operation without
disturbing insulation.

4. Install insulation to flanges as specified for flange insulation application.

09/03/2020
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3.10 FIELD-APPLIED JACKET INSTALLATION

A.  Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with
factory-applied jackets.

1.
2.
3.

Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints.
Embed glass cloth between two 0.062-inch-thick coats of lagging adhesive.
Completely encapsulate insulation with coating, leaving no exposed insulation.

B. Where FSK jackets are indicated, install as follows:

el NS

Draw jacket material smooth and tight.

Install lap or joint strips with same material as jacket.

Secure jacket to insulation with manufacturer's recommended adhesive.

Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch-wide joint strips at
end joints.

Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation
with vapor-barrier mastic.

C.  Where PVC jackets are indicated and for horizontal applications, install with 1-inch overlap at
longitudinal seams and end joints. 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.

E.  Where PVDC jackets are indicated, install as follows:

1.

2.

09/03/2020

Apply three separate wraps of filament tape per insulation section to secure pipe
insulation to pipe prior to installation of P\VDC jacket.

Wrap factory-presized jackets around individual pipe insulation sections, with one end
overlapping the previously installed sheet. Install presized jacket with an approximate
overlap at butt joint of 2-inches over the previous section. Adhere lap seal using adhesive
or SSL, and then apply 1-1/4 circumferences of appropriate PVDC tape around
overlapped butt joint.

Continuous jacket can be spiral-wrapped around a length of pipe insulation. Apply
adhesive or PVDC tape at overlapped spiral edge. When electing to use adhesives, refer
to manufacturer's written instructions for application of adhesives along this spiral edge
to maintain a permanent bond.

Jacket can be wrapped in cigarette fashion along length of roll for insulation systems with
an outer circumference of 33-1/2-inches or less. The 33-1/2-inch-circumference limit
allows for 2-inch-overlap seal. Using the length of roll allows for longer sections of
jacket to be installed at one time. Use adhesive on the lap seal. Visually inspect lap seal
for "fishmouthing," and use PVDC tape along lap seal to secure joint.

Repair holes or tears in PVDC jacket by placing PVDC tape over the hole or tear and
wrapping a minimum of 1-1/4 circumferences to avoid damage to tape edges.
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3.11

3.12

3.13

FINISHES

Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint
system identified below and as specified in Section 099113 "Exterior Painting” and
Section 099123 "Interior Painting."

1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket material
and finish coat paint. Add fungicidal agent to render fabric mildew proof.

a. Finish Coat Material: Interior, flat, latex-emulsion size.

Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of
insulation manufacturer's recommended protective coating.

Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.

Do not field paint aluminum or stainless steel jackets.

PIPING INSULATION SCHEDULE, GENERAL

Insulation conductivity and thickness per pipe size shall comply with schedules in this Section
or with requirements of authorities having jurisdiction, whichever is more stringent.

Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for
each piping system and pipe size range. If more than one material is listed for a piping system,
selection from materials listed is Contractor's option.
Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:
1. Underground piping.
2. Chrome-plated pipes and fittings unless there is a potential for personnel injury.
INDOOR PIPING INSULATION SCHEDULE
Condensate and Equipment Drain Water below 60 Deg F:
1. All Pipe Sizes: Insulation shall be one of the following:
a. Flexible Elastomeric: 1-inch thick.
b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1-inch thick.
Refrigerant Suction and Hot-Gas Piping:
1. All Pipe Sizes: Insulation shall be one of the following:
a. Flexible Elastomeric: 1-inch thick.
b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1-inch thick.
Refrigerant Suction and Hot-Gas Flexible Tubing:

1. All Pipe Sizes: Insulation shall be the following:
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3.14

a. Flexible Elastomeric: 1-inches thick.
Refrigerant Liquid Piping:

1. All Pipe Sizes: Insulation shall be one of the following:

a. Flexible Elastomeric: 1-inch thick.

b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1-inch thick.
OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE
Refrigerant Suction and Hot-Gas Piping:

1. All Pipe Sizes: Insulation shall be one of the following:

a. Flexible Elastomeric: 1-inch thick.

b. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick.
Refrigerant Suction and Hot-Gas Flexible Tubing:

1. All Pipe Sizes: Insulation shall be the following:

a. Flexible Elastomeric: 1-inch thick.

Refrigerant Liquid Piping:
1. All Pipe Sizes: Insulation shall be the following:

a. Flexible Elastomeric: 1-inch thick.

End OF SECTION
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SECTION 23 23 00

REFRIGERANT PIPING

PART 1 - GENERAL

11

A

1.2

1.3

B.

RELATED DOCUMENTS:

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

Related Sections:
Section 23 05 17 — SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

Section 23 05 29 — HANGERS AND SUPPORTS FOR HVAC PIPING AND
EQUIPMENT

Section 23 05 53 — IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

SUMMARY:
Section Includes:

1.  Refrigerant pipes and fittings.
2. Refrigerant piping valves and specialties.
3.  Refrigerants.

ACTION SUBMITTALS:
Product Data: For each type of valve, refrigerant piping, and piping specialty.
1. Include pressure drop, based on manufacturer's test data, for the following:

Thermostatic expansion valves.
Solenoid valves.

Hot-gas bypass valves.

Filter dryers.

Strainers.

Pressure-regulating valves.

0P OO0 T

Shop Drawings:
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1.4

1.5

1.6

1.7

1.  Show layout of refrigerant piping and specialties, including pipe, tube, and fitting
sizes; flow capacities; valve arrangements and locations; slopes of horizontal
runs; oil traps; double risers; wall and floor penetrations; and equipment
connection details.

2. Show piping size and piping layout, including oil traps, double risers, specialties,

and pipe and tube sizes to accommodate, as a minimum, equipment provided,

elevation difference between compressor and evaporator, and length of piping to
ensure proper operation and compliance with warranties of connected equipment.

Show interface and spatial relationships between piping and equipment.

4.  Shop Drawing Scale: 1/4-inch equals 1 foot.

w

INFORMATIONAL SUBMITTALS:
Welding certificates.

Field quality-control reports.

CLOSEOUT SUBMITTALS:

Operation and Maintenance Data: For refrigerant valves and piping specialties to
include in maintenance manuals.

QUALITY ASSURANCE

Welding Qualifications: Qualify procedures and personnel according to 2010 ASME
Boiler and Pressure Vessel Code: Section IX, "Welding and Brazing Qualifications."

Comply with ASHRAE 15, "Safety Code for Refrigeration Systems."

Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components.”

PRODUCT STORAGE AND HANDLING:

Store piping with end caps in place to ensure that piping interior and exterior are clean
when installed.

PART 2 - PRODUCTS

2.1

A

PERFORMANCE REQUIREMENTS:
Line Test Pressure for Refrigerant R-134a:

1. Suction Lines for Air-Conditioning Applications: 115 psig.
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2.
3.

Suction Lines for Heat-Pump Applications: 225 psig.
Hot-Gas and Liquid Lines: 225 psig.

B. Line Test Pressure for Refrigerant R-407C:

1.
2.
3.

Suction Lines for Air-Conditioning Applications: 230 psig.
Suction Lines for Heat-Pump Applications: 380 psig.
Hot-Gas and Liquid Lines: 380 psig.

C. Line Test Pressure for Refrigerant R-410A:

1.
2.
3.

Suction Lines for Air-Conditioning Applications: 300 psig.
Suction Lines for Heat-Pump Applications: 535 psig.
Hot-Gas and Liquid Lines: 535 psig.

2.2 COPPER TUBE AND FITTINGS:

o o w >

Copper Tube: ASTM B 280, Type ACR.
Wrought-Copper Fittings: ASME B16.22.
Wrought-Copper Unions: ASME B16.22.

Solder Filler Metals: ASTM B 32. Use 95-5 tin antimony or alloy HB solder to join

copper socket fittings on copper pipe.

E.  Brazing Filler Metals: AWS A5.8/A5.8M.

F. Flexible Connectors:

1.

N

ok~

Body: Tin-bronze bellows with woven, flexible, tinned-bronze-wire-reinforced
protective jacket.

End Connections: Socket ends.

Offset Performance: Capable of minimum 3/4-inch misalignment in minimum 7-
inch-long assembly.

Working Pressure Rating: Factory test at minimum 500 psig.

Maximum Operating Temperature: 250 deg. F.

2.3 STEEL PIPE AND FITTINGS:

A. Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall
thickness as selected in piping application articles.

B.  Wrought-Steel Fittings: ASTM A 234/A 234M, for welded joints.

C. Steel Flanges and Flanged Fittings: ASME B16.5, steel, including bolts, nuts, and
gaskets, bevel-welded end connection, and raised face.

09/03/2020
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D. Welding Filler Metals: Comply with AWS D10.12M/D10.12 for welding materials
appropriate for wall thickness and chemical analysis of steel pipe being welded.

E. Flanged Unions:

1.

N

o

Body: Forged-steel flanges for NPS 1 to NPS 1-1/2 and ductile iron for NPS 2 to
NPS 3. Apply rust-resistant finish at factory.

Gasket: Fiber asbestos free.

Fasteners: Four plated-steel bolts, with silicon bronze nuts. Apply rust-resistant
finish at factory.

End Connections: Brass tailpiece adapters for solder-end connections to copper
tubing.

Offset Performance: Capable of minimum 3/4-inch misalignment in minimum 7-
inch-long assembly.

Pressure Rating: Factory test at minimum 400 psig.

Maximum Operating Temperature: 330 deg. F.

F. Flexible Connectors:

1.

2.

o1

Body: Stainless-steel bellows with woven, flexible, stainless-steel-wire-reinforced
protective jacket.
End Connections:

a. NPS 2 and Smaller: With threaded-end connections.
b.  NPS 2-1/2 and Larger: With flanged-end connections.

Offset Performance: Capable of minimum 3/4-inch misalignment in minimum 7-
inch-long assembly.

Pressure Rating: Factory test at minimum 500 psig.

Maximum Operating Temperature: 250 deg. F.

2.4 VALVES AND SPECIALTIES:

A. Manufacturers:

1.

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

Danfoss Inc.

Heldon Products; Henry Technologies.
Parker Hannifin Corp.

Paul Mueller Company.

cooe

B.  Diaphragm Packless Valves:

09/03/2020
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1.  Body and Bonnet: Forged brass or cast bronze; globe design with straight-through
or angle pattern.

Diaphragm: Phosphor bronze and stainless steel with stainless-steel spring.
Operator: Rising stem and hand wheel.

Seat: Nylon.

End Connections: Socket, union, or flanged.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg. F.

Nookrwd

C. Packed-Angle Valves:

Body and Bonnet: Forged brass or cast bronze.

Packing: Molded stem, back seating, and replaceable under pressure.
Operator: Rising stem.

Seat: Nonrotating, self-aligning polytetrafluoroethylene.

Seal Cap: Forged-brass or valox hex cap.

End Connections: Socket, union, threaded, or flanged.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg. F.

NGO~ wWNE

D. Check Valves:

Body: Ductile iron, forged brass, or cast bronze; globe pattern.

Bonnet: Bolted ductile iron, forged brass, or cast bronze; or brass hex plug.
Piston: Removable polytetrafluoroethylene seat.

Closing Spring: Stainless steel.

Manual Opening Stem: Seal cap, plated-steel stem, and graphite seal.

End Connections: Socket, union, threaded, or flanged.

Maximum Opening Pressure: 0.50 psig.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg. F.

CoNoR~WNE

E. Service Valves:

Body: Forged brass with brass cap including key end to remove core.
Core: Removable ball-type check valve with stainless-steel spring.
Seat: Polytetrafluoroethylene.

End Connections: Copper spring.

Working Pressure Rating: 500 psig.

koo

F.  Solenoid Valves: Comply with AHRI 760 and UL 429; listed and labeled by a National
Recognized Testing Laboratory (NRTL).

1.  Body and Bonnet: Plated steel.
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7.

Solenoid Tube, Plunger, Closing Spring, and Seat Orifice: Stainless steel.

Seat: Polytetrafluoroethylene.

End Connections: Threaded.

Electrical: Molded, watertight coil in NEMA 250 enclosure of type required by
location with 1/2-inch conduit adapter, and [24] [115] [208]-V ac coil.

Working Pressure Rating: 400 psig.

Maximum Operating Temperature: 240 deg. F.

G. Safety Relief Valves: Comply with 2010 ASME Boiler and Pressure Vessel Code; listed
and labeled by an NRTL.

ogakrwdE

Body and Bonnet: Ductile iron and steel, with neoprene O-ring seal.
Piston, Closing Spring, and Seat Insert: Stainless steel.

Seat: Polytetrafluoroethylene.

End Connections: Threaded.

Working Pressure Rating: 400 psig.

Maximum Operating Temperature: 240 deg. F.

H.  Thermostatic Expansion Valves: Comply with AHRI 750.

CoNo~WNE

Body, Bonnet, and Seal Cap: Forged brass or steel.

Diaphragm, Piston, Closing Spring, and Seat Insert: Stainless steel.
Packing and Gaskets: Non-asbestos.

Capillary and Bulb: Copper tubing filled with refrigerant charge.
Suction Temperature: 40 deg. F.

Superheat: Adjustable.

Reverse-flow option (for heat-pump applications).

End Connections: Socket, flare, or threaded union.

Working Pressure Rating: 700 psig.

l. Hot-Gas Bypass Valves: Comply with UL 429; listed and labeled by an NRTL.

NogakrwnpE

10.
11.

09/03/2020

Body, Bonnet, and Seal Cap: Ductile iron or steel.

Diaphragm, Piston, Closing Spring, and Seat Insert: Stainless steel.
Packing and Gaskets: Non-asbestos.

Solenoid Tube, Plunger, Closing Spring, and Seat Orifice: Stainless steel.
Seat: Polytetrafluoroethylene.

Equalizer: Internal.

Electrical: Molded, watertight coil in NEMA 250 enclosure of type required by
location with 1/2-inch conduit adapter and 24-V ac coil.

End Connections: Socket.

Throttling Range: Maximum 5 psig.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 240 deg. F.
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J. Straight-Type Strainers:

oL PE

Body: Welded steel with corrosion-resistant coating.
Screen: 100-mesh stainless steel.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg. F.

K. Angle-Type Strainers:

ocoarwnE

Body: Forged brass or cast bronze.

Drain Plug: Brass hex plug.

Screen: 100-mesh monel.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg. F.

L.  Moisture/Liquid Indicators:

N

No o ko

Body: Forged brass.

Window: Replaceable, clear, fused glass window with indicating element
protected by filter screen.

Indicator: Color coded to show moisture content in parts per million (ppm).
Minimum Moisture Indicator Sensitivity: Indicate moisture above 60 ppm.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 240 deg. F.

M. Replaceable-Core Filter Dryers: Comply with AHRI 730.
1.

ok wnN

o~

Body and Cover: Painted-steel shell with ductile-iron cover, stainless-steel
screws, and neoprene gaskets.

Filter Media: 10 micron, pleated with integral end rings; stainless-steel support.
Desiccant Media: Activated alumina.

Designed for reverse flow (for heat-pump applications).

End Connections: Socket.

Access Ports: NPS 1/4 connections at entering and leaving sides for pressure
differential measurement.

Maximum Pressure Loss: 2 psig.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 240 deg. F.

N.  Permanent Filter Dryers: Comply with AHRI 730.

1.
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Body and Cover: Painted-steel shell.
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2.5
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Filter Media: 10 micron, pleated with integral end rings; stainless-steel support.
Desiccant Media: Activated alumina.

Designed for reverse flow (for heat-pump applications).

End Connections: Socket.

Access Ports: NPS 1/4 connections at entering and leaving sides for pressure
differential measurement.

Maximum Pressure Loss: 2 psig.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 240 deg. F.

Mufflers:

Eall el

Body: Welded steel with corrosion-resistant coating.
End Connections: Socket or flare.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg. F.

Receivers: Comply with AHRI 495.

Noohkown

Comply with 2010 ASME Boiler and Pressure Vessel Code; listed and labeled by
an NRTL.

Comply with UL 207; listed and labeled by an NRTL.

Body: Welded steel with corrosion-resistant coating.

Tappings: Inlet, outlet, liquid level indicator, and safety relief valve.

End Connections: Socket or threaded.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg. F.

Liquid Accumulators: Comply with AHRI 495.

el el

Body: Welded steel with corrosion-resistant coating.
End Connections: Socket or threaded.

Working Pressure Rating: 500 psig.

Maximum Operating Temperature: 275 deg. F.

REFRIGERANTS:

ASHRAE 34, R-410A: Pentafluoroethane/Difluoromethane.

1.

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

a. Arkema Inc.
b. DuPont Fluorochemicals Div.
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C. Genetron Refrigerants; Honeywell International Inc.
d. Mexichem Fluor Inc.

PART 3 - EXECUTION

3.1

A.

3.2

PIPING APPLICATIONS FOR REFRIGERANT R-410A:

Suction Lines for Conventional Air-Conditioning Applications: Copper, Type ACR,
annealed-temper tubing and wrought-copper fittings with brazed joints.

Hot-Gas and Liquid Lines, and Suction Lines for Heat-Pump Applications: Copper,
Type ACR, annealed- or drawn-temper tubing and wrought-copper fittings with brazed
joints.

VALVE AND SPECIALTY APPLICATIONS:
Install diaphragm packless valves in suction and discharge lines of compressor.

Install service valves for gage taps at inlet and outlet of hot-gas bypass valves and
strainers if they are not an integral part of valves and strainers.

Install a check valve at the compressor discharge and a liquid accumulator at the
compressor suction connection.

Except as otherwise indicated, install diaphragm packless valves on inlet and outlet side
of filter dryers.

Install a full-size, three-valve bypass around filter dryers.

Install solenoid valves upstream from each expansion valve and hot-gas bypass valve.
Install solenoid valves in horizontal lines with coil at top.

Install thermostatic expansion valves as close as possible to distributors on evaporators.

1. Install valve so diaphragm case is warmer than bulb.

2. Secure bulb to clean, straight, horizontal section of suction line using two bulb
straps. Do not mount bulb in a trap or at bottom of the line.

3. If external equalizer lines are required, make connection where it will reflect
suction-line pressure at bulb location.

Install safety relief valves where required by 2010 ASME Boiler and Pressure Vessel
Code. Pipe safety-relief-valve discharge line to outside according to ASHRAE 15.

Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion
valve or at the inlet of the evaporator coil capillary tube.
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3.3

m

r ©

Install strainers upstream from and adjacent to the following unless they are furnished
as an integral assembly for the device being protected:

1. Solenoid valves.

2. Thermostatic expansion valves.
3. Hot-gas bypass valves.

4.  Compressor.

Install filter dryers in liquid line between compressor and thermostatic expansion valve .
Install receivers sized to accommodate pump-down charge.

Install flexible connectors at compressors.

PIPING INSTALLATION:

Drawing plans, schematics, and diagrams indicate general location and arrangement of
piping systems; indicated locations and arrangements were used to size pipe and
calculate friction loss, expansion, pump sizing, and other design considerations. Install
piping as indicated unless deviations to layout are approved on Shop Drawings.

Install refrigerant piping according to ASHRAE 15.

Install piping in concealed locations unless otherwise indicated and except in equipment
rooms and service areas.

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.

Install piping above accessible ceilings to allow sufficient space for ceiling panel
removal.

Install piping adjacent to machines to allow service and maintenance.
Install piping free of sags and bends.
Install fittings for changes in direction and branch connections.

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

Install piping as short and direct as possible, with a minimum number of joints, elbows,
and fittings.

Arrange piping to allow inspection and service of refrigeration equipment. Install valves
and specialties in accessible locations to allow for service and inspection. Install access
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doors or panels as specified in Section 08 31 13 — ACCESS DOORS AND FRAMES if
valves or equipment requiring maintenance is concealed behind finished surfaces.

L. Install refrigerant piping in protective conduit where installed belowground.

M. Install refrigerant piping in rigid or flexible conduit in locations where exposed to
mechanical injury.

N.  Slope refrigerant piping as follows:

1. Install horizontal hot-gas discharge piping with a uniform slope downward away
from compressor.

2. Install horizontal suction lines with a uniform slope downward to compressor.

3. Install traps and double risers to entrain oil in vertical runs.

4.  Liquid lines may be installed level.

O.  When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove
valve stems, seats, and packing, and accessible internal parts of refrigerant specialties.
Do not apply heat near expansion-valve bulb.

P.  Before installation of steel refrigerant piping, clean pipe and fittings using the following
procedures:

1. Shot blast the interior of piping.

2. Remove coarse particles of dirt and dust by drawing a clean, lintless cloth through
tubing by means of a wire or electrician's tape.

3.  Draw a clean, lintless cloth saturated with trichloroethylene through the tube or
pipe. Continue this procedure until cloth is not discolored by dirt.

4.  Draw a clean, lintless cloth, saturated with compressor oil, squeezed dry, through

the tube or pipe to remove remaining lint. Inspect tube or pipe visually for

remaining dirt and lint.

Finally, draw a clean, dry, lintless cloth through the tube or pipe.

6.  Safety-relief-valve discharge piping is not required to be cleaned but is required to
be open to allow unrestricted flow.

o

Q. Install piping with adequate clearance between pipe and adjacent walls and hangers or
between pipes for insulation installation.

R. Identify refrigerant piping and valves according to Section23 05 53 -
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT.

S. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with
requirements for sleeves specified in Section 23 05 17 — SLEEVES AND SLEEVE
SEALS FOR HVAC PIPING.

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

requirements for sleeve seals specified in Section 23 05 17 — SLEEVES AND SLEEVE
SEALS FOR HVAC PIPING.
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3.4

3.5

Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 23 05 18 — ESCUTCHEONS FOR
HVAC PIPING.

PIPE JOINT CONSTRUCTION:
Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Fill pipe and fittings with an inert gas (nitrogen or carbon dioxide), during brazing or
welding, to prevent scale formation.

Soldered Joints: Construct joints according to ASTM B 828 or CDA's "Copper Tube
Handbook."

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

1.  Use Type BCuP (copper-phosphorus) alloy for joining copper socket fittings with
copper pipe.

2. Use Type BAg (cadmium-free silver) alloy for joining copper with bronze or
steel.

Threaded Joints: Thread steel pipe with tapered pipe threads according to
ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to
remove burrs and to restore full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry-
seal threading is specified.

2.  Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded
or damaged. Do not use pipe sections that have cracked or open welds.

Steel pipe can be threaded, but threaded joints must be seal brazed or seal welded.
Welded Joints: Construct joints according to AWS D10.12M/D10.12.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt
threads.

HANGERS AND SUPPORTS:

Comply with requirements for pipe hangers and supports specified in Section 23 05 29
—HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT.
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B. Install the following pipe attachments:

1.

N

o

Adjustable steel clevis hangers for individual horizontal runs less than 20 feet
long.

Roller hangers and spring hangers for individual horizontal runs 20 feet or longer.
Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer,
supported on a trapeze.

Spring hangers to support vertical runs.

Copper-clad hangers and supports for hangers and supports in direct contact with

copper pipe.

C. Install hangers for copper tubing with the following maximum spacing and minimum
rod diameters:

oSN~ LN E

NPS 1/2: Maximum span, 60 inches; minimum rod, ¥-inch.
NPS 5/8: Maximum span, 60 inches; minimum rod, ¥s-inch.
NPS 1: Maximum span, 72 inches; minimum rod, ¥%- inch.

NPS 1-1/4: Maximum span, 96 inches; minimum rod, 3/8-inch.
NPS 1-1/2: Maximum span, 96 inches; minimum rod, 3/8-inch.
NPS 2: Maximum span, 96 inches; minimum rod, 3/8-inch.
NPS 2-1/2: Maximum span, 108 inches; minimum rod, 3/8-inch.
NPS 3: Maximum span, 10 feet; minimum rod, 3/8-inch.

NPS 4: Maximum span, 12 feet; minimum rod, ¥2- inch.

D. Install hangers for steel piping with the following maximum horizontal spacing and
minimum rod diameters:

el A

NPS 2: Maximum span, 10 feet; minimum rod, 3/8-inch.
NPS 2-1/2: Maximum span, 11 feet; minimum rod, 3/8-inch.
NPS 3: Maximum span, 12 feet; minimum rod, 3/8-inch.
NPS 4: Maximum span, 14 feet; minimum rod, %2- inch.

E.  Support multifloor vertical runs at least at each floor.

3.6 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1.
2.

09/03/2020

Comply with ASME B31.5, Chapter VI.

Test refrigerant piping, specialties, and receivers. Isolate compressor, condenser,
evaporator, and safety devices from test pressure if they are not rated above the
test pressure.

Test high- and low-pressure side piping of each system separately at not less than
the pressures indicated in "Performance Requirements™ Article.

a.  Fill system with nitrogen to the required test pressure.
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b.  System shall maintain test pressure at the manifold gage throughout
duration of test.

c.  Test joints and fittings with electronic leak detector or by brushing a small
amount of soap and glycerin solution over joints.

d. Remake leaking joints using new materials, and retest until satisfactory
results are achieved.

B.  Prepare test and inspection reports.

3.7 SYSTEM CHARGING:
A.  Charge system using the following procedures:

1. Install core in filter dryers after leak test but before evacuation.

2.  Evacuate entire refrigerant system with a vacuum pump to 500 micrometers. If
vacuum holds for 12 hours, system is ready for charging.

3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psig.

4.  Charge system with a new filter-dryer core in charging line.

3.8 ADJUSTING:
A.  Adjust thermostatic expansion valve to obtain proper evaporator superheat.

Adjust high- and low-pressure switch settings to avoid short cycling in response to
fluctuating suction pressure.

C. Adjust set-point temperature of air-conditioning or chilled-water controllers to the
system design temperature.

D. Perform the following adjustments before operating the refrigeration system, according
to manufacturer's written instructions:

Open shutoff valves in condenser water circuit.

Verify that compressor oil level is correct.

Open compressor suction and discharge valves.

Open refrigerant valves except bypass valves that are used for other purposes.
Check open compressor-motor alignment and verify lubrication for motors and
bearings.

orwdPE

E.  Replace core of replaceable filter dryer after system has been adjusted and after design
flow rates and pressures are established.

END OF SECTION
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SECTION 23 31 10

DUCTWORK AND ACCESSORIES

PART 1 - GENERAL

11 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY
A. Section Includes:

1. Sheet metal ducts:

Single-wall rectangular ducts and fittings.
Single-wall round ducts and fittings.
Sheet metal materials.

Sheet metal duct liner.

Sheet metal sealants and gaskets.

Sheet metal hangers and supports.

hOo o0 o

2. Flexible ducts:
a. Non-insulated flexible ducts.
b. Insulated flexible ducts.

3. Air Duct Accessories:

Backdraft and pressure relief dampers.
Manual volume dampers.

Control dampers.

Fire dampers.

Flange connectors.

Turning vanes.

Duct-mounted access doors.

Flexible connectors.

Duct accessory hardware.

mS@ o o0 o

B. Related Sections:

1. Section 23 05 48 "Vibration and Seismic Controls for HVAC" for vibration-isolated and
restrained ductwork hangers and supports.

2. Section 23 05 93 "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting,
and balancing requirements for metal ducts.
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1.3 ACTION SUBMITTALS

A.  Product Data: For each type of the following products:

1.
2.
3.

Liners and adhesives.
Sealants and gaskets.
Flexible ducts.

B.  Shop Drawings: For ductwork and accessories. Include plans, elevations, sections, details, and
attachments to other work.

1.
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Fabrication, assembly, and installation, including plans, elevations, sections, components,
and attachments to other work.

Factory- and shop-fabricated ducts and fittings.

Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
Elevation of top and bottom of ducts.

Dimensions of main duct runs from building grid lines.

Fittings.

Reinforcement and spacing.

Seam and joint construction.

Penetrations through fire-rated, smoke-rated, and other partitions.

Equipment installation based on equipment being used on Project.

Locations for duct accessories, including dampers, turning vanes, and access doors and
panels.

Include plans showing locations and mounting and attachment details.

Hangers and supports, including methods for duct and building attachment and vibration
isolation.

Detail duct accessories fabrication and installation in ducts and other construction.
Include dimensions, weights, loads, and required clearances; and method of field
assembly into duct systems and other construction. Include the following:

Special fittings.

Manual volume damper installations.

Control-damper installations.

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. Wiring Diagrams: For power, signal, and control wiring.

cooe

C.  Delegated-Design Submittal:

arwdE
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Duct material and thicknesses.

Joint and seam construction and sealing.

Reinforcement details and spacing.

Materials, fabrication, assembly, and spacing of hangers and supports.

Design Calculations: Calculations, including analysis data signed and sealed by the
qualified professional engineer responsible for their preparation for selecting hangers and
supports.
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14 INFORMATIONAL SUBMITTALS

A.  Coordination Drawings: A single set of plans or BIM model, drawn to scale, showing the items
described in this Section, and coordinated with all building trades.

B. Seismic Qualification Data: Certificates, for nonmetal ducts, 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.  Welding certificates.

D.  Field quality-control reports.

15 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For air duct accessories to include in operation and
maintenance manuals.

1.6 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.

1.7 QUALITY ASSURANCE

A. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and
Equipment" and Section 7 - "Construction and System Start-up."

B. ASHRAE/IES Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6.4.4 -
"HVAC System Construction and Insulation."
PART 2 - PRODUCTS

21 SHEET METAL DUCTS

A. PERFORMANCE REQUIREMENTS
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Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and
joint construction, reinforcements, and hangers and supports, shall comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and with
performance requirements and design criteria indicated in "Duct Schedule™ Article.

Airstream Surfaces: Surfaces in contact with airstream shall comply with requirements in
ASHRAE 62.1.

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems
and Equipment," and Section 7 - "Construction and System Startup."

ASHRAE/IES Compliance:  Applicable requirements in  ASHRAE/IES 90.1,
Section 6.4.4 - "HVAC System Construction and Insulation."

Duct Dimensions: Unless otherwise indicated, all duct dimensions indicated on Drawings
are inside clear dimensions and do not include insulation or duct wall thickness.

B.  SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS

1.

General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise
indicated.

Transverse Joints: Fabricate joints in accordance with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse
Joints," for static-pressure class, applicable sealing requirements, materials involved,
duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible."

a. For ducts with longest side less than 36 inches, select joint types in accordance
with Figure 2-1.

b. For ducts with longest side 36 inches or greater, use flange joint connector Type T-
22, T-24, T-24A, T-25a, or T-25b. Factory-fabricated flanged duct connection
system may be used if submitted and approved by engineer of record.

C. Where specified for specific applications, all joints shall be welded.

Longitudinal Seams: Select seam types and fabricate in accordance with SMACNA's
"HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular
Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements,
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible."

Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select
types and fabricate in accordance with SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible," Ch. 4, "Fittings and Other Construction," for static-pressure class,
applicable sealing requirements, materials involved, duct-support intervals, and other
provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

C.  SINGLE-WALL ROUND DUCTS AND FITTINGS

09/03/2020
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General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible,” Ch. 3, "Round, Oval, and Flexible Duct," based on
indicated static-pressure class unless otherwise indicated.

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

Ductmate Industries, Inc.
Elgen Manufacturing.

Linx Industries (formerly Lindab).
McGill AirFlow LLC.

MKT Metal Manufacturing.
Nordfab Ducting.

SEMCO LLC.

Set Duct Manufacturing.
Sheet Metal Connectors, Inc.
Spiral Manufacturing Co., Inc.
Stamped Fittings Inc.

XTI TSQ o 00 oW

Flat-Oval Ducts: Indicated dimensions are the duct width (major dimension) and
diameter of the round sides connecting the flat portions of the duct (minor dimension).

Transverse Joints: Select joint types and fabricate in accordance with SMACNA's
"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct
Transverse Joints," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

a. Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged.

Longitudinal Seams: Select seam types and fabricate in accordance with SMACNA's
"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct
Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

a. Fabricate round ducts larger than 90 inches in diameter with butt-welded
longitudinal seams.

b. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) with
butt-welded longitudinal seams.

Tees and Laterals: Select types and fabricate in accordance with SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible,” Figure 3-5, "90 Degree Tees and
Laterals,” and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing
requirements, materials involved, duct-support intervals, and other provisions in
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

D. SHEET METAL MATERIALS

09/03/2020
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1. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct
construction methods unless otherwise indicated. Sheet metal materials shall be free of
pitting, seam marks, roller marks, stains, discolorations, and other imperfections.

2. Galvanized Sheet Steel: Comply with ASTM A653/A653M.

a. Galvanized Coating Designation: G90.
b. Finishes for Surfaces Exposed to View: Mill phosphatized.

3. Stainless-Steel Sheets: Comply with ASTM A480/A480M, Type 304 or 316, as indicated
in "Duct Schedule” Article; cold rolled, annealed, sheet. Exposed surface finish shall be
No. 2B, No. 2D, No. 3, or No. 4 as indicated in "Duct Schedule" Article.

4. Aluminum Sheets: Comply with ASTM B209 Alloy 3003, H14 temper; with mill finish
for concealed ducts, and standard, one-side bright finish for duct surfaces exposed to
view.

5. Factory- or Shop-Applied Antimicrobial Coating:

a. Apply to the surface of sheet metal that will form the interior surface of the duct.
An untreated clear coating shall be applied to the exterior surface.

b. Antimicrobial compound shall be tested for efficacy by an NRTL and registered by
the EPA for use in HVAC systems.

C. Coating containing the antimicrobial compound shall have a hardness of 2H,
minimum, when tested in accordance with ASTM D3363.

d. 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.

e. Shop-Applied Coating Color: Black or White.

f. Antimicrobial coating on sheet metal is not required for duct containing liner
treated with antimicrobial coating.

6. Reinforcement Shapes and Plates: ASTM A36/A36M, steel plates, shapes, and bars;
black and galvanized.

a. Where black- and galvanized-steel shapes and plates are used to reinforce
aluminum ducts, isolate the different metals with butyl rubber, neoprene, or EFDM
gasket materials.

7. 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.

E. SHEET METAL DUCT LINER

1. Fibrous-Glass Duct Liner: Comply with ASTM C1071, NFPA 90A, or NFPA 90B; and
with NAIMA AH124, "Fibrous Glass Duct Liner Standard."

a. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
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1) CertainTeed Corporation.
2) Johns Manville; a Berkshire Hathaway company.
3) Knauf Insulation.

4)  Owens Corning.

Maximum Thermal Conductivity:

1)  Typel, Flexible: 0.27 Btu x in./h x sq. ft. x degF at 75 deg F mean
temperature.

2)  Typell, Rigid: 0.23 Btu x in/h x sq. ft. x deg F at 75 deg F mean
temperature.

Antimicrobial Erosion-Resistant Coating: Apply to the surface of the liner that will
form the interior surface of the duct to act as a moisture repellent and erosion-
resistant coating. Antimicrobial compound shall be tested for efficacy by an NRTL
and registered by the EPA for use in HVAC systems.

Water-Based Liner Adhesive: Comply with NFPA 90A or NFPA 90B and with
ASTM C916.

1)  Adhesive shall have a VOC content of 80 g/L or less.

2)  Adhesive shall comply with the testing and product requirements of the
California Department of Public Health's "Standard Method for the Testing
and Evaluation of Volatile Organic Chemical Emissions from Indoor
Sources Using Environmental Chambers."

Flexible Elastomeric Duct Liner: Preformed, cellular, closed-cell, sheet materials
complying with ASTM C534/C534M, Type ll, Grade 1; and with NFPA 90A or
NFPA 90B.

a.

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

1) Aeroflex USA, Inc.

2)  Armacell LLC.

3) Ductmate Industries, Inc.
4) K-Flex USA.

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.

Liner Adhesive: As recommended by insulation manufacturer and complying with
NFPA 90A or NFPA 90B.

1)  Adhesive shall have a VOC content of 80 g/L or less.

2)  Adhesive shall comply with the testing and product requirements of the
California Department of Public Health's "Standard Method for the Testing
and Evaluation of Volatile Organic Chemical Emissions from Indoor
Sources Using Environmental Chambers."

Fiberglass-Free Duct Liner: Made from partially recycled cotton or polyester products
and containing no fiberglass. Airstream surface overlaid with fire-resistant facing to
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prevent surface erosion by airstream, complying with NFPA 90A or NFPA 90B. Treat
natural-fiber products with antimicrobial coating.

a.

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

1)  Acoustical Surfaces, Inc.
2) Bonded Logic, Inc.
3) Ductmate Industries, Inc.

Maximum Thermal Conductivity: 0.24 Btu x in./h x sg. ft. x deg F at 75 deg F
mean temperature when tested in accordance with ASTM C518.

Surface-Burning Characteristics: Maximum flame-spread index of 25 and
maximum smoke-developed index of 50 when tested in accordance with
ASTM E84; certified by an NRTL.

Liner Adhesive: As recommended by insulation manufacturer and complying with
NFPA 90A or NFPA 90B.

1)  Adhesive shall have a VOC content of 80 g/L or less.

2)  Adhesive shall comply with the testing and product requirements of the
California Department of Public Health's "Standard Method for the Testing
and Evaluation of Volatile Organic Chemical Emissions from Indoor
Sources Using Environmental Chambers."

Insulation Pins and Washers:

a.

Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin,
fully annealed for capacitor-discharge welding, 0.106-inch-diameter shank, length
to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-
steel washer.

Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-thick
galvanized steel; with beveled edge sized as required to hold insulation securely in
place, but not less than 1-1/2 inches in diameter.

Shop Application of Duct Liner: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation."

a.

Adhere a single layer of indicated thickness of duct liner with at least 90 percent
adhesive coverage at liner contact surface area. Attaining indicated thickness with
multiple layers of duct liner is prohibited.

Apply adhesive to transverse edges of liner facing upstream that do not receive
metal nosing.

Butt transverse joints without gaps, and coat joint with adhesive.

Fold and compress liner in corners of rectangular ducts or cut and fit to ensure
butted-edge overlapping.

Do not apply liner in rectangular ducts with longitudinal joints, except at corners of
ducts, unless duct size and dimensions of standard liner make longitudinal joints
necessary.

Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500
fpmor greater.
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Secure liner with mechanical fasteners 4 inches from corners and at intervals not
exceeding 12 inches transversely; at 3 inches from transverse joints and at intervals
not exceeding 18 inches longitudinally.

Secure transversely oriented liner edges facing the airstream with metal nosings
that have either channel or "Z" profiles or are integrally formed from duct wall.
Fabricate edge facings at the following locations:

1) Fan discharges.

2) Intervals of lined duct preceding unlined duct.

3) Upstream edges of transverse joints in ducts where air velocities are higher
than 2500 fpm or where indicated.

Secure insulation between perforated sheet metal inner duct of same thickness as
specified for outer shell. Use mechanical fasteners that maintain inner duct at
uniform distance from outer shell without compressing insulation.

1) Sheet Metal Inner Duct Perforations: 3/32-inch diameter, with an overall
open area of 23 percent.

Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers,
turning vane assemblies, or other devices. Fabricated buildouts (metal hat sections)
or other buildout means are optional; when used, secure buildouts to duct walls
with bolts, screws, rivets, or welds.

F. SHEET METAL SEALANT AND GASKETS

1.
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General Sealant and Gasket Requirements: Surface-burning characteristics for sealants
and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-
developed index of 50 when tested in accordance with UL 723; certified by an NRTL.

Two-Part Tape Sealing System:

a.
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Tape: Woven cotton fiber impregnated with mineral gypsum and modified
acrylic/silicone activator to react exothermically with tape to form hard, durable,
airtight seal.

Tape Width: 4 inches.

Sealant: Modified styrene acrylic.

Water resistant.

Mold and mildew resistant.

Maximum Static-Pressure Class: 10 inch wg, positive and negative.

Service: Indoor and outdoor.

Service Temperature: Minus 40 to plus 200 deg F.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare),
stainless steel, or aluminum.

Sealant shall have a VOC content of 420 g/L or less.

Sealant shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."
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3. Water-Based Joint and Seam Sealant:

Application Method: Brush on.

Solids Content: Minimum 65 percent.

Shore A Hardness: Minimum 20.

Water resistant.

Mold and mildew resistant.

VOC: Maximum 75 g/L (less water).

Maximum Static-Pressure Class: 10 inch wg, positive and negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare),
stainless steel, or aluminum sheets.
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4, Solvent-Based Joint and Seam Sealant:

Application Method: Brush on.

Base: Synthetic rubber resin.

Solvent: Toluene and heptane.

Solids Content: Minimum 60 percent.

Shore A Hardness: Minimum 60.

Water resistant.

Mold and mildew resistant.

Sealant shall have a VOC content of 420 g/L or less.

Sealant shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

Maximum Static-Pressure Class: 10-inch wg, positive or negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare),
stainless steel, or aluminum sheets.

mSemhoap o
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5. Flanged Joint Sealant: Comply with ASTM C920.

Sealant shall have a VOC content of 420 g/L or less.

Sealant shall comply with the testing and product requirements of the California
Department of Public Health's "Standard Method for the Testing and Evaluation of
Volatile Organic Chemical Emissions from Indoor Sources Using Environmental
Chambers."

a. General: Single-component, acid-curing, silicone, elastomeric.
b. Type: S.

C. Grade: NS.

d. Class: 25.

e. Use: O.

f.

g.

6. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene
plasticizer.

7. Round Duct Joint O-Ring Seals:
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a. Seal shall provide maximum leakage class of 3 ¢fm/100 sq. ft. at 1-inch wg and
shall be rated for10-inch wg static-pressure class, positive or negative.

b. EPDM O-ring to seal in concave bead in coupling or fitting spigot.

C. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated
couplings and fitting spigots.

G. SHEET METAL HANGERS AND SUPPORTS

Hanger Rods for Noncorrosive Environments: Galvanized-steel rods and nuts.

Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or
galvanized rods with threads painted with zinc-chromate primer after installation.

Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and
Table 5-2, "Minimum Hanger Sizes for Round Duct."

Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A603.
Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A492.

Steel Cable End Connections: Galvanized-steel assemblies with brackets, swivel, and
bolts designed for duct hanger service; with an automatic-locking and clamping device.

Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws;
compatible with duct materials.

Trapeze and Riser Supports:

a. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

b. Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates.

c. Supports for Aluminum Ducts: Aluminum or galvanized steel coated with zinc
chromate.

2.2 FLEXIBLE DUCTS

A. INSULATED FLEXIBLE DUCTS

1.

09/03/2020

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

Flexmaster U.S.A., Inc.

JP Lamborn Co.

McGill AirFlow LLC.

Thermaflex; a Flex-Tek Group company.

Ward Industries; a brand of Hart & Cooley, Inc.

P00 o

Insulated, Flexible Duct: UL 181, Class 1, two-ply vinyl film supported by helically
wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
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2.3

09/03/2020

Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.
Maximum Air Velocity: 4000 fpm.

Temperature Range: Minus 10 to plus 160 deg F.

Insulation R-Value: R6.

oo oe

FLEXIBLE DUCT CONNECTORS

1.

Clamps: Nylon strap in sizes 3 through 18 inches, to suit duct size.

AIR DUCT ACCESSORIES

ASSEMBLY DESCRIPTION

1. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems,"
and with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

2. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
acceptable materials, material thicknesses, and duct construction methods unless
otherwise indicated. Sheet metal materials shall be free of pitting, seam marks, roller
marks, stains, discolorations, and other imperfections.

MATERIALS

1. Galvanized Sheet Steel: Comply with ASTM A653/A653M.

a. Galvanized Coating Designation: G90.
b. Exposed-Surface Finish: Mill phosphatized.

2. Stainless-Steel Sheets: Comply with ASTM A480/A480M, Type 304, and having a No. 2
finish for concealed ducts and finish for exposed ducts.

3. Aluminum Sheets: Comply with ASTM B209, Alloy 3003, Temper H14; with mill finish
for concealed ducts and standard, 1-side bright finish for exposed ducts.

4. Extruded Aluminum: Comply with ASTM B221, Alloy 6063, Temper T6.

5. Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on
galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel
ducts.

6. 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.

BACKDRAFT AND PRESSURE RELIEF DAMPERS

1.

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

233110-12


http://www.specagent.com/Lookup?ulid=3441

10.

11.

12.

13.
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American Warming and Ventilating; a Mestek Architectural Group company.
Cesco Products; a division of MESTEK, Inc.
Flex-Tek Group.

Greenheck Fan Corporation.

Lloyd Industries, Inc.

Nailor Industries Inc.

NCA Manufacturing, Inc.

Pottorff.

Ruskin Company.

Safe Air - Dowco Products.

United Enertech.

Vent Products Co., Inc.

Description: Gravity balanced.

Maximum Air Velocity: 2000 fpm.

Maximum System Pressure: 2-inch wg.

Frame: Hat-shaped, 0.05-inch-thick, galvanized sheet steel, with welded corners or
mechanically attached and mounting flange.

Blades: Multiple single-piece blades, center pivoted, maximum 6-inch width, 0.025-inch-
thick, roll-formed aluminum with sealed edges.

Blade Action: Parallel.

Blade Seals: Extruded vinyl, mechanically locked.

Blade Axles:

a.
b.

Material: Galvanized steel.
Diameter: 0.20 inch.

Tie Bars and Brackets: Galvanized steel.

Return Spring: Adjustable tension.

Bearings: Steel ball or synthetic pivot bushings.

Accessories:

P00 o

Adjustment device to permit setting for varying differential static pressure.
Counterweights and spring-assist kits for vertical airflow installations.
Electric actuators.

Chain pulls.

Screen Mounting: Front mounted in sleeve.

1)  Sleeve Thickness: 20 gage minimum.
2)  Sleeve Length: 6 inches minimum.

Screen Mounting: Rear mounted.
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g. Screen Material: Aluminum.
h. Screen Type: Bird.
i. 90-degree stops.

D. MANUAL VOLUME DAMPERS
1. Standard, Steel, Manual VVolume Dampers:

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

1) Aire Technologies.
2)  American Warming and Ventilating; a Mestek Architectural Group

company.
3) Flexmaster U.S.A., Inc.

4) Flex-Tek Group.

5) McGill AirFlow LLC.

6) Nailor Industries Inc.

7) Pottorff.

8) Ruskin Company.

9) Safe Air - Dowco Products.
10) Trox USA Inc.

11)  United Enertech.

12)  Vent Products Co., Inc.

b. Standard leakage rating.

C. Suitable for horizontal or vertical applications.
d. Frames:
1) Frame: Hat-shaped, 0.094-inch-thick, galvanized sheet steel.
2) Mitered and welded corners.
3) Flanges for attaching to walls and flangeless frames for installing in ducts.
e. Blades:
1) Multiple or single blade.
2) Parallel- or opposed-blade design.
3)  Stiffen damper blades for stability.
4) Galvanized-steel, 0.064 inch thick.
f. Blade Axles: Galvanized steel.

Bearings:

1) Molded synthetic.

2) Dampers in ducts with pressure classes of 3-inch wg or less shall have axles
full length of damper blades and bearings at both ends of operating shaft.

h. Tie Bars and Brackets: Galvanized steel.

2. Standard, Aluminum, Manual VVolume Dampers:

09/03/2020 233110-14


http://www.specagent.com/Lookup?ulid=3443
http://www.specagent.com/Lookup?uid=123457086462
http://www.specagent.com/Lookup?uid=123457086460
http://www.specagent.com/Lookup?uid=123457086460
http://www.specagent.com/Lookup?uid=123457086458
http://www.specagent.com/Lookup?uid=123457086461
http://www.specagent.com/Lookup?uid=123457086459
http://www.specagent.com/Lookup?uid=123457086453
http://www.specagent.com/Lookup?uid=123457086454
http://www.specagent.com/Lookup?uid=123457086455
http://www.specagent.com/Lookup?uid=123457086463
http://www.specagent.com/Lookup?uid=123457086456
http://www.specagent.com/Lookup?uid=123457111905
http://www.specagent.com/Lookup?uid=123457086457

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

1) American  Warming and Ventilating; a Mestek Architectural Group
company.

2) McGill AirFlow LLC.

3) Nailor Industries Inc.

4)  Pottorff.

5) Ruskin Company.

6) Safe Air - Dowco Products.

7)  Trox USA Inc.

8) United Enertech.

9) Vent Products Co., Inc.

b. Standard leakage rating.

Suitable for horizontal or vertical applications.

d. Frames: Hat-shaped, 0.10-inch-thick, aluminum sheet channels; frames with
flanges for attaching to walls and flangeless frames for installing in ducts.

e. Blades:

134

1) Multiple or single blade.

2) Parallel- or opposed-blade design.

3)  Stiffen damper blades for stability.

4) Roll-Formed Aluminum Blades: 0.10-inch-thick aluminum sheet.
5) Extruded-Aluminum Blades: 0.050-inch-thick extruded aluminum.

f. Blade Axles: Nonferrous metal.
Bearings:
1) Molded synthetic.
2)  Dampers in ducts with pressure classes of 3-inch wg or less shall have axles
full length of damper blades and bearings at both ends of operating shaft.

h. Tie Bars and Brackets: Aluminum.
3. Jackshaft:

a. Size: 1-inch diameter.

b. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.

C. Length and Number of Mountings: As required to connect linkage of each damper
in multiple-damper assembly.

4. Damper Hardware:
a. Zinc-plated, die-cast core with dial and handle made of 3/32-inch-thick zinc-plated
steel, and a 3/4-inch hexagon locking nut.

b. Include center hole to suit damper operating-rod size.
C. Include elevated platform for insulated duct mounting.

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

American Warming and Ventilating; a Mestek Architectural Group company.
Arrow United Industries.

Cesco Products; a division of MESTEK, Inc.
Flex-Tek Group.

Greenheck Fan Corporation.

Lloyd Industries, Inc.

McGill AirFlow LLC.

Metal Form Manufacturing, Inc.

Nailor Industries Inc.

NCA Manufacturing, Inc.

Pottorff.

Ruskin Company.

Safe Air - Dowco Products.

United Enertech.

Vent Products Co., Inc.

Young Regulator Company.

TOS3I—ATTSQPo0Tw

Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified
Ratings Seal for both air performance and air leakage.

Frames:

a. U shaped.

b. 0.094-inch-thick, galvanized sheet steel.

C. Mitered and welded corners.

Blades:

a. Multiple blade with maximum blade width of 8 inches.
b. Parallel- and opposed-blade design.

C. Galvanized-steel.

d. 0.064 inch thick single skin.

e. Blade Edging: Closed-cell neoprene.

f. Blade Edging: Inflatable seal blade edging, or replaceable rubber seals.

Blade Axles: 1/2-inch-diameter; galvanized steel; blade-linkage hardware of zinc-plated
steel and brass; ends sealed against blade bearings.

a. Operating Temperature Range: From minus 40 to plus 200 deg F.

Bearings:

a. Oil-impregnated bronze.

b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full

length of damper blades and bearings at both ends of operating shaft.
C. Thrust bearings at each end of every blade.
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F. FLANGE CONNECTORS

1.

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

CL WARD & Family Inc.
Ductmate Industries, Inc.
Elgen Manufacturing.
Hardcast, Inc.

Nexus PDQ.
Ward Industries; a brand of Hart & Cooley, Inc.
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Description:  Add-on or roll-formed, factory-fabricated, slide-on transverse flange
connectors, gaskets, and components.

Material: Galvanized steel.

Gage and Shape: Match connecting ductwork.

G.  TURNING VANES

1.

09/03/2020

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

Aero-Dyne Sound Control Co.

CL WARD & Family Inc.

Ductmate Industries, Inc.

Duro Dyne Inc.

Elgen Manufacturing.

Hardcast, Inc.

METALAIRE, Inc.

SEMCO LLC.

Ward Industries; a brand of Hart & Cooley, Inc.

mS@ o o0 o

Manufactured Turning Vanes for Metal Ducts: Curved blades of galvanized sheet steel;
support with bars perpendicular to blades set; set into vane runners suitable for duct
mounting.

a. Acoustic Turning Vanes: Fabricate airfoil-shaped aluminum extrusions with
perforated faces and fibrous-glass fill.

Manufactured Turning Vanes for Nonmetal Ducts: Fabricate curved blades of resin-
bonded fiberglass with acrylic polymer coating; support with bars perpendicular to blades
set; set into vane runners suitable for duct mounting.

General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in
Elbows."

Vane Construction: Double wall.
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6.

Vane Construction: Single wall for ducts up to 48 inches wide and double wall for larger
dimensions.

H. DUCT-MOUNTED ACCESS DOORS

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

SI-RTTSQ@oP o0 o

Aire Technologies.

American Warming and Ventilating; a Mestek Architectural Group company.
Cesco Products; a division of MESTEK, Inc.
CL WARD & Family Inc.

Ductmate Industries, Inc.

Elgen Manufacturing.

Flexmaster U.S.A., Inc.

Greenheck Fan Corporation.

McGill AirFlow LLC.

Nailor Industries Inc.

Pottorff.

United Enertech.

Ventfabrics, Inc.

Ward Industries; a brand of Hart & Cooley, Inc.

Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and
Panels," and 7-3, "Access Doors - Round Duct."

a.

Door:

1) Double wall, rectangular.

2)  Galvanized sheet metal with insulation fill and thickness as indicated for
duct pressure class.

3)  Vision panel.

4) Hinges and Latches: 1-by-1-inchbutt or piano hinge and cam latches.

5) Fabricate doors airtight and suitable for duct pressure class.

Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.
Number of Hinges and Locks:

1)  Access Doors Less Than 12 Inches Square: No hinges and two sash locks.

2)  Access Doors up to 18 Inches Square: Two hinges and two sash locks.

3)  Access Doors up to 24 by 48 Inches: Three hinges and two compression
latches with outside and inside handles.

4)  Access Doors Larger Than 24 by 48 Inches: Four hinges and two
compression latches with outside and inside handles.

Pressure Relief Access Door:

a.

Door and Frame Material: Galvanized sheet steel.
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b. Door: Double wall with insulation fill with metal thickness applicable for duct
pressure class.

C. Operation: Open outward for positive-pressure ducts and inward for negative-

pressure ducts.

Factory set at 10-inch wg.

Doors close when pressures are within set-point range.

Hinge: Continuous piano.

Latches: Cam.

Seal: Neoprene or foam rubber.

Insulation Fill: 1-inch-thick, fibrous-glass or polystyrene-foam board.
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. DUCT ACCESS PANEL ASSEMBLIES

1.

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

3M.

CL WARD & Family Inc.
Ductmate Industries, Inc.
Flame Gard, Inc.

cooTe

Labeled according to UL 1978 by an NRTL.
Panel and Frame: Minimum thickness 0.0528-inch carbon steel.
Fasteners: Carbon steel. Panel fasteners shall not penetrate duct wall.

Gasket: Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for
minimum 2000 deg F.

Minimum Pressure Rating: 10-inch wg, positive or negative.

J. FLEXIBLE CONNECTORS

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

CL WARD & Family Inc.

Ductmate Industries, Inc.

Duro Dyne Inc.

Elgen Manufacturing.

Hardcast, Inc.

JP Lamborn Co.

Ventfabrics, Inc.

Ward Industries; a brand of Hart & Cooley, Inc.
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Materials: Flame-retardant or noncombustible fabrics.

Coatings and Adhesives: Comply with UL 181, Class 1.
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4. Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide
attached to two strips of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel or
0.032-inch-thick aluminum sheets. Provide metal compatible with connected ducts.

5. Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.

a. Minimum Weight: 26 0z./sg. yd..
b. Tensile Strength: 480 Ibf/inch in the warp and 360 Ibf/inch in the filling.
C. Service Temperature: Minus 40 to plus 200 deg F.

6. Outdoor System, Flexible Connector Fabric: Glass fabric double coated with
weatherproof, synthetic rubber resistant to UV rays and ozone.

a. Minimum Weight: 24 oz./sq. yd..
b. Tensile Strength: 530 Ibf/inch in the warp and 440 Ibf/inch in the filling.
C. Service Temperature: Minus 50 to plus 250 deg F.

7. High-Temperature System, Flexible Connectors: Glass fabric coated with silicone rubber.

a. Minimum Weight: 16 0z./sg. yd..
b. Tensile Strength: 285 Ibf/inch in the warp and 185 Ibf/inch in the filling.
C. Service Temperature: Minus 67 to plus 500 deg F.

8. High-Corrosive-Environment System, Flexible Connectors: Glass fabric with chemical-
resistant coating.

a. Minimum Weight: 14 oz./sq. yd..
b. Tensile Strength: 450 Ibf/inch in the warp and 340 Ibf/inch in the filling.
C. Service Temperature: Minus 67 to plus 500 deg F.

9. Thrust Limits: Combination coil spring and elastomeric insert with spring and insert in
compression, and with a load stop. Include rod and angle-iron brackets for attaching to
fan discharge and duct.

a. Frame: Steel, fabricated for connection to threaded rods and to allow for a
maximum of 30 degrees of angular rod misalignment without binding or reducing
isolation efficiency.

b. Outdoor Spring Diameter: Not less than 80 percent of the compressed height of the

spring at rated load.

Minimum Additional Travel: 50 percent of the required deflection at rated load.

Lateral Stiffness: More than 80 percent of rated vertical stiffness.

e. Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

f. Elastomeric Element: Molded, oil-resistant rubber or neoprene.

Coil Spring: Factory set and field adjustable for a maximum of 1/4-inch movement
at start and stop.

oo

K.  DUCT ACCESSORY HARDWARE
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Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw
cap and gasket. Size to allow insertion of pitot tube and other testing instruments and of
length to suit duct-insulation thickness.

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to
gasoline and grease.

PART 3 - EXECUTION

3.1 SHEET METAL DUCTS

A. DUCT INSTALLATION

1.

10.

09/03/2020

Drawing plans, schematics, and diagrams indicate general location and arrangement of
duct system. Indicated duct locations, configurations, and arrangements were used to size
ducts and calculate friction loss for air-handling equipment sizing and for other design
considerations. Install duct systems as indicated unless deviations to layout are approved
on Shop Drawings and coordination drawings.

Install ducts in accordance with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible" unless otherwise indicated.

Install ducts in maximum practical lengths with fewest possible joints.

Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for
branch connections.

Unless otherwise indicated, install ducts vertically and horizontally, and parallel and
perpendicular to building lines.

Install ducts close to walls, overhead construction, columns, and other structural and
permanent enclosure elements of building.

Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.

Route ducts to avoid passing through transformer vaults and electrical equipment rooms
and enclosures.

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.

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 for fire and smoke dampers and specific installation requirements of the
damper UL listing.
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11.

12.

13.

14.

Install heating coils, cooling coils, air filters, dampers, and all other duct-mounted
accessories in air ducts where indicated on Drawings.

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."

Elbows: Use long-radius elbows wherever they fit.
a. Fabricate 90-degree rectangular mitered elbows to include turning vanes.
b. 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.

Branch Connections: Use lateral or conical branch connections.

B. INSTALLATION OF EXPOSED DUCTWORK

1.

2.

Protect ducts exposed in finished spaces from being dented, scratched, or damaged.

Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not
use two-part tape sealing system.

Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.
When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the
exposed welds, and treat the welds to remove discoloration caused by welding.

Maintain consistency, symmetry, and uniformity in arrangement and fabrication of
fittings, hangers and supports, duct accessories, and air outlets.

Repair or replace damaged sections and finished work that does not comply with these
requirements.

C. ADDITIONAL INSTALLATION REQUIREMENTS FOR EXHAUST DUCTS SERVING
COMMERCIAL DISHWASHERS AND OTHER HIGH-HUMIDITY LOCATIONS

1.

4.

Install dishwasher exhaust ducts and other exhaust ducts from wet, high-humidity
locations without dips and traps that may hold water. Slope ducts a minimum of 2 percent
back to dishwasher or toward drain.

Provide a drain pocket at each low point and at the base of each riser with a 1-
inchtrapped copper drain from each drain pocket to open site floor drain.

Minimize number of transverse seams.

Do not locate longitudinal seams on bottom of duct.

D. DUCT SEALING

09/03/2020
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1. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct
Schedule™ Article in accordance with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

E. HANGER AND SUPPORT INSTALLATION

1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Chapter 5, "Hangers and Supports.”

2. Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel
fasteners appropriate for construction materials to which hangers are being attached.

a. Where practical, install concrete inserts before placing concrete.

b. Install powder-actuated concrete fasteners after concrete is placed and completely
cured.

C. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or
for slabs more than 4 inches thick.

d. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes
or for slabs less than 4 inches thick.

e. Do not use powder-actuated concrete fasteners for seismic restraints.

3. Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2,
"Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers
and supports within 24 inches of each elbow and within 48 inches of each branch
intersection.

4. Hangers Exposed to View: Threaded rod and angle or channel supports.

5. Support vertical ducts with steel angles or channel secured to the sides of the duct with
welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum
intervals of 16 feet.

6. Install upper attachments to structures. Select and size upper attachments with pull-out,
tension, and shear capacities appropriate for supported loads and building materials
where used.

F. CONNECTIONS

1. Make connections to equipment with flexible connectors complying with the “Air Duct
Accessories" section of this specification.

2. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
branch, outlet and inlet, and terminal unit connections.

G. PAINTING

1. Paint interior of metal ducts that are visible through registers and grilles and that do not
have duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-
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steel

primer. Paint materials and application requirements are specified in

Section 09 91 13 "Exterior Painting" and Section 09 91 23 "Interior Painting."”

H.  FIELD QUALITY CONTROL

1.

2.

09/03/2020

Perform tests and inspections.

Leakage Tests:

a.

b.

g.

Comply with SMACNA's "HVAC Air Duct Leakage Test Manual." Submit a test
report for each test.
Test the following systems:

1) Ducts with a Pressure Class Higher Than 3-Inch wg: Test representative
duct sections, selected by Architect/Engineer from sections installed,
totaling no less than 25 percent of total installed duct area for each
designated pressure class.

2)  Supply Ducts with a Pressure Class of 4-Inch wg or Higher: Test
representative duct sections, selected by Architect/Engineer from sections
installed, totaling no less than 50 percent of total installed duct area for each
designated pressure class.

3) Return Ducts with a Pressure Class of 3-Inch wg or Higher: Test
representative duct sections, selected by Architect/Engineer from sections
installed, totaling no less than 50 percent of total installed duct area for each
designated pressure class.

4) Exhaust Ducts with a Pressure Class of 4-Inch wg or Higher: Test
representative duct sections, selected by Architect/Engineer from sections
installed, totaling no less than 50 percent of total installed duct area for each
designated pressure class.

5)  Outdoor-Air Ducts with a Pressure Class of 2-Inch wg or Higher: Test
representative duct sections, selected by Architect/Engineer from sections
installed, totaling no less than 50 percent of total installed duct area for each
designated pressure class.

Disassemble, reassemble, and seal segments of systems to accommodate leakage
testing and for compliance with test requirements.

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.

Test for leaks before applying external insulation.

Conduct tests at static pressures equal to maximum design pressure of system or
section being tested. If static-pressure classes are not indicated, test system at
maximum system design pressure. Do not pressurize systems above maximum
design operating pressure.

Give seven days' advance notice for testing.

Duct System Cleanliness Tests:

a.

Visually inspect duct system to ensure that no visible contaminants are present.

233110-24



Test sections of metal duct system, chosen randomly by Owner, for cleanliness in
accordance with "Description of Method 3 - NADCA Vacuum Test" in
NADCA ACR, "Assessment, Cleaning and Restoration of HVAC Systems."

1)  Acceptable Cleanliness Level: Net weight of debris collected on the filter
media shall not exceed 0.75 mg/100 sg. cm.

Duct system will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

. DUCT CLEANING

1.

2.

09/03/2020

Clean new duct system(s) before testing, adjusting, and balancing.

For cleaning of existing ductwork, see Section 23 01 30.52 "Existing HVAC Air
Distribution System Cleaning."

Use duct cleaning methodology as indicated in NADCA ACR.

Use service openings for entry and inspection.

a.

b.
C.

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 23 33 00 "Air Duct Accessories" for access panels and doors.
Disconnect and reconnect flexible ducts as needed for cleaning and inspection.
Remove and reinstall ceiling to gain access during the cleaning process.

Particulate Collection and Odor Control:

a.

b.

When venting vacuuming system inside the building, use HEPA filtration with
99.97 percent collection efficiency for 0.3-micron-size (or larger) particles.

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.

Clean the following components by removing surface contaminants and deposits:

Air outlets and inlets (registers, grilles, and diffusers).

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.

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.
Coils and related components.

Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums
and mechanical equipment rooms.

Supply-air ducts, dampers, actuators, and turning vanes.
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g.

Dedicated exhaust and ventilation components and makeup air systems.

7. Mechanical Cleaning Methodology:

a.

b.

J. STARTUP

Clean metal duct systems using mechanical cleaning methods that extract
contaminants from within duct systems and remove contaminants from building.
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.

Use mechanical agitation to dislodge debris adhered to interior duct surfaces
without damaging integrity of metal ducts, duct liner, or duct accessories.

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.

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.

Provide drainage and cleanup for wash-down procedures.

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.

1. Air Balance: Comply with requirements in Section 23 05 93 "Testing, Adjusting, and
Balancing for HVAC."

K.  DUCT SCHEDULE

1. Fabricate ducts as indicated in the following schedules and notes.

a.

b.

Fabricate all ducts to achieve SMACNA pressure class, seal class, and leakage
class as indicated below.

For ducts exposed to weather, construct of Type 304 stainless steel indicated by
manufacturer to be suitable for outdoor installation.

2. Supply Ducts:

Pressure | Minimum SMACNA
Zysl;uiamnﬁent Duct Material Class SMACNA Leakage g(l)isr? d/Flat Notes
quip (inchwg) | Seal Class | Rectangular Oval
Low Pressure:
- Air-Handling
Units . +
- Fan Coil Units G-90 Galvanized ) B 6 3 1
Sheet Steel <2
- Furnaces =
- Heat Pumps
- Terminal Units
Medium Pressure: G-90 Galvanized (+) A 6 3 1
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- Air-Handling

Sheet Steel

Units 22 an =

High Pressure: i . +

- Air-Handling | &% Salvenized ) A 3 3 1
Units >4

Legend:

(+) — Positive Pressure
(-) — Negative Pressure

(+/-) — Positive or Negative Pressure

Notes:

1. Unless noted otherwise, ductwork installed in exposed locations shall be provided with a mill finish and
without shop stickers.

3. Return and Outdoor Ducts:

Pressure | Minimum SMACNA

Eystffmnﬁent Duct Material Class SMACNA Leakage I%isri JFat Notes
quip (inchwg) | Seal Class | Rectangular Oval

Low Pressure:

- Air-Handling
Units . +/-

- Fan Coil Units | &0 Galvanized ¢h) B 12 12 1

Sheet Steel <9

- Furnaces =

- Heat Pumps

- Terminal Units

Medium Pressure: . +/-

- Air-Handling G-S)S?];?I\S/?enellz ed (+) B 6 6 1
Units >2

Legend:

(+) — Positive Pressure
(-) — Negative Pressure

(+/-) — Positive or Negative Pressure

Notes:

1. Unless noted otherwise, ductwork installed in exposed locations shall be provided with a mill finish and
without shop stickers.

4, Exhaust Ducts:

Pressure | Minimum SMACNA

Eysl;[?mnﬁent Duct Material Class SMACNA Leakage g(lfrf = Notes
auip (inchwg) | Seal Class | Rectangular Oval

Low Pressure:

- Class 1 and 2 G-90 Galvanized (+/-) ():B 1 6 1
Air (ASHRAE Sheet Steel <2 +):A
62.1) B

Low Pressure: .

T G-90 Galvanized (+/-) ():

- Air-Handling ) 24 12 1
Units Sheet Steel <2 (+): A

Medium Pressure: G-90 Galvanized (+/-) B 6 6 1

- Air-Handling Sheet Steel >2 and <
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Units 4
Exposed: Type 304,
Commercial Stainless Sheet Welded
Kitchen Hoods Steel, No. 4 finish (+1-) §e§r?s ?:.d 3 3 1
(Comply vt
NFPA 96) Concealed: Carbon- tight
steel Sheet '
Exposed: Type 304, Welded
Dishwasher Stainless Sh_ee_t seams and
Hoods Steel, No. 4 finish (+1-) flanged
High-Humidity ~, | loints with 3 3 1
Locations ancealed: = watertight
Aluminum Sheet, EPDM
Mill finish gaskets.
Exposed: Type 316,
Stainless Sheet
Steel, No. 4 finish
Class 3 and 4 Air Concealed: Type Welded
(ASHRAE 62.1) .
Fume Hoods 316, Stainless Sheet (+-) seams and
. Steel, No. 2B finish joints. Air 3 3 1
Laborator)_/ Air <4 and water
Process Alr PVC-coated, tight.
galvanized sheet
steel with thicker
coating on duct
interior.
Legend:
(+) — Positive Pressure
(-) — Negative Pressure
(+/-) — Positive or Negative Pressure
Notes:
1. Unless otherwise noted, ductwork installed in exposed locations shall be provided with a mill finish and
without shop stickers.

5. Intermediate Reinforcement:
a. Galvanized-Steel Ducts: Galvanized steel.
b. Stainless-Steel Ducts:

1)  Exposed to Airstream: Match duct material.
2)  Not Exposed to Airstream: Match duct material.

C. Aluminum Ducts: Aluminum.

6. Liner:
. . R-Value
System Location Mljolltr;?'liral Th|(<i:lr:r)1ess h x sqg. ft. x Notes
' deg F/Btu
Supply Air Ducts - | First 10 ft. downstream of Fibrous glass,
) . 1-1/2 6.0 1,2
Low Pressure: equipment outlet. Type |
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Air-Handling
Units

- Fan Coil Units
- Furnaces

- Heat Pumps

- Terminal Units

Supply Air Ducts -

Medium Pressure:
- Air-Handling
Units

First 20 ft. downstream of Fibrous glass,

equipment outlet. Type | 1-172 6.0 1.2

Return Air Ducts -

Low Pressure:

- Air-Handling
Units

- Fan Coil Units

- Furnaces

- Heat Pumps

- Terminal Units

First 10 ft. downstream of Fibrous glass,

equipment outlet. Type | 1-172 6.0 12

Return Air Ducts -

Medium Pressure:

- Air-Handling
Units

First 20 ft. downstream of Fibrous glass,

equipment outlet. Type | 1-1/2 6.0 1.2

Transfer Air Ducts

Lined throughout entire Fibrous glass,

length of duct. Type | 1-172 6.0 1,2

Noted on Plans

Fibrous glass,

As shown on plans. Type |

1-1/2 6.0 1,2

Notes:

plans.

1. Lined ductwork does not require external insulation if the R-value of the internal duct liner meets the
required installed R-value noted in the duct insulation specifications and the applicable version of the
International Energy Conservation Code (IECC).

2. All ductwork dimensions shown on the plans are the clear inside dimensions. All lined ductwork will
require an increase in overall size to accommodate lining and maintain clear inside dimensions shown on

7. Elbow Configuration:

a.

09/03/2020

Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible," Figure 4-2, "Rectangular Elbows."

1)  Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.

2)  Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two
vanes.

3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners," and Figure 4-4, "Vane Support in Elbows."

Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 3-4, "Round Duct Elbows."

1) Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
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Table 3-1, "Mitered Elbows." Elbows with less than 90-degree change of
direction have proportionately fewer segments.

a) Radius-to Diameter Ratio: 1.5.

Branch Configuration:

a.

Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible," Figure 4-6, "Branch Connection."

1) Rectangular Main to Rectangular Branch: 45-degree entry.
2) Rectangular Main to Round Branch: Conical spin in.

Round and Flat Oval: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible,” Figure 3-5, "90 Degree Tees and Laterals," and
Figure 3-6, "Conical Tees." Saddle taps are permitted in existing duct.

1)  Velocity 1000 fpm or Lower: 90-degree tap.
2)  Velocity 1000 to 1500 fpm: Conical tap.
3)  Velocity 1500 fpm or Higher: 45-degree lateral.

3.2 FLEXIBLE DUCTS

A. INSTALLATION

1.

o

09/03/2020

Install flexible ducts according to applicable details in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116,
"Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.

Install in indoor applications only. Flexible ductwork should not be exposed to UV
lighting.

Connect diffusers or light troffer boots to ducts with maximum 60-inch lengths of
flexible duct clamped or strapped in place.

Connect flexible ducts to metal ducts with draw bands.

Install duct test holes where required for testing and balancing purposes.

Installation:

a. Install ducts fully extended.

b. Do not bend ducts across sharp corners.

C. Bends of flexible ducting shall not exceed a minimum of one duct diameter.
d. Avoid contact with metal fixtures, water lines, pipes, or conduits.

e. Install flexible ducts in a direct line, without sags, twists, or turns.

Supporting Flexible Ducts:
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a. Suspend flexible ducts with bands 1-1/2 inches wide or wider and spaced a
maximum of 48 inches apart. Maximum centerline sag between supports shall not
exceed 1/2 inch per 12 inches.

b. Install extra supports at bends placed approximately one duct diameter from center
line of the bend.

C. Ducts may rest on ceiling joists or truss supports. Spacing between supports shall
not exceed the maximum spacing per manufacturer's written installation
instructions.

d. Vertically installed ducts shall be stabilized by support straps at a maximum of 72
inches o.c.

3.3 AIR DUCT ACCESSORIES

A. INSTALLATION

1.

09/03/2020

Install duct accessories according to applicable details in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116,
"Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.

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.

Compliance with ASHRAE/IESNA 90.1-2004 includes Section 6.4.3.3.3 - "Shutoff
Damper Controls,"” restricts the use of backdraft dampers, and requires control dampers
for certain applications. Install backdraft dampers at inlet of exhaust fans or exhaust ducts
as close as possible to exhaust fan unless otherwise indicated.

Install volume dampers at points on supply, return, and exhaust systems where branches
extend from larger ducts. Where dampers are installed in ducts having duct liner, install
dampers with hat channels of same depth as liner, and terminate liner with nosing at hat
channel.

a. Install steel volume dampers in steel ducts.
b. Install aluminum volume dampers in aluminum ducts.

Set dampers to fully open position before testing, adjusting, and balancing.
Install test holes at fan inlets and outlets and elsewhere as indicated.
Install fire dampers according to UL listing.

Install duct access doors on sides of ducts to allow for inspecting, adjusting, and
maintaining accessories and equipment at the following locations:

On both sides of duct coils.

Upstream from duct filters.

At outdoor-air intakes and mixed-air plenums.
At drain pans and seals.

cooTe
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10.

11.

12.

13.

14.

15.

e. Downstream from manual volume dampers, control dampers, backdraft dampers,
and equipment.

f. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible

links. Access doors for access to fire or smoke dampers having fusible links shall

be pressure relief access doors and shall be outward operation for access doors

installed upstream from dampers and inward operation for access doors installed

downstream from dampers.

At each change in direction and at maximum 50-foot spacing.

Upstream from turning vanes.

Upstream or downstream from duct silencers.

Control devices requiring inspection.

Elsewhere as indicated.

oo oae

Install access doors with swing against duct static pressure.
Access Door Sizes:

One-Hand or Inspection Access: 8 by 5 inches.
Two