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SECTION 21 05 05
SELECTIVE DEMOLITION FOR FIRE SUPPRESSION

PART 1 - GENERAL

11

A.

RELATED DOCUMENTS

Reference Section 21 90 00.

Drawings and general provisions of Contract and Division 1 specification sections apply
to this Section.

SUMMARY

This Section requires the selective removal and subsequent offsite disposal of the
following:

1. Sprinkler devices and piping in existing building indicated on drawings and as
required to accommodate new construction.
2. Removal and protection of existing materials, and equipment items indicated to

be removed, salvaged, relocated, and reinstalled.
SUBMITTALS

General: Submit the following in accordance with Conditions of Contract and Division 1
Specification Sections.

Schedule indicating proposed sequence of operations for selective demolition work to
Owner’ representative for review prior to start of work. Include coordination for shutoff,
capping, and continuation of utility services as required, together with details for
protection.

1. Provide detailed sequence of demolition and removal work and reinstallation to
ensure uninterrupted progress of Owner's on-site operations.
2. Coordinate with Owner's continuing occupation of portions of existing building

and with Owner's partial occupancy of completed remodeled areas.

Photographs of existing conditions of structure surfaces, equipment, and adjacent
improvements that might be misconstrued as damage related to removal operations. File
with Owner’s representative prior to start of work.

JOB CONDITIONS

Occupancy:

1. Owner will occupy portions of the building immediately adjacent to areas of
selective demolition reinstallation. Conduct selective demolition work in such a
manner that will minimize need for disruption of Owner's normal operations.
Provide minimum of 72 hours advance notice to Owner of activities that will affect
Owner's normal operations.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 210505-1
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B. Condition of Structures:

1.

Owner assumes no responsibility for actual condition of items or structures to be
removed and reinstalled. Conditions existing at time of Contractor's inspection for
bidding purposes will be maintained by Owner insofar as practicable.

2. Partial Demolition and Removal: Items indicated to be removed but of
salvageable value to Contractor may be removed from structure as work
progresses. Transport salvaged items from site as they are removed. Storage or
sale of removed items on site will not be permitted.

3. Protections: Provide temporary barricades and other forms of protection to protect
Owner's personnel from injury due to selective demolition work.

4. Provide protective measures as necessary and required to provide free and safe
passage of Owner's personnel to any occupied portions of building.

5. Protect from damage existing finish work that is to remain in place and
becomes exposed during demolition operations.

6. Remove protections at completion of work.

C. Damages:
1. Promptly repair damages caused to adjacent facilities by demolition work.

D. Open Flame:

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

E. Utility Services: Maintain existing utilities indicated to remain in service and protect them

against damage during demolition operations.

1. Do not interrupt utilities serving occupied or used facilities, except when
authorized in writing by authorities having jurisdiction. Provide temporary services
during interruptions to existing utilities, as acceptable to governing authorities.

F. Maintain fire protection services during selective demolition operations.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1 PREPARATION

A. General:

1.

Cease operations and notify Owner’s representative immediately if safety of
structure appears to be endangered. Take precautions to support structure until
determination is made for continuing operations.

CITY OF MADISON

METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 210505-2
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Locate, identify, stub off, and disconnect utility services that are not indicated to remain.
Provide bypass connections as necessary to maintain continuity of service to any
occupied areas of building. Provide minimum of 72 hours advance notice to Owner’s
representative if shutdown of service is necessary during changeover.

DEMOLITION

General:

1. Perform selective demolition work in a systematic manner. Use such methods
as required to complete work indicated on Drawings in accordance with
demolition schedule and governing regulations.

Locate demolition equipment throughout structure and promptly remove debris to
avoid imposing excessive loads on supporting walls, floors, or framing.

Provide services for effective air and water pollution controls as required.

If unanticipated sprinkler elements that conflict with intended function or design are
encountered, investigate and measure both nature and extent of the conflict. Submit
report to architect in written accurate detail. Pending receipt of directive from Owner’s
representative, rearrange selective demolition schedule as necessary to continue overall
job progress without undue delay.

SALVAGED MATERIALS

Salvaged Items: Where indicated on Drawings as "Salvage - Deliver to Owner," carefully
remove indicated items, clean, store, and turn over to Owner and obtain a receipt.

DISPOSAL OF DEMOLISHED MATERIALS

Remove debris, rubbish, and other materials resulting from demolition operations from
building site. Transport and legally dispose off site.

If hazardous materials are encountered during demolition operations, comply with
applicable regulations, laws, and ordinances concerning removal, handling, and
protection against exposure or environmental pollution.

CLEANUP AND REPAIR

General;

1. Upon completion of demolition work, remove tools, equipment, and
demolished materials from site. Remove protections and leave interior areas
broom clean. Repair demolition performed in excess of that required. Return
elements of construction and surfaces to remain to condition existing prior to start
operations. Repair adjacent construction or surfaces soiled or damaged by
selective demolition work.

END OF SECTION 21 05 05

CITY OF MADISON
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SECTION 21 90 00
WATER BASED FIRE SUPPRESSION SYSTEMS

PART 1 - GENERAL

11

A.
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RELATED DOCUMENTS

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

DEFINITIONS

Standard-Pressure Sprinkler Piping: Fire suppression system piping designed to
operate at working pressure of 175 psig maximum.

Fire Protection Engineer (FPE): Qualifications of the Fire Protection Engineer, with
license number, shall be submitted to and approved by the Engineer prior to submission
of the show drawings. For the purposes of these specifications, the FPE shall have one
of the following qualifications:

1. The FPE shall be a registered Professional Engineer (PE), who has passed the
National Council of Examiners for Engineering and Surveys (NCEES) written
examination in fire protection engineering. OR

2. The FPE shall be a registered Professional Engineer who is regularly engaged in
the design of fire protection systems. OR

3. The FPE shall have National Institute for Certification in Engineering
Technologies (NICET) Level Ill certification for water-based fire protection
systems layout, plus a minimum of 5 years of work experience in fire protection
engineering.

4, The FPE shall have National Institute for Certification in Engineering

Technologies (NICET) Level IV certification for complex fire protection systems
layout, plus a minimum of 5 years of work experience in fire protection
engineering.

NFPA: National Fire Protection Association

DG: Design Guide

SYSTEM DESCRIPTIONS

Wet-Pipe Sprinkler System: Automatic sprinklers are attached to piping containing water
and that is connected to water supply through alarm valve. Water discharges
immediately from sprinklers when they are opened. Sprinklers open when heat melts
fusible link or destroys frangible device. Hose connections are included if indicated.

PERFORMANCE REQUIREMENTS

Standard-Pressure Piping System Component: Listed for 175-psig minimum working
pressure.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 219000-1 Water Based Fire Suppression Systems
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Delegated Design: Design sprinkler system(s), including comprehensive engineering
analysis by an FPE, using performance requirements and design criteria indicated.

1. Available hydraulic model records indicate the following conditions:
a. Date: July 24", 2018
b. Static Pressure: 86 psig.
C. Measured Flow: 2000 gpm.
d. Residual Pressure: 79 psig.
2. Margin of Safety for Available Water Flow and Pressure: 10 percent, including
losses through water-service piping, valves, and backflow preventers.
3. Specific sprinkler design parameters shall be per drawings and per NFPA 13.
4. Specific standpipe design parameters shall be per drawings and per NFPA 14.
5. Maximum Protection Area per Sprinkler: Per UL listing.

Sprinkler system design shall be approved by authorities having jurisdiction.
SUBMITTALS
For each item indicated, to be submitted prior to start of construction.

Product Data: For each type of product indicated. Include rated capacities, operating
characteristics, electrical characteristics, and furnished specialties and accessories.

Delegated-Design Submittal: For sprinkler systems indicated to comply with
performance requirements and design criteria, including analysis data signed and sealed
by the qualified FPE responsible for their preparation. Design documents shall include
the features indicated in NFPA 13, which include but are not limited to:

Piping layout, including risers.

Valve and sprinkler locations.

Drains and drain outlet locations.

Hydraulically most remote area and sprinkler density.

Hydraulic node locations.

Hydraulic calculations for hydraulically most remote area, including pressures at
hydraulic nodes and each sprinkler.

Installation details.

Flow and tamper switch locations.

oglrwNE

© N

Fire-Hydrant Flow Test Report: Report shall contain data including, but not limited to:

Full name of person who performed the test.

Full name of persons who witnessed the test.

Date of the test.

Static pressure.

Flow rate, and corresponding residual pressure when stated flow rate occurred.
Sketch indicating site location of hydrants used for test.

FPE shall witness or perform the flow test. Flow tests not witnessed or
performed by the FPE shall not be used.

NogasrwbhE
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Qualification Data: For qualified Installer and FPE.

1. Submit the name and documentation of certification of the proposed FPE, no
later than 14 days after the Notice to Proceed and prior to the submittal of the
sprinkler system drawings and hydraulic calculations.

Approved Sprinkler Piping Drawings: Working plans, prepared according to NFPA 13,
that have been approved by authorities having jurisdiction, including hydraulic
calculations if applicable. Contractor shall submit plans to AHJ for review per AHJ
requirements.

Final acceptance test plan. Plan shall include all tests to be performed, and the
performance level required to pass each test. Required tests shall verify proper
operation of all subsystems, including but not limited to:

Fire alarm.
Electrical power.
Mechanical.
Plumbing.
Controls.

arwdE

CLOSEOUT SUBMITTALS

For each item indicated, to be submitted within 30 days of substantial completion of
construction. All submittals shall be delivered to Owner 30 days prior to proposed
scheduled final acceptance of system.

Welding certificates, if field welding was performed.

Field Test Reports and Certificates: Indicate and interpret test results for compliance
with performance requirements and as described in NFPA 13. Include "Contractor's
Material and Test Certificate for Aboveground Piping."”

Operation and Maintenance Data: For sprinkler specialties to include in emergency,
operation, and maintenance manuals.

Record Drawings: Submit drawings showing sprinkler system as installed. Drawings
shall be stamped with FPE seal indicating FPE has inspected and approved installation.
Drawings shall include, but are not limited to, all features included in the Delegated-
Design Submittal.

QUALITY ASSURANCE

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

Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and
application.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 219000-3 Water Based Fire Suppression Systems
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C. NFPA Standards: Sprinkler system equipment, specialties, accessories, installation, and
testing shall comply with the following:
1. NFPA 13, "Installation of Sprinkler Systems."
a. Exception: Welded stainless steel pipe may be used.
2. NFPA 14, “Installation of Standpipe and Hose Systems.”
3. NFPA 24, "Installation of Private Fire Service Mains and Their Appurtenances."
4. NFPA 409 “Standard on Aircraft Hangars.”
5. NFPA 415 “Standard on Airport Terminal Buildings, Fueling Ramp Drainage, and
Loading Walkways.”
D. ASCE/SEI 7, “Minimum Design Loads for Buildings and Other Structures.”
1.8 PROJECT CONDITIONS
A. Interruption of Existing Sprinkler Service: Do not interrupt sprinkler service to facilities
occupied by Owner or others unless permitted under the following conditions and then
only after arranging to provide temporary sprinkler service according to requirements
indicated:
1. Notify Owner no fewer than seven days in advance of proposed interruption of
sprinkler service.
2. Do not proceed with interruption of sprinkler service without Owner's written
permission.
1.9 COORDINATION
A. Coordinate layout and installation of sprinkler systems with other construction, including
but not limited to light fixtures, HVAC equipment, and partition assemblies.
1.10 EXTRA MATERIALS
A. Furnish extra materials that match products installed and that are packaged with

protective covering for storage and identified with labels describing contents.

1. Sprinkler Cabinets: Finished, wall-mounted, steel cabinet with hinged cover, and
with space for minimum of six spare sprinklers plus sprinkler wrench. Include
number of sprinklers required by NFPA 13 and sprinkler wrench. Include
separate cabinet with sprinklers and wrench for each type of sprinkler used on
Project.

PART 2 - PRODUCTS

2.1

A.

PIPING MATERIALS

Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, and
fitting materials, and for joining methods for specific services, service locations, and pipe
sizes.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 219000-4 Water Based Fire Suppression Systems
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2.2 STEEL PIPE AND FITTINGS

A. Schedule 10, Black-Steel Pipe: ASTM A 135 or ASTM A 795/A 795M, Schedule 10,
plain end.

B. Schedule 40 stainless steel pipe with buttweld fittings. Note: Stainless steel is not an
approved material per NFPA 13. Contractor shall obtain an equivalency from the AHJ to
allow the use of stainless steel pipe and fittings.

C. Ferrous fittings per NFPA 13.

D. Listed ferrous, rubber-gasketed pipe fittings per NFPA 13.

E. Grooved-Joint, Steel-Pipe Appurtenances:

1.

wnN

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

a. Anvil International, Inc.
b. Tyco Fire & Building Products LP.
C. Victaulic Company.

Pressure Rating: 300 psig minimum.

Grooved-End-Pipe Couplings for Steel Piping: AWWA C606 and UL 213, rigid
pattern, unless otherwise indicated, for steel-pipe dimensions. Include ferrous
housing sections, EPDM-rubber gasket, and bolts and nuts.

2.3 LISTED FIRE-PROTECTION VALVES

A. General Requirements:
1. Valves shall be UL listed or FM approved.
2. Minimum Pressure Rating: 175 psig.
B. Ball Valves:
1. Manufacturers: Subject to compliance with requirements, provide products by
one of the following:
a. Conbraco Industries, Inc.; Apollo Valves.
b. Hammond Valve.
C. Milwaukee Valve Company.
d. NIBCO INC.
e. Watts; a Watts Water Technologies company.
2. Description:

a. Standard: MSS SP-110.
b. CWP Rating: 300 psig

CITY OF MADISON
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2.4

A.

G.

SPRINKLERS

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

Reliable Automatic Sprinkler Co., Inc. (The).
Tyco Fire & Building Products LP.

Victaulic Company.

Viking Corporation.

PwnNE

General Requirements:

1. Standard: UL's "Fire Protection Equipment Directory" listing or "Approval Guide,"
published by FM Global, listing.
2. Pressure Rating for Automatic Sprinklers: 175 psig minimum.

Automatic Sprinklers with Heat-Responsive Element:

1. Nonresidential Applications: UL 199.

2. Characteristics:  Quick response, standard coverage, and for "Ordinary"
temperature classification rating unless otherwise indicated or required by
application.

Open Sprinklers with Heat-Responsive Element Removed: UL 199.

Sprinkler Finishes:

1. Chrome plated.
2. Bronze.
3. Painted.

Sprinkler Escutcheons: Materials, types, and finishes for the following sprinkler
mounting applications. Escutcheons for concealed, flush, and recessed-type sprinklers
are specified with sprinklers.

Sprinkler Guards: Wire cage with fastening device for attaching to sprinkler.

PART 3 - EXECUTION

PREPARATION

Perform fire-hydrant flow test according to NFPA 13 and NFPA 291. Use results for
system design calculations required in "Quality Assurance" Article.

Report test results promptly and in writing.

PIPING INSTALLATION

Locations and Arrangements: Drawing plans, schematics, and diagrams indicate
general location and arrangement of piping. Install piping as indicated, as far as
practical.
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1. Deviations from approved working plans for piping require written approval from
authorities having jurisdiction.  File written approval with Architect before
deviating from approved working plans.

Piping Standard: Comply with requirements for installation of sprinkler piping in
NFPA 13.

Use listed fittings to make changes in direction, branch takeoffs from mains, and
reductions in pipe sizes.

Install unions adjacent to each valve in pipes NPS 2 and smaller.

Install flanges, flange adapters, or couplings for grooved-end piping on valves,
apparatus, and equipment having NPS 2-1/2 and larger end connections.

Install sprinkler piping with drains for complete system drainage.

Install hangers and supports for sprinkler system piping according to NFPA 13. Comply
with requirements for hanger materials in NFPA 13.

Fill wet-type sprinkler system piping with water.
Install sleeves and escutcheons for piping penetrations of walls, ceilings, and floors.
Install sleeve seals for piping penetrations of concrete walls and slabs.

JOINT CONSTRUCTION

Install couplings, flanges, flanged fittings, unions, nipples, and transition and special
fittings that have finish and pressure ratings same as or higher than system's pressure
rating for aboveground applications unless otherwise indicated.

Install unions adjacent to each valve in pipes NPS 2 and smaller.

Install flanges, flange adapters, or couplings for grooved-end piping on valves,
apparatus, and equipment having NPS 2-1/2 and larger end connections.

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 pipes, tubes, and fittings
before assembly.

Flanged Joints: Select appropriate gasket material in size, type, and thickness suitable
for water service. Join flanges with gasket and bolts according to ASME B31.9.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1.
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs
and restore full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are
corroded or damaged.
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H.

Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified
processes and welding operators according to "Quality Assurance" Article.

1. Shop weld pipe joints where welded piping is indicated. Do not use welded joints
for galvanized-steel pipe.

Steel-Piping, Cut-Grooved Joints: Cut square-edge groove in end of pipe according to
AWWA C606. Assemble coupling with housing, gasket, lubricant, and bolts. Join steel
pipe and grooved-end fittings according to AWWA C606 for steel-pipe joints.

Steel-Piping, Roll-Grooved Joints: Roll rounded-edge groove in end of pipe according to
AWWA C606. Assemble coupling with housing, gasket, lubricant, and bolts. Join steel
pipe and grooved-end fittings according to AWWA C606 for steel-pipe grooved joints.

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

Do not use cleated flanges or glands that use setscrews or wedges that mechanically
deform the outer diameter of the pipe.

VALVE AND SPECIALTIES INSTALLATION

Install listed fire-protection valves, trim and drain valves, specialty valves and trim,
controls, and specialties according to NFPA 13 and authorities having jurisdiction.

1. Route main drain to exterior. Route auxiliary drains to floor drains or exterior.
2. Install drain valves less than 7°-0” AFF.

Install listed fire-protection shutoff valves supervised open, located to control sources of
water supply except from fire-department connections. Install permanent identification
signs indicating portion of system controlled by each valve.

Specialty Valves:

1. General Requirements: Install in vertical position for proper direction of flow, in
main supply to system.

IDENTIFICATION

Paint interior piping where exposed in finished rooms. Paint pipe to match the room
background color as viewed from the center of the room. Apply paint per requirements
listed in Division 9.

Install labeling and pipe markers on equipment and piping according to requirements in
NFPA 13.

1. Install pipe identification labels and pipe direction-of-flow labels no farther than
26’-0” apart.

Identify system components, wiring, cabling, and terminals. Comply with requirements
for identification specified in Division 26.
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D. Install tags with unique identifier numbers on the following components:
1. Piping flexible connections.
2. Valves.
3. Components not listed above but may potentially require servicing.
3.6 FIELD QUALITY CONTROL
A. Perform tests and inspections.
B. Tests and Inspections:
1. Leak Test: After installation, charge systems and test for leaks. Repair leaks
and retest until no leaks exist.
2. Test and adjust controls and safeties. Replace damaged and malfunctioning
controls and equipment.
3. Flush, test, and inspect sprinkler systems according to NFPA 13, "Systems
Acceptance" Chapter.
4, Energize circuits to electrical equipment and devices.
5. Start and run air compressors.
6. Coordinate with fire-alarm tests. Operate as required.
7. Coordinate with fire-pump tests. Operate as required.
8. Verify that equipment hose threads are same as local fire-department equipment.
C. Sprinkler piping system will be considered defective if it does not pass tests and
inspections.
D. Prepare test and inspection reports.
E. Report test results promptly and in writing to AHJ.
3.7 CLEANING
A. Clean dirt and debris from sprinklers.
B. Remove and replace sprinklers with paint other than factory finish.
3.8 DEMONSTRATION
A. Engage a factory-authorized service representative to train Owner's maintenance
personnel to adjust, operate, and maintain specialty valves.
3.9 PIPING SCHEDULE
A. Sprinkler specialty fittings may be used, downstream of control valves, instead of
specified fittings.
3.10 SPRINKLER SCHEDULE
A. Use sprinkler types in subparagraphs below for the following applications:
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1. Finished spaces: Concealed or recessed pendent sprinklers, factory painted
white, with escutcheons.

2. Unfinished spaces: Rough bronze.
3. Wall Mounting: Sidewall sprinklers.

B. Use sprinklers with temperature ratings higher than expected ambient temperatures. In
areas with skylights, use sprinklers with 175 F minimum temperature rating.

C. Use sprinklers with identical temperature ratings throughout compartments.

D. Use sprinklers with identical thermal sensitivities throughout compartments.

E. Use sprinklers with standard response intermediate temperature classification

throughout server rooms.

END OF SECTION 21 90 00
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SECTION 22 05 00
COMMON WORK RESULTS FOR PLUMBING

PART 1 - GENERAL

11

A.

RELATED DOCUMENTS

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

ACCURACY OF DATA AND CONTRACT DRAWINGS

The design drawings are diagrammatic, and they may not show all physical
arrangements, offsets, bends, or elbows which may be required for installation of various
materials, equipment, piping, and ductwork systems in allotted spaces. The Contractor
shall examine these and other available drawings to determine space limitations and
interferences. The Contractor shall be responsible for making any minor changes in
location of equipment, pipe and ductwork from that shown on drawings and for all
physical details required for installation. Cost for adapting Contractor's work to jobsite
conditions shall not be considered as basis of an extra cost to contract. The Contractor
shall get approval before proceeding with any change.

Elevation of piping, ductwork and equipment indicated on drawings are to be used as
guidelines to assist Contractor with installations. Minor changes to these elevations may
be necessary to eliminate unforeseen interferences.

The Contractor must carefully examine the drawings, specifications and project site, and
verify all measurements, distances, levels, materials, equipment, etc. before starting
work.

Drawings shall not be scaled for determining exact dimensions or location of equipment.

Except as otherwise specified herein or indicated on drawings, furnish and install all
piping, tubing, valves, specialties and supports to connect fixtures and equipment into
their respective systems as required for or incidental to the proper operation of the
indicated systems. This shall include the following systems:

1. All miscellaneous piping called for on piping and instrument diagrams, regardless
of whether or not indicated in the specifications or on the drawings. Reference
shall be made to piping and instrument diagrams, control air piping drawings, and
manufacturer's equipment drawings to determine full extent or required piping.

SUMMARY
This Section includes the following:

Joining materials
Dielectric fittings
Escutcheons
Sleeves
Sealants

arwbdpRE
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6. Through-penetration firestop assembly
7. Wall and floor penetrations
DEFINITIONS

Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred
spaces, pipe chases, unheated spaces immediately below roof, spaces above ceilings,
unexcavated spaces, crawlspaces, and tunnels.

Exposed, Interior Installations: Exposed to view indoors. Examples include finished
occupied spaces and mechanical equipment rooms.

Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient
temperatures and weather conditions. Examples include rooftop locations.

Concealed, Interior Installations: Concealed from view and protected from physical
contact by building occupants. Examples include above ceilings, inside wall spaces,
and in chases.

Concealed, Exterior Installations: Concealed from view and protected from weather
conditions and physical contact by building occupants but subject to outdoor ambient
temperatures. Examples include installations within unheated shelters.

PVC: Polyvinyl chloride plastic.

EPDM: Ethylene-propylene-diene terpolymer rubber.

SUBMITTALS

Product Data: For the following:

1. Dielectric fittings.

Welding certificates.

QUALITY ASSURANCE

Steel Support Welding: Qualify processes and operators according to AWS D1.1,
"Structural Welding Code--Steel."

Electrical Characteristics for Plumbing Equipment: Equipment of higher electrical
characteristics may be furnished provided such proposed equipment is approved in
writing and connecting electrical services, circuit breakers, and conduit sizes are
appropriately modified. If minimum energy ratings or efficiencies are specified,
equipment shall comply with requirements.

DELIVERY, STORAGE, AND HANDLING

Deliver pipes and tubes with factory-applied end caps. Maintain end caps through
shipping, storage, and handling to prevent pipe end damage and to prevent entrance of
dirt, debris, and moisture.
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1.10

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

The Contractor or the Contractor’s authorized representative must be present to accept
delivery of all equipment and materials furnished by him. The Owner’s personnel will not
knowingly accept, unload or store anything delivered to the site for the Contractor’s use.
Inadvertent acceptance of delivered items by a representative of the Owner shall not
constitute acceptance or responsibility for any of the materials or equipment. It shall be
the Contractor’s responsibility to assume all liability for any equipment or materials
furnished by him which are delivered to the job site.

Storage of materials on the grounds and within the building shall be in strict accordance
with instructions of the Owner. Storage of materials within building shall at no time
exceed design carrying capacity of the structural system.

The Owner assumes no responsibility for materials stored in building or on the site.
Each Contractor shall assume full responsibility for all losses or damage due to the
storing of his materials.

Handle items carefully to avoid damage to components, enclosures and finishes. Follow
the manufacturer’s rigging instructions when handling and moving equipment.

COORDINATION

Arrange for pipe spaces, chases, slots, and openings in building structure during
progress of construction, to allow for plumbing installations.

Coordinate installation of required supporting devices and set sleeves in poured-in-place
concrete and other structural components as they are constructed.

CODES AND REGULATIONS

All codes and regulations of state and local authorities shall become part of this
specification and must be adhered to where they exceed requirements as shown on the
drawings or stated in the specifications, without additional cost to the Contract.

CONTINUITY OF EXISTING SERVICES

1.11

Do not interrupt or change existing services without prior written approval. When
interruption is required, coordinate length of service time with the Owner to minimize
disruption of occupant activities.

OPERATING AND MAINTENANCE INSTRUCTIONS

The Contractor shall provide operating and maintenance instruction manuals covering
each and every item of equipment and devices furnished or erected by the Contractor
prior to "Substantial Completion" as required by Division 1.

Each separate manual shall consist of the following:

1. Neatly typewritten table of contents including contractor's name, address and
telephone number; list of each product referenced in manual; and name, address
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1.12

and telephone number of installing contractor and maintenance contractor for
each product.

2. Tabbed sections of catalog data and literature for each product including model
number, description and component parts; operating procedures; maintenance
procedures; servicing and lubrication schedules; description of sequence of
operations; parts lists; illustrations, assembly drawings and diagrams required for
maintenance; any additional drawings, diagrams, charts or written text which may
be required to supplement product data for particular installation; certified test
and balance report; list of control point labels, and wiring diagrams.

3. Copy of warranty, bond and/or service contract issued for each product including
an information sheet for operations personnel with proper procedures in event of
a product failure and instances which might affect validity of warranties or bonds.

4, All literature pertaining to backflow prevention devices shall be in one tabbed
section.

5. Full size sheets, if required, shall be folded into special holding pockets. Faxed,
handwritten, or illegible materials are not acceptable.

6. Simplified Component Locator document which includes the following:
a. Cross reference of unique identifier numbers to component descriptions

(see “Labeling and Identification” section below for list of required
components) arranged in numerical order.

b. Scale drawing showing location of each component within 2’ of actual
location, including elevation above floor.

Prior to final inspection or acceptance, fully instruct designated facility operating and
maintenance personnel on operation, adjustment and maintenance of products,
equipment and systems. Review contents of operating and maintenance manual with
personnel in full detail to explain all aspects of operations and maintenance.

PROTECTION OF ROOF

1.13

Contractors are cautioned that they must exercise extreme care in any activity involving
contact with any installed roof membrane.

Construct protective plywood (% in. thick) runways across the roof for moving, setting,
and installing equipment and piping systems. No activity on the roof will be permitted
without this protection. Start runways at the point of origin of any equipment placed on
roof and terminate at the point of installation on curb or base. At completion of work, or
when directed by the Owner, completely remove, neatly and cleanly, without damage to
roofing system, these protective items and runways.

Any and all repairs necessary to bring the roofing system to its original condition shall be
made by an approved Roofing Contractor and paid for by the Contractor responsible for
the damage

WORK COORDINATION

All Trades shall work in cooperation with each other, and fit their work into the structure
as job conditions may demand. All final decisions as to right-of-way and run of pipes
and ducts, etc. shall be made by the owner. In general, priority shall be arranged as
follows: (in order of preference)
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1.14

Recessed lighting fixtures

Piping which must be drainable, including fire protection piping.
Sheet metal ductwork

Lighting fixtures

Plumbing drain lines, downspouts, vents and sprinkler piping
Gravity water lines

Heating hot and chilled water or steam lines

Refrigerant lines

: Plumbing water supply and gas and air lines

0. Electrical conduit

1. Control air lines or wiring conduit

RROOo~NOO~wNE

INSPECTION

The Contractor shall verify the location of underground service, utilities, structures, etc.,
which may be encountered or be affected by his work and shall be responsible for any
damage caused by neglect to provide proper precautions or protection.

Any work that is to be concealed, such as inside walls, inside chases, above ceilings,
and inside soffits, shall be inspected by Owner or Architect/Engineer prior to
concealment.

PART 2 - PRODUCTS

JOINING MATERIALS

Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping
system contents.

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch maximum thickness
unless thickness or specific material is indicated.

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

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and
full-face or ring type, unless otherwise indicated.

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux
according to ASTM B 813.

Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for general-
duty brazing, unless otherwise indicated; and AWS A5.8, BAgl, silver alloy for
refrigerant piping, unless otherwise indicated.

Solvent Cements and Primers for Joining PVC Plastic Piping:

1. Primer: ASTM F 656

2. Cement: ASTM D 2564.

3 Use primer that has a VOC content of 550 g/L or less when calculated according
to 40 CFR 59, Subpart D (EPA Method 24).
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4. Use cement that has a VOC content of 510 g/L or less when calculated

according to 40 CFR 59, Subpart D (EPA Method 24).

DIELECTRIC FITTINGS

General Requirements: Assembly of copper alloy and ferrous materials or ferrous
material body with separating nonconductive insulating material suitable for system fluid,
pressure, and temperature.

Dielectric Unions:

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

a. Jomar
b. Watts
C. Zurn/Wilkins

2. Description:

a. Pressure Rating: 150 psig (1035 kPa) at 180 deg F (82 deg C).
b. First End Connection: Solder-joint copper alloy.
C. Second End Connection: Threaded ferrous.

Dielectric Flanges:
1. Manufacturers: Subject to compliance with requirements, available

manufacturers offering products that may be incorporated into the Work include,
but are not limited to, the following:

a. Capitol Manufacturing
b. Central Plastics
C. Watts
2. Description:
a. Factory-fabricated, bolted, companion-flange assembly.
b. Pressure Rating: 150 psig at 180 deg F.
C. First End Connection: Solder-joint copper alloy.
d. Second End Connection: Threaded ferrous.

ESCUTCHEONS

Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to
closely fit around pipe (or pipe insulation, if used) and an OD that completely covers
opening. Use one piece, stamped, chrome-plated steel escutcheons with spring clips.
SLEEVES

PVC Pipe: ASTM D 1785, Schedule 40.
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Steel Pipe: ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.
Cast Iron Pipe: ASTM A 888 or CISPI 301.
Ductile Iron Pipe: AWWA/ANSI C150/A21.50

Galvanized-Steel-Sheet Sleeves: 0.0239-inch (0.6-mm) minimum thickness; round tube
closed with welded longitudinal joint.

SEALANTS

Reference Division 7 specification for sealant requirements

PART 3 - EXECUTION

r o

PIPING SYSTEMS - COMMON REQUIREMENTS

Install piping according to the following requirements and Division 22 Sections specifying
piping systems.

Drawing plans, schematics, and diagrams indicate general location and arrangement of
piping systems. Indicated locations and arrangements were used to size pipe and
calculate friction loss, expansion, pump sizing, and other design considerations. Install
piping as indicated unless deviations to layout are approved on Coordination Drawings.

Install piping in concealed locations. Exceptions:

Where otherwise indicated on drawings.

Equipment rooms.

Service areas.

Horizontal piping close to ceiling where no ceiling exists.

PwbdE

Where piping is installed exposed, install as follows:

1. Install piping at right angles and parallel to building walls. Diagonal runs are
prohibited unless specifically indicated otherwise.

2. Install vertical piping close to walls.

3. Install horizontal piping close to ceilings.

Where piping is installed above accessible ceilings, install piping to allow sufficient
space for ceiling panel removal.

Install piping to permit valve servicing.

Install piping at indicated slopes.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install piping to allow application of insulation where required..
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K.

L.

Full lengths of pipe shall be used. Short lengths and couplings will not be permitted.
Where more than one pipe material specification or valve is allowed for particular
service, the Contractor is required to use one and only one of the pipe materials
specified throughout project. Two or more different piping materials or valves for same
service will not be allowed unless indicated otherwise on drawings or specified herein.

Independently support piping so that its weight shall not be supported by the equipment
to which it is connected.

Size reduction shall be made using reducing fittings; bushings are not acceptable.

Mitered ells, notched tees, and orange peel reducers are not acceptable. On threaded
piping, bushings are not acceptable.

Cover ends of piping during installation to keep inside of piping clean.
Piping shall not be routed through electrical rooms or transformer vaults, or above
transformers, panelboards, or switchboards, including the required service space for this

equipment, unless the piping is serving this equipment.

Use only wrenches having square flat jaws, or non-metallic strap wrenches on brass
specialties; wrench marks not permitted.

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

Install escutcheons at exposed piping penetrations of walls, ceilings, and floors in
finished spaces.

Fire-Barrier Pipe Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at pipe penetrations. Seal pipe penetrations with approved through-
penetration firestop assemblies. Refer to Division 07 Section "Penetration and Joint
Firestopping " for materials.

Aboveground Non-Fire Barrier Pipe Penetrations

1. All except waterproof floors:

a. Install sleeves for pipes passing through concrete walls, masonry walls,
gypsum-board partitions, concrete floors, and roof slabs.

Exception: Sleeves are not required for core-drilled holes in concrete.

Exception: Permanent sleeves are not required for holes formed in
concrete by removable sleeves.

1) Install sleeves flush with both surfaces.

Exception: In mechanical rooms, install floor sleeves 2 inches
above finished floor.
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2) Aboveground: Use sleeves that are large enough to provide at
least ¥ inch annular clear space between sleeve and pipe or pipe
insulation. Use cast iron, galvanized steel, or PVC sleeves on
pipe sizes 4 inches and smaller. Use galvanized sheet steel
sleeves on pipe sizes larger than 4 inches.

3) Aboveground: Seal annular space around outside of sleeves with
grout or sealant.
4) Aboveground: Seal annular space between pipe (or pipe

insulation) and sleeve with flexible sealant. Refer to Division 07
Section "Joint Sealants" for materials and installation.

Verify final equipment locations for roughing-in.

Refer to equipment specifications in other Sections of these Specifications for roughing-
in requirements.

PIPING JOINT CONSTRUCTION

Join pipe and fittings according to the following requirements and Division 22 Sections
specifying piping systems.

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.

Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to
tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube
Handbook," using lead-free solder alloy complying with ASTM B 32.

Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and
Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1.
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs
and restore full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry
seal threading is specified.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded

or damaged. Do not use pipe sections that have cracked or open welds.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt
threads.

Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and
fittings according to the following:

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and
solvent cements.
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2. PVC Pressure Piping: Join schedule number ASTM D 1785, PVC pipe and PVC
socket fittings according to ASTM D 2672.
3. PVC DWV Piping: Join according to ASTM D 2855.

PIPING CONNECTIONS

Make connections according to the following, unless otherwise indicated:

1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final
connection to each piece of equipment.

2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at
final connection to each piece of equipment.

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

EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

Install equipment to allow maximum possible headroom unless specific mounting heights
are not indicated.

Install equipment level and plumb, parallel and perpendicular to other building systems
and components in exposed interior spaces, unless otherwise indicated.

Install plumbing equipment to facilitate service, maintenance, and repair or replacement
of components. Connect equipment for ease of disconnecting, with minimum
interference to other installations. Extend grease fittings to accessible locations.

Install equipment to allow right of way for piping installed at required slope.

PAINTING

In exposed areas, paint plumbing systems, equipment, and components as specified in
Division 09 painting Sections.

Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.

Damage and Touchup: Repair marred and damaged factory-painted finishes with
materials and procedures to match original factory finish.

ERECTION OF METAL SUPPORTS AND ANCHORAGES

Refer to Division 05 Section "Metal Fabrications" for structural steel.

Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and
elevation to support and anchor plumbing materials and equipment.

Field Welding: Comply with AWS D1.1.

END OF SECTION 22 05 00
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SECTION 22 05 23
GENERAL-DUTY VALVES FOR PLUMBING

PART 1 - GENERAL

11

A.

@ > |
w

o O

nom

@

= P
o

>

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:

Bronze ball valves.

Iron, single-flange butterfly valves
Bronze swing check valves.
Balancing valves

Iron swing check valves

arwbdE

Related Sections:

1. Section 22 05 53 "ldentification for Plumbing" for valve tags and schedules.
DEFINITIONS

CWP: Cold working pressure.

EPDM: Ethylene propylene copolymer rubber.

NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
NRS: Nonrising stem.

OS&Y: Outside screw and yoke.

RS: Rising stem.

SWP: Steam working pressure.

SUBMITTALS

Product Data: For each type of valve indicated.

QUALITY ASSURANCE

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

ASME Compliance:

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 220523-1 General-Duty Valves for Plumbing
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1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design
criteria.

2. ASME B31.1 for power piping valves.

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

NSF Compliance: NSF 61 and NSF 372 for valve materials for potable-water service.

DELIVERY, STORAGE, AND HANDLING

Prepare valves for shipping as follows:

Protect internal parts against rust and corrosion.

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

Set gate valves closed to prevent rattling.

Set ball and plug valves open to minimize exposure of functional surfaces.
Set butterfly valves closed or slightly open.

Block check valves in either closed or open position.

ogrwWNE

Use the following precautions during storage:

1. Maintain valve end protection.

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

Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use
handwheels or stems as lifting or rigging points.

PART 2 - PRODUCTS

2.1

A.

GENERAL REQUIREMENTS FOR VALVES

Refer to valve schedule articles for applications of valves.

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

Valve Sizes: Same as upstream piping unless otherwise indicated.
Valve Actuator Types:

1. Handwheel: For valves other than quarter-turn types.
2. Handlever: For quarter-turn valves NPS 6 and smaller.

Valves in Insulated Piping: With 2-inch stem extensions and the following features:

1. Gate Valves: With rising stem.

2. Ball Valves: With extended operating handle of non-thermal-conductive material,
and protective sleeve that allows operation of valve without breaking the vapor
seal or disturbing insulation.

3. Butterfly Valves: With extended neck.

CITY OF MADISON
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F. Valve-End Connections:
1. Flanged: With flanges according to ASME B16.1 for iron valves.
2. Solder Joint: With sockets according to ASME B16.18.
3. Threaded: With threads according to ASME B1.20.1.
4. Pressure Seal Joint: with press end adapters as recommended by press end

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

2.2 BRONZE BALL VALVES

A. Bronze Ball Valves:

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

Conbraco Industries, Inc.; Apollo Valves
Hammond Valve.

Milwaukee Valve Company.

NIBCO INC.

Watts; a Watts Water Technologies company.

PO TR

2. Description:

Standard: MSS SP-110.

SWP Rating: 150 psig.

CWP Rating: 600 psig.

Body Design: Two piece.

Body Material: Lead-Free Bronze.
Seats: PTFE or TFE.

Stem: Stainless steel.

Ball: Bronze, vented.

Port: Full.

TSe@TmooooTe

2.3 IRON BUTTERFLY VALVES

A. Iron, Single-Flange Butterfly Valves:

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

a. Conbraco Industries, Inc.

b. Hammond Valve.

C. Milwaukee Valve Company.

d. NIBCO INC.

e. Watts; a Watts Water Technologies company.
2. Description:

a. Standard: MSS SP-67, Type I.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 220523-3 General-Duty Valves for Plumbing
CONTRACT NUMBER 8535 MUNIS NUMBER 11229



MEAD & HUNT, INC.

JANUARY 9, 2020

b. CWP Rating: 200 psig.

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

d. Body Material: ASTM A 126, cast iron or ASTM A 536, ductile iron.

e. Seat: EPDM.

f. Stem: One- or two-piece stainless steel.

g. Disc: Aluminum bronze.

PART 3 - EXECUTION

3.1

A.
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EXAMINATION

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

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

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

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

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

VALVE INSTALLATION

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

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

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

Install valves in position to allow full stem movement.

ADJUSTING

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

OCcurs.

GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

If valve applications are not indicated, use the following:

1. Shutoff Service: Ball or butterfly valves.
2. Butterfly Valve Dead-End Service: Single-flange (lug) type.
3. Throttling Service: Ball, or butterfly valves.

CITY OF MADISON
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4. Pump-Discharge Check Valves:
a. NPS 2 and Smaller: Bronze swing check.
b. NPS 2-1/2 and Larger for Domestic Water: Bronze swing check valves.
C. NPS 2-1/2 and Larger for Sanitary Waste and Storm Drainage: Iron

swing check valves.

If valves with specified SWP classes or CWP ratings are not available, the same types of
valves with higher SWP classes or CWP ratings may be substituted.

Select valves, except wafer types, with the following end connections:

1. For Copper Tubing, NPS 2 and Smaller: Threaded ends except where solder-
joint valve-end option is indicated in valve schedules below.

2. For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends except where threaded
valve-end option is indicated in valve schedules below.

3. For Copper Tubing, NPS 5 and Larger: Flanged ends.

4. For Steel Piping, NPS 2 and Smaller: Threaded ends.

5. For Steel Piping, NPS 2-1/2 to NPS 4. Flanged ends except where threaded
valve-end option is indicated in valve schedules below.

6. For Steel Piping, NPS 5 and Larger: Flanged ends.

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

COMPRESSED-AIR VALVE SCHEDULE

Pipe NPS 2 and Smaller:

1. Bronze Valves: May be provided with solder-joint ends instead of threaded ends.
2. Ball Valves: Two piece, full port, bronze with bronze trim.
3. Bronze Swing Check Valves.

Pipe NPS 2-1/2 and Larger:

1. Iron Valves, NPS 2-1/2 to NPS 4: May be provided with threaded ends instead
of flanged ends.

2. Iron, Single-Flange Butterfly Valves

3. Iron Swing Check Valves

DOMESTIC, HOT- AND COLD-WATER VALVE SCHEDULE

Pipe NPS 3and Smaller:

1. Bronze Valves: May be provided with solder-joint ends instead of threaded ends.
2. Ball Valves: Two piece, full port, bronze with stainless steel trim.
3. Bronze Swing Check Valves.

END OF SECTION 22 05 33
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SECTION 22 05 29
HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT

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.

12  SUMMARY

A. Section Includes:

1. Metal pipe hangers and supports.

2. Thermal-hanger shield inserts.

3. Fastener systems.

4, Pipe positioning systems.

5. Equipment supports.
B. Related Sections:

1. Section 22 05 00 “Common Work Results for Plumbing.”
1.3 DEFINITIONS

>

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

14 ACTION SUBMITTALS

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

1.5 QUALITY ASSURANCE

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

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

and Pressure Vessel Code.

PART 2 - PRODUCTS

2.1 METAL PIPE HANGERS AND SUPPORTS

A. Carbon-Steel Pipe Hangers and Supports:

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
2. Galvanized Metallic Coatings: Pre-galvanized or hot dipped.
3. Nonmetallic Coatings: Plastic coating, jacket, or liner.

CITY OF MADISON
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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.

THERMAL-HANGER SHIELD INSERTS

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

1. ERICO International Corporation.
2. Rilco Manufacturing Co., Inc.
3. Value Engineered Products, Inc.

Insulation-Insert Material: Water-repellent treated, ASTM C 533, Type | calcium silicate
with 100-psig minimum compressive strength. Provide with vapor barrier for piping
operating below ambient air temperature.

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, zinc-coated 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.

PART 3 - EXECUTION

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.

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

CITY OF MADISON
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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.

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

E. Install hangers and supports to allow controlled thermal 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.

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

G. Install building attachments within concrete slabs or attach to structural steel. Install
additional attachments at concentrated loads, including valves, flanges, and strainers,
NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts
before concrete is placed; fasten inserts to forms and install reinforcing bars through
openings at top of inserts.

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

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

J. Insulated Piping:
1. Attach clamps and spacers to piping.
a. Piping Operating above Ambient Air Temperature: Clamp may project
through insulation.
b. Piping Operating below Ambient Air Temperature: Use thermal-hanger
shield insert with clamp sized to match OD of insert.
C. Do not exceed pipe stress limits allowed by ASME B31.9 for building
services piping.
2. Install Protective shields that 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.

3. Shield Dimensions for Pipe: Not less than the following:
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
b. NPS 4: 12 inches long and 0.06 inch thick.
C. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.
d. NPS 8 to NPS 14: 24 inches long and 0.075 inch thick.
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4. Pipes NPS 8 and Larger: Include wood or reinforced calcium-silicate-insulation
inserts of length at least as long as protective shield.

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

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.

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

HANGER AND SUPPORT SCHEDULE

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

Use carbon-steel pipe hangers and supports and attachments for general service
applications.

Use galvanized pipe hangers and supports and attachments for Bus Wash service
applications.

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, hangers and supports shall be MSS Type 1 — 46.:

Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping
system Sections, vertical piping clamps shall be MSS Type 8 or 42.

Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping
system Sections, hanger rod attachments shall be MSS Type 13 — 17.
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K. Building Attachments: Unless otherwise indicated and except as specified in piping
system Sections, building attachments shall be MSS Type 18 — 58.

L. Use powder-actuated fasteners or mechanical-expansion anchors instead of building
attachments where required in concrete construction.

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

END OF SECTION 22 05 29
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SECTION 22 05 53
IDENTIFICATION FOR PLUMBING

PART 1 - GENERAL

11
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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.

Valve tags.

Warning tags.

arwbdE

ACTION SUBMITTALS

Product Data: For each type of product indicated.
Valve numbering scheme.

Valve Schedules: For each piping system to include in maintenance manuals.

PART 2 - PRODUCTS

2.1

A.

PIPE LABELS

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

1. Brady Corporation.
2. Marking Services Inc.
3. Seton Identification Products.

General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with
lettering indicating service, and showing flow direction.

Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference
of pipe and to attach to pipe without fasteners or adhesive.

Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive
backing.
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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. Lettering Size: Size letters according to ASME A13.1 for piping.
VALVE TAGS

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

1. Brady Corporation.
2. Marking Services Inc.
3. Seton Identification Products.

Valve Tags: 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.

Valve Schedules: For each piping system, on 8-1/2-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.

1. Valve-tag schedule shall be included in operation and maintenance data.

PART 3 - EXECUTION

>

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.

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:
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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 through walls, floors, ceilings, and inaccessible enclosures.

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

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

6. Spaced at 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.

B. Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes,

including pipes where flow is allowed in both directions.

C. Pipe Label Color Schedule:

1. Compressed Air Piping:
a. Background: Safety blue.
b. Letter Colors: White.
2. Domestic Water Piping
a. Background: Safety green.
b. Letter Colors: White.
3. Sanitary Waste and Storm Drainage Piping:
a. Background Color: Safety white.
b. Letter Color: Black.

3.4 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 similar roughing-in connections of end-use fixtures and
units. List tagged valves in a valve schedule.

B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme
and with captions similar to those indicated in the following subparagraphs:

1. Valve-Tag Size and Shape:
a. Cold Water: 1-1/2 inches, round.
b. Hot Water: 1-1/2 inches, round.
C. Compressed Air: 1-1/2 inches, round.

END OF SECTION 22 05 53
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SECTION 22 07 00
INSULATION FOR PLUMBING

PART 1 - GENERAL

11

A.

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:

Insulation Materials
Insulating Cements
Adhesives

Mastics

Sealants

Factory Applied Jackets
Field Applied Jackets
Tapes

Protective Shielding Guards

CoNoAr®ONE

QUALITY ASSURANCE

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.

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.

COORDINATION

Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 22 05 29 "Hangers and Supports for Plumbing."

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.
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C.

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 Part 3 Scheduling articles for where insulating materials
shall be applied.

Products shall not contain asbestos, lead, mercury, or mercury compounds.
Mineral-Fiber, Preformed Pipe Insulation:

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. Owens Corning.
2. Type |, 850 Deg F Materials: Mineral or glass fibers bonded with a thermosetting

resin. Comply with ASTM C 547, Typel, Grade A, with factory-applied ASJ.
Factory-applied jacket requirements are specified in "Factory-Applied Jackets"
Article.

INSULATING CEMENTS

Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with
ASTM C 449.

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

a. Ramco Insulation, Inc.

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.
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For indoor applications, adhesives shall have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

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. Eagle Bridges - Marathon Industries.
C. Foster Brand; H. B. Fuller Construction Products.

ASJ Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation
jacket lap seams and joints.

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

a. Childers Brand; H. B. Fuller Construction Products.

b. Eagle Bridges - Marathon Industries.

C. Foster Brand; H. B. Fuller Construction Products.
MASTICS

Materials shall be compatible with insulation materials, jackets, and substrates; comply
with MIL-PRF-19565C, Type II.

For indoor applications, use mastics that have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

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:

Childers Brand; H. B. Fuller Construction Products.
Eagle Bridges - Marathon Industries.

Knauf Insulation

Foster Brand; H. B. Fuller Construction Products.

aoow

2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009
metric perm) at 43-mil (1.09-mm) dry film thickness.

3. Service Temperature Range: Minus 20 to plus 180 deg F.

4, Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.

5. Color: White.

SEALANTS

For indoor applications, sealants shall have a VOC content of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Joint Sealants:
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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.
Pittsburgh Corning Corporation.

aoow

Materials shall be compatible with insulation materials, jackets, and substrates.
Permanently flexible, elastomeric sealant.

Service Temperature Range: Minus 100 to plus 300 deg F.

Color: White or gray.

C. ASJ Flashing Sealants, and Vinyl, and PVC Jacket Flashing Sealants:

Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. Childers Brand; H. B. Fuller Construction Products.
b. Eagle Bridges - Marathon Industries.
C. Foster Brand; H. B. Fuller Construction Products.

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.

ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic

adhesive, complying with ASTM C 1136.

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

Avery Dennison Corporation, Specialty Tapes Division.
Compac Corporation.

Ideal Tape Co., Inc., an American Biltrite Company.
Knauf Insulation.

Venture Tape.

PO TR

Width: 3 inches (75 mm).

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.

1.
2.
3.
4.
5.
2.6 TAPES
A.
1.
2.
3.
4.
5.
6.
7.

B. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic
adhesive; suitable for indoor and outdoor applications.
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1. Manufacturers: Subject to compliance with requirements, provide products by
one of the following:

Avery Dennison Corporation, Specialty Tapes Division.
Compac Corporation.

Ideal Tape Co., Inc., an American Biltrite Company.
Venture Tape.

aoow

Width: 2 inches (50 mm).

Thickness: 6 mils.

Adhesion: 64 ounces force/inch in width.
Elongation:; 500 percent.

Tensile Strength: 18 Ibf/inch in width.

o0, wWN

PART 3 - EXECUTION

EXAMINATION

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.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials
that will adversely affect insulation application.

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 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.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 220700-5 Insulatio for Plumbing
CONTRACT NUMBER 8535 MUNIS NUMBER 11229



MEAD & HUNT, INC.

JANUARY 9, 2020

G.

H.

Keep insulation materials dry during application and finishing.

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 at attachment to structure with vapor-barrier
mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal
insulation to insulation inserts with adhesive or sealing compound recommended
by insulation material manufacturer.

4. Cover inserts with jacket material matching adjacent pipe insulation. Install
shields over jacket, arranged to protect jacket from tear or puncture by hanger,
support, and shield.

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. 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.

a. For below-ambient services, apply vapor-barrier mastic over staples.

4, Cover joints and seams with tape, according to insulation material manufacturer's
written instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and

joints and at ends adjacent to pipe flanges and fittings.

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.
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For above-ambient services, do not install insulation to the following:

Vibration-control devices.

Testing agency labels and stamps.
Nameplates and data plates.
Cleanouts.

Manholes.

Handholes.

ourwNE

PENETRATIONS

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: Install insulation
continuously through penetrations of fire-rated walls and partitions.

1. Comply with requirements in Division 7 "Penetration and Joint Firestopping" for
firestopping and fire-resistive joint sealers.

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, and Unions:

1. Install insulation over fittings, valves, strainers, flanges, unions, and other
specialties with continuous thermal and vapor-retarder integrity unless otherwise
indicated.

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made

from same material and density as adjacent pipe insulation. Each piece shall be
butted tightly against adjoining piece and bonded with adhesive. Fill joints,
seams, voids, and irregular surfaces with insulating cement finished to a smooth,
hard, and uniform contour that is uniform with adjoining pipe insulation.

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of
same material and thickness as used for adjacent pipe. Cut sectional pipe
insulation to fit. Butt each section closely to the next and hold in place with tie
wire. Bond pieces with adhesive.
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4. Insulate valves using preformed fitting insulation or sectional pipe insulation of
same material, density, and thickness as used for adjacent pipe. Overlap
adjoining pipe insulation by not less than two times the thickness of pipe
insulation, or one pipe diameter, whichever is thicker. For valves, insulate up to
and including the bonnets, valve stuffing-box studs, bolts, and nuts. Fill joints,
seams, and irregular surfaces with insulating cement.

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of
same material, density, and thickness as used for adjacent pipe. Overlap
adjoining pipe insulation by not less than two times the thickness of pipe
insulation, or one pipe diameter, whichever is thicker. Fill joints, seams, and
irregular surfaces with insulating cement. Insulate strainers so strainer basket
flange or plug can be easily removed and replaced without damaging the
insulation and jacket. Provide a removable reusable insulation cover. For below-
ambient services, provide a design that maintains vapor barrier.

6. Insulate flanges and unions using a section of oversized preformed pipe
insulation. Overlap adjoining pipe insulation by not less than two times the
thickness of pipe insulation, or one pipe diameter, whichever is thicker.

7. Cover segmented insulated surfaces with a layer of finishing cement and coat
with a mastic. Install vapor-barrier mastic for below-ambient services and a
breather mastic for above-ambient services. Reinforce the mastic with fabric-
reinforcing mesh. Trowel the mastic to a smooth and well-shaped contour.

8. For services not specified to receive a field-applied jacket except for flexible
elastomeric, install fitted PVC cover over elbows, tees, strainers, valves, flanges,
and unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining
insulation facing using PVC tape.

9. Stencil or label the outside insulation jacket of each union with the word "union."
Match size and color of pipe labels.

C. Insulate instrument connections for thermometers, pressure gages, pressure
temperature taps, test connections, flow meters, sensors, switches, and transmitters on
insulated pipes. Shape insulation at these connections by tapering it to and around the
connection with insulating cement and finish with finishing cement, mastic, and flashing
sealant.

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

1. Make removable flange and union insulation from sectional pipe insulation of
same thickness as that on adjoining pipe. Install same insulation jacket as
adjoining pipe insulation.

2. When flange and union covers are made from sectional pipe insulation, extend
insulation from flanges or union long at least two times the insulation thickness
over adjacent pipe insulation on each side of flange or union. Secure flange
cover in place with stainless-steel or aluminum bands. Select band material
compatible with insulation and jacket.

3. Construct removable valve insulation covers in same manner as for flanges,
except divide the two-part section on the vertical center line of valve body.
4, When covers are made from block insulation, make two halves, each consisting

of mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its
attached insulation, to flanges with tie wire. Extend insulation at least 2 inches
over adjacent pipe insulation on each side of valve. Fill space between flange or
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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 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 straight segments of pipe
insulation when available.

2. When preformed insulation elbows and fittings are not available, install mitered
sections of pipe insulation, to a thickness equal to adjoining pipe insulation.
Secure insulation materials with wire or bands.

D. Insulation Installation on Valves and Pipe Specialties:

1. Install preformed sections of same material as straight segments of pipe
insulation when available.

2. When preformed sections are not available, install mitered sections of pipe
insulation to valve body.

3. Arrange insulation to permit access to packing and to allow valve operation
without disturbing insulation.

4. Install insulation to flanges as specified for flange insulation application.
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3.7

A.

FIELD QUALITY CONTROL

Tests and Inspections:

1. Inspect pipe, fittings, strainers, and valves, randomly selected by Architect, by
removing field-applied jacket and insulation in layers in reverse order of their
installation. Extent of inspection shall be limited to three locations of straight pipe,
three locations of threaded fittings, two locations of threaded strainers, three
locations of threaded valves, and for each pipe service defined in the "Piping
Insulation Schedule, General" Article.

All insulation applications will be considered defective Work if sample inspection reveals
noncompliance with requirements.

PIPING INSULATION SCHEDULE, GENERAL

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. Drainage piping located in crawl spaces.
2. Underground piping.
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.

INDOOR PIPING INSULATION SCHEDULE

Domestic Cold Water:
1. Insulation shall be one of the following:

a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick.

END OF SECTION 22 07 00
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SECTION 22 11 16
SUPPLY PIPING FOR PLUMBING

PART 1 - GENERAL
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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. Encasement for piping.

Related Requirements:

1. Refer to Section 22 05 00 “Common Work Results for Plumbing.”
2. Refer to Section 22 05 29 “Hangers and Supports for Plumbing;”
3. Refer to Section 22 05 53 "ldentification for Plumbing."
SUBMITTALS

Product Data: For transition fittings and dielectric fittings.

FIELD CONDITIONS

Interruption of Existing Water Service: Do not interrupt water service to facilities
occupied by Owner or others unless permitted under the following conditions and then
only after arranging to provide temporary water service according to requirements
indicated:

1. Notify Owner no fewer than two days in advance of proposed interruption of
water service.
2. Do not interrupt water service without Owner's written permission.

PART 2 - PRODUCTS

PIPING MATERIALS

Comply with requirements in "Piping Schedule" Article for applications of pipe, tube,
fitting materials, and joining methods for specific services, service locations, and pipe
sizes.

Potable-water piping and components shall comply with NSF 14 and NSF 61 Annex G.
Plastic piping components shall be marked with "NSF-pw."
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2.2 COPPER TUBE AND FITTINGS
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Hard Copper Tube: ASTM B 88, Type L water tube, drawn temper.

Soft Copper Tube: ASTM B 88, Type K water tube, annealed temper.

Cast-Copper, Solder-Joint Fittings: ASME B16.18, pressure fittings.

Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings.

Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends.

F. Copper Unions:

PwbNPE

MSS SP-123.

Cast-copper-alloy, hexagonal-stock body.
Ball-and-socket, metal-to-metal seating surfaces.
Solder-joint or threaded ends.

G. Copper Pressure-Seal-Joint Fittings:

1.

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

a. Elkhart Products Corporation.
b. NIBCO INC.
C. Viega LLC.

Fittings for NPS 2 and Smaller: Wrought-copper fitting with EPDM-rubber, O-ring
seal in each end.

Fittings for NPS 2-1/2 to NPS 4: Cast-bronze or wrought-copper fitting with
EPDM-rubber, O-ring seal in each end.

H. Copper-Tube, Extruded-Tee Connections:

1.

2.

Manufacturers: Subject to compliance with requirements, provide products by the
following:

a. T-DRILL Industries Inc.

Description: Tee formed in copper tube according to ASTM F 2014.

2.3 PIPING JOINING MATERIALS

A. Pipe-Flange Gasket Materials:

1. AWWA C110/A21.10, rubber, flat face, 1/8 inch thick or ASME B16.21,
nonmetallic and asbestos free unless otherwise indicated.
2. Full-face or ring type unless otherwise indicated.
B. Metal, Pipe-Flange Bolts and Nuts: ASME B18.2.1, carbon steel unless otherwise
indicated.
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Solder Filler Metals: ASTM B 32, lead-free alloys.
Flux: ASTM B 813, water flushable.

ENCASEMENT FOR PIPING

Standard: ASTM A 674 or AWWA C105/A21.5.
Form: Sheet.
Color: Black.

TRANSITION FITTINGS

General Requirements:

1. Same size as pipes to be joined.
2. Pressure rating at least equal to pipes to be joined.
3. End connections compatible with pipes to be joined.

Fitting-Type Transition Couplings: Manufactured piping coupling or specified piping
system fitting.

PART 3 - EXECUTION

PIPING INSTALLATION

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

Install shutoff valve immediately upstream of each dielectric fitting.

Install piping concealed from view and protected from physical contact by building
occupants 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, and coordinate with other services occupying that space.

Install piping to permit valve servicing.
Install nipples, unions, special fittings, and valves with pressure ratings the same as or
higher than the system pressure rating used in applications below unless otherwise

indicated.

Install piping free of sags and bends.
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Install fittings for changes in direction and branch connections.

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

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with
requirements for sleeves specified in Section 22 05 00 "Common Work Results for
Plumbing."

Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 22 05 00 “Common Work Results for
Plumbing.”

Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 22 05 00 “Common Work Results for
Plumbing."

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 pipes, tubes, and fittings
before assembly.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and
restore full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded
or damaged.

Soldered Joints for Copper Tubing: Apply ASTM B 813, water-flushable flux to end of
tube. Join copper tube and fittings according to ASTM B 828 or CDA's "Copper Tube
Handbook."

Pressure-Sealed Joints for Copper Tubing: Join copper tube and pressure-seal fittings
with tools recommended by fitting manufacturer.

Extruded-Tee Connections: Form tee in copper tube according to ASTM F 2014. Use
tool designed for copper tube; drill pilot hole, form collar for outlet, dimple tube to form
seating stop, and braze branch tube into collar.

Flanged Joints: Select appropriate asbestos-free, nonmetallic gasket material in size,
type, and thickness suitable for domestic water service. Join flanges with gasket and
bolts according to ASME B31.9.

Joints for Dissimilar-Material Piping: Make joints using adapters compatible with
materials of both piping systems.
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3.3

A.

TRANSITION FITTING INSTALLATION

Install transition couplings at joints of dissimilar piping.
Transition Fittings in Underground Domestic Water Piping:

1. Fittings for NPS 1-1/2 and Smaller: Fitting-type coupling.
2. Fittings for NPS 2 and Larger: Sleeve-type coupling.

Transition Fittings in Aboveground Domestic Water Piping NPS 2 and Smaller: Plastic-
to-metal transition fittings or unions.

DIELECTRIC FITTING INSTALLATION

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

HANGER AND SUPPORT INSTALLATION

Comply with requirements for pipe hanger, support products, and installation in
Section 22 05 29 "Hangers and Supports for Plumbing."

CONNECTIONS

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

When installing piping adjacent to equipment and machines, allow space for service and
maintenance.

Connect domestic water piping to water-service piping with shutoff valve; extend and
connect to the following:

1. Water Heaters: Cold-water inlet and hot-water outlet piping in sizes indicated, but
not smaller than sizes of water heater connections.

2. Plumbing Fixtures: Cold- and hot-water-supply piping in sizes indicated, but not
smaller than that required by plumbing code.

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

equipment connections. Provide shutoff valve and union for each connection.
Use flanges instead of unions for NPS 2-1/2 and larger.

IDENTIFICATION

Identify system components. Comply with requirements for identification materials and
installation in Section 22 05 53 "Identification for Plumbing."

FIELD QUALITY CONTROL

Perform the following tests and inspections:
1. Piping Inspections:

a. Do not enclose, cover, or put piping into operation until it has been
inspected and approved by authorities having jurisdiction.
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b. During installation, notify authorities having jurisdiction at least one day
before inspection must be made. Perform tests specified below in
presence of authorities having jurisdiction:

1) Roughing-in Inspection: Arrange for inspection of piping before
concealing or closing in after roughing in and before setting
fixtures.

2) Final Inspection: Arrange for authorities having jurisdiction to

observe tests specified in "Piping Tests" Subparagraph below and
to ensure compliance with requirements.

C. Reinspection: If authorities having jurisdiction find that piping will not pass
tests or inspections, make required corrections and arrange for
reinspection.

d. Reports: Prepare inspection reports and have them signed by authorities
having jurisdiction.

2. Piping Tests:
a. Fill domestic water piping. Check components to determine that they are
not air bound and that piping is full of water.
b. Test for leaks and defects in new piping and parts of existing piping that

have been altered, extended, or repaired. If testing is performed in
segments, submit a separate report for each test, complete with diagram
of portion of piping tested.

C. Leave new, altered, extended, or replaced domestic water piping
uncovered and unconcealed until it has been tested and approved.
Expose work that was covered or concealed before it was tested.

d. Cap and subject piping to static water pressure of 50 psig above
operating pressure, without exceeding pressure rating of piping system
materials. Isolate test source and allow it to stand for four hours. Leaks
and loss in test pressure constitute defects that must be repaired.

e. Repair leaks and defects with new materials, and retest piping or portion
thereof until satisfactory results are obtained.
f. Prepare reports for tests and for corrective action required.
B. Domestic water piping will be considered defective if it does not pass tests and
inspections.
C. Prepare test and inspection reports.

3.9 ADJUSTING

A. Perform the following adjustments before operation:
1. Close drain valves, hydrants, and hose bibbs.
2. Open shutoff valves to fully open position.
3. Open throttling valves to proper setting.
4. Adjust balancing valves in hot-water-circulation return piping to provide adequate

flow.
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a. Manually adjust ball-type balancing valves in hot-water-circulation return
piping to provide hot-water flow in each branch.
b. Adjust calibrated balancing valves to flows indicated.

Remove plugs used during testing of piping and for temporary sealing of piping
during installation.

Remove and clean strainer screens. Close drain valves and replace drain plugs.
Remove filter cartridges from housings and verify that cartridges are as specified
for application where used and are clean and ready for use.

Check plumbing specialties and verify proper settings, adjustments, and
operation.

3.10 CLEANING

A. Clean and disinfect potable domestic water piping as follows:
1. Purge new piping and parts of existing piping that have been altered, extended,
or repaired before using.
2. Use purging and disinfecting procedures prescribed by authorities having
jurisdiction; if methods are not prescribed, use procedures described in either
AWWA C651 or AWWA C652 or follow procedures described below:
a. Flush piping system with clean, potable water until dirty water does not
appear at outlets.
b. Fill and isolate system according to either of the following:
1) Fill system or part thereof with water/chlorine solution with at least
50 ppm of chlorine. Isolate with valves and allow to stand for 24
hours.
2) Fill system or part thereof with water/chlorine solution with at least
200 ppm of chlorine. Isolate and allow to stand for three hours.
C. Flush system with clean, potable water until no chlorine is in water
coming from system after the standing time.
d. Repeat procedures if biological examination shows contamination.
e. Submit water samples in sterile bottles to authorities having jurisdiction.
B. Clean non-potable domestic water piping according to the requirements for potable
domestic water piping.
C. Prepare and submit reports of purging and disinfecting activities. Include copies of
water-sample approvals from authorities having jurisdiction.
D. Clean interior of domestic water piping system. Remove dirt and debris as work

progresses.

3.11 PIPING SCHEDULE

Transition and special fittings with pressure ratings at least equal to piping rating may be

used in applications below unless otherwise indicated.
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B. Flanges and unions may be used for aboveground piping joints unless otherwise
indicated.
C. Aboveground domestic water piping, shall be one of the following:
1. Hard copper tube, ASTM B 88, Type L; cast- or wrought-copper, solder-joint
fittings; and soldered joints.
2. Hard copper tube, ASTM B 88, Type L; copper pressure-seal-joint fittings; and
pressure-sealed joints.
3.12 VALVE SCHEDULE
A. Drawings indicate valve types to be used. Where specific valve types are not indicated,

the following requirements apply:

1. Shutoff Duty: Use ball valves for piping NPS 2 and smaller. Use butterfly or ball
valves for piping NPS 2-1/2 and larger.
2. Drain Duty: Hose-end drain valves.

END OF SECTION 22 11 16
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SECTION 22 15 13
GENERAL-SERVICE COMPRESSED-AIR PIPING

PART 1 - GENERAL

11

A.

=
[

>

RELATED DOCUMENTS

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

SUMMARY

This Section includes piping and related specialties for general-service compressed-air
systems:

Pipes, tubes, and fittings.
Joining materials.
Valves.

Flexible pipe connectors.
Specialties.

Quick couplings.

Hose assemblies.

NoosrwdhE

DEFINITIONS
PVC: Polyvinyl chloride plastic.

High-Pressure Compressed-Air Piping: System of compressed-air piping and specialties
operating at pressures between 150 and 200 psig.

Low-Pressure Compressed-Air Piping: System of compressed-air piping and specialties
operating at pressures of 150 psig or less.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For general-service compressed-air piping specialties
to include in emergency, operation, and maintenance manuals.

QUALITY ASSURANCE

ASME Compliance:

1. Comply with ASME B31.9, "Building Services Piping,” for low-pressure
compressed-air piping.

PROJECT CONDITIONS

Interruption of Existing Compressed-Air Service: Do not interrupt compressed-air service
to facilities occupied by Owner or others unless permitted under the following conditions
and then only after arranging to provide temporary compressed-air service according to
requirements indicated:
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1. Notify Owner no fewer than two days in advance of proposed interruption of
compressed-air service.
2. Do not proceed with interruption of compressed-air service without Owner's

written permission.

PART 2 - PRODUCTS

PIPES, TUBES, AND FITTINGS

Schedule 40, Steel Pipe: ASTM A53/A53M, Type E or S, Grade B, black or hot-dip zinc
coated with ends threaded according to ASME B1.20.1.

1. Steel Nipples: ASTM A733, made of ASTM A53/A53M or ASTM A106,
Schedule 40, galvanized seamless steel pipe. Include ends matching joining
method.

Malleable-Iron Fittings: ASME B16.3, Class 150 or 300, threaded.

Malleable-Iron Unions: ASME B16.39, Class 150 or 300, threaded.

Steel Flanges: ASME B16.5, Class 150 or 300, carbon steel, threaded.
Wrought-Steel Butt-Welding Fittings: ASME B16.9, Schedule 40.

Steel Flanges: ASME B16.5, Class 150 or 300, carbon steel.

oglhwnN

JOINING MATERIALS

Solder Filler Metals: ASTM B32, lead-free alloys. Include water-flushable flux according
to ASTM B813.

Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials
appropriate for wall thickness and chemical analysis of steel pipe being welded.

VALVES

Metal Ball, Butterfly, Check, and Gate Valves: Comply with requirements in
Section 22 05 23, Article 2.2 "Bronze Ball Valves," and Article 2.3 "Iron Butterfly Valves."

SPECIALTIES

Safety Valves: ASME Boiler and Pressure Vessel Code: Section VI, "Pressure
Vessels," construction; National Board certified, labeled, and factory sealed; constructed
of bronze body with poppet-type safety valve for compressed-air service.

1. Pressure Settings: Higher than discharge pressure and same or lower than
receiver pressure rating.

PART 3 - EXECUTION

3.1

A.

PIPING APPLICATIONS

Low-Pressure Compressed-Air Distribution Piping: Use one of the following piping
materials for each size range:
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1. NPS 2 and Smaller: Schedule 40, galvanized-steel pipe; threaded, malleable-iron
fittings; and threaded joints.
2. NPS 2-1/2 to NPS 4: Schedule 40, galvanized-steel pipe; threaded, malleable-

iron fittings; and threaded joints.

VALVE APPLICATIONS

Metal General-Duty Valves: Comply with requirements and use valve types specified in
Section 22 05 23, Article 2.2 "Bronze Ball Valves," and Article 2.3 "Iron Butterfly Valves,"
according to the following:

1. Low-Pressure Compressed Air. Valve types specified for low-pressure
compressed air.
2. Equipment Isolation NPS 2 and Smaller: Safety-exhaust, copper-alloy ball valve

with exhaust vent and pressure rating at least as great as piping system
operating pressure.

General-Duty Valves for Aluminum Piping System: Provide valves, made by piping
system manufacturer, that are compatible with piping.

PIPING INSTALLATION, GENERAL

Drawing plans, schematics, and diagrams indicate general location and arrangement of
compressed-air piping. Indicated locations and arrangements were used to size pipe and
calculate friction loss, expansion, air-compressor sizing, and other design
considerations. Install piping as indicated unless deviations to layout are approved on
Coordination Drawings.

Install piping concealed from view and protected from physical contact by building
occupants, 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
otherwise indicated.

Install piping above accessible ceilings to allow enough space for ceiling panel removal
and to coordinate with other services occupying that space.

Install piping adjacent to equipment and machines to allow service and maintenance.
Install air and drain piping with 1 percent slope downward in direction of flow.

Install nipples, flanges, unions, transition and special fittings, and valves with pressure
ratings same as or higher than system pressure rating, unless otherwise indicated.

Equipment and Specialty Flanged Connections:
1. Use steel companion flange with gasket for connection to steel pipe.

Flanged joints may be used instead of specified joint for any piping or tubing system.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 221513-3 General-Service Compressed-Air Piping
CONTRACT NUMBER 8535 MUNIS NUMBER 11229



MEAD & HUNT, INC.

JANUARY 9, 2020

o z =

Install eccentric reducers where compressed-air piping is reduced in direction of flow,
with bottoms of both pipes and reducer fitting flush.

Install branch connections to compressed-air mains from top of main. Provide drain leg
and drain trap at end of each main and branch and at low points.

Install piping to permit valve servicing.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with
requirements for sleeves specified in Section 22 05 00 "Common Work Results for
Plumbing”

Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 22 05 00 "Common Work Results for
Plumbing”

Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 22 05 00 "Common Work Results for
Plumbing”

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.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and
restore full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry
seal threading is specified.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded

or damaged. Do not use pipe sections that have cracked or open welds.
Welded Joints for Steel Piping: Join according to AWS D10.12/D10.12M.

Flanged Joints: Use asbestos-free, nonmetallic gasket suitable for compressed air. Join
flanges with gasket and bolts according to ASME B31.9 for bolting procedure.

Dissimilar Metal Piping Material Joints: Use dielectric fittings.

VALVE INSTALLATION

General-Duty Valves: Comply with requirements in Specification 22 05 23.
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C.

Install check valves to maintain correct direction of compressed-air flow to and from
compressed-air piping specialties and equipment.

DIELECTRIC FITTING INSTALLATION

Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
NPS 2 and Smaller: Use dielectric unions.
NPS 2-1/2 to NPS 4: Use dielectric flanges.

HANGER AND SUPPORT INSTALLATION

Comply with requirements in Section 22 05 29 "Hangers and Supports for Plumbing
Piping and Equipment" for pipe hanger and support devices.

Vertical Piping: MSS Type 8 or 42, clamps.
Individual, Straight, Horizontal Piping Runs:

1. 100 Feet or Less: MSS Type 1, adjustable, steel clevis hangers.
2. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers.

Support horizontal piping within 12 inches of each fitting and coupling.

Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch minimum
rods.

LABELING AND IDENTIFICATION

Install identifying labels and devices for general-service compressed-air piping, valves,
and specialties. Comply with requirements in Section 22 05 53 "ldentification for
Plumbing Piping and Equipment.”

FIELD QUALITY CONTROL

Perform field tests and inspections.
Tests and Inspections:

1. Piping Leak Tests for Metal Compressed-Air Piping: Test new and modified parts
of existing piping. Cap and fill general-service compressed-air piping with oil-free
dry air or gaseous nitrogen to pressure of 50 psig above system operating
pressure, but not less than 150 psig. Isolate test source and let stand for four
hours to equalize temperature. Refill system, if required, to test pressure; hold for
two hours with no drop-in pressure.

2. Repair leaks and retest until no leaks exist.

Prepare test reports.

END OF SECTION 22 15 13
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SECTION 22 16 10
FACILITY FUEL-OIL PIPING

PART 1 - GENERAL

11

A.

RELATED DOCUMENTS

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

DEFINITIONS

Exposed, Interior Installations: Exposed to view indoors. Examples include finished
occupied spaces and mechanical equipment rooms.

Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred
spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above
ceilings, unexcavated spaces, crawlspaces, and tunnels.

PERFORMANCE REQUIREMENTS

Maximum Operating-Pressure Ratings: 3-psig fuel-oil supply pressure at oil-fired
appliances.

Delegated Design: Design anchors for fuel-oil piping, including comprehensive
engineering analysis by a qualified professional engineer, using performance
requirements and design criteria indicated.

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include construction details, material
descriptions, and dimensions of individual components and profiles. Also include, where
applicable, rated capacities, operating characteristics, electrical characteristics, and
furnished specialties and accessories.

Shop Drawings: For facility fuel-oil piping layout. Include plans, piping layout and
elevations, sections, and details for fabrication of pipe anchors, hangers, supports for
multiple pipes, alignment guides, expansion loops, and attachments of the same to
building structure. Detail location of anchors, alignment guides, and expansion loops.

Delegated-Design Submittal: For fuel-oil piping and equipment 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 anchors.
2. Detail fabrication and assembly of pipe anchors, hangers, supports for multiple
pipes, and attachments of the same to building structure.

INFORMATIONAL SUBMITTALS

Field quality-control reports.
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1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For fuel-oil piping and accessories to include in
emergency, operation, and maintenance manuals.

1.7 QUALITY ASSURANCE

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and
application.

B. Comply with ASME B31.9, "Building Services Piping," for fuel-oil piping materials,
installation, testing, and inspecting.

C. Comply with requirements of the EPA and of state and local authorities having
jurisdiction. Include recording of fuel-oil storage tanks and monitoring of tanks and
piping.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through
shipping, storage, and handling to prevent pipe end damage and to prevent entrance of
dirt, debris, and moisture.

1.9 PROJECT CONDITIONS

A. Interruption of Existing Fuel-Oil Service: Do not interrupt fuel-oil service to facilities
occupied by Owner or others unless permitted under the following conditions and then
only after arranging to provide temporary fuel-oil supply according to requirements
indicated:

1. Notify Owner’s Project Representative no fewer than seven days in advance of
proposed interruption of fuel-oil service.
2. Do not proceed with interruption of fuel-oil service without Owner's Project
Representative written permission.
1.10 COORDINATION
A. Coordinate sizes and locations of concrete bases with actual equipment provided.

PART 2 - PRODUCTS

PIPES, TUBES, AND FITTINGS

See Part 3 piping schedule articles for where pipes, tubes, fittings, and joining materials
are applied in various services.

Steel Pipe: ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B.

1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern.
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2. Wrought-Steel Welding Fittings: ASTM A 234/A 234M, for butt and socket
welding.

3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground
joint, and threaded ends.

JOINING MATERIALS

Joint Compound and Tape: Suitable for fuel oil.
FUEL OIL

Diesel Fuel Oil: ASTM D 975, Grade No. 2-D, general-purpose, high volatility.

PART 3 - EXECUTION

EXAMINATION

Examine roughing-in for fuel-oil piping system to verify actual locations of piping
connections before equipment installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Close equipment shutoff valves before turning off fuel oil to premises or piping section.
Comply with NFPA 30 and NFPA 31 requirements for prevention of accidental ignition.

INDOOR 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, and other design considerations. Install piping as
indicated unless deviations to layout are approved on Coordination Drawings.

Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure
during progress of construction, to allow for mechanical installations.

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 free of sags and bends.

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

Verify final equipment locations for roughing-in.

Comply with requirements for equipment specifications in plumbing and HVAC Sections
for roughing-in requirements.

Conceal pipe installations in walls, pipe spaces, or utility spaces; above ceilings unless
indicated to be exposed to view.

Prohibited Locations:

1. Do not install fuel-oil piping in or through circulating air ducts or ventilating ducts.
2. Do not install fuel-oil piping in solid walls or partitions.

Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level
side down.

Connect branch piping from top or side of horizontal piping.

Install unions in pipes NPS 2 and smaller at final connection to each piece of equipment
and elsewhere as indicated.

Do not use fuel-oil piping as grounding electrode.
Install escutcheons for piping penetrations of walls, ceilings, and floors.

Provide additional intermediate supports as required so deflection of piping does not
exceed 1/240 of span.

Support spacings listed above are minimum requirements. Contractor shall provide
additional supports as required by codes or authority having jurisdiction at no additional
cost to contract.

PIPING JOINT CONSTRUCTION

Ream ends of pipes and tubes and remove burrs.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and
restore full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry
seal threading is specified.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded

or damaged. Do not use pipe sections that have cracked or open welds.
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3.5

A.

>

HANGER AND SUPPORT INSTALLATION

Pipe hanger and support and equipment support materials and installation requirements
are specified in Section 23 0529 "Hangers and Supports for HVAC Piping and
Equipment.”

Install hangers for horizontal steel piping with the following maximum spacing and
minimum rod sizes:

1. NPS 1-1/4 and Smaller: Maximum span, 84 inches; minimum rod size, 3/8 inch.
2. NPS 1-1/2: Maximum span, 108 inches; minimum rod size, 3/8 inch.
3. NPS 2: Maximum span, 10 feet; minimum rod size, 3/8 inch.

Support vertical steel pipe at spacing not greater than 15 feet.

Provide additional intermediate supports as required so deflection of piping does not
exceed 1/240 of span.

Support spacings listed above are minimum requirements. Contractor shall provide
additional supports as required by codes or authority having jurisdiction at no additional
cost to contract.

FIELD PAINTING OF ABOVEGROUND PIPING

Comply with requirements in Division 09 for painting interior and exterior fuel-oil piping.

Paint exposed, interior metal piping, valves, and piping specialties, except components
with factory-applied paint or protective coating.

1. Latex Over Alkyd Primer System: MPI INT 5.1Q.
a. Prime Coat: Quick-drying alkyd metal primer.
b. Topcoat: Interior latex flat.
C. Color: Gray.

Damage and Touchup: Repair marred and damaged factory-applied finishes with
materials and by procedures to match original factory finish.

FIELD QUALITY CONTROL

Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative
to inspect components, assemblies, and equipment installations, including
connections, and to assist in testing.

Tests and Inspections:

1. Piping: Minimum hydrostatic or pneumatic test-pressures measured at highest
point in system:

a. Fuel-Oil Distribution Piping: Minimum 5 psig > for minimum 30 minutes.
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b. Suction Piping: Minimum 20-in. Hg for minimum 30 minutes.
C. Isolate existing storage tanks if test pressure in piping will cause pressure
in existing generator storage tank to exceed 10 psig.

2. Inspect and test fuel-oil piping according to NFPA 31, "Tests of Piping"
Paragraph; and according to requirements of authorities having jurisdiction.
3. Test leak-detection and monitoring system for accuracy by manually operating
sensors and checking against alarm panel indication.
4. Start existing fuel-oil transfer pumps to verify for proper operation of pump and
check for leaks.
5. Test and adjust controls and safeties. Replace damaged and malfunctioning
controls and equipment.
6. Bleed air from fuel-oil piping using manual air vents.
C. Fuel-oil piping and equipment will be considered defective if it does not pass tests and
inspections.
D. Prepare test and inspection reports.

3.8 INDOOR PIPING SCHEDULE

A. Aboveground fuel-oil piping shall be the following:

1. NPS 2 and Smaller: Steel pipe, steel or malleable-iron threaded fittings, and
threaded joints.

END OF SECTION 22 16 10
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SECTION 230130.51
HVAC AIR-DISTRIBUTION SYSTEM CLEANING

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.

12  SUMMARY

A. Section includes cleaning HVAC air-distribution equipment, ducts, plenums, and system
components as defined in Section 23 08 00 - Commissioning OF HVAC.

B. The following summarizes the major components of the Zone 1 Systems

1. Admin Area Office is served by existing AC-01 (Packaged Rooftop Unit with
30-ton DX coil) and associated roof mounted exhaust fans.

a. VAV boxes (qty 18).
b. Fin tube radiation (qty 6).
C. Fire dampers (qty 6).
d. Distribution ductwork.
e. Associated manual balancing dampers and diffusers.
2. Admin Area offices is served by existing AC-02 (Packaged Rooftop Unit with
3-ton DX caoll).
3. Admin Area Locker rooms are served by existing HV-5 and associated roof

mounted exhaust fan.

1.3 DEFINITIONS
A. ASCS: Air systems cleaning specialist.
B. NADCA: National Air Duct Cleaners Association.

1.4 INFORMATIONAL SUBMITTALS

A. Qualification Data: For an ASCS.

B. Strategies and procedures plan.

C. Cleanliness verification report.

1.5 QUALITY ASSURANCE

A. ASCS Qualifications: A certified member of NADCA.
1. Certification: Employ an ASCS certified by NADCA on a full-time basis.
2. Supervisor Qualifications: Certified as an ASCS by NADCA.
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UL Compliance: Comply with UL 181 and UL 181A for fibrous-glass ducts.
Cleaning Conference: Conduct conference at Project site.
1. Review methods and procedures related to HVAC air-distribution system

cleaning including, but not limited to, review of the cleaning strategies and
procedures plan.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

A.
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EXAMINATION

Examine HVAC air-distribution equipment, ducts, plenums, and system components to
determine appropriate methods, tools, and equipment required for performance of the
Work.

Perform "Project Evaluation and Recommendation" according to NADCA ACR 2006.
Prepare written report listing conditions detrimental to performance of the Work.

Proceed with work only after unsatisfactory conditions have been corrected.

PREPARATION

Prepare a written plan that includes strategies and step-by-step procedures. At a
minimum, include the following:

Supervisor contact information.

Work schedule including location, times, and impact on occupied areas.
Methods and materials planned for each HVAC component type.
Required support from other trades.

Equipment and material storage requirements.

Exhaust equipment setup locations.

ogrwNE

Use the existing service openings, as required for proper cleaning, at various points of
the HVAC system for physical and mechanical entry and for inspection.

Comply with NADCA ACR 2006, "Guidelines for Constructing Service Openings in
HVAC Systems" Section.

CLEANING
Comply with NADCA ACR 2006.
Remove visible surface contaminants and deposits from within the HVAC system.

Systems and Components to Be Cleaned:
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Air devices for supply and return air.
Air-terminal units.
Ductwork:

wN e

a. Supply-air ducts, including turning vanes, to the rooftop air-handling unit.
b. Return-air ducts to the rooftop air-handling unit.
C. Exhaust-air ducts.

4. Air-Handling/Make-up Air Units:

a. Interior surfaces of the unit casing.
b. Coil surfaces compartment.
C. Condensate drain pans.
d. Fans, fan blades, and fan housings.
5. Filters and filter housings.
D. Collect debris removed during cleaning. Ensure that debris is not dispersed outside the

HVAC system during the cleaning process.
E. Particulate Collection:

1. For particulate collection equipment, include adequate filtration to contain debris
removed. Locate equipment downwind and away from all air intakes and other
points of entry into the building.

2. HEPA filtration with 99.97 percent collection efficiency for particles sized 0.3
micrometer or larger shall be used where the particulate collection equipment is
exhausting inside the building,

F. Control odors and mist vapors during the cleaning and restoration process.

G. Mark the position of manual volume dampers and air-directional mechanical devices
inside the system prior to cleaning. Restore them to their marked position on completion
of cleaning.

H. System components shall be cleaned so that all HYAC system components are visibly

clean. On completion, all components must be returned to those settings recorded just
prior to cleaning operations.

Clean all air-distribution devices, registers, grilles, and diffusers.

J. Clean visible surface contamination deposits according to NADCA ACR 2006 and the
following:
1. Clean air-handling units, airstream surfaces, components, condensate collectors,
and drains.
2. Ensure that a suitable operative drainage system is in place prior to beginning
wash-down procedures.
3. Clean evaporator coils, and other airstream components.
K. Duct Systems:
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L. Debris

Create service openings in the HVAC system as necessary to accommodate
cleaning.

Mechanically clean duct systems specified to remove all visible contaminants so
that the systems are capable of passing the HVAC System Cleanliness Tests
(see NADCA ACR 2006).

removed from the HVAC system shall be disposed of according to applicable

Federal, state, and local requirements.

1.

Mechanical Cleaning Methodology:

Source-Removal Cleaning Methods: The HVAC system shall be cleaned using
source-removal mechanical cleaning methods designed to extract contaminants
from within the HVAC system and to safely remove these contaminants from the
facility. No cleaning method, or combination of methods, shall be used that could
potentially damage components of the HVAC system or negatively alter the
integrity of the system.

a. Use continuously operating vacuum-collection devices to keep each
section being cleaned under negative pressure.

b. Cleaning methods that require mechanical agitation devices to dislodge
debris that is adhered to interior surfaces of HVAC system components
shall be equipped to safely remove these devices. Cleaning methods
shall not damage the integrity of HVAC system components or damage
porous surface materials such as duct and plenum liners.

Cleaning Mineral-Fiber Insulation Components:

a. Fibrous-glass thermal or acoustical insulation elements present in
equipment or ductwork shall be thoroughly cleaned with HEPA
vacuuming equipment while the HVAC system is under constant negative
pressure and shall not be permitted to get wet according to
NADCA ACR 2006.

b. Cleaning methods used shall not cause damage to fibrous-glass
components and will render the system capable of passing the HVAC
System Cleanliness Tests (see NADCA ACR 2006).

C. Fibrous materials that become wet shall be discarded and replaced.

Coil Cleaning:

Measure static-pressure differential across each coil.

See NADCA ACR 2006, "Coil Surface Cleaning" Section. Type 1, or Type 1 and
Type 2, cleaning methods shall be used to render the coil visibly clean and
capable of passing Coil Cleaning Verification (see applicable
NADCA ACR 2006).

Coil drain pans shall be subject to NADCA ACR 2006, "Non-Porous Surfaces
Cleaning Verification." Ensure that condensate drain pans are operational.
Electric-resistance coils shall be de-energized, locked out, and tagged before
cleaning.

Cleaning methods shall not cause any appreciable damage to, cause
displacement of, inhibit heat transfer, or cause erosion of the coil surface or fins,
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and shall comply with coil manufacturer's written recommendations when
available.
6. Rinse thoroughly with clean water to remove any latent residues.

Antimicrobial Agents and Coatings:

1. Apply antimicrobial agents and coatings if active fungal growth is reasonably
suspected or where unacceptable levels of fungal contamination have been
verified. Apply antimicrobial agents and coatings according to manufacturer's
written recommendations and EPA registration listing after the removal of surface
deposits and debris.

2. When used, antimicrobial treatments and coatings shall be applied after the
system is rendered clean.

3. Apply antimicrobial agents and coatings directly onto surfaces of interior
ductwork.

4, Sanitizing agent products shall be registered by the EPA as specifically intended

for use in HVAC systems and ductwork.

CLEANLINESS VERIFICATION

Verify cleanliness according to NADCA ACR 2006, "Verification of HVAC System
Cleanliness" Section.

Verify HVAC system cleanliness after mechanical cleaning and before applying any
treatment or introducing any treatment-related substance to the HVAC system, including
biocidal agents and coatings.

Perform visual inspection for cleanliness. If no contaminants are evident through visual
inspection, the HVAC system shall be considered clean. If visible contaminants are
evident through visual inspection, those portions of the system where contaminants are
visible shall be re-cleaned and subjected to re-inspection for cleanliness.

Verification of Coil Cleaning:

1. Measure static-pressure differential across each coil.

2. Coil will be considered clean if cleaning restored the coil static-pressure
differential within 10 percent of the differential measured when the coil was first
installed.

3. Coail will be considered clean if the coil is free of foreign matter and chemical

residue, based on a thorough visual inspection.

Prepare a written cleanliness verification report. At a minimum, include the following:

1. Written documentation of the success of the cleaning.

2. Site inspection reports, initialed by supervisor, including notation on areas of
inspection, as verified through visual inspection.

3. Surface comparison test results if required.

4, Gravimetric analysis (nonporous surfaces only).

5. System areas found to be damaged.

Photographic Documentation: Comply with requirements in Division 01
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3.5

A.

RESTORATION

Restore and repair HVAC air-distribution equipment, ducts, plenums, and components
according to NADCA ACR 2006, "Restoration and Repair of Mechanical Systems"
Section.

Restore service openings capable of future reopening. Comply with requirements in
Section 23 31 13 "Metal Ducts." Include location of service openings in Project closeout
report.

Replace fibrous-glass materials that cannot be restored by cleaning or resurfacing.
Comply with requirements in Section 23 31 13 "Metal Ducts".

Replace damaged insulation according to Section 23 07 13 "Duct Insulation."
Ensure that closures do not hinder or alter airflow.

New closure materials, including insulation, shall match opened materials and shall have
removable closure panels fitted with gaskets and fasteners.

END OF SECTION 23 01 30.51
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SECTION 23 05 00
COMMON WORK RESULTS FOR HVAC

PART 1 - GENERAL

11

A.

RELATED DOCUMENTS

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

ACCURACY OF DATA AND CONTRACT DRAWINGS

The design drawings are diagrammatic and they may not show all physical
arrangements, offsets, bends, or elbows which may be required for installation of various
materials, equipment, piping, and ductwork systems in allotted spaces. The Contractor
shall examine these and other available drawings to determine space limitations and
interferences. The Contractor shall be responsible for making any minor changes in
location of equipment, pipe and ductwork from that shown on drawings and for all
physical details required for installation. Cost for adapting Contractor's work to jobsite
conditions shall not be considered as basis of an extra cost to contract. The Contractor
shall get approval before proceeding with any change.

Elevation of piping, ductwork and equipment indicated on drawings are to be used as
guidelines to assist Contractor with installations. Minor changes to these elevations may
be necessary to eliminate unforeseen interferences. The Contractor shall get approval
before proceeding with any changes in elevations.

Information pertaining to new and existing conditions that are described in the
specifications or appear on drawings are based on available records. While such data
has been collected with reasonable care, there is no expressed or implied guarantee
that conditions so indicated are entirely representative of those actually existing or that
unlooked for developments may not occur. Such information is merely provided to assist
the Contractor in his investigation of conditions.

The Contractor must carefully examine the drawings, specifications and project site, and
verify all measurements, distances, levels, materials, equipment, etc. before starting
work.

Drawings shall not be scaled for determining exact dimensions or location of equipment.

Check, verify, and coordinate work with drawings and specifications prepared for other
trades. Include modifications, relocations, or adjustments necessary to complete work
or to avoid interference with other trades.

Contractor may install additional piping, fittings, and valves, not shown on drawings, for
testing purposes or for convenience of installation or start-up. Where such materials are
installed, they shall comply with specifications and shall be sized to be compatible with
system design. Remove such installed materials when they interfere with design
conditions or as directed by Architect.
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H.

Except as otherwise specified herein or indicated on drawings, furnish and install all
piping, tubing, valves, specialties and supports to connect fixtures and equipment into
their respective systems as required for or incidental to the proper operation of the
indicated systems. This shall include the following systems:

1. All miscellaneous piping called for on piping and instrument diagrams, regardless
of whether or not indicated in the specifications or on the drawings. Reference
shall be made to piping and instrument diagrams, control air piping drawings, and
manufacturer's equipment drawings to determine full extent or required piping.

SUMMARY
This Section includes the following:

Piping materials and installation instructions common to most piping systems.
Transition fittings.

Dielectric fittings.

Mechanical sleeve seals.

Sleeves.

Escutcheons.

Equipment installation requirements common to equipment sections.

Painting and finishing.

Supports and anchorages.

CoNoOR~WNE

DEFINITIONS

Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred
spaces, pipe and duct chases, unheated spaces immediately below roof, spaces above
ceilings, unexcavated spaces, crawlspaces, and tunnels.

Exposed, Interior Installations: Exposed to view indoors. Examples include finished
occupied spaces and mechanical equipment rooms.

Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient
temperatures and weather conditions. Examples include rooftop locations.

Concealed, Interior Installations: Concealed from view and protected from physical
contact by building occupants. Examples include above ceilings and chases.

Concealed, Exterior Installations: Concealed from view and protected from weather
conditions and physical contact by building occupants but subject to outdoor ambient
temperatures. Examples include installations within unheated shelters.

Except as otherwise defined in greater detail, terms “provide”, “furnish”, and “install” as
used in these Contract Documents shall have the following meanings:

1. “Provide” or “provided” shall mean “furnish and install.”
2. “Furnish” or “furnished” does not include installation.
3. “Install” or “installed” does not include furnishing.

The following are industry abbreviations for rubber materials:
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1. EPDM: Ethylene-propylene-diene terpolymer rubber.
2. NBR: Acrylonitrile-butadiene rubber.
SUBMITTALS

Product Data: None.

QUALITY ASSURANCE

Steel Support Welding: Qualify processes and operators according to AWS D1.1,
"Structural Welding Code--Steel."

Steel Pipe Welding: Qualify processes and operators according to ASME Boiler and
Pressure Vessel Code: Section 1X, "Welding and Brazing Qualifications."

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
2. Certify that each welder has passed AWS qualification tests for welding
processes involved and that certification is current.

Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical
characteristics may be furnished provided such proposed equipment is approved in
writing and connecting electrical services, circuit breakers, and conduit sizes are
appropriately modified. If minimum energy ratings or efficiencies are specified,
equipment shall comply with requirements.

DELIVERY, STORAGE, AND HANDLING

Deliver pipes and tubes with factory-applied end caps. Maintain end caps through
shipping, storage, and handling to prevent pipe end damage and to prevent entrance of
dirt, debris, and moisture.

The Contractor or the Contractor's authorized representative must be present to accept
delivery of all equipment and materials furnished by him. The Owner’s personnel will not
knowingly accept, unload or store anything delivered to the site for the Contractor’s use.
Inadvertent acceptance of delivered items by a representative of the Owner shall not
constitute acceptance or responsibility for any of the materials or equipment. It shall be
the Contractor’s responsibility to assume all liability for any equipment or materials
furnished by him which are delivered to the job site.

Storage of materials on the grounds and within the building shall be in strict accordance
with instructions of the Owner. Storage of materials within building shall at no time
exceed design carrying capacity of the structural system.

The Owner assumes no responsibility for materials stored in building or on the site.
Each Contractor shall assume full responsibility for all losses or damage due to the
storing of his materials.

Handle items carefully to avoid damage to components, enclosures and finishes. Follow
the manufacturer’s rigging instructions when handling and moving equipment.
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1.8 COORDINATION

A. Arrange for pipe spaces, chases, slots, and openings in building structure during
progress of construction, to allow for HVAC installations.

B. Coordinate installation of required supporting devices and set sleeves in poured-in-place
concrete and other structural components as they are constructed.

1.9 RELATED WORK — UTILITY SERVICES

A. Determine utility connection requirements and include in BASE BID all costs to Owner
for utility service.

B. Include costs for temporary service, temporary routing of piping or any other
requirements of a temporary nature associated with utility service.

1.10 CODES AND REGULATIONS

A. All codes and regulations of Federal, State, and Local Authorities and utility companies
shall become part of this specification and must be adhered to where they exceed
requirements as shown on the drawings or stated in the specifications, without additional
cost to the Contract.

1.11 CONTINUITY OF EXISTING SERVICES

A. Do not interrupt or change existing services without prior written approval. When
interruption is required, coordinate length of service time with Owner to minimize
disruption of occupant activities.

1.12 OPERATING AND MAINTENANCE INSTRUCTIONS

A. The Contractor shall provide operating and maintenance instruction manuals covering
each and every item of equipment and devices furnished or erected by the Contractor
prior to "Substantial Completion" as required by Division 1.

B. Each separate manual shall consist of the following:

1. Neatly typewritten table of contents including contractor's name, address and
telephone number; list of each product referenced in manual; and name, address
and telephone number of installing contractor and maintenance contractor for
each product.

2. Tabbed sections of catalog data and literature for each product including model
number, description and component parts; operating procedures; maintenance
procedures; servicing and lubrication schedules; description of sequence of
operations; parts lists; illustrations, assembly drawings and diagrams required for
maintenance; any additional drawings, diagrams, charts or written text which may
be required to supplement product data for particular installation; certified test
and balance report; list of control point labels, and wiring diagrams.

3. Copy of warranty, bond and/or service contract issued for each product including
an information sheet for operations personnel with proper procedures in event of
a product failure and instances which might affect validity of warranties or bonds.
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4. Full size sheets, if required, shall be folded into special holding pockets. Faxed,
handwritten, or illegible materials are not acceptable.

C. Prior to final inspection or acceptance, fully instruct designated facility operating and
maintenance personnel on operation, adjustment and maintenance of products,
equipment and systems. Review contents of operating and maintenance manual with
personnel in full detail to explain all aspects of operations and maintenance.

1.13 PROTECTION OF ROOF

A. Contractors are cautioned that they must exercise extreme care in any activity involving
contact with any installed roof membrane.

B. Construct protective plywood (3/4 in. thick) runways across the roof for moving, setting,
and installing equipment and piping systems. No activity on the roof will be permitted
without this protection. Start runways at the point of origin of any equipment placed on
roof and terminate at the point of installation on curb or base. At completion of work, or
when directed by the Owner, completely remove, neatly and cleanly, without damage to
roofing system, these protective items and runways.

C. Any and all repairs necessary to bring the roofing system to its original condition shall be
made by an approved Roofing Contractor and paid for by the Contractor responsible for
the damage.

1.14 WORK COORDINATION

A. All Trades shall work in cooperation with each other and fit their work into the structure
as job conditions may demand. All final decisions as to right-of-way and run of pipes
and ducts, etc. shall be made by the Owner. In general, priority shall be arranged as
follows: (in order of preference)

1. Recessed lighting fixtures
2. Piping which must be drainable
3. Sheet metal ductwork
4, Lighting fixtures
5. Plumbing waste lines, downspouts, vents and sprinkler piping
6. Gravity water lines
7. Heating hot lines
8. Refrigerant lines
9. Natural Gas
10. Plumbing water and air lines
11. Electrical conduit
12. Control wiring conduit
1.15 INSPECTION
A. The Contractor shall verify the location of underground service, utilities, structures, etc.,

which may be encountered or be affected by his work and shall be responsible for any
damage caused by neglect to provide proper precautions or protection.
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B.

Any work that is to be concealed, such as inside walls, above ceilings, soffits, shall be
inspected by Owner or Architect/Engineer prior to concealment.

PART 2 - PRODUCTS

2.1

A.

MANUFACTURERS

In other Part 2 articles where subparagraph titles below introduce lists, the following
requirements apply for product selection:

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

PIPE, TUBE, AND FITTINGS

Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and
joining methods.

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

JOINING MATERIALS

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

Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping
system contents.

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

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux
according to ASTM B 813.

Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for general-
duty brazing, unless otherwise indicated; and AWS A5.8, BAgl, silver alloy for
refrigerant piping, unless otherwise indicated.

Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for
wall thickness and chemical analysis of steel pipe being welded.

DIELECTRIC FITTINGS

Description: Combination fitting of copper alloy and ferrous materials with threaded,
solder-joint, plain, or weld-neck end connections that match piping system materials.

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

Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig (1725-kPa)
minimum working pressure at 180 deg F (82 deg C).
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1. Available Manufacturers:
a. Capitol Manufacturing Co.
b. Central Plastics Company.
C. Eclipse, Inc.
d. Epco Sales, Inc.
e. Hart Industries, International, Inc.
f. Watts Industries, Inc.; Water Products Div.
g. Zurn Industries, Inc.; Wilkins Div.

D. Dielectric Flanges: Factory-fabricated, companion-flange assembly, for 150- or 300-psig
minimum working pressure as required to suit system pressures.

1. Available Manufacturers:
a. Capitol Manufacturing Co.
b. Central Plastics Company.
C. Epco Sales, Inc.
d. Watts Industries, Inc.; Water Products Div.
E. Dielectric-Flange Kits: Companion-flange assembly for field assembly. Include flanges,

full-face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves,
phenolic washers, and steel backing washers.

1. Available Manufacturers:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
C. Central Plastics Company.
d. Pipeline Seal and Insulator, Inc.
2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig

minimum working pressure where required to suit system pressures.

F. Dielectric Couplings: Galvanized-steel coupling with inert and noncorrosive,
thermoplastic lining; threaded ends; and 300-psig minimum working pressure at
225 deg F.
1. Available Manufacturers:
a. Calpico, Inc.
b. Lochinvar Corp.
G. Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, thermoplastic
lining; plain, threaded, or grooved ends; and 300-psig minimum working pressure at
225 deg F
1. Available Manufacturers:
a. Perfection Corp.
b. Precision Plumbing Products, Inc.
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C. Sioux Chief Manufacturing Co., Inc.
d. Victaulic Co. of America.

MECHANICAL SLEEVE SEALS

Description: Modular sealing element unit, designed for field assembly, to fill annular
space between pipe and sleeve.

1. Available Manufacturers:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
C. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.
2. Sealing Elements: EPDM interlocking links shaped to fit surface of pipe. Include
type and number required for pipe material and size of pipe.
3. Pressure Plates: Carbon steel. Include two for each sealing element.
4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of

length required to secure pressure plates to sealing elements. Include one for
each sealing element.

SLEEVES

Galvanized-Steel Sheet: 0.0239-inch minimum thickness; round tube closed with
welded longitudinal joint.

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

ESCUTCHEONS

Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to
closely fit around pipe, tube, and insulation of insulated piping and an OD that
completely covers opening.

One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with polished chrome-
plated finish.

One-Piece, Stamped-Steel Type: With spring clips and chrome-plated finish.

Split-Plate, Stamped-Steel Type: With concealed hinge, spring clips, and chrome-plated
finish.

SEALANTS

Reference Division 7 specification for sealant requirements.

PART 3 - EXECUTION

3.1

GENERAL
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Verify elevations and measurements prior to installation of materials.

PIPING SYSTEMS - COMMON REQUIREMENTS

Install piping according to the following requirements and Division 23 Sections specifying
piping systems.

Drawing plans, schematics, and diagrams indicate general location and arrangement of
piping systems. Indicated locations and arrangements were used to size pipe and
calculate friction loss, expansion, pump sizing, and other design considerations. Install
piping as indicated unless deviations to layout are approved on Coordination Drawings.

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 to permit valve servicing.

Install piping at indicated slopes.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install piping to allow application of insulation.

Full lengths of pipe shall be used. Short lengths and couplings will not be permitted.
Where more than one pipe material specification or valve is allowed for particular
service, the Contractor is required to use one and only one of the pipe materials
specified throughout project. Two or more different piping materials or valves for same

service will not be allowed unless indicated otherwise on drawings or specified herein.

Independently support piping so that its weight shall not be supported by the equipment
to which it is connected.

Size reduction shall be made using reducing fittings; bushings are not acceptable.

Mitered ells, notched tees, and orange peel reducers are not acceptable. On threaded
piping, bushings are not acceptable.

"Weldolets" and "Threadolets" may be used for branch takeoffs up to one-half (*2) the
diameter of the main.

Cover ends of piping during installation to keep inside of piping clean.
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R.

Piping shall not be routed through electrical rooms or telecommunication rooms or
transformer vaults, or above transformers, panelboards, or switchboards, including the
required service space for this equipment, unless the piping is serving this equipment.

Use only wrenches having square flat jaws, or non-metallic strap wrenches on brass
specialties; wrench marks not permitted.

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

Install escutcheons for penetrations of walls, ceilings, and floors according to the
following:

1. New Piping:
a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-
pattern type.
b. Insulated Piping: One-piece, stamped-steel type with spring clips.
C. Bare Piping at Wall Penetrations in Finished Spaces: One-piece,
stamped-steel type.
d. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece,

stamped-steel type or split-plate, stamped-steel type with concealed
hinge and set screw.

e. Bare Piping in Unfinished Service Spaces: One-piece, stamped-steel type
with concealed hinge and spring clips.

f. Bare Piping in Equipment Rooms: One-piece, stamped-steel type with
spring clips.

Sleeves are not required for core-drilled holes thru solid concrete walls.

Install sleeves for pipes passing through concrete and masonry walls, gypsum-board
partitions, and concrete floor and roof slabs.

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

a. Exception: Extend sleeves installed in floors of mechanical equipment
areas or other wet areas 2 inches above finished floor level. Extend cast-
iron sleeve fittings below floor slab as required to secure clamping ring if
ring is specified.

2. Install sleeves in new walls and slabs as new walls and slabs are constructed.

3. Install sleeves that are large enough to provide 1/4-inch annular clear space
between sleeve and pipe or pipe insulation. Use the following sleeve materials:
a. Steel Pipe Sleeves: For pipes smaller than NPS 6.

4, Seal annular space between sleeve and pipe or pipe insulation, using joint

sealants appropriate for size, depth, and location of joint. Refer to Division 07 for
materials and installation.
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X.

Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and
mechanical sleeve seals. Select sleeve size to allow for 1l-inch annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

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

2. Mechanical Sleeve Seal Installation: Select type and number of sealing elements
required for pipe material and size. Position pipe in center of sleeve. Assemble
mechanical sleeve seals and install in annular space between pipe and sleeve.
Tighten bolts against pressure plates that cause sealing elements to expand and
make watertight seal.

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and
floors at pipe penetrations. Seal pipe penetrations with firestop materials. Refer to
Division 07 for materials.

Verify final equipment locations for roughing-in.

Refer to equipment specifications in other Sections of these Specifications for roughing-
in requirements.

PIPING JOINT CONSTRUCTION

Join pipe and fittings according to the following requirements and Division 23 Sections
specifying piping systems.

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.

Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to
tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube
Handbook," using lead-free solder alloy complying with ASTM B 32.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1.
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs
and restore full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry
seal threading is specified.

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are
corroded or damaged. Do not use pipe sections that have cracked or open
welds.

Welded Joints: Construct joints according to AWS D10.12, using qualified processes
and welding operators according to Part 1 "Quality Assurance" Article.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt
threads.
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3.4

A.

PIPING CONNECTIONS

Make connections according to the following, unless otherwise indicated:

1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final
connection to each piece of equipment.
2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at

final connection to each piece of equipment.

EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

Install equipment to allow maximum possible headroom unless specific mounting heights
are not indicated.

Install equipment level and plumb, parallel and perpendicular to other building systems
and components in exposed interior spaces, unless otherwise indicated.

Install HYAC equipment to facilitate service, maintenance, and repair or replacement of
components. Connect equipment for ease of disconnecting, with minimum interference
to other installations. Extend grease fittings to accessible locations.

Install equipment to allow right of way for piping installed at required slope.

PAINTING

Painting of HVAC systems, equipment, piping and components is specified in
Division 09.

Damage and Touchup: Repair marred and damaged factory-painted finishes with
materials and procedures to match original factory finish.

ERECTION OF METAL SUPPORTS AND ANCHORAGES

Refer to Division 05 for structural steel.

Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and
elevation to support and anchor HVAC materials and equipment.

Field Welding: Comply with AWS D1.1.

END OF SECTION 23 05 00
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SECTION 23 05 13
COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1 - GENERAL

11

A.

RELATED DOCUMENTS

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

COORDINATION

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

Motor controllers.

Torque, speed, and horsepower requirements of the load.

Ratings and characteristics of supply circuit and required control sequence.
Ambient and environmental conditions of installation location.

TN

PART 2 - PRODUCTS

2.1

>

O

GENERAL MOTOR REQUIREMENTS

Comply with NEMA MG 1 unless otherwise indicated.

MOTOR CHARACTERISTICS

Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet
above sea level.

Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate
connected loads at designated speeds, at installed altitude and environment, with
indicated operating sequence, and without exceeding nameplate ratings or considering
service factor.

POLYPHASE INDUCTION MOTORS

Description: NEMA MG 1, Design B, medium induction motor.
Efficiency: Energy efficient, as defined in NEMA MG 1.
Service Factor: 1.15.

Multispeed Motors: Variable torque.

1. For motors with 2:1 speed ratio, consequent pole, single winding.
2. For motors with other than 2:1 speed ratio, separate winding for each speed.

Multispeed Motors: Separate winding for each speed.
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Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust
loading.

Temperature Rise: Match insulation rating.
Insulation: Class F.
Code Letter Designation:

1. Motors 15 HP and Larger: NEMA starting Code F or Code G.
2. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic.

POLYPHASE INDUCTION MOTORS WITH ADDITIONAL REQUIREMENTS

Motors Used with Variable Frequency Controllers: Ratings, characteristics, and features
coordinated with and approved by controller manufacturer.

1. Windings: Copper magnet wire with moisture-resistant insulation varnish,
designed and tested to resist transient spikes, high frequencies, and short time
rise pulses produced by pulse-width modulated inverters.

2. Energy- and Premium-Efficient Motors: Class B temperature rise; Class F
insulation.

3. Inverter-Duty Motors: Class F temperature rise; Class H insulation.

4, Thermal Protection: Comply with NEMA MG 1 requirements for thermally
protected motors.

5. Shaft Grounding: Provide bearing protection grounding rings to bleed current

from the motor shaft to the motor casing.

SINGLE-PHASE INDUCTION MOTORS

Motors larger than 1/20 HP shall be one of the following, to suit starting torque and
requirements of specific motor application:

1. Permanent-split capacitor.

2. Split phase.

3. Capacitor start, inductor run.
4, Capacitor start, capacitor run.

Multispeed Motors: Variable-torque, permanent-split-capacitor type.

Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial
and thrust loading.

Motors 1/20 HP and Smaller: Shaded-pole type.

Thermal Protection: Internal protection to automatically open power supply circuit to
motor when winding temperature exceeds a safe value calibrated to temperature rating
of motor insulation. Thermal-protection device shall automatically reset when motor
temperature returns to normal range.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 230513-2 Common Motor Requirements for HVAC
CONTRACT NUMBER 8535 MUNIS NUMBER 11229 Equipment



MEAD & HUNT, INC.

JANUARY 9, 2020

2.6 ELECTRONICALLY COMMUTATED MOTOR (ECM)

A. Description: Electrically commutated, adjustable speed, brushless direct current (BLDC)
motor.
B. Constant CFM, constant torque

C. Multi-Speed: Shall be speed controllable down to 20% of full speed using a 0-10 VDC
signal.

D. Efficiency: Energy efficient, as defined in NEMA MG 1.

E. Service Factor: 1.00

PART 3 - EXECUTION (Not Used)

END OF SECTION 23 05 13
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SECTION 23 05 14
VARIABLE FREQUENCY DRIVES

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.

12  COORDINATION

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

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

1.3 ACTION SUBMITTALS

A. Product Data: For each type and rating of VFD indicated.

1. Include dimensions and finishes for VFDs.
2. Include rated capacities, operating characteristics, electrical characteristics, and
furnished specialties and accessories.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For VFDs to include in emergency, operation, and
maintenance manuals.

1.5 WARRANTY

A. Special Warranty: Manufacturer agrees to repair or replace VFDs that fail in materials or
workmanship within specified warranty period.

1. Warranty Period: Five (5) years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Basis-of-Design Product: Subject to compliance with requirements, provide the following
as City of Madison’s preferred variable frequency drive equipment supplier and is to be a
part of the Section 23 09 00 Contractor’s scope of work for this project.

1. Danfoss, VLT Series.
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2.2

A.

DESIGN AND CONSTRUCTION

The unit shall be variable torque, modular design for control of the motors as specified in
Division 23 and rated at the motor full load hameplate amps.

The unit shall be U.L. listed, solid state, microprocessor-based with a pulse width
modulated (PWM) output wave form (none others are acceptable).

The VFD shall employ a full wave bridge rectifier and capacitors to minimize the ripple of
the rectified voltage to maintain near constant DC voltage. Insulated gate bipolar
transistors (IGBT’s) shall be employed as the output switching device.

The VFD package shall contain the equivalent of 5% impedance to reduce harmonic
distortion. The 5% equivalent impedance shall be provided in the form of a DC bus
choke, an input AC line reactor in each phase, or a combination of the two methods.

Control circuitry shall be plug-in, plug-out modular basis with a corrosion resistant
coating on printed circuit boards.

Units to be suitable for an operating environment from 0°C to 40°C temperature and
humidity up to 90% non-condensing.

Electrically and physically isolate control circuitry and conductors from power circuitry
and power conductors. Control conductors and power conductors shall not be run in the
same pathway.

The unit enclosure shall be NEMA 1 unless otherwise noted for the required for the
application minimum and all components shall be fully factory assembled and tested
prior to leaving the manufacturing facility.

1. Provide NEMA 12 for indoor area when not located in cabinetry.
2. Provide NEMA 3R for exterior area when not located in cabinetry.

Include the following operating and monitoring devices mounted on the front cover:

1. A disconnect switch or circuit breaker to de-energize the drive circuit with door
interlocked handle and lock-open padlocking provisions.

2. Operating mode selector switch marked "hand-off-auto".

3. Manual speed adjustment via keypad, mounted on the door.

PERFORMANCE REQUIREMENTS

Units shall be suitable for input power of electrical system as scheduled on the drawings
+10%, 3 phase, 60 Hertz nhominal.

Use a current limiting control device to limit output current to 110% continuous for one
minute; also refer to Protection Features in this section. Full load output current available
from drive shall not be less than motor nameplate amperage. The full load amp rating of
the VFD shall not be less than the values indicated in the NEC Table 430-150.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 230514-2 Variable Frequency Drives
CONTRACT NUMBER 8535 MUNIS NUMBER 11229



MEAD & HUNT, INC.

JANUARY 9, 2020

C.

Output power shall be suitable for driving standard NEMA B design, three phase
alternating current induction motors at full rated speed with capability of 6:1 turndown.

Additional performance capabilities to include the following:

1. Ride through a momentary power outage of 15 cycles,

2. Start into a rotating load without damage to drive components or motor,

3 Capable of automatic restart into a rotating load after a preset, adjustable time
delay following a power outage

4. Input power factor: Min 0.95 throughout the speed range

5. Minimum efficiency: 95% at 100% speed, 85% at 50% speed

CONTROL FEATURES

Use control circuits compatible with input signal from temperature control system in the
automatic mode and from manual speed control in the manual mode. Vary motor speed
in response to the input control signal. Include components necessary to accept the
signal from the temperature control system in the form that it is sent.

Include the following additional control features:

1. Hand-Off-Automatic (HOA) selector switch to select local or remote start/stop
and speed control.

2. Analog input, selectable 0-10v or 4-20 mA, for automatic control from the
temperature control system.

3. Local speed control at the VFD.

4. Adjustable acceleration and deceleration rate so that the time period from start to
full speed and from full speed to stop can be field adjusted.

5. Adjustable minimum and maximum speed settings for both automatic and
manual modes of operation.

6. Field adjustment of minimum and maximum output frequency.

7 Two (2) sets of programmable form “C” contacts for remote indication of variable
frequency drive condition. Note: default programming to be set for “Drive Run &
Fault”.

8. llluminated display keypad.

9. External Fault indicator.

10. One (1) input for a N.O. dry contact type input for a 2-wire remote start/stop.

11. One (1) input for a N.C. dry contact type input for external faults: (freezestats, fire
alarm, smokes, etc).

12. One (1) N.O. dry contact output for proving motor status. This output shall be
programmed to detect belt or coupling break that would remove the load from the
motor. The dry contact will open on loss of load or VFD being off.

13. PID control loop capable of VFD control from an external device connected to a
VFD analog input.

The VFD controller shall convert VFD information into the BACnet MSTP protocol that
will be compatible with the building direct digital energy management system (EMS)
supplied on the project. This output shall be through a serial interface port capable of
two-way communication with the building EMS provided on this project. Final
connection shall not require any additional intermediate gateway devices to provide
throughput of data. The following data shall be provided at a minimum:
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Fault condition
Speed
Amperage
Frequency
Voltage

agrwnNpE

2.5 PROTECTION FEATURES

A. Use electronic protection circuitry in the power circuits to provide an orderly shutdown of
the drive without blowing fuses or tripping circuit breakers and prevent component loss
under the following abnormal conditions:

Activation of any safety device;

Instantaneous overcurrent and/or over voltage of output;
Power line overvoltage and undervoltage protection;
Phase loss;

Single and three phase short circuiting;

Ground faults;

Control circuit malfunction;

Overtemperature; and

Output current over limit.

CoNor®WNE

B. Provide the following additional protective features:

1. Input transient overvoltage protection up to 3000 volts per ANSI 37.90A;

2. DC bus fusing or other electronic controls which limit the rate of rise of the DC
bus current and de-energizes the drive at a predetermined current level;

3. Fusing for the control circuit transformer;

4, Grounded control chassis; and

2.6 DIAGNOSTICS

A. Provide an English character display (no error codes) with indicators for the following:

Phase loss
Ground fault
Overcurrent
Overvoltage
Undervoltage
Over temperature
Overload

DC bus status

N TOrWNE

2.7 QUALITY ASSURANCE TESTS

A. Use a factory heat stress test to verify proper operation of all functions and components
under full load.

B. Field performance test of variable frequency drives to determine compliance with this
specification will be performed at the Owner’s discretion and may include any specified
feature, including operation of protective devices through a simulated fault. Contractor
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will pay for initial testing. Should drive be found deficient by this testing, drive
manufacturer will be required to make any and all changes necessary to bring unit(s)
into compliance with the specified performance and demonstrate this performance by
retesting. Cost of changes and retest will be by this contractor.

Variable frequency drive manufacturer or designated representative to perform a field
test of each drive, in the presence of the Owner's representative, for the following items:

1. Provide general inspection to verify proper installation;
2. Demonstrate drive reaction to simulated power interruptions of two seconds and
sixty seconds;

AC INPUT LINE REACTORS

When needed to comply with the requirement for 5% equivalent impedance, furnish and
factory install AC input line reactors.

Line reactors shall be installed in each phase of the AC input side of the VFD and
mounted within a common enclosure with the VFD.

Line reactor shall be a three-phase inductor, iron core, 600V, Class H insulation, 115-
degree C rise, copper windings with screw type terminal blocks.

PART 3 - EXECUTION

VARIABLE FREQUENCY DRIVES

Provide variable frequency drives with dual port Ethernet module as scheduled. Size
drive to accommodate selected fan arrays and sized for heavy duty application. Provide
input AC line reactor as noted above. Coordinate with unit manufacturer listed in
Sections 23 72 00, 23 73 00, 23 74 23.16 and 23 73 23.19.

Install where indicated on drawings and in accordance with approved submittals and
manufacturer's published recommendations. Installation to be by the Division 26
Electrical contractor.

Input power wiring shall be installed in a separate conduit, output power wiring shall be
installed in a separate conduit and control wiring shall be installed in a separate conduit.
Do not mix input power, output power, or control wiring in a common conduit. Separate
conduits for input and output power wiring shall be provided for each motor. Input and
output power wiring for more than one motor shall not share a common conduit. Power
wiring shall be furnished and installed by the Div. 26 contractor. If provided, do not
mount output line filter above the drive.

Control signal for drive will be provided under Division 23.
Temperature Control Contractor will furnish variable frequency drives and install the

required temperature control wiring in metal conduit and in accordance with Division 26
of this specification.
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3.2

A.

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to test
and inspect components, assemblies, and equipment installations, including
connections.

Perform tests and inspections with the assistance of a factory-authorized service
representative.

Acceptance Testing Preparation:

1. Test insulation resistance for each VFD element, bus, component, connecting
supply, feeder, and control circuit.
2. Test continuity of each circuit.

Tests and Inspections:

1. Inspect VFD, wiring, components, connections, and equipment installation.

2. Test insulation resistance for each VFD element, component, connecting motor
supply, feeder, and control circuits.

3. Test continuity of each circuit.

4, Verify that voltages at VFD locations are within 10 percent of motor nameplate

rated voltages. If outside this range for any motor, notify Architect before starting
the motor(s).

5. Test each motor for proper phase rotation.

6. Perform tests according to the Inspection and Test Procedures for Adjustable
Speed Drives stated in NETA Acceptance Testing Specification. Certify
compliance with test parameters.

7. Correct malfunctioning units on-site, where possible, and retest to demonstrate
compliance; otherwise, replace with new units and retest.
8. Perform the following infrared (thermographic) scan tests and inspections, and

prepare reports:

a. Initial Infrared Scanning: After Substantial Completion, but not more than
60 days after Final Acceptance, perform an infrared scan of each VFD.
Remove front panels so joints and connections are accessible to portable
scanner.

b. Instruments and Equipment: Use an infrared scanning device designed to
measure temperature or to detect significant deviations from normal
values. Provide calibration record for device.

9. Test and adjust controls, remote monitoring, and safeties. Replace damaged and
malfunctioning controls and equipment.

VFDs will be considered defective if they do not pass tests and inspections.
Prepare test and inspection reports, including a certified report that identifies the VFD

and describes scanning results. Include notation of deficiencies detected, remedial
action taken, and observations made after remedial action.
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3.3

A.

STARTUP SERVICE

Engage a factory-authorized service representative to perform startup service.

1. Complete installation and startup checks according to manufacturer's written
instructions.

PROTECTION

Temporary Heating: Apply temporary heat to maintain temperature according to
manufacturer's written instructions until controllers are ready to be energized and placed
into service.

Replace VFDs whose interiors have been exposed to water or other liquids prior to
Substantial Completion.

END OF SECTION 23 05 14
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SECTION 23 05 16
EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING

PART 1 - GENERAL

11

A.
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RELATED DOCUMENTS

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

PERFORMANCE REQUIREMENTS

Compatibility: Products shall be suitable for piping service fluids, materials, working
pressures, and temperatures.

Capability: Products to absorb 200 percent of maximum axial movement between
anchors.

ACTION SUBMITTALS

Product Data: For each type of product indicated.

Delegated-Design Submittal: For each flexible-hose packless expansion joints, provide
anchor and alignment guide as required to comply with performance requirements and
design criteria, including analysis data signed and sealed by the qualified professional
engineer responsible for their preparation.

1. Design Calculations: Calculate requirements for thermal expansion of piping
systems and for selecting and designing expansion joints, loops, and swing
connections.

2. Anchor Details: Detail fabrication of each anchor indicated. Show dimensions
and methods of assembly and attachment to building structure, if required.

3. Alignment Guide Details: Detail field assembly and attachment to building
structure.

4. Schedule: Indicate type, manufacturer's number, size, material, pressure rating,

end connections, and location for each flexible-hose packless expansion joint.

CLOSEOUT SUBMITTALS

Maintenance Data: For expansion joints to include in maintenance manuals.

QUALITY ASSURANCE

Welding Qualifications: Qualify procedures and personnel according to the following:

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel."
2. ASME Boiler and Pressure Vessel Code: Section IX.
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PART 2 - PRODUCTS

2.1

A.

PACKLESS EXPANSION JOINTS

Flexible-Hose Packless Expansion Joints:

1. Basis-of-Design Product: The design is based on the following:
a. Flex-Hose Co., Inc. (Tri-Flex Loop)
2. Manufacturers: Subject to compliance with requirements, provide products by

one of the following:

a. Mason Industries, Inc.
b. Metraflex Company (The).
3. Description: Manufactured assembly with inlet and outlet elbow fittings and two

flexible-metal-hose legs joined by long-radius, 180-degree return bend or center
section of flexible hose.

a. Product shall absorb and compensate multi-plane pipe movements.
b. Designed for pressure testing to 1.5 times their maximum rated working
pressure and a minimum 4:1 (burst to working) safety factor.
C. Provide hanger assembly kit shall be used to support flexible-hose.
d. Flexible pipe loop shall be capable for multi-plane movements (X, Y, and
Z), plus rotation about those axes simultaneously as well as reduce piping
stress.
4, Flexible Hose: Corrugated-metal inner hoses and braided outer sheaths.
5. Expansion Joints for Copper Tubing NPS 2 and Smaller: Copper-alloy fittings

with solder-joint end connections.

a. Bronze hoses and single-braid bronze sheaths with 450 psig at 70 deg F
and 340 psig at 450 deg F ratings.

6. Expansion Joints for Steel Piping NPS 2-1/2 to NPS 6: Carbon-steel fittings with
weld end connections.

a. Stainless-steel hoses and single-braid, stainless-steel sheaths with 200
psig at 70 deg F and 145 psig at 600 deg F ratings.

JOINTS

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

1. Anvil International, Inc.
2. Victaulic Company.

Description: Factory-assembled expansion joint made of several grooved-end pipe
nipples, couplings, and grooved joints.
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C. Standard: AWWA C606, for grooved joints.

D. Nipples: ASTM A 53/A 53M, Schedule 40, Type E or S, steel pipe with grooved ends.

E. Couplings: Seven, flexible type for steel-pipe dimensions. Include ferrous housing
sections, EPDM gasket suitable for cold and hot water, and stainless steel bolts and

nuts.

2.3 ALIGNMENT GUIDES AND ANCHORS

A. Alignment Guides:

1.

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

Adsco Manufacturing LLC.
Advanced Thermal Systems, Inc.
Hyspan Precision Products, Inc.
Mason Industries, Inc.

Metraflex Company (The).

PO T O

Description: Steel, factory-fabricated alignment guide, with bolted two-section
outer cylinder and base for attaching to structure; with two-section guiding spider
for bolting to pipe.

B. Anchor Materials:

PwpdE

Steel Shapes and Plates: ASTM A 36/A 36M.

Bolts and Nuts: ASME B18.10 or ASTM A 183, steel hex head.

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

Mechanical Fasteners: Insert-wedge-type stud with expansion plug anchor for
use in hardened portland cement concrete, with tension and shear capacities
appropriate for application.

a. Stud: Threaded, zinc-coated carbon steel.
b. Expansion Plug: Zinc-coated steel.
c. Washer and Nut: Zinc-coated steel.

Chemical Fasteners: Insert-type-stud, bonding-system anchor for use with
hardened portland cement concrete, with tension and shear capacities
appropriate for application.

a. Bonding Material: ASTM C 881/C 881M, TypelV, Grade 3, two-
component epoxy resin suitable for surface temperature of hardened
concrete where fastener is to be installed.

b. Stud: ASTM A 307, zinc-coated carbon steel with continuous thread on
stud unless otherwise indicated.
C. Washer and Nut: Zinc-coated steel.
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PART 3 - EXECUTION

3.1

A.

EXPANSION-JOINT INSTALLATION

Install flexible-hose packless pipe loop expansion joints of sizes matching sizes of piping
in which they are installed.

Install flexible-hose packless pipe loop expansion joints per manufacturer's guidelines
per delegated design submittal for anchors and guides installation requirements.

Install grooved-joint expansion joints to grooved-end steel piping

PIPE LOOP AND SWING CONNECTION INSTALLATION

Install pipe loops cold-sprung in tension or compression as required to partly absorb
tension or compression produced during anticipated change in temperature.

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

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

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

ALIGNMENT-GUIDE AND ANCHOR INSTALLATION

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

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

Attach guides to pipe and secure guides to building structure.

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

Anchor Attachments:

1. Anchor Attachment to Steel Pipe: Attach by welding. Comply with ASME B31.9
and ASME Boiler and Pressure Vessel Code: Section IX, "Welding and Brazing
Qualifications."

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

Fabricate and install steel anchors by welding steel shapes, plates, and bars. Comply
with ASME B31.9 and AWS D1.1/D1.1M.

1. Anchor Attachment to Steel Structural Members: Attach by welding.
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2. Anchor Attachment to Concrete Structural Members: Attach by fasteners. Follow
fastener manufacturer's written instructions.

G. Use grout to form flat bearing surfaces for guides and anchors attached to concrete.
H. Number and spacing of guides shall be per pipe guide manufacturer's
recommendations.

END OF SECTION 23 05 16
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SECTION 23 05 19
METERS AND GAGES 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.

1.2 ACTION SUBMITTALS

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

1.3 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For meters and gages to include in operation and

maintenance manuals.

PART 2 - PRODUCTS

2.1 LIQUID-IN-GLASS THERMOMETERS

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

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

a. Miljoco Corporation
b. Trerice, H. O. Co.
C. Weiss Instruments, Inc.
2. Standard: ASME B40.200.
3. Case: Aluminum with enamel or powder coat finish; 9-inch nominal size unless
otherwise indicated.
4. Case Form: Adjustable angle unless otherwise indicated.
5. Tube: Glass with magnifying lens and blue or red organic liquid.
6. Tube Background: Nonreflective aluminum with permanently etched scale
markings graduated in deg F.
7. Window: plastic.
8. Stem: brass and of length to suit installation.
a. Design for Air-Duct Installation: With ventilated shroud.
b. Design for Thermowell Installation: Bare stem.
9. Connector: 1¥4 inches, with ASME B1.1 screw threads.

10. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a
maximum of 1.5 percent of scale range.
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2.2

A.

THERMOWELLS

Thermowells:

1. Standard: ASME B40.200.

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

3. Material for Use with Copper Tubing: CNR or CUNI.

4. Material for Use with Steel Piping: CRES.

5. Socket: Stainless steel separable sockets.

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

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

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

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

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

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

12. Bushings: For converting size of thermowell's internal screw thread to size of

thermometer connection.

Heat-Transfer Medium: Mixture of graphite and glycerin.

PRESSURE GAGES

Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:

1.

arwn

~No

10.
11.

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

AMETEK, Inc.; U.S. Gauge.

Ashcroft Inc.

Miljoco Corporation.

Trerice, H. O. Co.

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

~oooow

Standard: ASME B40.100.

Case: Sealed type(s); 304 stainless steel; 4%-inch nominal diameter.
Pressure-Element Assembly: Bourdon tube unless otherwise indicated.

Pressure Connection: Brass, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe
threads and bottom-outlet type unless back-outlet type is indicated.

Movement: Mechanical, with link to pressure element and connection to pointer.
Dial: Nonreflective aluminum with permanently etched scale markings graduated
in psi.

Pointer: Dark-colored metal.

Window: plastic.

Ring: Stainless steel.

Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.
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2.4
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GAGE ATTACHMENTS

Valves: Stainless-steel needle, with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads.
TEST PLUGS

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

Flow Design, Inc.

Miljoco Corporation.

Peterson Equipment Co., Inc.

Trerice, H. O. Co.

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

ogkwnNE

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

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

Thread Size: NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe thread.
Minimum Pressure and Temperature Rating: 500 psig at 200 deg F.

Core Inserts: Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber.

PART 3 - EXECUTION

3.1

A.

INSTALLATION

Install thermowells with socket extending to center of pipe and in vertical position in
piping tees.

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

Install thermowells with extension on insulated piping.
Fill thermowells with heat-transfer medium.

Install direct-mounted thermometers in thermowells and adjust vertical and tilted
positions.

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

Install remote-mounted pressure gages on panel.

Install valve and snubber in piping for each pressure gage for fluids.
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I Install test plugs in piping tees.

J. Install thermometers in the following locations:
1. Inlet and outlet of each hydronic zone.

K. Install pressure gages in the following locations:
1. Discharge of each pressure-reducing valve.
2. Before and after gas service regulators.

3.2 CONNECTIONS

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

3.3  ADJUSTING

A. After installation, calibrate meters according to manufacturer's written instructions.
B. Adjust faces of meters and gages to proper angle for best visibility.

3.4 THERMOMETER SCALE-RANGE SCHEDULE

A. Scale Range for Heating, Hot-Water Piping: 30 to 240 deg F.

3.5 PRESSURE-GAGE SCALE-RANGE SCHEDULE

A. Scale Range for Heating, Hot-Water Piping: 0 to 100 psi.

B. Scale Range for Medium Pressure Natural Gas: 0-10 psi for upstream of GPRV.
C. Scale Range for Low Pressure Natural Gas: 0-30" WC for downstream of GPRV.

END OF SECTION 23 05 19
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SECTION 23 05 23
GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1 - GENERAL

11
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RELATED DOCUMENTS

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

DEFINITIONS

CWP: Cold working pressure.

EPDM: Ethylene propylene copolymer rubber.

NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
NRS: Nonrising stem.

OS&Y: Outside screw and yoke.

RS: Rising stem.

SWP: Steam working pressure.

ACTION SUBMITTALS

Product Data: For each type of valve indicated.

QUALITY ASSURANCE

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

ASME Compliance:

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

2. ASME B31.1 for power piping valves.

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

DELIVERY, STORAGE, AND HANDLING

Prepare valves for shipping as follows:

Protect internal parts against rust and corrosion.

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

Set ball valves open to minimize exposure of functional surfaces.
Set flanged ball valves closed or slightly open.

Block check valves in either closed or open position.

arwbdE
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Use the following precautions during storage:

1. Maintain valve end protection.

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

PART 2 - PRODUCTS

GENERAL REQUIREMENTS FOR VALVES

Water System Valves

1. All water system valves to be rated at not less than 125 psig water working
pressure at 240°F unless noted otherwise.

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

Valve Sizes: Same as upstream piping unless otherwise indicated.

Valves in Insulated Piping: With 2-inch stem extensions and the following features:

1. Ball Valves: With extended operating handle of non-thermal-conductive material,
and protective sleeve that allows operation of valve without breaking the vapor
seal or disturbing insulation.

2. Flanged Ball Valves: With extended neck.

Valve-End Connections:

1. Flanged: With flanges according to ASME B16.1 for iron valves.

2. Grooved: With grooves according to AWWA C606.

3. Threaded: With threads according to ASME B1.20.1.

Valve Bypass and Drain Connections: MSS SP-45.

The manufacturer's name and valve pressure rating shall appear on the outside of the
valve body.

BRONZE BALL VALVES

2" and smaller: Two-piece bronze body; threaded or soldered ends, as appropriate to the
pipe material; stainless steel or chrome plated brass/bronze ball; conventional port;
glass filled teflon seat; threaded packing gland follower; blowout-proof stem; 600 psig
WOG.

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

one of the following:
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Apollo 70-100/200 series
Hammond 8301/8311
Milwaukee BA100/150
Nibco T/S 585-70
Stockham S206/216.

P00 T O

3. Description:

Standard: MSS SP-110.
SWP Rating: 150 psig.
CWP Rating: 600 psig.
Body Design: Two piece.
Body Material: Bronze.
Ends: Threaded.

Seats: PTFE or TFE.
Stem: Bronze.

Ball: Chrome-plated brass.
Port: Full.

T T Se@Tmeo0o

4, 2%" and over: Ball valves will not be accepted in sizes over 2 inch.

2.3 IRON, SINGLE-FLANGE BALL VALVES

A. 2" and smaller: Use ball valves; butterfly or gate valves will not be accepted in sizes 2
inch and smaller.

B. 2%5" and larger: Use American Valve ball valves for flanged connections. Butterfly or
gate valves will not be accepted in sizes 2%" inch and larger.

1. Basis-of-Design Product: Subject to compliance with requirements, provide the
following as City of Madison’s preferred ball valve manufacturer supplier for 2v2"
and larger.

a. American Valve: 4000 Flanged ball valve.
2. Ductile cast iron body; stainless steel shaft; flanged ball valve with Cast Iron/PFA

fused ball, blow-out proof stem, full port with Lockable in Full Open or Closed
Positions lockable in full open or closed positions. Rated for 150 WSP 300

WOG.

3. Description:
a. Standard: MSS SP-72.
b. CWP Rating: 200 psig
C. Body Design: Split body.
d. Body Material: ASTM A 126, gray iron.
e. Ends: Flanged.
f. Seats: PTFE or TFE.
g. Stem: Stainless steel.
h. Ball: Stainless steel.
i.

Port: Full.
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2.4

A.

GATE VALVES:

2" and smaller: Use ball valves; gate valves will not be accepted in sizes 2" and smaller.

2¥5" and larger: Use flanged ball valves; gate valves will not be accepted in sizes 22"
and larger.

GLOBE VALVE

Do not use globe valves for water service, except in temperature control applications.

PART 3 - EXECUTION

EXAMINATION

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

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

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

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

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

Install valves in strict accordance with valve manufacturer's installation
recommendations. Do not support weight of piping system on valve ends.

Install all temperature control valves.

Properly align piping before installation of valves in an upright position; operators
installed below the valves will not be accepted.

Install all valves with the stem in the upright position. Valves may be installed with the
stem in the horizontal position only where space limitations do not allow installation in an
upright position or where large valves are provided with chain wheel operators.

Install stem extensions when shipped loose from valve.

Prior to flushing of piping systems, place all valves in the full-open position.

VALVE INSTALLATION

Install valves with unions or flanges at each piece of equipment arranged to allow
service, maintenance, and equipment removal without system shutdown.
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Install shut-off valves at all equipment, at each branch take-off from mains, and at each
automatic valve for isolation or repair.

Locate valves for easy access and provide separate support where necessary.
Install valves in horizontal piping with stem at or above center of pipe.
Install valves in position to allow full stem movement.

Install shutoff valves in all branch lines at or near header and at each automatic valve
location.

Vents and Drains: All required vents and drains may not be shown on the Contract
Drawings. Install %-inch nominal size vent and drain valves in piping systems 1-inch and
larger. Install line size vent and drain valves in piping systems %¥-inch and smaller.
Locate vents at high points of each line and/or branch connection. Locate drains at low
points. Use piping materials specified for each service. Cap all vents and drains.

1. Use ball valve with threaded hose adapter and chained cap. Strainer blowdown
valves shall be same size as strainer blowdown connection.

ADJUSTING

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

GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

If valve applications are not indicated, use the following:

1. Shutoff Service: Ball or flanged ball valves.
2. Flanged Ball Valve Dead-End Service: Single-flange (lug) type.

If valves with specified SWP classes or CWP ratings are not available, the same types of
valves with higher SWP classes or CWP ratings may be substituted.

See drawing valve schedule for valve application requirements.

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

PART 1 - GENERAL
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RELATED DOCUMENTS

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

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.

ACTION SUBMITTALS

Product Data: None.

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

METAL PIPE HANGERS AND SUPPORTS

Carbon-Steel Pipe Hangers and Supports:

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
2. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

TRAPEZE PIPE HANGERS

Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made
from carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and
U-bolts.

METAL FRAMING SYSTEMS

MFMA Manufacturer Metal Framing Systems:
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1. Manufacturers:  Subject to compliance with requirements, available
manufacturers offering products that may be incorporated into the Work include,
but are not limited to, the following:

Allied Tube & Conduit.

Cooper B-Line, Inc.

Flex-Strut Inc.

GS Metals Corp.

Thomas & Betts Corporation.

Unistrut Corporation; Tyco International, Ltd.
Wesanco, Inc.
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2. Description: Shop- or field-fabricated pipe-support assembly for supporting
multiple parallel pipes.
3. Standard: MFMA-4.

4, Channels: Continuous slotted steel 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.

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

THERMAL-HANGER SHIELD INSERTS

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

Carpenter & Paterson, Inc.

Clement Support Services.

ERICO International Corporation.

National Pipe Hanger Corporation.

PHS Industries, Inc.

Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc.
Piping Technology & Products, Inc.

Rilco Manufacturing Co., Inc.

Value Engineered Products, Inc.

CoNoUR~WNE

Insulation-Insert Material for Hot Piping: Water-repellent treated, ASTM C 533, Type |
calcium silicate with 100-psig ASTM C 552, Type Il cellular glass with 100-psig or
ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive
strength. Provide carbon steel pipe shield for top and bottom for outer jacketing.

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.
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2.5

A.

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.

EQUIPMENT SUPPORTS

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

Description: Welded, shop- or field-fabricated equipment support made from galvanized
steel structural shapes for other areas outside of the Service Lane.

MISCELLANEOUS MATERIALS

Structural Steel: ASTM A 36/A 36M, carbon steel structural shapes plates, shapes, and
bars; black and galvanized for Service Lane.

Structural Steel: ASTM A 36/A 36M, 304 or 18-8 galvanized steel structural shapes
plates, shapes, and bars; black and galvanized for other areas outside of the Service
Lane.

CORROSIVE ATMOSPHERE COATINGS

Factory coat supports and anchors used in corrosive atmospheres with hot dip
galvanizing after fabrication, ASTM A123, 1.5 ounces/square foot of surface, each side.
Mechanical galvanize threaded products, ASTM B695 Class 150, 2.0 mil coating. Field
cuts and damaged finishes to be field covered with zinc rich paint of comparable
thickness to factory coating.

Corrosive atmospheres include the following locations:

Exterior Locations

HVAC Shop Area

Bus Maintenance Area B

Bus Circulation/Storage Area.

PwnhE

PART 3 - EXECUTION

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.

CITY OF MADISON
METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 230529-3 Hangers and Supports for HVAC Piping and
CONTRACT NUMBER 8535 MUNIS NUMBER 11229 Equipment



MEAD & HUNT, INC.

JANUARY 9, 2020

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

G. Piping shall be supported independently from ductwork and all other trades.
H. Equipment Support Installation: Fabricate from welded-structural-steel shapes.

Install hangers and supports to allow controlled thermal and vibration 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 precast concrete planks or attach to structural steel.
Install additional attachments at concentrated loads, including valves, flanges, and
strainers, NPS 2-1/2 and larger and at changes in direction of piping. Coordinate with
General Contractor for steel plate inserts in precast (hollowcore) planks construction
submittal.

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.
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Insulated Piping:

1. Attach clamps and spacers to piping.
a. Piping Operating below Ambient Air Temperature: Use thermal-hanger
shield insert with clamp sized to match OD of insert.
b. Do not exceed pipe stress limits allowed by ASME B31.9 for building

services piping.

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

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

3. Shield Dimensions for Pipe: Not less than the following:
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.

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

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.
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3.4

A.

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 of shop paint on miscellaneous metal are specified in Division 09.

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 for areas other than Service Lane areas.

Use carbon-steel pipe hangers and supports metal trapeze pipe hangers and metal
framing systems and attachments for Service Lane areas.

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

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 6, requiring up to 4 inches of insulation.

3. Carbon-steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of pipes
NPS 3/4 to NPS 6, 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 6 if little or no insulation is required.
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10.

11.

12.
13.

14.

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.

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

Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 6.

Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 6.

Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of
noninsulated, stationary pipes NPS 1/2 to NPS 6.

Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For
suspension of noninsulated, stationary pipes NPS 3/8 to NPS 6.

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 6.

Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 6, with
steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate.
Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 6, from
two rods if longitudinal movement caused by expansion and contraction might
occur.

Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping

system Sections, install the following types:

1.

2.
3.
4.

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-lron Sockets (MSS Type 16): For attaching hanger rods to various
types of building attachments.

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

1.

2.

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.
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10.

11.

12.

13.
14.

15.

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.

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.

J. Saddles and Shields: Unless otherwise indicated and except as specified in piping
system Sections, install carbon-steel saddles/shields the following types:
1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
insulation that matches adjoining insulation.
2. Protection Shields (MSS Type 40): Of length recommended in writing by
manufacturer to prevent crushing insulation.
3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.
K. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not
specified in piping system Sections.
L. Comply with MFMA-103 for metal framing system selections and applications that are
not specified in piping system Sections.
M. Use powder-actuated fasteners or mechanical-expansion anchors instead of building

attachments where required in concrete construction.

END OF SECTION 23 05 29
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SECTION 23 05 48.13
VIBRATION CONTROLS FOR HVAC

PART 1 - GENERAL

11

A.

RELATED DOCUMENTS

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

ACTION SUBMITTALS

Product Data: For each type of product.

1. Include rated load, rated deflection, and overload capacity for each vibration
isolation device.
2. lllustrate and indicate style, material, strength, fastening provision, and finish for

each type and size of vibration isolation device type required.
Shop Drawings:

1. Detail fabrication and assembly of equipment bases. Detail fabrication including
anchorages and attachments to structure and to supported equipment. Include
adjustable motor bases, rails, and frames for equipment mounting.

2. Vibration Isolation Base Details: Detail fabrication including anchorages and
attachments to structure and to supported equipment. Include adjustable motor
bases, rails, and frames for equipment mounting.

Delegated-Design Submittal: For each vibration isolation device.

1. Include design calculations for selecting vibration isolators and for designing
vibration isolation bases.

QUALITY ASSURANCE

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

VIBRATION CONTROL DESIGN CRITERIA

Isolate all motor driven and reciprocating mechanical equipment unless otherwise noted,
from building structure, and from systems which they serve, to prevent equipment
vibrations from being transmitted to structure. Unless specifically indicated, follow
ASHRAE Application Handbook - Sound and Vibration Control, latest edition or
manufacturer's recommendations for isolation selection.

Select and locate isolators to produce uniform loading and deflection. Use minimum of
four isolators to support each piece of equipment.

Select vibration isolation devices based on lowest operating speed.
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D.

Vibration Criteria:

1.

All rotating equipment shall operate at speeds less than 80% of their true critical
speed. Unless otherwise required, equipment shall be balanced according to the
recommendations given in the following schedules.

Vertical vibration of rotating equipment shall not be greater than levels indicated.
Vibration shall be measured on equipment or steel-frame equipment base when
equipment is mounted on its vibration isolation mounts. If equipment has inertia
base, allowable vibration level is reduced by ratio of equipment weight alone to
equipment weight plus inertia base weight.

Maximum Allowable

Equipment Speed Vibration Displacement
RPM Peak-to-Peak (mil)
Under 600 4

600 to 1000 3

1000 or 2000 2

over 2000 1

Following field installation, each fan over 5 HP shall be balanced in accordance
with the following schedule:

a. Centrifugal fans - 25 mil/sec, rms

Final in-field balance shall be measured with each fan over 5 HP installed on
springs specified for unit. Fans shall be loaded with design static pressure.
Measurement shall be carried out in vertical axis at each corner of frame
supporting fan/motor assembly.

PART 2 - PRODUCTS

2.1

A.

ELASTOMERIC HANGERS

Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods:

1.

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

Kinetics Noise Control, Inc.

Mason Industries, Inc.

Vibration Eliminator Co., Inc.
Vibration Mountings & Controls, Inc.

aoow

Frame: 304 or 18-8 stainless 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.

CITY OF MADISON

METRO TRANSIT PHASE 2 — FACILITY IMPROVEMENTS 230548.13-2 Vibration Controls for HVAC
CONTRACT NUMBER 8535 MUNIS NUMBER 11229



MEAD & HUNT, INC.

JANUARY 9, 2020

3. Dampening Element: Molded, oil-resistant rubber, neoprene, or other elastomeric
material with a projecting bushing for the underside opening preventing steel to
steel contact.

2.2 SPRING HANGERS

A. Combination Coil-Spring and Elastomeric-Insert Hanger with Spring and Insert in
Compression:

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

a. Kinetics Noise Control, Inc.
b. Mason Industries, Inc.
C. Vibration Eliminator Co., Inc.
d. Vibration Isolation.
e. Vibration Mountings & Controls, Inc.
2. Frame: 304 or 18-8 stainless 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.

3. Outside Spring Diameter: Not less than 80 percent of the compressed height of
the spring at rated load.

4, Minimum Additional Travel: 50 percent of the required deflection at rated load.

5. Lateral Stiffness: More than 80 percent of rated vertical stiffness.

6. Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

7. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-
reinforced cup to support spring and bushing projecting through bottom of frame.

8. Self-centering hanger rod cap to ensure concentricity between hanger rod and

support spring coil.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive vibration isolation control devices for
compliance with requirements for installation tolerances and other conditions affecting
performance of the Work.

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual
locations before installation.

C. Proceed with installation only after unsatisfactory conditions have been corrected.
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3.2

A.

VIBRATION CONTROL DEVICE INSTALLATION

Coordinate the location of embedded connection hardware with supported equipment
attachment and mounting points and with requirements for concrete reinforcement and
formwork specified in Division 03.

Installation of vibration isolators must not cause any change of position of equipment,
piping, or ductwork resulting in stresses or misalignment.

Install vibration isolation devices for motor driven equipment in accordance with the
manufacturer's installation instructions.

Do not allow installation practices to short circuit any isolation device.

CORROSIVE ATMOSPHERE AREAS

Factory coat supports and anchors used in corrosive atmospheres with hot dip
galvanizing after fabrication, ASTM A123, 1.5 ounces/square foot of surface, each side.
Mechanical galvanize threaded products, ASTM B695 Class 150, 2.0 mil coating. Field
cuts and damaged finishes to be field covered with zinc rich paint of comparable
thickness to factory coating.

Corrosive atmospheres include the following locations:

Exterior Locations

HVAC Shop Area

Bus Maintenance Area B

Bus Circulation/Storage Area.

TN s

END OF SECTION 23 05 48.13
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SECTION 23 05 53
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

11

A.
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RELATED DOCUMENTS

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

ACTION SUBMITTALS

Product Data: None.

COORDINATION

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.

PART 2 - PRODUCTS

2.1

A.

EQUIPMENT LABELS

Plastic Labels for Equipment:

1. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical
engraving, 1/16-inch thick, and having predrilled holes for attachment hardware.

2. Letter Color: White.

3. Background Color: Black.

4, Maximum Temperature: Able to withstand temperatures up to 160 deg F.

5. Minimum Label Size: Length and width vary for required label content, but not
less than 2¥ by %4 inch.

6. Minimum Letter Size: ¥ inch for name of units if viewing distance is less than 24
inches, ¥z inch for viewing distances up to 72 inches, and proportionately larger
lettering for greater viewing distances. Include secondary lettering two-thirds to
three-fourths the size of principal lettering.

7. Fasteners: Stainless-steel rivets or self-tapping screws.

8. Adhesive: Contact-type permanent adhesive, compatible with label and with

substrate.

Label Content: Include equipment's Drawing designation or unique equipment number,
Drawing numbers where equipment is indicated (plans, details, and schedules), plus the
Specification Section number and title where equipment is specified.
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2.2 PIPE LABELS

A. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with
lettering indicating service, and showing flow direction.

B. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to cover full circumference
of pipe and to attach to pipe without fasteners or adhesive.

C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive
backing.
D. Pipe Label Contents: Include identification of piping service using same designations or

abbreviations as used on Drawings, 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: At least 1% inches high.

PART 3 - EXECUTION

3.1 PREPARATION

A. 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.

3.2 EQUIPMENT LABEL INSTALLATION

A. Install or permanently fasten labels on each major item of mechanical equipment.

B. Locate equipment labels where accessible and visible.

3.3 PIPE LABEL INSTALLATION

A. Piping Color-Coding: Painting of piping is specified in Division 09.

B. Locate pipe labels where piping is exposed or above accessible ceilings in finished

spaces; machine rooms; accessible maintenance spaces such as shatfts, 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 through walls, floors, ceilings, and inaccessible enclosures.

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

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

6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25

feet in areas of congested piping and equipment.
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C. Pipe Label Color Schedule:
1. Natural Gas: Yellow background color with black letters.
2. Hot Water Air Piping:
a. Background: Red.
b. Letter Colors: White.

END OF SECTION 23 05 53
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SECTION 23 05 93
TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

11
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RELATED DOCUMENTS

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

DEFINITIONS

AABC: Associated Air Balance Council.

NEBB: National Environmental Balancing Bureau.

TAB: Testing, adjusting, and balancing.

TABB: Testing, Adjusting, and Balancing Bureau.

TAB Specialist: An entity engaged to perform TAB Work.

INFORMATIONAL SUBMITTALS

Qualification Data: Within 30 days of Contractor's Notice to Proceed, submit
documentation that the TAB contractor and this Project's TAB team members meet the
gualifications specified in "Quality Assurance" Article.

Certified TAB reports.

QUALITY ASSURANCE

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

1. TAB Field Supervisor: Employee of the TAB contractor and certified by AABC
NEBB or TABB.

2. TAB Technician: Employee of the TAB contractor and who is certified by AABC
NEBB or TABB as a TAB technician.

Certify TAB field data reports and perform the following:

1. Review field data reports to validate accuracy of data and to prepare certified
TAB reports.
2. Certify that the TAB team complied with the approved TAB plan and the

procedures specified and referenced in this Specification.
TAB Report Forms: Use standard TAB contractor's forms approved by Engineer.

Instrumentation Type, Quantity, Accuracy, and Calibration: As described in
ASHRAE 111, Section 5, "Instrumentation.”
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A.

COORDINATION

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

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

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

A.

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 systems for installed balancing devices, such as test ports, gage cocks,
thermometer wells, flow-control devices, balancing valves and fittings, and manual
volume dampers. Verify that locations of these balancing devices are accessible.

Examine the approved submittals for HYAC 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 equipment performance data including fan curves.

1. Relate performance data to Project conditions and requirements, including
system effects that can create undesired or unpredicted conditions that cause
reduced capacities in all or part of a system.

2. Calculate system-effect factors to reduce performance ratings of HVAC
equipment when installed under conditions different from the conditions used to
rate equipment performance. To calculate system effects for air systems, use
tables and charts found in AMCA 201, "Fans and Systems," or in SMACNA's
"HVAC Systems - Duct Design." Compare results with the design data and
installed conditions.

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 filters and verify that bearings are greased, direct drive
are alignment, and equipment with functioning controls is ready for operation.

Examine new and existing strainers. Verify that startup screens are replaced by
permanent screens with indicated perforations.
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Examine heat-transfer coils for correct piping connections and for clean and straight fins.
Examine existing system pumps to ensure absence of entrained air in the suction piping.
Examine operating safety interlocks and controls on HVYAC 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 strategies and step-by-step procedures.
Complete system-readiness checks and prepare reports. Verify the following:

Permanent electrical-power wiring is complete.

Existing and new hydronic systems are filled, clean, and free of air.

Automatic temperature-control systems are operational.

Equipment and duct access doors are securely closed.

Balance dampers are open.

Isolating and balancing valves are open and control valves are operational.
Windows and doors can be closed so indicated conditions for system operations
can be met.

NoosrwdhE

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" NEBB's "Procedural
Standards for Testing, Adjusting, and Balancing of Environmental Systems" and in this
Section.

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

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 23 33 00 "Air Duct Accessories."

3. Install and join new insulation that matches removed materials. Restore

insulation, coverings, vapor barrier, and finish according to Section 23 07 19
"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.
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3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and
recommended testing procedures. Crosscheck the summation of required outlet
volumes with required fan volumes.

B. Determine the best locations in main and branch ducts for accurate duct-airflow
measurements.
C. Check airflow patterns from the outdoor-air louvers and dampers and exhaust-air

dampers through the supply-fan discharge dampers.

D. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
E. Verify that motor starters are equipped with properly sized thermal protection.

F. Check dampers for proper position to achieve desired airflow path.

G. Check for airflow blockages.

H. Check condensate drains for proper connections and functioning.

“

Check for proper sealing of make-up air-handling-unit components.

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. Where sufficient space in ducts is unavailable for Pitot-tube traverse
measurements, measure airflow at terminal outlets and inlets and
calculate the total airflow.

b. Measurements for Normal and Bus Mode Operations per Section
23 09 93 “Sequence of Operations for HVAC Controls” and per
Mechanical drawings for Control Schematics M-800 Series.

2. Measure fan static pressures as follows to determine actual static pressure:

a. Measure outlet static pressure as far downstream from the fan as
practical and upstream from restrictions in ducts such as elbows and
transitions.

b. Measure static pressure directly at the fan outlet or through the flexible
connection.

C. Measure inlet static pressure of single-inlet fans in the inlet duct as near
the fan as possible, upstream from the flexible connection, and
downstream from duct restrictions.
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3. Measure static pressure across each component that makes up a make-up units,
air-to-air energy recovery units and other air movement equipment and treating
equipment.

a. Report the cleanliness status of filters and the time static pressures are
measured.

4, Measure static pressures entering and leaving other devices, such as heat-
recovery equipment, under final balanced conditions.

5. 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.

6. Obtain approval from Owner 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.

7. 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 will occur. 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 within specified tolerances.

1. Measure airflow of submain and branch ducts.
a. Where sufficient space in submain and branch ducts is unavailable for

Pitot-tube traverse measurements, measure airflow at terminal outlets
and inlets and calculate the total airflow for that zone.

2. Measure static pressure at a point downstream from the balancing damper, and
adjust volume dampers until the proper static pressure is achieved.
3. Remeasure each submain and branch duct after all have been adjusted.

Continue to adjust submain and branch ducts to indicated airflows within
specified tolerances.

C. Measure air outlets and inlets without making adjustments.

1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's
written instructions and calculating factors.

D. Adjust air outlets and inlets for each space to indicated airflows within specified
tolerances of indicated values. Make adjustments using branch volume dampers rather
than extractors and the dampers serving diffusers, registers and grilles.

1. Adjust each outlet in same room or space to within specified tolerances of
indicated quantities without generating noise levels above the limitations
prescribed by the Contract Documents.

2. Adjust patterns of adjustable outlets for proper distribution without drafts.
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3.6

A.

GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

Prepare test reports with pertinent design data, and number in sequence starting at
existing pump to end of system. Check the sum of branch-circuit flows against the
approved pump flow rate. Correct variations that exceed plus or minus 5 percent.

Prepare schematic diagrams of systems' "as-built" piping layouts.

Prepare hydronic systems for testing and balancing according to the following, in
addition to the general preparation procedures specified above:

1. Open all manual valves for maximum flow.

2. Check liquid level in existing expansion tank in existing boiler room.

3 Check makeup water-station pressure gage for adequate pressure for highest
vent.

4, Check flow-control valves for specified sequence of operation and set at
indicated flow.

5. Set differential-pressure control valves at the specified differential pressure. Do

not set at fully closed position when pump is positive-displacement type unless
several terminal unit’s valves are kept open.

6. Set system controls so automatic valves are wide open to existing boilers.

7. Check pump-motor load. If motor is overloaded, throttle main flow-balancing
device so motor nameplate rating is not exceeded.

8. Check air vents for a forceful liquid flow exiting from vents when manually

operated.
PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS

Balance systems with automatic two- and three-way control valves by setting systems at
maximum flow through unit heaters and proceed as specified above for hydronic
systems.

PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS

Balance the primary circuit flow first at existing boilers and then balance the secondary
circuits.

PROCEDURES FOR MOTORS

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

1 Manufacturer's name, model number, and serial number.
2 Motor horsepower rating.

3. Motor rpm.

4. Efficiency rating.

5 Nameplate and measured voltage, each phase.

6 Nameplate and measured amperage, each phase.

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

3.10 PROCEDURES FOR HEAT-TRANSFER COILS

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

1 Entering- and leaving-water temperature.

2 Water flow rate.

3. Water pressure drop.

4 Dry-bulb temperature of entering and leaving air.

B. Measure, adjust, and record the following data for each refrigerant coil:
1. Dry-bulb temperature of entering and leaving air.

2. Wet-bulb temperature of entering and leaving air.

3.11 TOLERANCES

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

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

2. Air Outlets and Inlets: Plus or minus 10 percent.

3. Heating-Water Flow Rate: Plus or minus 10 percent.

3.12 FINAL REPORT

A. General: Prepare a certified written report; tabulate and divide the report into separate
sections for tested systems and balanced systems.

1. Include a certification sheet at the front of the report's binder, signed and sealed
by the certified testing and balancing engineer.
2. Include a list of instruments used for procedures, along with proof of calibration.

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

1. Pump curves.
2. Fan curves.
3. Manufacturers' test data.
4. Field test reports prepared by system and equipment installers.
5. Other information relative to equipment performance; do not include Shop
Drawings and product data.
C. General Report Data: In addition to form titles and entries, include the following data:

1. Title page.
2. Name and address of the TAB contractor.
3. Project name.
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12.
13.
14.

15.

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.

Table of Contents with the total number of pages defined for each section of the
report. Number each page in the report.

Summary of contents including the following:

a. Indicated versus final performance.

b. Notable characteristics of systems.

C. Description of system operation sequence if it varies from the Contract
Documents.

Nomenclature sheets for each item of equipment.

Data for terminal units, including manufacturer's name, type, size, and fittings.
Notes to explain why certain final data in the body of reports vary from indicated
values.

Test conditions for fans and existing pump performance forms including the
following:

a. Settings for outdoor and exhaust-air dampers.
b. Conditions of filters.
C. Other system operating conditions that affect performance.

Air-to-Air Energy Recovery Test Reports: For energy recovery units with gas fired duct

furnace include the following:

1. Unit Data:
a. Unit identification.
b. Location.
C. Make and type.
d. Model number and unit size.
e. Manufacturer's serial number.
f. Unit arrangement and class.
g. Discharge arrangement.
h. Number, type, and size of filters.
2. Motor Data:
a Motor make, and frame type and size.
b. Horsepower and rpm.
c Volts, phase, and hertz.
d Full-load amperage and service factor.
3. Test Data (Indicated and Actual Values):
a. Total air flow rate in cfm.
b. Total system static pressure in inches wg.
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Fan rpm.

Discharge static pressure in inches wg.

Filter static-pressure differential in inches wg.

Gas Furnace Duct Heater static-pressure differential in inches wg.
Static Plate HX static-pressure differential in inches wg.
ERYV entering-air, dry-bulb temperatures in deg F.

ERV leaving-air, dry-bulb temperatures in deg F.

ERYV outside-air, dry-bulb temperatures in deg F.

ERV exhaust-air, dry-bulb temperatures in deg F.
Outdoor airflow in cfm.

Exhaust airflow in cfm.

Outdoor-air damper position.

S3TATTS@moean

E. Make-Up Unit's Gas Heat Apparatus Test Reports: In addition to manufacturer's factory
startup equipment reports, include the following:

1. Unit Data:
a. System identification.
b. Location.
C. Make and type.
d. Model number and unit size.
e. Manufacturer's serial number.
f. Fuel type in input data.
g. Output capacity in Btu/h.
h. Ignition type.
i. Burner-control types.
J- Motor horsepower and rpm.
k. Motor volts, phase, and hertz.
l. Motor full-load amperage and service factor.
m. Sheave make, size in inches, and bore.
n. Center-to-center dimensions of sheave, and amount of adjustments in
inches.
2. Test Data (Indicated and Actual Values):

Total air flow rate in cfm.

Entering-air temperature in deg F.
Leaving-air temperature in deg F.

Air temperature differential in deg F.
Entering-air static pressure in inches wg.
Leaving-air static pressure in inches wg.
Air static-pressure differential in inches wg.
Low-fire fuel input in Btu/h.

High-fire fuel input in Btu/h.

Manifold pressure in psig.
High-temperature-limit setting in deg F.
Operating set point in Btu/h.

Motor voltage at each connection.

Motor amperage for each phase.
Heating value of fuel in Btu/h.

OS5 3ITAFRTTIQ D000
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F. Fan Test Reports: For supply, exhaust and fume extractor fans, include the following:
1. Fan Data:
a. System identification.
b. Location.
C. Make and type.
d. Model number and size.
e. Manufacturer's serial number.
f. Arrangement and class.

2. Motor Data:

a Motor make, and frame type and size.
b. Horsepower and rpm.

c Volts, phase, and hertz.

d Full-load amperage and service factor.

3. Test Data (Indicated and Actual Values):
a. Total airflow rate in cfm.
b. Total system static pressure in inches wg.
C. Fan rpm.
d. Discharge static pressure in inches wg.
e. Suction static pressure in inches wg.

G. Round, 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 make-up 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 air flow rate in cfm.
Indicated velocity in fpm.

Actual air flow rate in cfm.

Actual average velocity in fpm.
Barometric pressure in psig.

T T SQToo0ow

H. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves
and include the following:

1. Unit Data:
a. Unit identification.
b. Location.
C. Service.
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Make and size.

Model number and serial number.

Water flow rate in gpm.

Water pressure differential in feet of head or psig.
Required net positive suction head in feet of head or psig.
Pump rpm.

Impeller diameter in inches.

Motor make and frame size.

Motor horsepower and rpm.

Voltage at each connection.

Amperage for each phase.

Full-load amperage and service factor.

Seal type.

2. Test Data (Indicated and Actual Values):

T T SQ@Tmooo0oTe

Static head in feet of head or psig.

Pump shutoff pressure in feet of head or psig.
Actual impeller size in inches.

Full-open flow rate in gpm.

Full-open pressure in feet of head or psig.
Final discharge pressure in feet of head or psig.
Final suction pressure in feet of head or psig.
Final total pressure in feet of head or psig.
Final water flow rate in gpm.

Voltage at each connection.

Amperage for each phase.

3.13 INSPECTIONS

Initial Inspection:

1. After testing and balancing are complete, operate each system and randomly
check measurements to verify that the system is operating according to the final
test and balance readings documented in the final report.

2. Check the following for each system:

a.
b.
c.

d.
e.

Measure airflow of at least 10 percent of air outlets.

Measure water flow of at least 5 percent of terminals.

Measure room temperature at each thermostat/temperature sensor.
Compare the reading to the set point.

Verify that balancing devices are marked with final balance position.

Note deviations from the Contract Documents in the final report.

B. Final Inspection:

1. After initial inspection is complete and documentation by random checks verifies
that testing and balancing are complete and accurately documented in the final
report, Owner Project Representative may request that a final inspection be
made for verification.
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The TAB contractor's test and balance engineer shall conduct the inspection in
the presence of Owner Project Representative.

Owner Project Representative may 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.

C. TAB Work will be considered defective if it does not pass final inspections. If TAB Work
fails, proceed as follows:

1.

Recheck all measurements and make adjustments. Revise the final report and
balancing device settings to include all changes; resubmit the final report and
request a second final inspection.

If the second final inspection also fails, Owner Project Representative may
contract the services of another TAB contractor to complete TAB Work according
to the Contract Documents and deduct the cost of the services from the original
TAB contractor's final payment.

D. Prepare test and inspection reports.

END OF SECTION 23 05 93
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SECTION 23 07 13
DUCT INSULATION

PART 1 - GENERAL

11

A.

RELATED DOCUMENTS

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

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include thermal conductivity, water-
vapor permeance thickness, and jackets (both factory- and field-applied if any).

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.

Install insulation in accordance with MICA National Commercial & Industrial Insulation
Standards.

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.

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.
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1.6

A.

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

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.

Mineral-Fiber Blanket Insulation (Type D1): 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 FSK jacket. Factory-applied jacket requirements are specified in
"Factory-Applied Jackets" Article.

1. Products: Subject to compliance with requirements, available products that may
be incorporated into the Work include, but are not limited to, the following:

CertainTeed Corp.; SoftTouch Duct Wrap.
Johns Manville; Microlite.

Knauf Insulation; Friendly Feel Duct Wrap.
Manson Insulation Inc.; Alley Wrap.

Owens Corning; SOFTR All-Service Duct Wrap.

PO TR

Mineral-Fiber Board Insulation (Type D2): Mineral or glass fibers bonded with a
thermosetting resin. Comply with ASTM C 612, Type IA or Type IB. For duct and plenum
applications, provide insulation with factory-applied FSK jacket. Factory-applied jacket
requirements are specified in "Factory-Applied Jackets" Article. Minimum nominal
density of 3 Ibs. per cu. ft.,, and thermal conductivity of not more than 0.23 at 75
degrees F
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1. Products: Subject to compliance with requirements, available products that may
be incorporated into the Work include, but are not limited to, the following:

a. CertainTeed Corp.; Commercial Board.

b. Fibrex Insulations Inc.; FBX.

C. Johns Manville; 800 Series Spin-Glas.

d. Knauf Insulation; Insulation Board.

e. Manson Insulation Inc.; AK Board.

f. Owens Corning; Fiberglas 700 Series.
ADHESIVES

Materials shall be compatible with insulation materials, jackets, and substrates and for
bonding insulation to itself and to surfaces 