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SECTION 20 0513 - COMMON MOTOR REQUIREMENTS

PART 1 GENERAL

1.1

A.

1.2

1.3

RELATED DOCUMENTS

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

SUMMARY

Section includes general requirements for single-phase and polyphase, general-purpose,
horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to
600 V and installed at equipment manufacturer's factory or shipped separately by equipment
manufacturer for field installation.

COORDINATION

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

1.  Motor controllers.

2. Torque, speed, and horsepower requirements of the load.

3. Ratings and characteristics of supply circuit and required control sequence.

4. Ambient and environmental conditions of installation location.

PART 2 PRODUCTS

2.1

A.
B.

2.2

23

GENERAL MOTOR REQUIREMENTS
Comply with NEMA MG 1 unless otherwise indicated.

Comply with IEEE 841 for severe-duty motors.

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 MOTORS

Description: NEMA MG 1, Design B, medium induction motor.

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

EAPC Project 20245211 COMMON MOTOR REQUIREMENTS 200513 -1
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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.

Rotor: Random-wound, squirrel cage.

Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
Temperature Rise: Match insulation rating, unless noted otherwise.

Insulation: Class F, unless noted otherwise.

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.

Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor
frame sizes smaller than 324T.

POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS

Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection
requirements for controller with required motor leads. Provide terminals in motor terminal box,
suited to control method.

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.

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

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

98]

Severe-Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor.

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

D.  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.

PART 3 EXECUTION (NOT APPLICABLE)

END OF SECTION 20 0513
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SECTION 21 0523 - GENERAL-DUTY VALVES FOR WATER-BASED FIRE-SUPPRESSION
PIPING

PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Bronze butterfly valves with indicators.
B.  Check valves.
C. Iron OS&Y gate valves.
D.  Trim and drain valves.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 21 0553 - Identification for Fire Suppression Piping and Equipment.

1.3 REFERENCE STANDARDS
A. ASME B1.20.1 - Pipe Threads, General Purpose, Inch; 2013 (Reaffirmed 2018).
B.  ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250; 2020.
C.  ASME B16.42 - Ductile Iron Pipe Flanges and Flanged Fittings: Classes 150 and 300; 2021.
D. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Qualification Standard for

Welding, Brazing, and Fusing Procedures; Welders; Brazers; and Welding, Brazing, and Fusing
Operators; 2025, with Errata.

AWWA C606 - Grooved and Shouldered Joints; 2022.
FM (AG) - FM Approval Guide; Current Edition.

FM 1112 - Examination Standard for Indicating Valves (Butterfly or Ball Type); 2020.

oo mm

FM 1120/1130 - Examination Standard for Fire Service Water Control Valves (OS&Y and NRS
Type Gate Valves); 2025.

1—1

FM 1140 - Approval Standard for Quick Opening Valves 1/4 Inch through 2 Inch Nominal
Size; 1998.

J. FM 1210 - Approval Standard for Swing Check Valves; 2004.

K. UL (DIR) - Online Certifications Directory; Current Edition.

. GENERAL-DUTY VALVES FOR WATER-
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1.4

1.5

1.6

UL 258 - Shutoff Valves for Trim and Drain Purposes for Fire Protection Service; Current
Edition, Including All Revisions.

UL 262 - Gate Valves for Fire-Protection Service; Current Edition, Including All Revisions.
UL 312 - Check Valves for Fire-Protection Service; Current Edition, Including All Revisions.
UL 1091 - Standard for Butterfly Valves for Fire-Protection Service; Current Edition, Including
All Revisions.

SUBMITTALS

See Section 01 3000 - Administrative Requirements for submittal procedures.

Operation and Maintenance Data: Include manufacturer's descriptive literature, operating
instructions, maintenance and repair data, and parts listings.

QUALITY ASSURANCE

Manufacturer Qualifications: Company specializing in manufacturing products specified in this
section, with at least than ten years of documented experience.

Where listed products are specified, provide products listed, certified, and labeled by FM (AG),
UL (DIR), or testing firm acceptable to authorities having jurisdiction as suitable for purpose
indicated.

Welding Materials and Procedures: Comply with ASME BPVC-IX.

DELIVERY, STORAGE, AND HANDLING

Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.

2. Protect valve ends and flange faces.

3. Set valves open to minimize exposure of functional surfaces.

Use the following precautions during storage:
1. Maintain valve end protection and protect flanges and specialties from dirt.

a. Provide temporary inlet and outlet caps.
b. Maintain caps in place until installation.
2. Store valves in shipping containers and maintain in place until installation.
a. Store valves indoors and maintain at higher than ambient dew point temperature.
b. If outdoor storage is unavoidable, store valves off the ground in watertight
enclosures.

Use the following precautions for handling:
1. Use sling to handle large valves, rig to avoid damage to exposed parts.
2. Do not use operating handles or stems as lifting or rigging points.

GENERAL-DUTY VALVES FOR WATER-
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PART 2 PRODUCTS

2.1

2.2
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GENERAL REQUIREMENTS
Source Limitations: Furnish valves of same kind by same manufacturer.

Valve-End Connections:

1. Flanges on Iron Valves: ASME B16.1 or ASME B16.42.
2.  Threaded Ends: ASME B1.20.1.

3. Grooved Ends: AWWA C606.

Valve Pressure Ratings: Not less than minimum pressure rating indicated or higher as required.
Valve Sizes: Same as upstream piping unless otherwise indicated.

Valve Actuator Types:

1.  Worm-gear actuator with handwheel for quarter-turn valves, except trim and drain valves.
2. Handwheel: For other than quarter-turn trim and drain valves.

3. Hand-lever: For quarter-turn trim and drain valves 2 NPS and smaller.
BRONZE BUTTERFLY VALVES WITH INDICATORS

UL 1091 and FM 1112 listed.

Minimum Pressure Rating: 175 psig.

Body Material: Bronze.

Seat: EPDM.

Stem: Bronze or stainless steel.

Disc: Bronze with EPDM coating or stainless steel.

Actuator: Worm gear or traveling nut.

End Connections: Threaded or grooved.

SWING CHECK VALVES

UL 312 and FM 1210 listed.

Minimum Pressure Rating: 175 psig.

Body Material: Cast or ductile iron.

Clapper: Bronze, EPDM-coated ductile iron, or stainless steel.
Seat: Bronze or EPDM-coated bronze.

End Connections: Flanged.

GENERAL-DUTY VALVES FOR WATER-
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2.4 IRON OS&Y GATE VALVES

UL 262 and FM 1120/1130 listed.

Minimum Pressure Rating: 175 psig.

Body and Bonnet Material: Cast or ductile iron.

Wedge: Cast or ductile iron, or bronze with elastomeric coating.
Stem: Brass, bronze, or stainless steel.

Packing: Non-asbestos PTFE.

Supervisory Switch: External.

T o mm o 0@ >

End Connections: Flanged.

2.5 TRIM AND DRAIN VALVES

A. Ball Valves:
1. Description:
UL 258 or FM 1140 listed.
Pressure Rating: 175 psig.
Body Design: Two piece.
Body Material: Forged brass or bronze.
Port Size: Full or standard.
Seat: PTFE.
Stem: Bronze or stainless steel.
Ball: Chrome-plated brass.
Actuator: Hand-lever.
End Connections: Threaded or grooved.

TR E@Eme Ao o

B.  Angle Valves:
1. Description:
UL 258 or FM 1140 listed.
Pressure Rating: 175 psig.
Body Material: Brass or bronze.
Ends: Threaded.
Stem: Bronze.
Disc: Bronze.
Packing: Asbestos free.
Handwheel: Malleable iron, bronze, or aluminum.

SR moe a0 o

C.  Globe Valves:
1. Description:

a. UL 258 or FM 1140 listed.

b. Pressure Rating: 175 psig.

c. Body Material: Bronze with integral seat and screw-in bonnet.
d. Ends: Threaded.

e. Stem: Bronze.

. GENERAL-DUTY VALVES FOR WATER-
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Disc Holder and Nut: Bronze.

Disc Seat: Nitrile.

Packing: Asbestos free.

Handwheel: Malleable iron, bronze, or aluminum.

~5ge rh

PART 3 EXECUTION

3.1 EXAMINATION
A.  Confirm valve interior to be free of foreign matter and corrosion.
B.  Remove packing materials.

C. Examine guides and seats by operating valves from the fully open position to the fully closed
position.

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

Examine mating flange faces for conditions that might cause leakage.
1.  Check bolting for proper size, length, and material.
2. Verify gasket for size, defects, damage, and suitable material composition for service.

F. Replace defective valves with new valves.

3.2 INSTALLATION

Install valves in accessible locations to allow for operation, inspections, tests, and maintenance.
Install listed valves in accordance with their listing.

Install valves in accordance with manufacturer's instructions.

Support valves independently of adjacent piping.

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

Position valves to allow full actuator movement.

@ m = o 0w p»

Install OS&Y valves with full clearance for rising stem. Install surrounding components so
they do not interfere with nor are they impacted by full extension of rising stem.

H.  Install supervised shutoff valves in supervised-open position.

L Install permanent identification signs indicating portion of system controlled by each shutoff
valve.

J. Install threaded-end valves with unions upstream and downstream.
K. Install valve tags. See Section 21 0553. Label valves in accordance with NFPA standard

applying to the piping system in which valves are installed.

END OF SECTION 21 0523
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SECTION 21 0553 - IDENTIFICATION FOR FIRE SUPPRESSION PIPING AND EQUIPMENT
PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Nameplates.
B.  Tags.

C.  Pipe markers.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 09 9123 - Interior Painting: Stencil paint.

1.3 REFERENCE STANDARDS

A.  ASTM D709 - Standard Specification for Laminated Thermosetting Materials; 2017.
PART 2 PRODUCTS

2.1 IDENTIFICATION APPLICATIONS
Control Panels: Nameplates.

Major Control Components: Nameplates.
Piping: Pipe markers.

Pumps: Nameplates.

m o a0 w »

Small-sized Equipment: Tags.

2.2 NAMEPLATES

A.  Manufacturers:
1. Brimar Industries, Inc: www.pipemarker.com/#sle.
2. Kolbi Pipe Marker Co: www .kolbipipemarkers.com/#sle.
3. Seton Identification Products, a Tricor Direct Company: www.seton.com/#sle.

B.  Description: Laminated three-layer plastic with engraved letters.
1. Letter Color: White.
2. Letter Height: 1/4 inch.

. IDENTIFICATION FOR FIRE SUPPRESSION
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3. Background Color: Black.
4. Thickness: 1/8 inch.
5. Plastic: Comply with ASTM D709.

TAGS

Manufacturers:

1. Advanced Graphic Engraving, LLC: www.advancedgraphicengraving.com/#sle.
2. Brady Corporation: www.bradycorp.com/#sle.

3. Brimar Industries, Inc: www.pipemarker.com/#sle.

4. Craftmark Pipe Markers: www.craftmarkid.com/#sle.

5. Kolbi Pipe Marker Co: www.kolbipipemarkers.com/#sle.

PIPE MARKERS

Manufacturers:

Brady Corporation: www.bradycorp.com/#sle.

Brimar Industries, Inc: www.pipemarker.com/#sle.

Craftmark Pipe Markers: www.craftmarkid.com/#sle.

Kolbi Pipe Marker Co: www.kolbipipemarkers.com/#sle.

Seton Identification Products, a Tricor Company: www.seton.com/#sle.

AN

Plastic Tape Pipe Markers: Flexible, vinyl film tape with pressure-sensitive adhesive backing
and printed markings.

Color code as follows:
1. Fire Quenching Fluids: Red with white letters.

PART 3 EXECUTION

3.1

3.2

A.
B.

m o 0w

PREPARATION
Degrease and clean surfaces to receive adhesive for identification materials.

Prepare surfaces in accordance with Section 09 9123 for stencil painting.

INSTALLATION

Install nameplates with corrosive-resistant mechanical fasteners, or adhesive. Apply with
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

Install tags with corrosion resistant chain.
Apply stencil painting in accordance with Section 09 9123.
Install plastic pipe markers in accordance with manufacturer's instructions.

Identify service, flow direction, and pressure.
1. Install in clear view and align with axis of piping.

IDENTIFICATION FOR FIRE SUPPRESSION
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2. Locate identification not to exceed 20 feet on straight runs including risers and drops,
adjacent to each valve and Tee, at each side of penetration of structure or enclosure, and at
each obstruction.

END OF SECTION 21 0553

. IDENTIFICATION FOR FIRE SUPPRESSION
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SECTION 21 1300 - FIRE-SUPPRESSION SPRINKLER SYSTEMS

PART 1 GENERAL

1.1

S o w »

1.2

1.3

SECTION INCLUDES

Wet-pipe sprinkler system.

Dry-pipe sprinkler system.

System design, installation, and certification.

Fire department connections.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 21 0500 - Common Work Results for Fire Suppression: Pipe and fittings.
Section 21 0523 - General-Duty Valves for Water-Based Fire-Suppression Piping.

Section 21 0553 - Identification for Fire Suppression Piping and Equipment.

REFERENCE STANDARDS
FM (AG) - FM Approval Guide; Current Edition.

ICC-ES ACO1 - Acceptance Criteria for Expansion Anchors in Masonry Elements; 2018, with
Editorial Revision (2020).

ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry;
2018, with Editorial Revision (2020).

ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2017,
with Editorial Revision (2020).

ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete
Elements; 2023.

ITS (DIR) - Directory of Listed Products; Current Edition.

NFPA 13 - Standard for the Installation of Sprinkler Systems; Most Recent Edition Adopted by
Authority Having Jurisdiction, Including All Applicable Amendments and Supplements.

NFPA 1963 - Standard for Fire Hose Connections; 2019.

UL (DIR) - Online Certifications Directory; Current Edition.
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J. UL 405 - Standard for Safety Fire Department Connection Devices; Current Edition, Including
All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A.  Preinstallation Meeting: Convene one week before starting work of this section.

1.5 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide data on sprinklers, valves, and specialties, including manufacturers
catalog information. Submit performance ratings, rough-in details, weights, support
requirements, and piping connections.

C.  Shop Drawings:
1. Indicate hydraulic calculations, detailed pipe layout, hangers and supports, sprinklers,
components, and accessories. Indicate system controls.
2. Submit shop drawings to Authorities Having Jurisdiction for approval. Submit proof of
approval to Architect.

D.  Manufacturer's Certificate: Certify that system has been tested and meets or exceeds specified
requirements and code requirements.

E. Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.
2. Extra Sprinklers: Type and size matching those installed in quantity required by
referenced NFPA design and installation standard.
3. Sprinkler Wrenches: For each sprinkler type.

F. Project Record Documents: Record actual locations of sprinklers and deviations of piping from
drawings. Indicate drain and test locations.

1.6 QUALITY ASSURANCE
A.  Comply with UL (DIR) requirements.

B.  Designer Qualifications: Design system under direct supervision of a NICET Certified or
Professional Engineer experienced in design of this type of work and licensed in the State in
which the Project is located.

C.  Manufacturer Qualifications: Company specializing in manufacturing the Products specified in
this section with minimum three years documented experience.

D.  Installer Qualifications: Company specializing in performing the work of this section with
minimum five years experience and approved by manufacturer.

E. Equipment and Components: Provide products that bear UL (DIR) label or marking.

F. Products Requiring Electrical Connection: Listed and classified by UL (DIR) as suitable for the
purpose specified and indicated.
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1.7

DELIVERY, STORAGE, AND HANDLING

Store products in shipping containers and maintain in place until installation. Provide
temporary inlet and outlet caps. Maintain caps in place until installation.

PART 2 PRODUCTS

2.1

2.2

23

A.

W m o 0w p

MANUFACTURERS

Sprinklers, Valves, and Equipment:

1. Anvil International: www.anvilintl.com/#sle.

2. Tyco Fire Protection Products: www.tyco-fire.com/#sle.

3. Viking Corporation: www.vikinggroupinc.com/#sle.

SPRINKLER SYSTEM

Sprinkler System: Provide coverage for building areas as noted on plans..
Occupancy: Light hazard; comply with NFPA 13.

Water Supply: Determine volume and pressure from water flow test data.
Provide fire department connections as indicated on plans.

Storage Cabinet for Spare Sprinklers and Tools: Steel, located adjacent to alarm valve.

Pipe Hanger Fasteners: Attach hangers to structure using appropriate fasteners.

SPRINKLERS

Suspended Ceiling Type: Concealed pendant type with matching push on escutcheon plate.
Response Type: Quick.

Coverage Type: Standard.

Finish: Enamel, color white .

Escutcheon Plate Finish: Chrome plated.

Fusible Link: Glass bulb type temperature rated for specific area hazard.

AP

Exposed Area Type: Upright type with guard in areas subject to damage (Gyms, etc.).
1. Response Type: Quick.

2. Coverage Type: Standard.

3. Fusible Link: Glass bulb type temperature rated for specific area hazard.

Sidewall Type: Semi-recessed horizontal sidewall type with matching push on escutcheon
plate.

1. Response Type: Quick.

Coverage Type: Standard.

Finish: Enamel, color white .

Escutcheon Plate Finish: Enamel, color white .

Fusible Link: Glass bulb type temperature rated for specific area hazard.

Al

Dry Sprinklers: Exposed pendant type with matching push on escutcheon plate.

EAPC Project 20245211 FIRE-SUPPRESSION SPRINKLER SYSTEMS 211300-3



Response Type: Quick.

Coverage Type: Standard.

Finish: Brass.

Fusible Link: Glass bulb type temperature rated for specific area hazard.

el S

E. Storage Sprinklers: Pendant type with guard.
1. Response Type: Standard.
2. Coverage Type: Standard.
3. Finish: Chrome plated.
4. Fusible Link: Glass bulb type temperature rated for specific area hazard.

Guards: Finish to match sprinkler finish. Provide in areas subject to damage (Gyms, etc.)

G.  Flexible Drop System: Stainless steel, multiple use, open gate type.
1. Application: Use to properly locate sprinkler heads in the center of ceiling grids.
2. Include all supports and bracing.
3. Provide braided type tube as required for the application.
4. Manufacturers:

24 PIPING SPECIALTIES

A.  Dry Pipe Sprinkler Alarm Valve: Check type valve with divided seat ring, rubber faced clapper
to automatically actuate water motor alarm, accelerator, and with the following additional
capabilities and features:

Activate electric alarm.

Test and drain valve.

Externally resettable.

Replaceable internal components without removing valve from installed position.

Manufacturers:

a. Victaulic Company; Series 768 - NXT: www.victaulic.com/#sle.

AR

B.  Backflow Preventer: Double check valve assembly backflow preventer with drain and OS & Y
gate valve on each end with tamper switches.

C. Test Connections:
1. Inspector's Test Connection:
a. Provide test connections approximately 6 ft above floor for each or portion of each

sprinkler system equipped with an alarm device, located at the most remote part of
each system.

b. Route test connection to an open-site drain location, excluding janitor sinks,
accepting full flow without negative consequences.

c. Supply discharge orifice with same size as corresponding sprinkler orifice.

d. Limit vertical height of exterior wall penetration to 2 ft above finished grade.

D.  Electric Alarm: Electrically operated red enameled gong with pressure alarm switch.

Water Flow Switch: Vane type switch for mounting horizontal or vertical, with two contacts;
rated 10 amp at 125 volt AC and 2.5 amp at 24 volt DC.

F. Fire Department Connections:
1. Type: Flush, wall mount made of corrosion resistant metal complying with UL 405.
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2.5

a. Inlets: Two way, 2-1/2 inch swivel fittings, internal threaded. Thread size and inlets

according to NFPA 1963 and local fire department threads. Brass caps with gaskets,

chains, and lugs.

Configuration: Horizontal.

Finish: Brass or bronze.

d. Signage: Raised or engraved lettering 1 inch minimum indicating system type "Fire
Department Connection".

oo

Supervisory Switches: Provide tamper switches on each valve in system.

STEEL PIPE AND FITTINGS
All steel piping in this article is suitable for 175-psig (1200-kPa) minimum working pressure.

Thinwall Steel Pipe (Wet Pipe): ASTM A 135/A 135M or ASTM A 795/A 795M, threadable,
with wall thickness less than Schedule 30 and equal to or greater than Schedule 10. Pipe ends
may be factory or field formed to match joining method.

Schedule 10, Black-Steel Pipe (Wet Pipe): ASTM A 135/A 135M or ASTM A 795/A 795M,
Schedule 10 in NPS 5 (DN 125) and smaller; and NFPA 13-specified wall thickness in NPS 6 to
NPS 10 (DN 150 to DN 250), plain end.

Schedule 10, Hot dipped galvanized Pipe (Dry Pipe): ASTM A 135/A 135M or ASTM A 795/A
795M, Schedule 10 in NPS 5 (DN 125) and smaller; and NFPA 13-specified wall thickness in
NPS 6 to NPS 10 (DN 150 to DN 250), plain end. All dry system fittings to be listed
galvanized with tri-seal gaskets on grooved piping.

Steel Pipe Hot dipped galvanized pipe (Dry Pipe): ASTM A 135/A 135M or ASTM A 795/A
795M, threadable, Schedule 40. Pipe ends may be factory or field formed to match joining
method. All dry system fittings to be listed galvanized.

Black-Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, standard-weight,
seamless steel pipe with threaded ends.

Malleable- or Ductile-Iron Unions: UL 860.

Cast-Iron Flanges: ASME 16.1, Class 125.
1. Steel Flanges and Flanged Fittings: ASME B16.5, Class 150.
2. Pipe-Flange Gasket Materials: AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick
ASME B16.21, nonmetallic and asbestos free or EPDM rubber gasket.
a. Class 125 and Class 250, Cast-Iron, Flat-Face Flanges: Full-face gaskets.
b. Class 150 and Class 300, Ductile-Iron or -Steel, Raised-Face Flanges: Ring-type
gaskets.

Grooved-Joint, Steel-Pipe Appurtenances:

1. Pressure Rating: 175-psig (1200-kPa) minimum.

2. Grooved-End Fittings for Steel Piping: ASTM A 47/A 47M, malleable-iron casting or
ASTM A 536, ductile-iron casting, with dimensions matching steel pipe.

3. 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.
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2.6

Steel Pressure-Seal Fittings: UL 213, FM Global-approved, 175-psig (1200-kPa) pressure rating
with steel housing, rubber O-rings, and pipe stop; for use with fitting manufacturers' pressure-
seal tools.

Description: System of support brackets and covers made to protect sprinkler piping.

Brackets: Glass-reinforced nylon.

DRY SYSTEM AIR COMPRESSOR & REFRIGERATED AIR DRYER

Compressor & refrigerated air dryer (sized by fire spirnkler contractor): Single-unit, electric
motor driven, motor, motor starter, safety valves, check valves, air maintenance device
incorporating electric pressure switch and unloader valve.

Electrical Characteristics: cordinate final power requirements with electrical contractor for air
dryer (120/1) & dry system air compressor (480/3).

PART 3 EXECUTION

3.1

m o a0 w »

e
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INSTALLATION

Install in accordance with referenced NFPA design and installation standard.

Install equipment in accordance with manufacturer's instructions.

Install buried shut-off valves in valve box. Provide post indicator.

Provide approved double check valve assembly at sprinkler system water source connection.

Locate fire department connection with sufficient clearance from walls, obstructions, or
adjacent siamese connectors to allow full swing of fire department wrench handle.

Locate outside alarm gong on building wall.

Place pipe runs to minimize obstruction to other work.

Place piping in concealed spaces above finished ceilings.

Center sprinklers in two directions in ceiling tile and provide piping offsets as required.

Apply masking tape or paper cover to ensure concealed sprinklers, cover plates, and sprinkler
escutcheons do not receive field paint finish. Remove after painting. Replace painted
sprinklers.

Flush entire piping system of foreign matter.
Install guards on sprinklers where indicated.
Hydrostatically test entire system.

Require test be witnessed by Fire Marshal.
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3.2 PERFORMANCE REQUIREMENTS

A.  Sprinkler system equipment, specialties, accessories, installation, and testing shall comply with
the following:

1. NFPA 13.
B.  Standard-Pressure Piping System Component: Listed for 175-psig minimum working pressure.
1. Sprinkler system design shall be approved by authorities having jurisdiction.
a. The margin-of-safety requirement may not be required by authorities having

jurisdiction. Retain "Margin of Safety for Available Water Flow and Pressure"
Subparagraph below to require the application of a margin of safety in the
Contractor's design.
b. Margin of Safety for Available Water Flow and Pressure: 10 percent, including
losses through water-service piping, valves, and backflow preventers.
1) Sprinkler Occupancy Hazard Classifications:
2) Building Service Areas: [Ordinary Hazard, Group 1]
3) Electrical Equipment Rooms: [Ordinary Hazard, Group 1]
4)  General Storage Areas: [Ordinary Hazard, Group 1]
5) Mechanical Equipment Rooms: [Ordinary Hazard, Group 1]
6) Office and Public Areas: [Light Hazard]
7) Classrooms: [Light Hazard]
8)  Attic: [Light Hazard]
2. Minimum Density for Automatic-Sprinkler Piping Design:
a. Light-Hazard Occupancy: 0.10 gpm over 1500-sq. ft. (4.1 mm/min. over 139-sq. m)
area.
b. Ordinary-Hazard, Group 1 Occupancy: 0.15 gpm over 1500-sq. ft. (6.1 mm/min.
over 139-sq. m) area.
c. Ordinary-Hazard, Group 2 Occupancy: 0.20 gpm over 1500-sq. ft. (8.1 mm/min.
over 139-sq. m) area.
3. Maximum Protection Area per Sprinkler: According to UL listing.
4. Maximum Protection Area per Sprinkler:
Office Spaces: 225 sq. ft. (20.9 sq. m).
Storage Areas: 130 sq. ft. (12.1 sq. m).
Mechanical Equipment Rooms: 130 sq. ft. (12.1 sq. m).
Electrical Equipment Rooms: 130 sq. ft. (12.1 sq. m).
Other Areas: According to NFPA 13 recommendations.

oo o

END OF SECTION 21 1300
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SECTION 22 0516 - EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING
PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Flexible pipe connectors.
B.  Expansion joints and compensators.

C.  Pipe loops, offsets, and swing joints.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 21 0500 - Common Work Results for Fire Suppression.

C. Section 22 1005 - Plumbing Piping.

1.3 REFERENCE STANDARDS

A.  ASTM A269/A269M - Standard Specification for Seamless and Welded Austenitic Stainless
Steel Tubing for General Service; 2025.

B.  EJMA (STDS) - EIMA Standards; Tenth Edition.

C. UL (DIR) - Online Certifications Directory; Current Edition.

1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data:

1. Flexible Pipe Connectors: Indicate maximum temperature and pressure rating, face-to-face
length, live length, hose wall thickness, hose convolutions per foot and per assembly,
fundamental frequency of assembly, braid structure, and total number of wires in braid.

2. Expansion Joints: Indicate maximum temperature and pressure rating, and maximum
expansion compensation.

C.  Project Record Documents: Record installed locations of flexible pipe connectors, expansion
joints, anchors, and guides.

. EXPANSION FITTINGS AND LOOPS FOR
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PART 2 PRODUCTS

2.1

A.

2.2

REGULATORY REQUIREMENTS

Comply with UL (DIR) requirements.

EXPANSION JOINTS AND LOOPS - HOSE AND BRAID

Manufacturers:

1. Flex-Hose Co. Inc: www.flexhose.com/#sle.

2. Flex-Weld, Inc: www.kelcoind.com/#sle.

3. The Metraflex Company; Metraloop: www.metraflex.com/#sle.
4. Minnesota Flexible Corporation.

5. Substitutions: See Section 01 6000 - Product Requirements.

Provide flexible loops with two flexible sections of hose and braid, two 90 degree elbows, and
180 degree return with support brackets and plugged drain or air release port.

Maximum Allowable Motion: 2 inch in the X, y, and z planes with no thrust loads to the
building structure.

Maximum Working Pressure: 150 psi at 800 degrees F.

Construction: Class 150, schedule 40, stainless steel hose and braid assembly with copper
fittings, including elbows and female copper sweat or flanged end connections sized to match
pipe segment.
1. Selected Product to Accommodate:

a. Angular Rotation: 15 degrees.

b. Force developed by 1.5 times specified maximum allowable operating pressure.
2. Provide necessary accessories including, but not limited to, swivel joints.

PART 3 EXECUTION

3.1

A.

INSTALLATION
Install in accordance with manufacturer's instructions.
Install in accordance with EJIMA (Expansion Joint Manufacturers Association) Standards.

Install flexible pipe connectors on pipes connected to vibration isolated equipment. Provide line
size flexible connectors.

Install flexible connectors at right angles to displacement. Install one end immediately adjacent
to isolated equipment and anchor other end. Install in horizontal plane unless indicated
otherwise.

Provide support and equipment required to control expansion and contraction of piping.
Provide loops, pipe offsets, and swing joints, or expansion joints where required.

END OF SECTION 22 0516

EXPANSION FITTINGS AND LOOPS FOR
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SECTION 22 0517 - SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING

PART 1 GENERAL

1.1

1.2

1.3

1.4

A.
B.
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SECTION INCLUDES
Pipe sleeves.

Pipe sleeve-seals.

RELATED REQUIREMENTS

Equipment, Piping, Fittings, & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 07 8400 - Firestopping.

Section 09 9113 - Exterior Painting: Preparation and painting of exterior piping systems.
Section 09 9123 - Interior Painting: Preparation and painting of interior piping systems.
Section 22 0523 - General-Duty Valves for Plumbing Piping.

Section 22 0553 - Identification for Plumbing Piping and Equipment: Piping identification.
Section 22 0716 - Plumbing Equipment Insulation.

Section 22 0719 - Plumbing Piping Insulation.

REFERENCE STANDARDS

ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type
Pipe Insulation (Metal-Mesh Covered) (Industrial Type); 2024.

ASTM ES814 - Standard Test Method for Fire Tests of Penetration Firestop Systems; 2024.

UL (DIR) - Online Certifications Directory; Current Edition.

SUBMITTALS
See Section 01 3000 - Administrative Requirements for submittal procedures.

Shop Drawings: Indicate pipe materials used, jointing methods, supports, floor and wall
penetration seals. Indicate installation, layout, weights, mounting and support details, and
piping connections.

SLEEVES AND SLEEVE SEALS FOR
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1.5 QUALITY ASSURANCE

A.  Manufacturer Qualifications: Company specializing in manufacturing the Products specified in
this section with minimum three years documented experience.

B.  Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may have
accumulated from the installation and testing of the system.
1.6 DELIVERY, STORAGE, AND HANDLING
A.  Deliver and store sleeve and sleeve seals in shipping containers, with labeling in place.

B.  Provide temporary protective coating on cast iron and steel sleeves if shipped loose.

1.7 WARRANTY
A.  See Section 01 7800 - Closeout Submittals, for additional warranty requirements.

B.  Correct defective Work within a one year period after Date of Substantial Completion.
PART 2 PRODUCTS

2.1 PIPE SLEEVES

A.  Vertical Piping:
1. Sleeve Length: 1 inch above finished floor.
2. Provide sealant for watertight joint.
3. Dirilled Penetrations: Provide 1-1/2 inch angle ring or square set in silicone adhesive
around penetration.

B.  Plastic or Sheet Metal: Pipe passing through interior walls, partitions, and floors, unless steel or
brass sleeves are specified below.

C.  Pipe Passing Through Below Grade Exterior Walls:
1. Zinc coated or cast iron pipe.
2. Provide watertight space with link rubber or modular seal between sleeve and pipe on both
pipe ends.

D.  Pipe Passing Through Mechanical, Laundry, and Animal Room Floors above Basement:
1. Galvanized steel pipe or black iron pipe with asphalt coating.
2. Connect sleeve with floor plate except in mechanical rooms.

E. Clearances:
1. Provide allowance for insulated piping.
2. Wall, Floor, Partitions, and Beam Flanges: 1 inch greater than external pipe diameter.
3. All Rated Openings: Caulked tight with fire stopping material complying with ASTM
E814 in accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.

2.2 PIPE-SLEEVE SEALS

A. Modular Mechanical Sleeve-Seal:

. SLEEVES AND SLEEVE SEALS FOR
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D.

1.  Elastomer-based interlocking links continuously fill annular space between pipe and wall-
sleeve, wall or casing opening.

2. Watertight seal between pipe and wall-sleeve, wall or casing opening.

Size and select seal component materials in accordance with service requirements.

4. Service Requirements:

Corrosion resistant.

Oil, fuel, gas, and solvent resistant.

Underground, buried, and wet conditions.

Fire Resistant: 1 hour, UL (DIR) approved.

High Temperature, up to 400 degrees F.

Low temperature, down to minus 67 degrees F.

5. Glass reinforced plastic pressure end plates.

98]
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Sealing Compounds:

1. Provide packing and sealing compound to fill pipe to sleeve thickness.

2. Combined packing and sealing compounding to match partition fire-resistance hourly
rating.

Pipe Sleeve Material:
1. Bearing Walls: Steel, cast iron, or terra-cotta pipe.
2. Masonry Structures: Sheet metal or fiber.

Wall Sleeve: PVC material with waterstop collar, and nailer end-caps.

PART 3 EXECUTION

3.1

3.2

A.

PREPARATION
Ream pipe and tube ends. Remove burrs. Bevel plain end ferrous pipe.

Remove scale and foreign material, from inside and outside, before assembly.

INSTALLATION
Route piping in orderly manner, plumb and parallel to building structure. Maintain gradient.
Install piping to conserve building space, to not interfere with use of space and other work.

Install piping and pipe sleeves to allow for expansion and contraction without stressing pipe,
joints, or connected equipment.

Inserts:

1. Provide inserts for placement in concrete formwork.

2. Provide inserts for suspending hangers from reinforced concrete slabs and sides of
reinforced concrete beams.

3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4
inches.

4.  Where concrete slabs form finished ceiling, locate inserts flush with slab surface.

5. Where inserts are omitted, drill through concrete slab from below and provide through-bolt
with recessed square steel plate and nut above slab.

SLEEVES AND SLEEVE SEALS FOR
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E. Structural Considerations: Do not penetrate building structural members unless indicated.

F. Provide sleeves when penetrating footings, floors, walls, and partitions. Seal pipe including

sleeve penetrations to achieve fire resistance equivalent to fire separation required.

1. Underground Piping: Caulk pipe sleeve watertight with lead and oakum or mechanically
expandable chloroprene inserts with bitumen sealed metal components.

2. Aboveground Piping:
a. Pack solid using mineral fiber complying with ASTM C592.
b. Fill space with an elastomer caulk to a depth of 0.50 inch where penetrations occur

between conditioned and unconditioned spaces.

3. All Rated Openings: Caulk tight with fire stopping material complying with ASTM E814
in accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.

4. Caulk exterior wall sleeves watertight with lead and oakum or mechanically expandable
chloroprene inserts with mastic-sealed components.

G.  Manufactured Sleeve-Seal Systems:

1. Install manufactured sleeve-seal systems in sleeves located in grade slabs and exterior
concrete walls at piping entrances into building.

2. Provide sealing elements of the size, quantity, and type required for the piping and sleeve
inner diameter or penetration diameter.

3. Locate piping in center of sleeve or penetration.

4. Install field assembled sleeve-seal system components in annular space between sleeve and
piping.

5. Tighten bolting for a water-tight seal.

6. Install in accordance with manufacturer's recommendations.

H.  When installing more than one piping system material, ensure system components are
compatible and joined to ensure the integrity of the system. Provide necessary joining fittings.
Ensure flanges, union, and couplings for servicing are consistently provided.

3.3 CLEANING
A.  Upon completion of work, clean all parts of the installation.

B. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may have
accumulated from the installation and testing of the system.

END OF SECTION 22 0517
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SECTION 22 0519 - METERS AND GAUGES FOR PLUMBING PIPING

PART 1 GENERAL

1.1 SECTION INCLUDES

A.  Water meters.

B.  Pressure gauges.

C.  Thermometers.

D. Pressure-temperature test plugs.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

1.3 REFERENCE STANDARDS

A. ASTM E1 - Standard Specification for ASTM Liquid-in-Glass Thermometers; 2014
(Reapproved 2020).

B.  ASTM E77 - Standard Test Method for Inspection and Verification of Thermometers; 2014
(Reapproved 2021).

AWWA C701 - Cold-Water Meters -- Turbine Type, for Customer Service; 2019.

D. AWWA C707 - Encoder-Type Remote-Registration Systems for Cold-Water Meters; 2022.
AWWA M6 - Water Meters -- Selection, Installation, Testing, and Maintenance; 2012, with
Addendum (2018).

NSF 61 - Drinking Water System Components - Health Effects; 2025, with Addendum

G.  NSF 372 - Drinking Water System Components - Lead Content; 2024.

1.4 ADMINISTRATIVE REQUIREMENTS

A.  Utility Service Metering: Coordinate and apply Utility Service Provider requirements in terms
of meter type, size, physical location, pipe size, upstream/downstream pipe lengths required,
and other installation details.

1.5 SUBMITTALS

A.  See Section 01 3000 - Administrative Requirements for submittal procedures.
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B.  Product Data: Provide red-marked product data sheets for each furnished item with associated
components and accessories.

Project Record Documents: Record actual locations of components and instrumentation.

D.  Maintenance Materials: Furnish the following for Owner's use in maintenance of project.

1.
2.

See Section 01 6000 - Product Requirements. for additional provisions.
Extra Pressure Gauges: One of each type and size.

PART 2 PRODUCTS

2.1 WATER METERS

A. Turbine Water Meters:

1. Inline Type: Class 150 flanged.

2. Flow Capacity Range: As indicated on drawings, provide a water meter with a pressure
drop less than 5 psi at required flow. Contractor to verify piping and valving arrangement
required by city prior to installation.

3. Remote Monitoring: AWWA C707 digital-register with wireless AMI interface.

4. Lead-free bronze alloy case, polymer-based cap, test port, and hermetically sealed register
with low flow indicator.

5. Pressure and Temperature: Up to 175 psi and 120 degrees F.

6. AWWA C701 Class II, with lead content below 0.25 percent when using non-lead-free
materials on wetted surfaces according to NSF 61 and NSF 372.

22 PRESSURE GAUGES

A. Manufacturers:

200NNk W=

Dwyer Instruments, Inc: www.dwyer-inst.com/#sle.

Moeller Instrument Company, Inc: www.moellerinstrument.com/#sle.
Winters Instruments: www.winters.com/#sle.

Weiss Instruments, Inc.

Watts.

Trerice.

Tel-Tru Manufacturing Company.

Flo Fab Inc.

Ametek, Inc.

. Wika Instrument Corporation - USA.

23 THERMOMETERS

A. Manufacturers:

1. Dwyer Instruments, Inc: www.dwyer-inst.com/#sle.
2. Moeller Instrument Company, Inc: www.moellerinstrument.com/#sle.
3.  Watts Water Technologies, Inc: www.watts.com/#sle.
4.  Winters Instruments: www.winters.com/#sle.
5. Wika Instrument Corporation - USA.
6. Weiss Instruments, Inc.
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7. Wika Instrument Corporation - USA.
8. Tel-Tru Manufacturing Company.

9. Flo Fab Inc.
10. Ametek, Inc.

B.  General:
1. Product Compliance: ASTM E1.
2. Lens: Clear glass, except where stated.
3. Accuracy: One percent, when tested in accordance with ASTM E77, except where stated.
4. Scale: Black markings depicting single scale in degrees F where expected process value
falls half-span of standard temperature range.

C.  Thermometers - Straight: 5 inch v-shape lead-free brass case with clear glass window scale, 2
inch NPT stem, 3-1/4 inch NPT thermowell, and red or blue non-toxic organic liquid filled glass
tube.

D.  Thermometers - Dial Type:
1. Fixed: 5 inch diameter dial with black pointer, stainless steel case, silicone damping
bimetal element, hermetically sealed lens, recalibrating screw, and 2-1/2 inch NPT stem.

24 PRESSURE-TEMPERATURE TEST PLUGS:
A.  Manufacturers:

1. Dwyer Instruments, Inc: www.dwyer-inst.com/#sle.
2. Watts Water Technologies, Inc: www.watts.com/#sle.
3.  Weiss Instruments, LLC: www.weissinstruments.com/#sle.
4. Weksler Glass Thermometer Corp: www.wekslerglass.com/#sle.
5. Winters Instruments: www.winters.com/#sle.
6. Wika Instrument Co

B.  Size: 500 psi capacity; 1/2 inch MPT brass fitting with gasket, cap, and retaining strap for 1/8
inch pressure gauge or temperature probe.

C.  Wetted Materials per Temperature Range:
1. Up to 200 degrees F: Brass or stainless steel body with neoprene core and gasketed caps.
Include extended stem on units to be installed in insulated piping.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Verification of Conditions: Verify Utility Service Provider piping readiness to receive meter.

Do not install instrumentation when areas are under construction, except for required rough-in,
taps, supports, and test plugs.

3.2 INSTALLATION

A.  Install metering products in accordance with manufacturer's instructions for intended fluid type
and service.
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F.

Install water meters with inlet and outlet isolation valves in compliance with AWWA M6.

Install rotameters (flowmeters) between 4 to 6 ft above finished floor unless instructed
otherwise to allow easy readability.

Install pressure gauges as follows:

1. At Pumps: Place single gauge before strainer, suction side and discharge side.

2. Include gauge cock to isolate each gauge and extend nipples for insulation clearance.

3. Include siphons on high temperature systems and select type according to service rating.
4. Adjust gauges to selected viewing angle, clean thoroughly, and calibrate to zero.

Install thermometers as follows:
1. Hot Water Heaters: Place upstream and downstream of heater. Add one on the inlet end
when using steam as the water heating medium.

Locate PT (pressure-temperature) test plugs adjacent to control device sockets.

END OF SECTION 22 0519
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SECTION 22 0523 - GENERAL-DUTY VALVES FOR PLUMBING PIPING

PART 1 GENERAL

1.1 SECTION INCLUDES
Ball valves.

Check valves.

Gate valves.

Globe valves.

m o a0 w »

Chainwheels.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 22 0553 - Identification for Plumbing Piping and Equipment.

Section 22 0719 - Plumbing Piping Insulation.

O

Section 22 1005 - Plumbing Piping.

1.3 ABBREVIATIONS AND ACRONYMS

CWP: Cold working pressure.

EPDM: Ethylene propylene copolymer rubber.

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

OS&Y: Outside screw and yoke.

PTFE: Polytetrafluoroethylene.

RS: Rising stem.

T 0" ®m o0 >

TFE: Tetrafluoroethylene.

p—t

WOG: Water, oil, and gas.

1.4 REFERENCE STANDARDS

A. ASME B16.10 - Face-to-Face and End-to-End Dimensions of Valves; 2022.
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B.  ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2021.
ASME B16.34 - Valves — Flanged, Threaded, and Welding End; 2025.

D. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Qualification Standard for
Welding, Brazing, and Fusing Procedures; Welders; Brazers; and Welding, Brazing, and Fusing
Operators; 2025, with Errata.

E. ASTM A126 - Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe
Fittings; 2004 (Reapproved 2023).

F. ASTM B62 - Standard Specification for Composition Bronze or Ounce Metal Castings; 2017.
G.  MSS SP-71 - Gray Iron Swing Check Valves, Flanged and Threaded Ends; 2018.

H.  MSS SP-80 - Bronze Gate, Globe, Angle, and Check Valves; 2019.

L MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends;

2010, with Errata .
J. NSF 61 - Drinking Water System Components - Health Effects; 2025, with Addendum

K. NSF 372 - Drinking Water System Components - Lead Content; 2024.

1.5 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide data on valves including manufacturers catalog information. Submit
performance ratings, rough-in details, weights, support requirements, and piping connections.

C. Operation and Maintenance Data: Include manufacturer's descriptive literature, operating
instructions, maintenance and repair data, and parts listings.

1.6 QUALITY ASSURANCE

A.  Manufacturer:
1.  Obtain valves for each valve type from single manufacturer.
2. Company must specialize in manufacturing products specified in this section, with not less
than three years of documented experience.

B.  Welding Materials and Procedures: Comply with ASME BPVC-IX.

1.7 DELIVERY, STORAGE, AND HANDLING

A.  Prepare valves for shipping as follows:

1. Minimize exposure of operable surfaces by setting plug and ball valves to open position.
2. Protect valve parts exposed to piped medium against rust and corrosion.
3. Protect valve piping connections such as grooves, weld ends, threads, and flange faces.
4. Adjust globe, gate, and angle valves to the closed position to avoid clattering.
5. Secure check valves in either the closed position or open position.

B.  Use the following precautions during storage:
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1. Maintain valve end protection and protect flanges and specialties from dirt.

a. Provide temporary inlet and outlet caps.
b. Maintain caps in place until installation.
2. Store valves in shipping containers and maintain in place until installation.
a. Store valves off the ground in watertight enclosures when indoor storage is not an
option.
1.8 EXERCISE THE FOLLOWING PRECAUTIONS FOR HANDLING:

A.  Avoid the use of operating handles or stems as rigging or lifting points.

PART 2 PRODUCTS

2.1 APPLICATIONS
A.  See drawings for specific valve locations.
B.  Listed pipe sizes shown using nominal pipe sizes (NPS) and nominal diameter (DN).

C.  Provide the following valves for the applications if not indicated on drawings:
1. Shutoff: Ball, gate or plug.
2. Swing Check (Pump Outlet):

a. 2 inch and Smaller: Bronze swing check valves with bronze or nonmetallic disc.

b. 2-1/2 inch and Larger for Domestic Water: Iron swing check valves with closure
control, metal or resilient seat check valves.

c. 2-1/2 inch and Larger for Sanitary Waste and Storm Drainage: Iron swing check

valves with lever and weight or spring.

D.  Substitutions of valves with higher CWP classes or WSP ratings for same valve types are
permitted when specified CWP ratings or WSP classes are not available.

E. Required Valve End Connections for Non-Wafer Types:
1. Copper Tube:

a. 2 inch and Smaller: Threaded ends except where solder-joint valve-end option is
indicated in valve schedules below.
b. 2-1/2 inch to 4 inch: Grooved or flanged ends except where threaded valve-end
option is indicated in valve schedules below.
c. 5 inch and Larger: Grooved or flanged ends.
22 GENERAL REQUIREMENTS

A.  Valve Pressure and Temperature Ratings: No less than rating indicated; as required for system
pressures and temperatures.

B.  Valve Sizes: Match upstream piping unless otherwise indicated.

C.  Valve Actuator Types:
1. Gear Actuator: Quarter-turn valves 8 inch and larger.
2. Hand Lever: Quarter-turn valves 6 inch and smaller except plug valves.
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3. Chainwheel: Device for attachment to valve handwheel, stem, or other actuator, of size
and with chain for mounting height, as indicated in the "Valve Installation" Article.

D.  Insulated Piping Valves: With 2 inch stem extensions and the following features:
1. Gate Valves: Rising stem.
2. Ball Valves: Extended operating handle of non-thermal-conductive material, and
protective sleeve that allows operation of valve without breaking the vapor seal or
disturbing insulation.

E. Valve-End Connections:

F. General ASME Compliance:
1. Ferrous Valve Dimensions and Design Criteria: ASME B16.10 and ASME B16.34.
2. Solder-joint Connections: ASME B16.18.

G.  Potable Water Use:
1. Certified: Approved for use in compliance with NSF 61 and NSF 372.
2. Lead-Free Certified: Wetted surface material includes less than 0.25 percent lead content.

H.  Source Limitations: Obtain each valve type from a single manufacturer.

23 BRASS, BALL VALVES

A. Two Piece, Full Port with Brass Trim and Female Thread, Male thread, Solder, or Press
Connections:
1. Comply with MSS SP-110.
WSP Rating: 150 psi.
WOG Rating: 600 psi.
Body: Forged brass.
Seats: PTFE.
Ball: Stainless steel, vented.
Operator: Oval handle and memory stop.
Manufacturers:
Apollo Valves: www.apollovalves.com/#sle.
Conbraco Industries, Inc.; Apollo Valves
Crane Co.; Crane Valve Group; Crane Valves.
Crane Co.; Crane Valve Group; Jenkins Valves.
Crane Co.; Crane Valve Group; Stockham Valves.
Hammond Valve.
Milwaukee Valve Company.
NIBCO Inc.
Watts; a Water Technologies company.

PN RN
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2.4 STAINLESS STEEL, BALL VALVES

A.  Two Piece, Full Port with Stainless Steel Trim:
1. Comply with MSS SP-110.
2. WSP Rating: 150 psi.
3. CWP Rating: 2,000 psi.
4. Seats: PFTE.
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5. Stem: Stainless steel, blowout proof.

6. Ball: Stainless steel, vented.

7. End Connections: Threaded.

8. Operator: Oval handle.

9. Manufacturers:
a. Apollo Valves: www.apollovalves.com/#sle.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Division.
e. Hammond Valve.
f. Kitz Corporation.
g. Milwaukee Valve Company.
h. NIBCO INC.
1. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2.5 BRONZE, SWING CHECK VALVES
A. General:

1. Fabricate from dezincification resistant material.
2. Copper alloys containing more than 15 percent zinc are not permitted.

B. Class 125:

Pressure and Temperature Rating: MSS SP-80, Type 3.
Design: Y-pattern, horizontal or vertical flow.

CWP Rating: 200 psi.

Body: Bronze, ASTM B62.

End Connections: Threaded or soldered.

Disc: Bronze.

Manufacturers:

Crane Co.; Crane Valve Group; Crane Valves.
Crane Co.; Crane Valve Group; Jenkins Valves.
Crane Co.; Crane Valve Group; Stockham Division.
Hammond Valve.

Kitz Corporation.

Milwaukee Valve Company.

NIBCO INC.

Watts Regulator Co.; a division of Watts Water Technologies, Inc.

NN hA DD =
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2.6 IRON, HORIZONTAL SWING CHECK VALVES

A.  Class 125:

Pressure and Temperature Rating: MSS SP-71, Type L.
Design: T-body style for clear or full waterways.
WOG Rating: 200 psi.

Body: ASTM A126, gray cast iron with bolted bonnet.
End Connections: Flanged or threaded.

Trim: Composition.

Seat Ring and Disc Holder: Bronze.

NN hAE DD =
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8. Disc: PTFE.

. Gasket: Asbestos free.
10. Manufacturers:
Apollo Valves: www.apollovalves.com/#sle.
Crane Co. Crane Valves.
Crane Co. Jenkins Valves.
Crane Co, Stockham Division.
Hammond Valve.
Kitz Corporation.
Milwakee Valve.
Watts Regulator.

SR Mo a0 o

2.7 BRONZE, GATE VALVES

A. General:
1. Fabricate from dezincification resistant material.
2. Copper alloys containing more than 15 percent zinc are not permitted.

B.  Rising Stem or OS&Y:
1. Pressure-Temperature Range: MSS SP-80, Type L.
2. Class 125:

a. WSP Rating: 125 psi, saturated.

b. CWP Rating: 200 psi.

Body: ASTM B62, bronze with integral seat and screw-in bonnet.

End Connections: Threaded or solder.

Stem: Bronze.

Disc: Solid wedge; bronze.

Packing: Asbestos free.

Handwheel Operator: Malleable iron.

Manufacturers:

Apollo Valves: www.apollovalves.com/#sle.

Crane Co. Crane Valves.

Crane Co. Jenkins Valves.

Crane Co, Stockham Division.

Hammond Valve.

Kitz Corporation.

Milwakee Valve.

Watts Regulator.

00NN kW
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2.8 BRONZE, GLOBE VALVES

A.  General:
1. Fabricate from dezincification resistant material.
2. Copper alloys containing more than 15 percent zinc are not permitted.

B. Class 125 and Class 250:
1. Class 125:
a. CWP Rating: 200 psi.
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2.9

Class 250: CWP Rating; 300 psi.

Comply with MSS SP-80, Type 1.

Body: ASTM B62, bronze with integral seat and screw-in bonnet.
End Connections: Threaded or solder.

Bonnet: NRS; Non-rising Stem.

Non-Rising Stem: Bronze.

Disc: Bronze or PTFE.

Packing: Asbestos free.

0. Manufacturers:

=0 0N LR W

a. Apollo Valves: www.apollovalves.com/#sle.
b. Crane Co. Crane Valves.
c. Crane Co, Stockham Division.
d. Hammond Valve.
e. Kitz Corporation.
f. Milwakee Valve.
g. Watts Regulator.
CHAINWHEELS

Description: Valve actuation assembly with sprocket rim, brackets, and chain.

1. Brackets: Type, number, size, and fasteners required to mount actuator on valve.
2. Attachment: For connection to ball valve stems.

3. Sprocket Rim with Chain Guides: Ductile iron. Include zinc coating.

4. Chain: Hot-dip galvanized steel. Sized to fit sprocket rim.

Manufacturers:
1. Roto Hammer Industries..
2. Trumbull Industries,.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Discard all packing materials and verify that valve interior, including threads and flanges are
completely clean without signs of damage or degradation that could result in leakage.
B.  Verify valve parts to be fully operational in all positions from closed to fully open.
C. Confirm gasket material to be suitable for the service, to be of correct size, and without defects
that could compromise effectiveness.
D.  Should valve is determined to be defective, replace with new valve.
32 INSTALLATION
A.  Provide unions or flanges with valves to facilitate equipment removal and maintenance while
maintaining system operation and full accessibility for servicing.
GENERAL-DUTY VALVES FOR PLUMBING
EAPC Project 20245211 220523 -7

PIPING



B.  Provide separate valve support as required and locate valve with stem at or above center of
piping, maintaining unimpeded stem movement.

C.  Where valve support members are welded to structural building framing, scrape, brush clean,
and apply one coat of zinc rich primer to welds.

D. Install check valves where necessary to maintain direction of flow as follows:
1. Lift Check: Install with stem plumb and vertical.
2. Swing Check: Install horizontal maintaining hinge pin level.
3. Orient plate-type into horizontal or vertical position, between flanges.

E. Provide chainwheels on operators for valves 4 inch and larger where located 96 inches or more
above finished floor, terminating 60 inches above finished floor.

END OF SECTION 22 0523
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SECTION 22 0529 - HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT

PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Strut systems for pipe or equipment support.
B.  Beam clamps.
C.  Pipe hangers.
D. Pipe supports, guides, shields, and saddles.
E. Anchors and fasteners.
1.2 RELATED REQUIREMENTS
A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.
B.  Section 03 3000 - Cast-in-Place Concrete: Concrete equipment pads.
C.  Section 05 5000 - Metal Fabrications.
1.3 REFERENCE STANDARDS
A.  ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2019.
ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings; 1999, with
Editorial Revision (2022).
A.  ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2024.
B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware; 2023.
C. ASTM A181/A181M - Standard Specification for Carbon Steel Forgings, for General-Purpose
Piping; 2023.
D. ASTM A283/A283M - Standard Specification for Low and Intermediate Tensile Strength
Carbon Steel Plates; 2024.
E. ASTM A395/A395M - Standard Specification for Ferritic Ductile Iron Pressure-Retaining
Castings for Use at Elevated Temperatures; 1999 (Reapproved 2022).
F. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2025a.
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G. ASTM A1011/A1011M - Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon,
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability,
and Ultra-High Strength; 2025.

H.  ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel;
2023.

L ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.

J. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor
Transmission Rate of Materials; 2024a.

K.  FM (AG) - FM Approval Guide; Current Edition.

L. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,
Application, and Installation; 2025.

UL (DIR) - Online Certifications Directory; Current Edition.

N. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A.  Coordination:

1. Coordinate sizes and arrangement of supports and bases with the actual equipment and
components to be installed.

2. Coordinate the work with other trades to provide additional framing and materials required
for installation.

3. Coordinate compatibility of support and attachment components with mounting surfaces at
the installed locations.

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other
potential conflicts installed under other sections or by others.

5. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

B.  Sequencing:
1. Do not install products on or provide attachment to concrete surfaces until concrete has
fully cured in accordance with Section 03 3000.

1.5 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide manufacturer's standard catalog pages and data sheets for metal channel
(strut) framing systems, nonpenetrating rooftop supports, post-installed concrete and masonry
anchors, and thermal insulated pipe supports.

C. Shop Drawings: Include details for fabricated hangers and supports where materials or methods
other than those indicated are proposed for substitution.

. HANGERS AND SUPPORTS FOR PLUMBING
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1.6

A.

1.7

A.

Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated by
product testing agency. Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

QUALITY ASSURANCE

Comply with applicable building code.

DELIVERY, STORAGE, AND HANDLING

Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2 PRODUCTS

2.1 GENERAL REQUIREMENTS
A.  Provide required hardware to hang or support piping, equipment, or fixtures with related
accessories as necessary to complete installation of plumbing work.
B.  Provide hardware products listed, classified, and labeled as suitable for intended purpose.
C.  Where support and attachment component types and sizes are not indicated, select in
accordance with manufacturer's application criteria as required for the load to be supported.
Include consideration for vibration, equipment operation, and shock loads where applicable.
D. Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless
specifically indicated or permitted.
E. Fire Resistance: Provide hardware rated for 60 minutes resistance unless specifically indicated
by the authority having jurisdiction.
F. Materials for Metal Fabricated Supports: Comply with Section 05 5000.
1. Zinc-Plated Steel: Electroplated in accordance with ASTM B633 unless stated otherwise.
2. Galvanized Steel: Hot-dip galvanized in accordance with ASTM A123/A123M or ASTM
A153/A153M unless stated otherwise.
G.  Corrosion Resistance: Use corrosion-resistant metal-based materials fully compatible with
exposed piping materials and suitable for the environment where installed.
2.2 STRUT SYSTEMS FOR PIPE OR EQUIPMENT SUPPORT
A.  Strut Channels:
1. ASTM A653/A653M galvanized steel bracket with clamps for surface mounting of piping
or plumbing equipment support.
2. Channel or Bracket Kits: Include rods, brackets, end-fixed fittings, covers, clips, and other
related hardware required to complete sectional trapeze section for piping or other support.
B.  Hanger Rods:
1. Threaded zinc-plated steel unless otherwise indicated.
2. Minimum Size, Unless Otherwise Indicated or Required:
a. Equipment Supports: 1/2 inch diameter.
HANGERS AND SUPPORTS FOR PLUMBING
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24

Channel Nuts:
1. Provide carbon steel channel nut with epoxy copper or zinc finish and long, regular, or
short spring as indicated on drawings.

BEAM CLAMPS
MSS SP-58 types 19 through 23, 25 or 27 through 30 based on required load.

C-Clamp: MSS SP-58 type 23, malleable iron and steel with plain, stainless steel, and zinc
finish.

Small or Junior Beam Clamp: MSS SP-58 type 19, malleable iron with plain finish. For
inverted usage provide manufacturer listed size(s).

Wide Mouth Beam Clamp: MSS SP-58 type 19, malleable iron with plain finish.

Centerload Beam Clamp with Extension Piece: MSS SP-58 type 30, malleable iron with plain
finish.

Provide clamps with hardened steel cup-point set screws and lock-nuts for anchoring in place.

Material: ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM
A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M steel.

PIPE HANGERS

Band Hangers, Adjustable:
1. Manufacturers:
a. Source Limitations: Furnish hardware, fittings, and accessories from single
manufacturer.
2. MSS SP-58 type 7 or 9, zinc-plated ASTM A1011/A1011M steel or ASTM A653/A653M
carbon steel.

Swivel Ring Hangers, Adjustable:

1. Manufacturers:

a. Source Limitations: Furnish hardware, fittings, and accessories from single
manufacturer.

2. MSS SP-58 type 10, epoxy-painted, zinc-colored.

3. Material: ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM
A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M
steel.

4. FM (AG) and UL (DIR) listed for specific pipe size runs and loads.

5. Felt-Lined: Provide for uninsulated pipe to reduce noise and prevent static issues.

Clevis Hangers, Adjustable:
1. Manufacturers:
a. Source Limitations: Furnish hardware, fittings, and accessories from single
manufacturer.
2. Copper Tube: MSS SP-58 type 1, epoxy-plated copper.
Felt-Lined: MSS SP-58 type 1, zinc-plated, silicone-free carbon steel.
4. Light-Duty: MSS SP-58 type 1, zinc-colored, epoxy plated.
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2.5

2.6

5. Standard-Duty: MSS SP-58 type 1, zinc-colored, epoxy plated.

PIPE CLAMPS
Riser Clamps:
1. Manufacturers:
a. Source Limitations: Furnish hardware, fittings, and accessories from single
manufacturer.
2. For insulated pipe runs, provide two bolt-type clamps designed for installation under
insulation.

3.  MSS SP-58 type 1 or 8, carbon steel or steel with epoxy plated, plain, stainless steel, or
zinc plated finish.

4. Medium Split Horizontal Pipe Clamp: MSS SP-58 type 4, carbon steel or stainless steel
with epoxy plated, plain, stainless steel, or zinc plated finish.

5. Copper Tube Pipe Clamp: MSS SP-58 type 8, epoxy plated copper.

6. UL (DIR) listed: Pipe sizes 1/2 to 8 inch.

Extension Split Pipe Clamp:

1.  MSS SP-58 type 12, hinged split ring and yoke roller hanger with epoxy copper or plain
finish.

2.  Material: ASTM A47/A47M malleable iron or ASTM A36/A36M carbon steel.

3. Provide hanger rod and nuts of the same type and material for a given pipe run.

4. Provide coated or plated hangers to isolate steel hangers from dissimilar metal tube or pipe.

Strut Clamps:
1. Manufacturers:
a. Source Limitations: Furnish hardware, fittings, and accessories from single
manufacturer.

2. Pipe Clamp: Two-piece rigid, universal, or outer diameter type, carbon steel with epoxy
copper or zinc finish.

PIPE SUPPORTS, GUIDES, SHIELDS, AND SADDLES

Dielectric Barriers: Provide between metallic supports and metallic piping and associated items
of dissimilar type; acceptable dielectric barriers include rubber or plastic sheets or coatings
attached securely to pipe or item.

Pipe Supports:

1. Material: ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM
A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M
steel.

2. Liquid Temperatures Up to 122 degrees F:

a. Overhead Support: MSS SP-58 types 1, 3 through 12 clamps.
b. Support From Below: MSS SP-58 types 35 through 38.

Pipe Supports, Thermal Insulated:
1. General Requirements:
a. Insulated pipe supports to be provided at hanger, support, and guide locations on
pipe requiring insulation or additional support.

HANGERS AND SUPPORTS FOR PLUMBING
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b. Pipe insulation protection shields to be provided at the hanger points and guide
locations on pipes requiring insulation as required.

c. Surface Burning Characteristics: Flame spread index/smoke developed index of
5/30, maximum, when tested in accordance with ASTM E84 or UL 723.
Provide pipe supports for 1/2 to 30 inch iron pipes.

e. Insulation inserts to consist of rigid phenolic foam insulation surrounded by 360
degree, PVC jacketing.

2. PVC Jacket:

a. Pipe insulation protection shields to be provided.
b. Moisture Vapor Transmission: 0.0071 perm inch, when tested in accordance with
ASTM E96/E96M.

c. Minimum Thickness: 60 mil, 0.06 inch.

2.7 ANCHORS AND FASTENERS

A.  Manufacturers - Mechanical Anchors:
1. Hilti, Inc: www.us.hilti.com/#sle.
2. ITW Red Head, a division of Illinois Tool Works, Inc: www.itwredhead.com/#sle.
3. Powers Fasteners, Inc: www.powers.com/#sle.
4. Simpson Strong-Tie Company Inc: www.strongtie.com/#sle.

B.  Manufacturers - Powder-Actuated Fastening Systems:
1. Hilti, Inc: www.us.hilti.com/#sle.
2. ITW Ramset, a division of Illinois Tool Works, Inc: www.ramset.com/#sle.
3. Powers Fasteners, Inc: www.powers.com/#sle.
4. Simpson Strong-Tie Company Inc: www.strongtie.com/#sle.

C.  Unless otherwise indicated and where not otherwise restricted, use the anchor and fastener types
indicated for the specified applications.

Concrete: Use preset concrete inserts, expansion anchors, or screw anchors.
Solid or Grout-Filled Masonry: Use expansion anchors or screw anchors.
Hollow Masonry: Use toggle bolts.

Hollow Stud Walls: Use toggle bolts.

= 0 ®om o

Steel: Use beam ceiling clamps, beam clamps, machine bolts, or welded threaded studs.

[l

Beam Ceiling Flanges: ASTM A47/A47M Grade 32510, malleable iron or stainless steel with
copper, plain, stainless steel, or zinc finish.

J. Preset Concrete Inserts: Continuous metal strut channel and spot inserts specifically designed
to be cast in concrete ceilings, walls, and floors.
1. Channel Material: Use galvanized steel.
2. Manufacturer: Same as manufacturer of metal strut channel framing system.

. HANGERS AND SUPPORTS FOR PLUMBING
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PART 3 EXECUTION

3.1 EXAMINATION

A.  Verify that field measurements are as indicated.

B.  Verify that mounting surfaces are ready to receive support and attachment components.

C.  Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A.  Install products in accordance with manufacturer's instructions.

B.  Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES)
evaluation report conditions of use where applicable.

C.  Provide independent support from building structure. Do not provide support from piping,
ductwork, conduit, or other systems.

D.  Unless specifically indicated or approved by Architect, do not provide support from suspended
ceiling support system or ceiling grid.

E. Unless specifically indicated or approved by Architect, do not provide support from roof deck.

F. Do not penetrate or otherwise notch or cut structural members without approval of Structural
Engineer.

G.  Provide thermal insulated pipe supports complete with hangers and accessories. Install thermal
insulated pipe supports during the installation of the piping system.

H.  Equipment Support and Attachment:

1. Use metal fabricated supports or supports assembled from metal channel (strut) to support
equipment as required.

2. Use metal channel (strut) secured to studs to support equipment surface-mounted on
hollow stud walls when wall strength is not sufficient to resist pull-out.

3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations
to provide space between equipment and mounting surface.

4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on
its own weight for support.

L Preset Concrete Inserts: Use manufacturer-provided closure strips to inhibit concrete seepage

during concrete pour.

J. Secure fasteners according to manufacturer's recommended torque settings.

K. Remove temporary supports.

33 FIELD QUALITY CONTROL

A.  See Section 01 4000 - Quality Requirements for additional requirements.

Inspect support and attachment components for damage and defects.
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C.  Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by
manufacturer. Replace components that exhibit signs of corrosion.

D.  Correct deficiencies and replace damaged or defective support and attachment components.

END OF SECTION 22 0529
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SECTION 22 0548 - VIBRATION AND SEISMIC CONTROLS FOR PLUMBING PIPING AND
EQUIPMENT

PART 1 GENERAL

1.1

1.2

1.3

1.4

1.5

A.

B.

SECTION INCLUDES
Vibration isolation requirements.

Vibration-isolated equipment support bases.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 03 3000 - Cast-in-Place Concrete.
Section 05 5000 - Metal Fabrications: Materials and requirements for fabricated metal supports.

Section 22 0529 - Hangers and Supports for Plumbing Piping and Equipment.

DEFINITIONS

Plumbing Component: Where referenced in this section in regards to seismic controls, applies
to any portion of the plumbing system subject to seismic evaluation in accordance with
applicable codes, including distributed systems (e.g., piping).

Seismic Restraint: Structural members or assemblies of members or manufactured elements
specifically designed and applied for transmitting seismic forces between components and the
seismic force-resisting system of the structure.

REFERENCE STANDARDS

ADMINISTRATIVE REQUIREMENTS

Coordination:

1. Coordinate selection and arrangement of vibration isolation and/or seismic control
components with the actual equipment to be installed.

2. Coordinate the work with other trades to provide additional framing and materials required
for installation.

3. Coordinate compatibility of support and attachment components with mounting surfaces at
the installed locations.

4. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

Sequencing:

VIBRATION AND SEISMIC CONTROLS FOR
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1.6

1.7

1.8

A.

1. Do not install products on or provide attachment to concrete surfaces until concrete has
fully cured in accordance with Section 03 3000.

SUBMITTALS

See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide manufacturer's standard catalog pages and data sheets for products,

including materials, fabrication details, dimensions, and finishes.

1. Vibration Isolators: Include rated load capacities and deflections; include information on
color coding or other identification methods for spring element load capacities.

Shop Drawings - Vibration Isolation Systems:

1. Include dimensioned plan views and sections indicating proposed arrangement of vibration
isolators; indicate equipment weights and static deflections.

2. Vibration-Isolated Equipment Support Bases: Include base weights, including concrete fill
where applicable; indicate equipment mounting provisions.

QUALITY ASSURANCE

Comply with applicable building code.

Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

DELIVERY, STORAGE, AND HANDLING

Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2 PRODUCTS

2.1

A.

VIBRATION ISOLATION REQUIREMENTS

Design and provide vibration isolation systems to reduce vibration transmission to supporting
structure from vibration-producing plumbing equipment and/or plumbing connections to
vibration-isolated equipment.

Comply with applicable general recommendations of ASHRAE (HVACA), where not in
conflict with other specified requirements:

General Requirements:

1. Select vibration isolators to provide required static deflection.

2. Select vibration isolators for uniform deflection based on distributed operating weight of
actual installed equipment.

Equipment Isolation: As indicated on drawings.

VIBRATION AND SEISMIC CONTROLS FOR
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PART 3 EXECUTION

3.1

32

33

A.

EXAMINATION
Verify that field measurements are as shown on the drawings.

Verify that mounting surfaces are ready to receive vibration isolation and/or seismic control
components and associated attachments.

Verify that conditions are satisfactory for installation prior to starting work.

INSTALLATION
Install products in accordance with manufacturer's instructions.

Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES)
evaluation report conditions of use where applicable.

Secure fasteners according to manufacturer's recommended torque settings.

Install flexible piping connections to provide sufficient slack for vibration isolation and/or
seismic relative displacements as indicated or as required.

Vibration Isolation Systems:
1. Spring Isolators:
a. Position equipment at operating height; provide temporary blocking as required.
b. Lift equipment free of isolators prior to lateral repositioning to avoid damage to
isolators.
c. Level equipment by adjusting isolators gradually in sequence to raise equipment
uniformly such that excessive weight or stress is not placed on any single isolator.
2. Clean debris from beneath vibration-isolated equipment that could cause short-circuiting of
isolation.
3. Use elastomeric grommets for attachments where required to prevent short-circuiting of
isolation.
4. Adjust isolators to be free of isolation short circuits during normal operation.
5. Do not overtighten fasteners such that resilient material isolator pads are compressed
beyond manufacturer's maximum recommended deflection.

FIELD QUALITY CONTROL
See Section 01 4000 - Quality Requirements, for additional requirements.
Inspect vibration isolation and/or seismic control components for damage and defects.

Vibration Isolation Systems:

1. Verify isolator static deflections.

2. Verify required clearance beneath vibration-isolated equipment support bases.

3. Verify vibration isolation performance during normal operation; investigate sources of
isolation short circuits.
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D.  Correct deficiencies and replace damaged or defective vibration isolation and/or seismic control
components.

END OF SECTION 22 0548
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SECTION 22 0553 - IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT

PART 1 GENERAL

1.1 SECTION INCLUDES
Nameplates.

Tags.

Stencils.

Pipe markers.

Underground warning tape.

T m Y Nw p

Warning Tags

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 09 9123 - Interior Painting: Identification painting.

1.3 REFERENCE STANDARDS
A.  ASME A13.1 - Scheme for the Identification of Piping Systems; 2023.

1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.
B.  Product Data: Provide manufacturers catalog literature for each product required.

C.  Project Record Documents: Record actual locations of tagged valves.
PART 2 PRODUCTS

2.1 PLUMBING COMPONENT IDENTIFICATION GUIDELINE

A.  Nameplates:
1. Heat exchangers, water heaters, and other heat transfer products.
2. Control panels, transducers, and other related control equipment products.
3. Pumps, tanks, filters, water treatment devices, and other plumbing equipment products.

B. Tags:
1. Piping: 3/4 inch diameter and smaller.
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2.2
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24

2.5

2. Manual operated and automated control valves.
3. Instrumentation, relays, gauges, and other related control equipment products.
4. Ceiling tacks placed on lay-in ceiling surface to reference plumbing components.

Stencil:

1. Piping: 3/4 inch diameter and higher.

2. Heat exchangers, water heaters, and other heat transfer products.

3. Pumps, tanks, filters, water treatment devices, and other fluid managing products.

Pipe Markers: 3/4 inch diameter and higher.

NAMEPLATES

Description: Laminated piece with up to three lines of text.
1. Letter Color: White.

2. Letter Height: 1/4 inch.

3. Background Color: Black.

TAGS

Metal: Brass, 19 gauge 1-1/2 inch in diameter with smooth edges, blank, smooth edges, and
corrosion-resistant ball chain. Up to three lines of text.

Valve Tag Chart: Typewritten 12-point letter size list in anodized aluminum frame.

Piping: 3/4 inch diameter and smaller. Include corrosion resistant chain. Identify service, flow
direction, and pressure.

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.

STENCILS

PIPE MARKERS
Comply with ASME A13.1.

Flexible Marker: Factory fabricated, semi-rigid, preformed to fit around pipe or pipe covering;
minimum information indicating flow direction arrow and identification of fluid conveyed.

Flexible Tape Marker: Flexible, vinyl film tape with pressure-sensitive adhesive backing and
printed markings.

Underground Flexible Marker: Bright-colored continuously printed ribbon tape, minimum 6
inches wide by 4 mil, 0.004 inch thick, manufactured for direct burial service.

Identification Scheme, ASME A13.1:
1. Primary: External Pipe Diameter, Uninsulated or Insulated.
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2.6

2.7

3/4 to 1-1/4 inches: Use 8 inch field-length with 1/2 inch text height.

1-1/2 to 2 inches: Use 8 inch field-length with 3/4 inch text height.

2-1/2 to 6 inches: Use 12 inch field-length with 1-1/4 inch text height.

8 to 10 inches: Use 24 inch field-length with 2-1/2 inch text height.

Over 10 inches: Use 32 inch field-length with 3-1/2 inch text height.

2. Secondary: Color scheme per fluid service.
a. Water; Potable, Cooling, Boiler Feed, and Other: White text on green background.
b. Sanitary Waste and Storm Drainage Piping: White text on black background.

° o o

UNDERGROUND WARNING TAPE

Materials: Use foil-backed detectable type polyethylene tape suitable for direct burial or non

detectible taped and 14 gauge tracer wire, unless otherwise indicated.

1. Exception: Use foil-backed detectable type tape where required by serving utility or where
directed by Owner.

Foil-backed Detectable Type Tape: 3 inches wide, with minimum thickness of 5 mil, 0.005
inch, unless otherwise required for proper detection.

Legend: Type of service, continuously repeated over full length of tape.

Color: Yellow or to match pipe use.

WARNING TAGS

Description: Preprinted or partially preprinted accident-prevention tags of plasticized card stock

with matte finish suitable for writing.

1. Description: Preprinted or partially preprinted accident-prevention tags of plasticized card
stock with matte finish suitable for writing.

2. Size: 3 by 5-1/4 inches minimum.

3. Fasteners: Reinforced grommet and wire.

4. Nomenclature: Large-size primary caption such as "DANGER," "CAUTION," or "DO
NOT OPERATE."

5. Color: Safety-yellow background with black lettering.

PART 3 EXECUTION

3.1 PREPARATION
A.  Degrease and clean surfaces to receive identification products.
Prepare surfaces for stencil painting, see Section 09 9123.
32 INSTALLATION
A.  Install flexible nameplates with corrosive-resistant mechanical fasteners, or adhesive. Apply
with sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.
B. Install tags in clear view and align with axis of piping
IDENTIFICATION FOR PLUMBING PIPING
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C.  Apply stencil painted identification in compliance with Section 09 9123 requirements. Identify
unit with assigned id-number and area being served using pipe marking rules.

D.  Install plastic pipe markers in accordance with manufacturer's instructions.

Install plastic tape pipe marker around pipe in accordance with manufacturer's instructions.

F. Apply ASME A13.1 Pipe Marking Rules:

1.

2.
3.
4

Place pipe marker adjacent to changes in direction.

Place pipe marker adjacent each valve port and flange end.
Place pipe marker at both sides of floor and wall penetrations.
Place pipe marker every 25 to 50 feet interval of straight run.

END OF SECTION 22 0553
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SECTION 22 0716 - PLUMBING EQUIPMENT INSULATION

PART 1 GENERAL

1.1

1.2

1.3

@ = = o o w @

SECTION INCLUDES

Cellular glass insulation.

Cellular melamine insulation.

Flexible elastomeric cellular insulation.
Flexible glass fiber insulation.

Rigid glass fiber insulation.

Weather barrier coatings.

Jacketing and accessories.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

REFERENCE STANDARDS

ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded-Hot-Plate Apparatus; 2019, with Editorial
Revision (2023).

ASTM C195 - Standard Specification for Mineral Fiber Thermal Insulating Cement; 2007
(Reapproved 2024).

ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by
Means of the Heat Flow Meter Apparatus; 2021.

ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular
Thermal Insulation in Sheet and Tubular Form; 2025.

ASTM C552 - Standard Specification for Cellular Glass Thermal Insulation; 2022.

ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for
Commercial and Industrial Applications; 2024.

ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type
Pipe Insulation (Metal-Mesh Covered) (Industrial Type); 2024.

ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation;
2025.
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B.

ASTM C1393 - Standard Specification for Perpendicularly Oriented Mineral Fiber Roll and
Sheet Thermal Insulation for Pipes and Tanks; 2025.

ASTM C1410 - Standard Specification for Cellular Melamine Thermal and Sound-Absorbing
Insulation; 2017 (Reapproved 2023).

ASTM C1423 - Standard Guide for Selecting Jacketing Materials for Thermal Insulation; 2021.

ASTM D5590 - Standard Test Method for Determining the Resistance of Paint Films and
Related Coatings to Fungal Defacement by Accelerated Four-Week Agar Plate Assay; 2017
(Reapproved 2021).

ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.

ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor
Transmission Rate of Materials; 2024a.

SAE AMS3779 - Tape, Adhesive, Pressure-Sensitive Thermal Radiation Resistant, Aluminum
Coated Glass Cloth; 2016b.

UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.

FIELD CONDITIONS

Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics,
and insulation cements.

Maintain temperature during and after installation for minimum period of 24 hours.

PART 2 PRODUCTS

2.1

A.

2.2

REGULATORY REQUIREMENTS

Surface Burning Characteristics: Flame spread index/Smoke developed index of 25/50,
maximum, when tested in accordance with ASTM E84 or UL 723.

FLEXIBLE GLASS FIBER INSULATION

Manufacturers:

1. CertainTeed Corporation: www.certainteed.com/#sle.

2. Johns Manville Corporation: www.jm.com/#sle.

3.  Owens Corning Corporation: www.ocbuildingspec.com/#sle.

Insulation: ASTM C553; flexible, noncombustible.

1. K Value: 0.36 at 75 degrees F, when tested in accordance with ASTM C177 or ASTM
C518.

2. Maximum Service Temperature: 450 degrees F.

3.  Maximum Water Vapor Absorption: 5.0 percent by weight.

Insulation: ASTM C1393; pipe and tank, end grain adhered to jacket.
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1. KWValue: ASTM C177,0.27 at 75 degrees F.
2. Maximum Service Temperature: 850 degrees F.
3. Maximum Moisture Absorption: 0.2 percent by volume.

Vapor Barrier Jacket: Kraft paper reinforced with glass fiber yarn and bonded to aluminized

film.

1.  Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM
E96/E96M.

Insulating Cement/Mastic: ASTM C195; hydraulic setting on mineral wool.

RIGID GLASS FIBER INSULATION

Manufacturers:

1. CertainTeed Corporation: www.certainteed.com/#sle.

2. Johns Manville Corporation: www.jm.com/#sle.

3. Owens Corning Corporation: www.ocbuildingspec.com/#sle.

Insulation: ASTM C612 or ASTM C592; rigid, noncombustible.

1. K Value: 0.25 at 75 degrees F, when tested in accordance with ASTM C177 or ASTM
C518.

2.  Maximum Service Temperature: 850 degrees F.

3.  Maximum Water Vapor Absorption: 5.0 percent by weight.

4. Maximum Density: 8.0 pcf.

Vapor Barrier Jacket:
1. Secure with self-sealing longitudinal laps and butt strips.
2. Secure with outward clinch expanding staples and vapor barrier mastic.

CELLULAR GLASS INSULATION

Manufacturers:
1.  Owens Corning Corporation; FOAMGLAS: www.ocbuildingspec.com/#sle.

Pipe and Tube Insulation: ASTM C552, Type 11, Grade 6.

1. K Value: 0.35 at 100 degrees F, when tested in accordance with ASTM C177 or ASTM
C518.

Service Temperature Range: From 250 degrees F to 800 degrees F.

Water Vapor Permeability: 0.005 perm inch maximum per inch.

Water Absorption: 0.5 percent by volume, maximum.

Density: 6.12 pcf, minimum.

ke

FLEXIBLE ELASTOMERIC CELLULAR INSULATION

Manufacturers:

1. Aeroflex USA: www.aeroflexusa.com/#sle.
2. Armacell LLC: www.armacell.us/#sle.

3. K-Flex USA LLC: www kflexusa.com/#sle.

Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM
C534/C534M Grade 1, in sheet form.
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1. Minimum Service Temperature: Minus 40 degrees F.
2. Maximum Service Temperature: 220 degrees F.
3. Connection: Waterproof vapor barrier adhesive.

C. Elastomeric Foam Adhesive: Air dried, contact adhesive, compatible with insulation.

2.6 WEATHER BARRIER COATINGS

A.  Weather-Resistive Barrier Coating: Fire-resistive, UV resistant, water-based mastic for use
over closed cell polyethylene and polyurethane foam insulation; applied with glass fiber or
synthetic reinforcing mesh.

1. Surface Burning Characteristics: Flame spread index of 25 or less, smoke developed index
of 450 or less, Class A, when tested in accordance with ASTM E84.

2. Water Vapor Permeance: Greater than 1.0 perm in accordance with ASTM E96/E96M.

3. Resistance to Fungal Growth: No growth when tested in accordance with ASTM D5590.

4. Color: White.

2.7 JACKETING AND ACCESSORIES

A. PVC Plastic:
1. Manufacturers:

a. Johns Manville Corporation: www.jm.com/#sle.
2. Jacket: Sheet material, off-white color.
a. Minimum Service Temperature: Minus 40 degrees F.
b. Maximum Service Temperature: 150 degrees F.
c. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with
ASTM E96/E96M.
d. Thickness: 10 mil, 0.010 inch.
e. Connections: Brush on welding adhesive.

3. Covering Adhesive Mastic: Compatible with insulation.

B.  Reinforced Tape:
1. FSK tape suitable for sealing seams between insulation, insulated pipe bends, and fittings
resulting in a tight, smooth surface without wrinkles.
2. Comply with UL 723 or ASTM E84.
3. Moisture Vapor Permeability: 0.00 perm inch, when tested in accordance with ASTM
E96/E96M.
4. Finish: Match insulation.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Verify that equipment has been tested before applying insulation materials.

B.  Verify that surfaces are clean and dry, with foreign material removed.
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A.

INSTALLATION

Install in accordance with manufacturer's instructions.

Factory Insulated Equipment: Do not insulate.

Exposed Equipment: Locate insulation and cover seams in least visible locations.

Apply insulation close to equipment by grooving, scoring, and beveling insulation. Fasten
insulation to equipment with studs, pins, clips, adhesive, wires, or bands.

Fill joints, cracks, seams, and depressions with bedding compound to form smooth surface. On
cold equipment, use vapor barrier cement.

Insulated equipment containing fluids below ambient temperature: Insulate entire system.

Install cellular melamine with factory-applied jackets with a manufacturer-approved adhesive
along seams, both straight lap joints and circumferential lap joints.

For fiberglass insulated equipment containing fluids below ambient temperature, provide vapor
barrier jackets, factory-applied or field-applied, and finish with glass cloth and vapor barrier
adhesive.

For hot equipment containing fluids 140 degrees F or less, do not insulate flanges and unions,
but bevel and seal ends of insulation.

For hot equipment containing fluids over 140 degrees F, insulate flanges and unions with
removable sections and jackets.

Fiberglass insulated equipment containing fluids above ambient temperature: Provide standard
jackets, with or without vapor barrier, factory-applied or field-applied. Finish with glass cloth
and adhesive.

Inserts and Shields:

1. Application: Equipment 1-1/2 inches diameter or larger.

2. Shields: Galvanized steel between hangers and inserts.

3. Insert location: Between support shield and equipment and under the finish jacket.

4. Insert configuration: Minimum 6 inches long, of same thickness and contour as adjoining
insulation; may be factory fabricated.

Finish insulation at supports, protrusions, and interruptions.

Equipment in Mechanical Equipment Rooms or Finished Spaces: Finish with canvas jacket
sized for finish painting.

Cover glass fiber insulation with metal mesh and finish with heavy coat of insulating cement.
Nameplates and ASME Stamps: Bevel and seal insulation around; do not insulate over.

Equipment Requiring Access for Maintenance, Repair, or Cleaning: Install insulation so it can
be easily removed and replaced without damage.

SCHEDULES

Plumbing Systems:
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1.  Domestic Hot Water Storage Tanks (If not factory insulated):
a. Glass Fiber, Flexible Insulation: 2 inches thick.
b. Glass Fiber, Rigid Insulation: 2 inches thick.
2. Domestic Cold Water Storage Tanks: 1" think armaflex insulation
Domestic Cold Water Pressure Tanks: 1" thick armaflex insulation
4. Domestic Cold Water Booster Pump Bodies: 1" thick removeable armalflex insulation

98]

END OF SECTION 22 0716
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SECTION 22 0719 - PLUMBING PIPING INSULATION

PART 1 GENERAL

1.1

A.
B.
C.

1.2

1.3

SECTION INCLUDES
Flexible elastomeric cellular insulation.
Glass fiber insulation.

Jacketing and accessories.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 07 8400 - Firestopping.

Section 22 1005 - Plumbing Piping: Placement of hangers and hanger inserts.

REFERENCE STANDARDS

ASTM B209/B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and
Plate; 2021a.

ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded-Hot-Plate Apparatus; 2019, with Editorial
Revision (2023).

ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular
Thermal Insulation in Sheet and Tubular Form; 2025.

ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation; 2022a.
ASTM C552 - Standard Specification for Cellular Glass Thermal Insulation; 2022.

ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic
Stainless Steel; 2008 (Reapproved 2023).

ASTM C1423 - Standard Guide for Selecting Jacketing Materials for Thermal Insulation; 2021.

ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.

ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor
Transmission Rate of Materials; 2024a.

SAE AMS3779 - Tape, Adhesive, Pressure-Sensitive Thermal Radiation Resistant, Aluminum
Coated Glass Cloth; 2016b.
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UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.

PART 2 PRODUCTS

2.1

2.2

23

A.

REGULATORY REQUIREMENTS

Surface Burning Characteristics: Flame spread index/Smoke developed index of 25/50,
maximum, when tested in accordance with ASTM E84 or UL 723.

GLASS FIBER INSULATION

Manufacturers:

1. CertainTeed Corporation; : www.certainteed.com/#sle.

2. Johns Manville Corporation; : www.jm.com/#sle.

3. Knauf Insulation: www.knaufinsulation.com/#sle.

4. Owens Corning Corporation; Fiberglas Pipe Insulation ASJ:
www.ocbuildingspec.com/#sle.

Insulation: ASTM C547 and ASTM C795; rigid molded, noncombustible.
1. KWValue: ASTM C177, 0.24 at 75 degrees F.

2. Maximum Service Temperature: 850 degrees F.

3.  Maximum Moisture Absorption: 0.2 percent by volume.

Insulation: ASTM C547 and ASTM C795; rigid molded, noncombustible, with wicking
material to transport condensed water to the outside of the system for evaporation to the
atmosphere.

1. K Value: ASTM C177,0.23 at 75 degrees F.

2.  Maximum Service Temperature: 220 degrees F.

3. Maximum Moisture Absorption: 0.2 percent by volume.

Insulation: ASTM C547 and ASTM C795; semi-rigid, noncombustible, end grain adhered to
jacket.

1. K Value: ASTM C177, 0.24 at 75 degrees F.

2.  Maximum Service Temperature: 650 degrees F.

3. Maximum Moisture Absorption: 0.2 percent by volume.

Vapor Barrier Jacket: White Kraft paper with glass fiber yarn, bonded to aluminized film;
moisture vapor transmission when tested in accordance with ASTM E96/E96M of 0.02 perm.

CELLULAR GLASS INSULATION
Manufacturers:

Insulation: ASTM C552, Type 11, Grade 6.

1. K Value: 0.35 at 100 degrees F.

2. Service Temperature Range: From 250 degrees F to 800 degrees F.
3. Water Vapor Permeability: 0.005 perm inch maximum per inch.

4. Water Absorption: 0.5 percent by volume, maximum.
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2.5

FLEXIBLE ELASTOMERIC CELLULAR INSULATION

Manufacturers:
1. Aeroflex USA; AEROFLEX Self-Seal: www.aeroflexusa.com/#sle.
2. Armacell LLC; AP Armaflex: www.armacell.us/#sle.

Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM
C534/C534M Grade 1; use molded tubular material wherever possible.

1. Minimum Service Temperature: Minus 40 degrees F.

2.  Maximum Service Temperature: 220 degrees F.

3. Connection: Waterproof vapor barrier adhesive.

Elastomeric Foam Adhesive: Air dried, contact adhesive, compatible with insulation.

Weather Barrier: Air dried, contact adhesive, compatible with insulation and ASTM Eg84
compliant.

Application: Domestic Cold Water only.

JACKETING AND ACCESSORIES

PVC Plastic Jacket:
1. Manufacturers:
a. Johns Manville Corporation; : www.jm.com/#sle.

b. Substitutions: See Section 01 6000 - Product Requirements.
2. Jacket: One piece molded type fitting covers and sheet material, off-white color.

a. Minimum Service Temperature: 0 degrees F.
b. Maximum Service Temperature: 150 degrees F.
c. Moisture Vapor Permeability: 0.002 perm inch, maximum, when tested in

accordance with ASTM E96/E96M.
d. Thickness: 10 mil, 0.010 inch.
e. Connections: Brush on welding adhesive.
3. Covering Adhesive Mastic: Compatible with insulation.

Aluminum Jacket:

1.  Comply with ASTM B209/B209M, Temper H14, minimum thickness of 0.016 inch with
factory-applied polyethylene and kraft paper moisture barrier on the inside surface.
Thickness: 0.016 inch sheet.

Finish: Smooth.

Joining: Longitudinal slip joints and 2 inch laps.

Fittings: 0.016 inch thick die-shaped fitting covers with factory-attached protective liner.

bl i

Aluminum-Foil Laminate Jacket:

1. Manufacturers:

2. Factory-applied, pressure sensitive adhesive jacketing on paper release liner.
3. Finish: Aluminum smooth.

4. Comply with ASTM C1775.

Reinforced Tape:
1. Manufacturers:
a. Ideal Tape Co., Inc; : www.idealtape.com/#sle.
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2. FSK tape suitable for sealing seams between insulation, insulated pipe bends, and fittings
resulting in a tight, smooth surface without wrinkles.

3. Comply with UL 723 or ASTM E&4.

4. Moisture Vapor Permeability: 0.00 perm inch, when tested in accordance with ASTM
E96/E96M.

5. Finish: Match insulation.

PART 3 EXECUTION

3.1

3.2

A.

EXAMINATION
Verify that piping has been tested before applying insulation materials.

Verify that surfaces are clean and dry, with foreign material removed.

INSTALLATION
Install in accordance with manufacturer's instructions.

Install in accordance with North American Insulation Manufacturers Association (NAIMA)
National Insulation Standards.

Exposed Piping: Locate insulation and cover seams in least visible locations.

Insulated pipes conveying fluids below ambient temperature: Insulate entire system including
fittings, valves, unions, flanges, strainers, flexible connections, pump bodies, and expansion
joints.

Glass fiber insulated pipes conveying fluids below ambient temperature:

1. Provide vapor barrier jackets, factory-applied or field-applied. Secure with self-sealing
longitudinal laps and butt strips with pressure-sensitive adhesive. Secure with outward
clinch expanding staples and vapor barrier mastic.

2. Insulate fittings, joints, and valves with molded insulation of like material and thickness as
adjacent pipe. Finish with glass cloth and vapor barrier adhesive or PVC fitting covers.

For hot piping conveying fluids 140 degrees F or less, do not insulate flanges and unions at
equipment, but bevel and seal ends of insulation.

For hot piping conveying fluids over 140 degrees F, insulate flanges and unions at equipment.

Glass fiber insulated pipes conveying fluids above ambient temperature:

1. Provide standard jackets, with or without vapor barrier, factory-applied or field-applied.
Secure with self-sealing longitudinal laps and butt strips with pressure-sensitive adhesive.
Secure with outward clinch expanding staples.

2. Insulate fittings, joints, and valves with insulation of like material and thickness as

adjoining pipe. Finish with glass cloth and adhesive or PVC fitting covers.

Inserts and Shields:

1. Application: Piping 1-1/2 inches diameter or larger.

2. Shields: Galvanized steel between pipe hangers or pipe hanger rolls and inserts.
3. Insert Location: Between support shield and piping and under the finish jacket.
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4. Insert Configuration: Minimum 6 inches long, of same thickness and contour as adjoining
insulation; may be factory fabricated.
5. Insert Material: Hydrous calcium silicate insulation or other heavy density insulating
material suitable for the planned temperature range.
J. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations. Finish at

supports, protrusions, and interruptions. At fire separations, see Section 07 8400.

K.  Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 8 feet above

finished floor): Finish with PVC jacket and fitting covers.

33 SCHEDULES

A.  Plumbing Systems:

1.

Domestic Cold Water Supply:

a. Flexible Elastomeric Cellular Insulation:
1)  Thickness: 1 inch.
b. Glass Fiber Insulation:

1) Thickness: 1 inch.
Domestic Hot Water Supply:
a. Glass Fiber Insulation:
1) Thickness: 1 inch.
Domestic Hot Water Recirculation:
a. Glass Fiber Insulation:
1) Thickness: 1 inch.
Service: Storm Water Piping (including roof drains) Above Grade:
a. Operating Temperature: -30 to 100 deg F.

b. Insulation Material: Mineral-fiber preformed pipe.
c. Insulation Thickness: Apply the folllowing insulation thinknesses:
1) All Pipe Sizes, 1" thick.

d. Vapor Retader Required: Yes.
Plumbing Vents Within 10 Feet of the Exterior:

a. Insulation Thickness: 1" thick all pipe sizes.

b Operating Temperature: 35 to 140 deg F (2 to 60 deg C).
c. Insulation Material: Mineral-fiber preformed pipe.

d Vapor Retarder Required: Yes.

END OF SECTION 22 0719
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SECTION 22 1005 - PLUMBING PIPING
PART 1 GENERAL

1.1 SECTION INCLUDES

Sanitary waste piping, buried within 5 feet of building.
Sanitary waste piping, above grade.

Domestic water piping, buried within 5 feet of building.
Domestic water piping, above grade.

Pipe flanges, unions, and couplings.

T m Y Nw p

Pipe hangers and supports.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 22 0516 - Expansion Fittings and Loops for Plumbing Piping.

Section 22 0553 - Identification for Plumbing Piping and Equipment.

O

Section 22 0719 - Plumbing Piping Insulation.

1.3 REFERENCE STANDARDS

ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2021.

ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2021.
ASME B16.51 - Copper and Copper Alloy Press-Connect Pressure Fittings; 2021.
ASME B31.9 - Building Services Piping; 2025.

ASTM B32 - Standard Specification for Solder Metal; 2020.

ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2022.

ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2020.

T o ®®m U o0 ® >

ASTM B813 - Standard Specification for Water Flushable Liquid and Paste Fluxes for
Soldering of Copper and Copper Alloy Tube; 2024.

l—l

ASTM B828 - Standard Practice for Making Capillary Joints by Soldering of Copper and
Copper Alloy Tube and Fittings; 2023.
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J. ASTM C564 - Standard Specification for Rubber Gaskets for Cast Iron Soil Pipe and Fittings;
2020a.

K.  ASTM C1540 - Standard Specification for Heavy-Duty Shielded Couplings Joining Hubless
Cast Iron Soil Pipe and Fittings; 2020.

L. ASTM D2239 - Standard Specification for Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on
Controlled Inside Diameter; 2025.

M. ASTM D2564 - Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC)
Plastic Piping Systems; 2020 (Reapproved 2024).

N.  ASTM D2609 - Standard Specification for Plastic Insert Fittings for Polyethylene (PE) Plastic
Pipe; 2024.

O. ASTM D2665 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Drain, Waste,
and Vent Pipe and Fittings; 2025.

P. ASTM D2846/D2846M - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC)
Plastic Hot- and Cold-Water Distribution Systems; 2024.

Q. ASTM D2855 - Standard Practice for the Two-Step (Primer and Solvent Cement) Method of
Joining Poly (Vinyl Chloride) (PVC) or Chlorinated Poly (Vinyl Chloride) (CPVC) Pipe and
Piping Components with Tapered Sockets; 2020 (Reapproved 2024).

R.  ASTM D3034 - Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe
and Fittings; 2024, with Editorial Revision (2025).

S. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.

T. ASTM F437 - Standard Specification for Threaded Chlorinated Poly(Vinyl Chloride) (CPVC)
Plastic Pipe Fittings, Schedule 80; 2024.

U.  ASTM F438 - Standard Specification for Socket-Type Chlorinated Poly(Vinyl Chloride)
(CPVC) Plastic Pipe Fittings, Schedule 40; 2023.

V.  ASTM F439 - Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic
Pipe Fittings, Schedule 80; 2024.

W. ASTM F441/F441M - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC)
Plastic Pipe, Schedules 40 and 80; 2023.

X.  ASTM F442/F442M - Standard Specification for Chlorinated Poly(Vinyl Chloride) (CPVC)
Plastic Pipe (SDR-PR); 2023.

Y. ASTM F493 - Standard Specification for Solvent Cements for Chlorinated Poly(Vinyl
Chloride) (CPVC) Plastic Pipe and Fittings; 2022.

Z.  ASTM F876 - Standard Specification for Crosslinked Polyethylene (PEX) Tubing; 2025.

AA. ASTM F877 - Standard Specification for Crosslinked Polyethylene (PEX) Hot- and Cold-Water
Distribution Systems; 2025.

BB. AWWA C111/A21.11 - Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings; 2023.

EAPC Project 20245211 PLUMBING PIPING 221005 -2



CC.
DD.
EE.

FF.

GG.

HH.

II.
1.

KK.

LL.

MM.

00.

1.4

1.5

AWWA C151/A21.51 - Ductile-Iron Pipe, Centrifugally Cast; 2023.
AWWA C651 - Disinfecting Water Mains; 2023.

CISPI 301 - Standard Specification for Hubless Cast Iron Soil Pipe and Fittings for Sanitary and
Storm Drain, Waste, and Vent Piping Applications; 2021.

CISPI 310 - Specification for Coupling for Use in Connection with Hubless Cast Iron Soil Pipe
and Fittings for Sanitary and Storm Drain, Waste, and Vent Piping Applications; 2020.

FM 1680 - Approval Standard for Couplings Used in Hubless Cast Iron Systems for Drain,
Waste or Vent, Sewer, Rainwater or Storm Drain Systems Above and Below Ground,
Industrial/ Commercial and Residential; 1989.

IAPMO (UPC) - Uniform Plumbing Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

IAPMO/ANSI/CAN Z1117 - Standard for Press Connections; 2022.

ICC (IPC) - International Plumbing Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,
Application, and Installation; 2025.

NSF 61 - Drinking Water System Components - Health Effects; 2025, with Addendum
NSF 372 - Drinking Water System Components - Lead Content; 2024.

PPI TR-4 - PPI HSB Listing of Hydrostatic Design Basis (HDB), Hydrostatic Design Stress
(HDS), Strength Design Basis (SDB), Pressure Design Basis (PDB) and Minimum Required
Strength (MRS) Ratings for Thermoplastic Piping Materials or Pipe; 2024.

UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.

SUBMITTALS

See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide data on pipe materials, pipe fittings, valves, and accessories. Provide
manufacturers catalog information. Indicate valve data and ratings.

Project Record Documents: Record actual locations of valves.

Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.

QUALITY ASSURANCE

Perform work in accordance with applicable codes.

Valves: Manufacturer's name and pressure rating marked on valve body.
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1.6

1.7

A.

DELIVERY, STORAGE, AND HANDLING
Accept valves on site in shipping containers with labeling in place. Inspect for damage.

Provide temporary end caps and closures on piping and fittings. Maintain in place until
installation.

Protect piping systems from entry of foreign materials by temporary covers, completing
sections of the work, and isolating parts of completed system.

FIELD CONDITIONS

Do not install underground piping when bedding is wet or frozen.

PART 2 PRODUCTS

2.1

A.

2.2

23

GENERAL REQUIREMENTS

Potable Water Supply Systems: Provide piping, pipe fittings, solder, and flux (if used),
complying with NSF 61 and NSF 372; label pipe and fittings.

Plenum-Installed Piping: Provide piping with flame spread index of 25 or less and smoke
developed index of 50 or less when tested in accordance with ASTM E84 or UL 723.

PVC Storm, Drain, Waste & Vent Ping installed in Return Air Plenum:

1. PVC shall not be allowed for installation above ceilings within Return Air Plenums, unless
steps are taken by the installing contractor for PVC to meet or exceed the flame/smoke
spread rating as indicated in Section 703.5 of the International Building Code or such
materials shall have a flame spread index of not more than 25 and smoke-developed index
of not more than 50 when tested in accordance with ASTM E 84 or UL 723.

SANITARY WASTE PIPING, BURIED WITHIN 5 FEET OF BUILDING

Epoxy Coated Cast Iron Pipe (in Laundry and Kitchen area where higher temperatures are
expected: CISPI 301, hubless.

1. Fittings: Cast iron.

2. Joints: CISPI 310, neoprene gasket and stainless steel clamp and shield assemblies.

CPVC Pipe (in Laundry and Kitchen area where higher temperatures are expected: ASTM
D2846/D2846M, ASTM F441/F441M, or ASTM F442/F442M.

1. Fittings: CPVC; ASTM D2846/D2846M, ASTM F437, ASTM F438, or ASTM F439.
2. Joints: ASTM D2846/D2846M, solvent weld with ASTM F493 solvent cement.

Schedule 40 PVC Pipe: ASTM D2665 or ASTM D3034.
1.  Fittings: PVC.
2. Joints: Solvent welded, with ASTM D2564 solvent cement.

SANITARY WASTE PIPING, ABOVE GRADE

Epoxy Coated Cast Iron Pipe (in Laundry and Kitchen area where higher temperatures are
expected: CISPI 301, hubless, service weight.
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2.5

1. Fittings: Cast iron.
2. Joints: CISPI 310, neoprene gaskets and stainless steel clamp-and-shield assemblies.

CPVC Pipe (in Laundry and Kitchen area where higher temperatures are expected: ASTM
D2846/D2846M, ASTM F441/F441M, or ASTM F442/F442M.

1. Fittings: CPVC; ASTM D2846/D2846M, ASTM F437, ASTM F438, or ASTM F439.
2. Joints: ASTM D2846/D2846M, solvent weld with ASTM F493 solvent cement.

PVC Pipe: ASTM D1785 Schedule 40,with not less than 150 psi pressure rating.
1. Fittings: ASTM D2466, PVC.
2. Joints: Solvent welded, with ASTM D2564 solvent cement.

DOMESTIC WATER PIPING, BURIED WITHIN 5 FEET OF BUILDING

Copper Pipe: ASTM B88 (ASTM B88M), Type K (A), Drawn (H) for 2" and smaller.
1. No joint allowed under building.

Ductile Iron Pipe: AWWA C151/A21.51.

1. Fittings: Ductile or gray iron, standard thickness.

2. Joints: AWWA C111/A21.11, styrene butadiene rubber (SBR) or vulcanized SBR gasket
with 3/4 inch diameter rods.

PVC Pipe (Where allowed by Plumbing Inspector): AWWA C900-07 Polyvinyl Chloride

(Pressure Pipe & Fabricated Fittings)

1. Fittings: AWWA C900-07 Polyvinyl Chloride (Pressure Pipe & Fabricated Fittings)

2. Joints: Bell & Spigot with factory installed elastomeric sealing gasket.

3. Apply a thin layer of lubricant to the outer circumference of the pipe from bevel to
approximately half-way back toward the insertion line. In addition, lube the surface area of
the elastomeric sealing gasket with a brush or roller. Only use lubricant certified by NSF
when installing in potable water application.

4. Field cuttig & beveling shall be AWWA guidelines.

5. Provide thrust restaint meeting to ASTM F1674 Standard Test Method for Joint Restraint
Products for Use with PVC.

DOMESTIC WATER PIPING, ABOVE GRADE

Copper Pipe: ASTM B88 (ASTM B88M), Type L (B), Drawn (H).

1. Fittings: ASME B16.18, cast copper, or ASME B16.22, wrought copper.

2. Joints: ASTM B32 solder.

3. Mechanical Press Sealed Fittings: ASME B16.51 or [APMO/ANSI/CAN Z1117, I1CC
(IPC), and IAPMO (UPC) approved, NSF 61 and NSF 372 certified, with EPDM seals.

Cross-Linked Polyethylene (PEX) Pipe: ASTM F876 or ASTM F877.

1. PEX Tubing shall be installed from a manifold to each fixture (homerun) within the facility
only, unless prior approval has been granted from the office of the engineer

2. Provide products by one of the following, or an approved equal:
a. Uponor
b. Viega

3. Tube Material: Crosslinked PEX-A plastic according to ANSI/NSF Standard 61, ASTM F
876 and ASTM 877 suitable for domestic water. Domestic water PEX piping shall be color
coded BLUE for domestic cold water and RED for domestic hot water.
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4. Fittings: ASTM F 877, press fittings or ASTM F 1960, cold expansion fittings and
reinforcing rings.
5. Manifold: Multiple-outlet, plastic or corrosion-resistant-metal assembly complying with
ASTM F877 F1807 F2159; with plastic or corrosion-resistant-metal valve for each outlet.
6. All piping in Mechanical Rooms shall be copper as specified above, no PEX shall be
installed in the Mechanical Rooms
2.6 TRANSITION FITTINGS

A.  PEX-to-Metal Transition Fittings

1.

Manufacturers: Provide fittings from the same manufacturer of the piping.

2.  PEX-A to Threaded Brass Transition: One-piece brass fitting with male or female threaded
adapter and ASTM F 1960 cold-expansion end, with PEX-A reinforcing cold-expansion.

3.  PEX-A to Brass Sweat Transition: One-piece brass fitting with sweat adapter and ASTM F
1960 cold-expansion end, with PEX-A reinforcing cold-expansion ring.

4. PEX-A to Flange Transition: Two-piece fitting with one steel flange conforming to ASME
B 16.5 and one lead free (LF) brass adapter conforming to ASTN F 1960.

5. PEX-A to Groove Transition: One-piece lead free (LF) brass fitting with one CSA B242-
05 groove end in either iron pipe size (IPS) or copper tube size (CTS) and one ASTM
F1960 cold-expansion end, with PEX-A reinforcing cold-expansion ring.

6. PEX-A to Water Meter Transition: Two-piece fitting with one NPSM union thread and one
ASTM F 1960 cold-expansion end, with PEX-A reinforcing cold-expansion ring.

7. PEX-A to Copper Press Transition: One-piece lead free (LF) brass fitting with one ASME
B16.51 copper press end and one ASTM F 1960 cold-expansion end, with PEX-A
reinforcing cold-expansion ring.

2.7 PIPE FLANGES, UNIONS, AND COUPLINGS

A.  Unions for Pipe Sizes 3 inch and Under:

1.

Copper Tube and Pipe: Class 150 bronze unions with soldered joints.

B.  Flanges for Pipe Sizes Over 3 inch:

1.

Copper Tube and Pipe: Class 150 slip-on bronze flanges; preformed neoprene gaskets.

C. Shielded, Heavy Duty No-Hub Couplings:

AR

Testing: In accordance with ASTM C1540 and FM 1680.
Gasket Material: Neoprene complying with ASTM C564.
Band Material: Stainless steel.

Eyelet Material: Stainless steel.

Manufacturers:

a. Ideal Clamp Products, Inc; Green Shield Super Heavy Duty:
www.idealtridon.com//#sle.

MIFAB, Inc: www.mifab.com/#sle.
ANACO-Husky.

Fernco Inc.

Tyler Pipe.

Ideal

me o o

D.  Dielectric Connections: Union with galvanized or plated steel threaded end, copper solder end,
water impervious isolation barrier.
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2.8

PIPE HANGERS AND SUPPORTS

Provide hangers and supports that comply with MSS SP-58.

1. Iftype of hanger or support for a particular situation is not indicated, select appropriate
type using MSS SP-58 recommendations.

2. Overhead Supports: Individual steel rod hangers attached to structure or to trapeze
hangers.

3. Trapeze Hangers: Welded steel channel frames attached to structure.

4. Vertical Pipe Support: Steel riser clamp.

5. Floor Supports: Concrete pier or steel pedestal with floor flange; fixture attachment.

Plumbing Piping - Drain, Waste, and Vent:

1. Hangers for Pipe Sizes 1/2 to 1-1/2 inch: Malleable iron, adjustable swivel, split ring.

2. Hangers for Pipe Sizes 2 inch and Over: Carbon steel, adjustable, clevis.

3. Wall Support for Pipe Sizes to 3 inch: Cast iron hook.

4. Wall Support for Pipe Sizes 4 inch and Over: Welded steel bracket and wrought steel
clamp.

5. Floor Support: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and concrete

pier or steel support.

Plumbing Piping - Water:
1. Provide oversize hangers on insulatred pipe to allow insualtion at full thickness to be
provided on the piping.

2. Hangers for Pipe Sizes 1/2 to 1-1/2 inch: Carbon steel, adjustable swivel, split ring.

3. Hangers for Cold Pipe Sizes 2 inch and Over: Carbon steel, adjustable, clevis.

4. Hangers for Hot Pipe Sizes 2 to 4 inch: Carbon steel, adjustable, clevis.

5. Hangers for Hot Pipe Sizes 6 inch and Larger: Adjustable steel yoke, cast iron pipe roll,
double hanger.

6. Wall Support for Pipe Sizes Up to 3 inch: Cast iron hook.

7. Wall Support for Pipe Sizes 4 inch and Larger: Welded steel bracket and wrought steel

clamp.

8. Wall Support for Hot Pipe Sizes 6 inch and Larger: Welded steel bracket and wrought
steel clamp with adjustable steel yoke and cast iron pipe roll.

9.  Floor Support for Cold Pipe: Cast iron adjustable pipe saddle, lock nut, nipple, floor
flange, and concrete pier or steel support.

10. Floor Support for Hot Pipe Sizes to 4 inch: Cast iron adjustable pipe saddle, locknut,
nipple, floor flange, and concrete pier or steel support.

11. Floor Support for Hot Pipe Sizes 6 inch and Larger: Adjustable cast iron pipe roll and
stand, steel screws, and concrete pier or steel support.

12. Copper Pipe Support: Carbon steel ring, adjustable, copper plated.

PART 3 EXECUTION

3.1

A.

32

A.

EXAMINATION

Verify that excavations are to required grade, dry, and not over-excavated.

PREPARATION

Ream pipe and tube ends. Remove burrs.
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B. Remove scale and dirt, on inside and outside, before assembly.

C.  Prepare piping connections to equipment with flanges or unions.

33 INSTALLATION
A.  Install in accordance with manufacturer's instructions.
B.  Provide non-conducting dielectric connections wherever jointing dissimilar metals.

C.  Route piping in orderly manner and maintain gradient. Route parallel and perpendicular to
walls.

D. Install piping to maintain headroom, conserve space, and not interfere with use of space.
Group piping whenever practical at common elevations.

F. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected
equipment. See Section 22 0516.

G.  Provide clearance in hangers and from structure and other equipment for installation of
insulation and access to valves and fittings.

H.  Install vent piping penetrating roofed areas to maintain integrity of roof assembly.

L Where pipe support members are welded to structural building framing, scrape, brush clean, and
apply one coat of zinc-rich primer to welding.

=

Provide support for utility meters in accordance with requirements of utility companies.
Install bell and spigot pipe with bell end upstream.
Install valves with stems upright or horizontal, not inverted. See Section 22 0523.

Install water piping to ASME B31.9.

z 2 5 r

Copper Pipe and Tube: Make soldered joints in accordance with ASTM B828, using specified
solder, and flux meeting ASTM B813; in potable water systems use flux also complying with
NSF 61 and NSF 372.

=

PVC Pipe: Make solvent-welded joints in accordance with ASTM D2855.

Inserts:

1. Provide inserts for placement in concrete formwork.

2. Provide inserts for suspending hangers from reinforced concrete slabs and sides of
reinforced concrete beams.

3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4
inches.

4. Where concrete slabs form finished ceiling, locate inserts flush with slab surface.

5. Where inserts are omitted, drill through concrete slab from below and provide through-bolt
with recessed square steel plate and nut above slab.

Q.  Pipe Hangers and Supports:
1. Install in accordance with ASME B31.9.
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34

3.5

3.6

2. Provide oversize hangers on insulatred pipe to allow insualtion at full thickness to be
provided on the piping.

3. Support horizontal piping as required.

4. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent
work.

5. Place hangers within 12 inches of each horizontal elbow.

6. Use hangers with 1-1/2 inch minimum vertical adjustment. Design hangers for pipe
movement without disengagement of supported pipe.

7. Support vertical piping at every other floor. Support riser piping independently of
connected horizontal piping.

8. Where several pipes can be installed in parallel and at same elevation, provide multiple or
trapeze hangers.

. Provide copper plated hangers and supports for copper piping.

10. Prime coat exposed steel hangers and supports. Hangers and supports located in crawl
spaces, pipe shafts, and suspended ceiling spaces are not considered exposed.

11. Support cast iron drainage piping at every joint.

When installing more than one piping system material, ensure system components are
compatible and joined to ensure the integrity of the system. Provide necessary joining fittings.
Ensure flanges, union, and couplings for servicing are consistently provided.

APPLICATION

Install unions downstream of valves and at equipment or apparatus connections.

Install ball valves for shut-off and to isolate equipment, part of systems, or vertical risers.

Provide flow controls in water recirculating systems where indicated.

TOLERANCES

Drainage Piping: Establish invert elevations within 1/2 inch vertically of location indicated and
slope to drain at minimum of 1/4 inch per foot slope for pipe 3" and smaller. Slope to drain at
minimum of 1/8" per foot (1:100) slope for pipe 4" and larger.

Water Piping: Slope at minimum of 1/32 inch per foot and arrange to drain at low points.

FIELD TESTS AND INSPECTIONS

Verify and inspect systems according to requirements by the Authority Having Jurisdiction. In
the absence of specific test and inspection procedures proceed as indicated below.

Domestic Water Systems:
1. Perform hydrostatic testing for leakage prior to system disinfection.
2. Test Preparation: Close each fixture valve or disconnect and cap each connected fixture.
3. General:
a. Fill the system with water and raise static head to 10 psi above service pressure.
Minimum static head of 50 to 150 psi. As an exception, certain codes allow a
maximum static pressure of 80 psi.

Test Results: Document and certify successful results, otherwise repair, document, and retest.
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3.7

3.8

DISINFECTION OF DOMESTIC WATER PIPING SYSTEM

Prior to starting work, verify system is complete, flushed, and clean.

Disinfect water distribution system in accordance with Plumbing Code.

Take samples no sooner than 24 hours after flushing, from 10 percent of outlets and from water
entry, and analyze in accordance with AWWA C651.

SERVICE CONNECTIONS

Provide new sanitary and storm sewer services. Before commencing work, check invert
elevations required for sewer connections, confirm inverts and ensure that these can be properly
connected with slope for drainage and cover to avoid freezing.

Provide new water service complete with approved reduced pressure backflow preventer and
water meter with by-pass valves, pressure reducing valve, and sand strainer (refer to details on
plans for items required specific to project).

END OF SECTION 22 1005
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SECTION 22 1119 - DOMESTIC WATER PIPING SPECIALTIES

PART 1 GENERAL

1.1

1.2

@ = = o o w @

SECTION INCLUDES
Vacuum breakers.

Water pressure reducing valves.
Mixing valves.

Balancing valves.

Outlet boxes.

Hose bibbs.

Hydrants.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

PART 2 PRODUCTS

2.1

A.

2.2

GENERAL REQUIREMENTS

Specialties in Potable Water Supply Systems: Provide products complying with NSF 61 and
NSF 372.

Source Limitations: Furnish domestic water piping specialties of same kind by same
manufacturer.

Provide brass-bodied domestic water piping specialties in DZR brass.

VACUUM BREAKERS

Atmospheric Vacuum Breakers:

1. Valve: ASSE 1001, brass, bronze, or copper silicon alloy.
2. Maximum Working Pressure: 125 psi.

3.  Working Temperature Range: 33 to 180 degrees F.

Hose-Connection Vacuum Breakers:

1. Valve: ASSE 1011, brass, nonremovable, drainable, with hose-thread end connections.
2. Maximum Working Pressure: 125 psi.

3. Working Temperature Range: 33 to 180 degrees F.
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23 WATER PRESSURE REDUCING VALVES

A.  Direct-Acting Pressure Reducing Valves:

1.  Valve: ASSE 1003, bronze or copper silicon alloy body, with spring-loaded diaphragm;
field-adjustable outlet pressure, and integral inlet screen strainer.
a. Diaphragm: EPDM or buna-nitrile.
b. Spring: Stainless steel.

2. Maximum Working Pressure: 300 psi.

3. Outlet Pressure Range: 15 to 75 psi.

4. Working Temperature Range: 33 to 140 degrees F.

2.4 MIXING VALVES

A.  Thermostatic Master Mixing Valves:

1.

Valve: ASSE 1017, brass, bronze, or stainless steel body; thermostatic element; corrosion-
and lime-resistant internal components; integral locking temperature adjustment.

B.  Digitally Controlled Thermostatic Master Mixing Valves:

1.

Valve: ASSE 1017, stainless steel body; NSF 372 (lead free) listed. Maximum operating
pressure: 150 psi, Controls water temperature to +/- 2F when properly installed in a
continuous recirculation system.

Low Load algorithm keeps temperature steady in low demand periods.

Fails " last position" during power failure. Automatic Hot/Cold water shutoff upon cold/hot
water inlet supply failure.

Mixing valve shall be incorporated into a pre-piped manifold system which includes a
recirculation pump (refer to Digital Water Tempering System Schedule), Circuit setting
balancing valve, thermometers, ball valves, mounting strut, circulator power switch, test
connection and recirculator pipe size (from building) and recirculation pipe size (return to
heaters)

Programmable high temperature alarm function. Programmable set point range between
95F to 140F ( default set temperature 120F)

2.5 BALANCING VALVES

A.  Manual Balancing Valves:

1.

2.
3.

Valve: Brass, ball or globe valve design, with metering ports, position indicator, and
memory stop.

Maximum Working Pressure: 150 psi.

Working Temperature Range: 33 to 200 degrees F.

B.  Calibrated Balancing Valves and Circuit Setters:

1.

2.
3.

Valve: Brass, factory preset and calibrated, ball valve design, with metering ports, position
indicator, and memory stop.

Maximum Working Pressure: 150 psi.

Working Temperature Range: 33 to 200 degrees F.

C.  Automatic Balancing Valves:

1.
2.
3.

Valve: Brass, pressure independent, with removable cartridge.

Maximum Working Pressure: 200 psi.
Working Temperature Range: 33 to 200 degrees F.
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2.6

2.7

2.8

Thermostatic Balancing Valves:

1. Valve: Brass, with thermostatic element to maintain constant temperature in domestic hot
water recirculating system; provide with tamper-resistant temperature adjustment knob.

2. Maximum Working Pressure: 150 psi.

3.  Working Temperature Range: 33 to 200 degrees F.

OUTLET BOXES

Washing Machine Outlet Boxes:
1. Description: Plastic preformed rough-in box with brass quarter-turn ball valves or single
lever valve, socket for 2-inch waste, and slip-in finishing cover.

HOSE BIBBS

Hose Bibbs:

1. Valve: Bronze or brass body with mounting flange, replaceable seat, hose thread spout,
and integral or add-on vacuum breaker complying with ASSE 1011.

2.  Maximum Working Pressure: 125 psi.

3. Working Temperature Range: 33 to 120 degrees F.

HYDRANTS

Wall Hydrants:
1. Assembly: ASSE 1011, ASSE 1019, ASSE 1052, or ASSE 1053.
2. Hydrant: Freeze-resistant, self-draining, wall-mounted.
a. Valve: Bronze or brass body.
b. Hose Connection: Threaded, with integral vacuum breaker or backflow preventer.
3. Maximum Working Pressure: 125 psi.
4. Working Temperature Range: 33 to 120 degrees F.

PART 3 EXECUTION

3.1

@ = =W o 0 =

INSTALLATION

Prior to installation of domestic water piping specialties, flush domestic water piping of foreign
material.

Install products in accordance with manufacturer's instructions.

Install products level and plumb.

Install products with clearance for access and maintenance.

Support products NPS 2-1/2 and larger independently of surrounding pipe.
Support products with flanged or grooved ends independently of surrounding pipe.

For products containing isolation or shutoff valves, locate valves in horizontal piping with stems
at or above center of piping, maintaining unimpeded stem movement.

Balancing Valves: Install in accessible locations. Install shutoff valves on inlet and outlet.

EAPC Project 20245211 DOMESTIC WATER PIPING SPECIALTIES 221119-3



3.2
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3.3
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FIELD QUALITY CONTROL

See Section 01 4000 - Quality Requirements for additional requirements.
Inspect each product for damage and defects.

Repair or replace damaged products.

Replace defective products.

For products containing isolation or shutoff valves, exercise isolation and shutoff valves from
fully closed to fully open. Confirm smooth operation.

Vacuum Breakers:

1. Test in accordance with manufacturer's instructions.

2. Test in accordance with requirements of authorities having jurisdiction.
3. Test in accordance with ASSE listing of vacuum breaker.

4. Replace vacuum breakers that fail testing.

Water Pressure Reducing Valves: Confirm outlet pressure remains steady without fluctuation.
Mixing Valves: Confirm outlet temperature remains steady without fluctuation.

Coordination of Other Tests and Inspections: Provide access to accommodate tests and
inspections by independent testing agencies employed by Owner.

ADJUSTING

Adjust pressure reducing valves to design pressure set point.

Adjust mixing valves to design temperature set point.

Adjust balancing valves to design flow.

Adjust thermostatic balancing valves to design temperature setpoint.

END OF SECTION 22 1119
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SECTION 22 1123 - DOMESTIC WATER PUMPS

PART 1 GENERAL

1.1

1.2

1.3

1.4

A.
B.

m o 0w

SECTION INCLUDES
Circulators.

Inline pumps.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 22 0513 - Common Motor Requirements for Plumbing Equipment.
Section 25 3500 - Integrated Automation Instrumentation and Terminal Devices for HVAC.
Section 20 0513 - Common Motor Requirenments

Section 26 0583 - Wiring Connections.

REFERENCE STANDARDS

ICC (IPC) - International Plumbing Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

NSF 61 - Drinking Water System Components - Health Effects; 2025, with Addendum

UL 778 - Standard for Motor-Operated Water Pumps; Current Edition, Including All Revisions.

SUBMITTALS

See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data:

1. Provide certified pump curve with duty point marked over pump and system operating
conditions and NPSH curve and power requirement by pump tag.

2. Manufacturer's catalog sheets for fixtures, fittings, accessories, and supplies.

Shop Drawings: Include dimensions and performance data.

Operation and Maintenance Data: Include operation, maintenance, and inspection data,
replacement part numbers and availability, and service depot location and telephone number.

Project Record Documents: Record actual locations of components.
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F. Warranty Documentation: Submit manufacturer warranty and ensure that forms have been
completed in Owner's name and registered with manufacturer.

G.  Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.

1.5 QUALITY ASSURANCE

A.  Certifications: Products Requiring Electrical Connection: Listed and classified by
Underwriters Laboratories Inc, as suitable for purpose specified and indicated.

B.  Identification: Provide pumps with manufacturer's name, model number, and rated capacity
identified by permanently attached label.

1.6 DELIVERY, STORAGE, AND HANDLING

A.  Provide temporary inlet and outlet caps. Maintain caps in place until installation.

1.7 WARRANTY
A.  See Section 01 7800 - Closeout Submittals for additional warranty requirements.

Manufacturer Warranty: Provide 1-year manufacturer warranty for pumps . Complete forms in
Owner's name and register with manufacturer.

PART 2 PRODUCTS

2.1 CIRCULATORS

Casing: Bronze with bronze cast impeller, and stainless steel rotor assembly.

Shaft: Alloy steel with integral thrust collar and two oil-lubricated bronze sleeve bearings.
Mechanical Seal: Carbon rotating against a stationary ceramic seat.

Pipe-End Connection: Union connection.

Maximum Discharge Pressure: 145 psi.

Motor: 1,750 rpm, ECM duty with flexible coupling.

Service Temperature Range: Minus 30 to 250 degrees F.

T o ®®m g o0 w >

Controls: Provide aquastat set for high-temp cutoff, electric plug, and illuminated hand switch.

2.2 INLINE PUMPS

A.  Manufacturers:
1. Armstrong Fluid Technology: www.armstrongfluidtechnology.com/#sle.
2.  Bell & Gossett, a Brand of Xylem, Inc: www.xylem.com/#sle.
3. Grundfos Pumps Corporation; TPE Series: www.grundfos.com/#sle.
4. Taco, Inc: www.tacocomfort.com/#sle.
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E.

5. BABA Approved equal.

Description: Pump shall be of the horizontal system lubricated type specifically designed and

guarenteed for quiet operation.

1.  Pump to be suitable for 225 F operation at 150 psig working pressure.

2. Pump shall have a ceramic shaft supported by carbon bearings. Bearings are to be

lubricated by the circulating fluid.

Pump body shall be lead-free bronze or stainless steel for circulators.

Motor shall be non-overloading at any point on the pump curve.

5. Motor stator to be isolated from circulating fluid through use of stainless steel can. rotor to
be sheathed in stainless steel.

Ll

Electrical:

1. Refer to schedule on plans for voltage/phase.

2. Motor: Single speed, with prelubricated ball bearings and resiliently or rigidly mounted to
pump casing, comply with NEMA designation, temperature rating, service factor,
enclosure type, and efficiency requirements for motors specified in section 20 0513 "
Common Motor Requirements."

3. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load will
not require motor to operate in service factor above 1.0

4. Motor Protection: Include overvoltage, overcurrent, and motor overload.

Wiring Connections: See Section 26 0583.

6. Wiring Terminations: Provide terminal lugs to match branch circuit conductor quantities,
sizes, and materials indicated. Enclose terminal lugs in terminal box sized to NFPA 70.

hd

Controls:

1. Thermostats: Electric; adjustable for control of hot-water circulation pump, water-
immersion temperture sensor for installation in piping, 65 to 200 deg F range, NEMA 250
enclosure, on or off pump operation

Accessories: Include drain ports and inlet-outlet pressure gauges with 2-way isolation valves.

PART 3 EXECUTION

3.1

3.2

A.

INSTALLATION

Install horizontally mounted, in-line, close-coupled centrifugal pumps with shaft horizontal,
install continuous-thread hanger rods and spring hangers of size required to support pump
weight. Install thermostats in hot-water return piping, Install timers near pump as required.

Potable and Drinking Water Service: Provide NSF 61 certified; comply with ICC (IPC).

Ensure that small pressure gauges are installed on both upstream and downstream ends.

FIELD QUALITY CONTROL

Operational Tests: Upon completion and sterilization of plumbing systems, conduct operating
tests to demonstrate satisfactory, functional, and operating efficiency.
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33 CLEANING

A.  Thoroughly clean plumbing fixtures and equipment.

34 PROTECTION
A.  Protect installed products from damage due from subsequent construction operations.

B.  Repair or replace products damaged before Date of Substantial Completion.

END OF SECTION 22 1123
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SECTION 22 1319 - SANITARY WASTE PIPING SPECIALTIES

PART 1 GENERAL

1.1 SECTION INCLUDES
A. Floor drains.

B. Cleanouts.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

1.3 REFERENCE STANDARDS
A.  ADA Standards - 2010 ADA Standards for Accessible Design; 2010.
B. ASME A112.6.3 - Floor Drains; 2022.
C. ASME A112.36.2 - Cleanouts; 2022.
D.  NSF 14 - Plastics Piping System Components and Related Materials; 2023.

1.4 SUBMITTALS

>

See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide manufacturer's literature and data sheets for each product. Include
information on fabrication materials, assembly of components, dimensions, ratings, finishes,
rough-in requirements, and installed accessories.

PART 2 PRODUCTS

2.1 GENERAL REQUIREMENTS
A.  Plastic Sanitary Waste Piping Specialties: Provide plastic products that comply with NSF 14.

B.  Source Limitations: Furnish drains and sanitary waste piping specialties of same kind by same
manufacturer.

2.2 FLOOR DRAINS

A. Cast Iron Floor Drains:
1. Manufacturers:
a. Watts.
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b. BABA Approved equal

2.  Assembly: ASME A112.6.3.

3. Body: Lacquered cast iron with anchor flange and membrane clamping collar with
weepholes.

4. Strainer: Adjustable, removable, with vandal-proof screws.

Cast Iron Area Drains:

1. Manufacturers:
a. Watts.
b. BABA Approved equal.

2. Assembly: ASME A112.6.3.

3. Body: Lacquered cast iron with anchor flange with weepholes and membrane clamping
collar.

4. Grate: Ductile or cast iron, complying with ADA Standards, loose set in top frame.

Plastic Floor Drains:
1. Body: PVC or ABS.
2. Strainer: Adjustable, removable, with vandal-proof screws.

CLEANOUTS

Manufacturers:
1. Watts.

Floor Cleanouts:

1. Assembly: ASME A112.36.2.

2.  Body: Lacquered cast iron.

3. Closure Plug: PVC or ABS, threaded, gastight and watertight.
4. Top: Adjustable, with vandal-proof screws.

Wall Cleanouts:

1. Assembly: ASME A112.36.2.

2. Body: Tee type; body material to match surrounding pipe.

3. Plug: PVC or ABS, threaded, gastight.

4. Access Cover: Round, stainless steel wall access cover with vandal-proof screw.

PART 3 EXECUTION

3.1

A.

INSTALLATION
Install products in accordance with manufacturer's instructions.

Maintain continuity of waterproofing membranes. Secure waterproofing membranes to drain
clamping collars and bonding flanges.

Install drains so strainers and grates are level and are at design elevation.

Extend cleanouts to finished floor or wall surface. Ensure clearance at cleanout for rodding or
jetting of drainage system.

Install floor cleanouts to allow for floor finishes.
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F. Locate, provide, and install cleanouts in piping in accordance with adopted code.

END OF SECTION 22 1319
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SECTION 22 1429 - SUMP PUMPS
PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Submersible sump pumps.

B. Sump basins and pits.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

1.3 REFERENCE STANDARDS

A. ICC (IPC) - International Plumbing Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

1.4 SUBMITTALS

A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

B.  Product Data: Provide certified pump chart or curve with duty point marked over.
C.  Shop Drawings: Include dimensions and performance data.

L.5 DELIVERY, STORAGE, AND HANDLING
A.  Provide temporary inlet and outlet caps. Maintain caps in place until installation.

PART 2 PRODUCTS

2.1 SUBMERSIBLE SUMP PUMPS

A. Manufacturers:

1. Grundfos Pumps Corporation: www.grundfos.com/#sle.
2. PROFLO: www.ferguson.com/#sle.
3. Superior Pump: www.superiorpump.com/#sle.
4. Zoeller Company: www.zoeller.com/#sle.
5. Pentair.
B.  Performance:

1. Refer to schedule on plans.
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2.2

General: Cast iron housing and base with oil-filled motor chamber, ball bearings, and
mechanical seal.

Impeller: Thermoplastic; open nonclog, stainless steel shaft.

Motor: Base mount, enclosed, lubricated oil-free, thermal-overload protected, continuous duty,
permanent split capacitor with oil-resistant, three-prong connector, 10 foot power cord.

Controls: Integral, chemically-resistant, vertical plated-steel rod float switch. Cycle pump
Off/On between 2.5 and 9 inch, or within recommended range by manufacturer, from bottom of

pump.

Controls: Refer to schedule on plans to provide pump controller or with Integral float switch
above.

Solids Handling Capacity: Pass lint and other small solids up to 1/2 inch in size.
Discharge Pipe Size: 1-1/2 inch, NPT, female.
Maximum Water-Based Effluent Temperature: 120 degrees F.

Accessories: Provide full flow swing-type discharge check valve and high level alarm system
tied into BAS.

SUMP BASINS AND PITS

Sump Basin:

1. Manufacturers:

a. Topp Industries, Inc: www.toppindustries.com/#sle.

Refer to plans for required dimesions of basins.

Below Ground Pipe Inlet: Molded or predrilled with seal, 4 inch.

Basin Material: Fiberglass, heavy duty injection molded.

Molded-Finish Requirements: Hard bottom, watertight, gas-tight and radon-tight molding.
Maximum Effluent Temperature: Match or exceed maximum pump service temperature.
Basin Riser Extension: Diameter matched, 6 inch with hardware.

Basin Cover:

a. Material: One-piece flat lid made of polyethylene with seal gasket.

b. Provide openings for discharge pipes and cord gromments with hubs for applivation.
c. Openings: 1-1/2 inch discharge and cord grommet with hubs.

e A S i i

PART 3 EXECUTION

3.1

A.

INSTALLATION
Install products with related fittings and accessories according to manufacturer instructions.

Observe and provide incidentals required to complete installation in compliance with plumbing
code.
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3.2 FIELD QUALITY CONTROL
A.  See Section 01 4000 - Quality Requirements for additional requirements.

Operational Tests: Conduct operating tests to demonstrate satisfactory, functional, and
operating efficiency.

33 PROTECTION

A.  Protect installed products from damage from subsequent construction operations.

END OF SECTION 22 1429
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SECTION 22 3000 - PLUMBING EQUIPMENT

PART 1 GENERAL

1.1

A.
B.

1.2

SECTION INCLUDES
Water heaters.

Water softeners.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

PART 2 PRODUCTS

2.1

A.

2.2

WATER HEATERS

All welded carbon steel pressure vessel designed and built in strict accordance with the ASME
Code Section VIII and stamped, certified, and registered with the National Board of Boiler and
Pressure Vessel Inspectors

U-Tube heating coil constructed from single wall copper tubing designed for a maximum
working pressure of 150 psi

Stainless steel 316 L tank

D. Boiler water controls shall consist of a motorized non-modulating 2-way valve which shall
be activated by a dial thermostat that opens and closes a relay based upon stored water
temperature.

G. Water heaters shall be provided with factory start-up services
1. Manufacturers:

a. PVI Industries.

b. Hubbell

c. BABA Approved equal

WATER SOFTENERS

Salt-Based lon-Exchange Water Softener:

1. Refer to Water Softener schedule

2. Type: Separate ion exchange and feed tanks.

3. Tank Materials: Fiberglass reinforced polyester, tanks have a molded polypropylene base
for support
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4. Control: fully automatic factory mounted on unit and factory wired electronis controller for
programmable variable on demand mode which brings unit on and off depending on
service flow

5. Connections: 2-inch inlet, outlet,

6. Control valves shall be motor driven, mechanically activateddesign with five positions to
accomplish the regeneration steps of backwash, brine and rinse, rapid rinse, brine refill,
and service

7. System shall be programmed so units are unable to regenerate simultaneously

PART 3 EXECUTION

3.1 INSTALLATION

A.  Install plumbing equipment in accordance with manufacturer's instructions, as required by code,
and complying with conditions required for applicable certifications.

B.  Coordinate system, equipment, and piping work with applicable electrical, fuel, gas, vent, drain,
and waste support interconnections as included or provided by other trades.

END OF SECTION 22 3000
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SECTION 22 4000 - PLUMBING FIXTURES

PART 1 GENERAL

1.1

1.2

1.3

1—1

T o ®m o o0 w >

SECTION INCLUDES

Tank type water closets.
Lavatories.

Sinks.

Under-lavatory pipe supply covers.
Bathtubs and showers.

Shower receptors.

Showers.

Bottle filling drinking fountains.
Electric water coolers.

Bi-level, electric water coolers.

Mop sinks.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act, Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

REFERENCE STANDARDS

ADA Standards - 2010 ADA Standards for Accessible Design; 2010.

ASHRAE Std 18 - Methods of Testing for Rating Drinking-Water Coolers with Self-Contained
Mechanical Refrigeration; 2008 (Reaffirmed 2013).

ASME A112.6.1M - Floor-Aftixed Supports for Off-the-Floor Plumbing Fixtures for Public
Use; 1997 (Reaffirmed 2017).

ASME A112.18.1 - Plumbing Supply Fittings; 2018, with Errata.

ASME A112.18.9 - Protectors/Insulators for Exposed Waste and Supplies on Accessible
Fixtures; 2011 (Reaffirmed 2022).

ASME A112.19.1 - Enamelled Cast Iron and Enamelled Steel Plumbing Fixtures; 2024.
ASME A112.19.2 - Ceramic Plumbing Fixtures; 2018, with Errata.
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ASME A112.19.3 - Stainless Steel Plumbing Fixtures; 2022.
ASME A112.19.5 - Flush Valves and Spuds for Water Closets, Urinals, and Tanks; 2022.

ASSE 1014 - Performance Requirements for Backflow Prevention Devices for Hand-Held
Showers; 2020.

ASSE 1070 - Performance Requirements for Water Temperature Limiting Devices; 2020.

ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.

IAPMO Z124 - Plastic Plumbing Fixtures; 2022, with Editorial Revision.

ICC A117.1 - Accessible and Usable Buildings and Facilities; 2017.

ISFA 2-01 - Classification and Standards for Solid Surfacing Material; 2013.

NEMA LD 3 - High-Pressure Decorative Laminates; 2005.

NSF 61 - Drinking Water System Components - Health Effects; 2025, with Addendum

NSF 372 - Drinking Water System Components - Lead Content; 2024.

PART 2 PRODUCTS

2.1
A.

2.2

23

GENERAL REQUIREMENTS

Potable Water Systems: Provide plumbing fittings and faucets that comply with NSF 61 and
NSF 372 for maximum lead content; label pipe and fittings.

Maximum Fixture or Faucet Supply Pressure: 60 psi unless stated otherwise.

REGULATORY REQUIREMENTS
Comply with applicable codes for installation of plumbing systems.

Perform work in accordance with local health department regulations.

TANK TYPE WATER CLOSETS

Manufacturers:
1. Toto.
2. BABA Approved equal

Floor-Mounted Bowl:

1. ASME A112.19.2; siphon jet, vitreous china, 16.5 inches high, close-coupled closet
combination with elongated rim, insulated vitreous china closet tank with fittings and lever
flushing valve, bolt caps, vandalproof cover locking device.

2. Water Consumption: 1.6 gal per flush, maximum.

Toilet Seats:
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2.5

1. Plastic: Solid, white, enlongated, closed front, slow-closing hinged seat cover, and brass
bolts with covers.

2. Plastic: Solid, white, enlongated, open front, hinged seat cover, extended back with self-
sustaining hinges, and brass bolts with covers.

LAVATORIES

Supply Faucet:

1. Deck Mounted Faucet Manufacturers:
a. Chicago Faucets.
b. BABA Approved equal

2. ASME A112.18.1; chrome plated combination supply fitting with pop-up waste, water
economy aerator with maximum flow of 2.2 gpm, indexed handles.

3. Single-Lever Handle, Supply Faucet: ASME A112.18.1; deck-mount, ceramic cartridge
disc valve, and maximum flow of 1.2 gpm.

4. Single-Lever Handle Monoblock, Supply Faucet: ASME A112.18.1; deck-mount, ceramic

cartridge disc valve, escutcheon, and maximum flow of 2.2 gpm.

Thermostatic Mixing Valve:

1. ASSE 1070 listed with combination stop, strainer, and check valves, and flexible stainless
steel connectors.

Accessories:

1. Chrome-plated 17 gauge, 0.0538 inch brass P-trap with clean-out plug and arm with
escutcheon.

SINKS

Manufacturers:

1. Elkay.

2. BABA Approved equal

Single Compartment Bowl

1. ASME A112.19.3; outside dimensions, 18 gauge, 0.050 inch thick, type 304 stainless
steel, self-rimming and undercoated, with ledge back drilled for trim.

2. Drain: 1-1/2 inch chromed brass.

3. Drain: 3-1/2 inch crumb cup and tailpiece.

Double Compartment Bowl:

1. ASME A112.19.3; outside dimensions, 18 gauge, 0.050 inch thick, type 304 stainless
steel, self- rimming and undercoated, with ledge back drilled for trim.

2. Drain: 1-1/2 inch chromed brass.

3. Drain: 3-1/2 inch crumb cup and tailpiece.

Kitchen Faucets:

1. Manufacturers:
a. Chicago Faucets.
b. BABA Approved equal

2. Single Handle Faucet with Three-Function Pulldown Spray Head:

a. Type: Deck-mount, swivel faucet with mounting plate.
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2.6

2.7

2.8

2.9

b. Spray Functions: Stream, full spray and pause at 1.5 gpm, maximum.
C. ASME A112.18.1, ADA Standards, and NSF 61 compliant assembly.
d. Materials: Ceramic disc-cartridge valve on brass body with polished chrome finish.

UNDER-LAVATORY PIPE SUPPLY COVERS

Manufacturers:
1.  Plumberex Specialty Products, Inc: www.plumberex.com/#sle.

General:

1. Insulate exposed drainage piping including hot, cold and tempered water supplies under
lavatories or sinks per ADA Standards.

2. Adhesives, sewing threads and two ply laminated materials are prohibited.

3. Exterior Surfaces: Smooth nonabsorbent with no finger recessed indentations for easy
cleaning.

4. Construction: 1/8 inch PVC with antimicrobial, antifungal and UV resistant properties.
a. Comply with ASME A112.18.9 for covers on accessible lavatory piping.
b. Comply with ICC A117.1.

BATHTUBS AND SHOWERS

Manufacturers:
1. Comfort Designs.
2. BABA Approved equal

SHOWER RECEPTORS
Drain Trim: Removable chrome-plated strainer and tail piece.

ADA Solid Surfacing Shower Receptors: Solid plastic resin casting, self-supporting, for

installation over conventional subfloor; complying with IAPMO Z124.

1. Material: Complying with ISFA 2-01 and NEMA LD 3; acrylic or polyester resin,
renewable material filler, and pigments; homogenous, nonporous and capable of being
worked and repaired using standard woodworking tools; no surface coating; color and
pattern consistent throughout thickness.

2. Surface Burning Characteristics: Flame spread index of 25 or less, and smoke developed
index of 450 or less, Class A, when tested in accordance with ASTM Eg&4.

3. Finish on Exposed Surfaces: Provide satin or matte, gloss rating of 3 to 20.

SHOWERS

Shower Trim:

1. Single Handle: ASME A112.18.1; lever-handle operated, pressure balanced mixing valve
with integral service stops, bent shower arm with adjustable spray ball joint shower head
with maximum flow, and escutcheon.

Shower Valve:

1. Comply with ASME A112.18.1.

2. Provide with integral thermostatic mixing valve to supply 1.5 gpm.
3. Manufacturers:
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a. Chicago Faucets.

C.  Hand-Held Shower Head:
1. ASME A112.18.1 spray hand-held shower head with swivel fitting with ASSE 1014
backflow preventer.

2.10 BOTTLE FILLING DRINKING FOUNTAINS

A.  Manufacturers:
1. Elkay Manufacturing Company: www.elkay.com/#sle.
2. BABA Approved equal.

B. Bottle Filler: Materials to match fountain.

2.11 ELECTRIC WATER COOLERS

A.  Manufacturers:
1. Elkay Manufacturing Company: www.elkay.com/#sle.
2. BABA Approved equal.

B.  Water Cooler: Electric, mechanically refrigerated; surface mounted, ADA compliant; stainless
steel top, vinyl on steel body, elevated anti-squirt bubbler with stream guard, automatic stream
regulator, push button, mounting bracket; integral air cooled condenser and stainless steel grille.
1. Capacity: 8 gph of 50 degrees F water with inlet at 80 degrees F and room temperature of

90 degrees F, when tested in accordance with ASHRAE Std 18.
2. Electrical: 115 VAC, 60 Hertz compressor, 6 foot cord and plug for connection to electric
wiring system including grounding connector.

C. Bottle Filler: Materials to match fountain.

2.12 MOP SINKS

A.  Manufacturers:
1. Fiat.
2. BABA Approved equal

Material: Molded stone
Type: Square
Grid Strainer: Stainless steel; integral; removable.

Dimensions: As indicated on drawings.

mm o 0w

Accessories:
1. Hose clamp hanger.
2. Mop hanger.

EAPC Project 20245211 PLUMBING FIXTURES 224000 - 5



PART 3 EXECUTION

3.1

32

3.3

34

3.5

3.6

3.7

A.
B.

EXAMINATION
Verify that walls and floor finishes are prepared and ready for installation of fixtures.

Confirm that millwork is constructed with adequate provision for the installation of counter top
lavatories and sinks.

PREPARATION

Rough-in fixture piping connections in accordance with minimum sizes indicated in fixture
rough-in schedule for particular fixtures.

INSTALLATION
Install each fixture with trap, easily removable for servicing and cleaning.

Provide chrome-plated rigid or flexible supplies to fixtures with loose key stops, reducers, and
escutcheons.

Install components level and plumb.

Install and secure fixtures in place with wall supports and bolts.

INTERFACE WITH WORK OF OTHER SECTIONS

Review millwork shop drawings. Confirm location and size of fixtures and openings before
rough-in and installation.

ADJUSTING

Adjust stops or valves for intended water flow rate to fixtures without splashing, noise, or
overflow.

CLEANING

Clean plumbing fixtures and equipment.

SCHEDULES

Fixture Heights: Install fixtures to heights above finished floor as indicated.
1.  Water Closet:

a. Standard: 15 inches to top of bowl rim.
b. Accessible: 18 inches to top of seat.

2. Lavatory:
a. Standard: 31 inches to top of basin rim.
b. Accessible: 34 inches to top of basin rim.

3. Drinking Fountain:
a. Child: 30 inches to top of basin rim.
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b. Standard Adult: 40 inches to top of basin rim.
C. Accessible: 36 inches to top of spout.

Fixture Rough-In

L.

Water Closet (Tank Type):
a. Cold Water: 1/2 Inch
b. Waste: 4 Inch.

c. Vent: 2 Inch.
Lavatory:

a. Hot Water: 1/2 Inch.

b. Cold Water: 1/2 Inch.

Sink:
a. Hot Water: 1/2 Inch.

b. Cold Water: 1/2 Inch.

Drinking Fountain:

a. Cold Water: 1/2 Inch.

Bathtub:
a. Hot Water: 1/2 Inch.

b. Cold Water: 1/2 Inch.

Shower:
a. Hot Water: 1/2 Inch.

b. Cold Water: 1/2 Inch.

END OF SECTION 22 4000
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SECTION 23 0516 - EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING
PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Flexible pipe connectors.

B.  Pipe loops, offsets, and swing joints.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 23 2113 - Hydronic Piping.

1.3 REFERENCE STANDARDS
A.  ASTM A536 - Standard Specification for Ductile Iron Castings; 2024.
EJMA (STDS) - EJMA Standards; Tenth Edition.

C. UL (DIR) - Online Certifications Directory; Current Edition.

1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data:

1. Flexible Pipe Connectors: Indicate maximum temperature and pressure rating, face-to-face
length, live length, hose wall thickness, hose convolutions per foot and per assembly,
fundamental frequency of assembly, braid structure, and total number of wires in braid.

2. Expansion Joints: Indicate maximum temperature and pressure rating, and maximum
expansion compensation.

C.  Manufacturer's Instructions: Indicate manufacturer's installation instructions, special
procedures, and external controls.

D.  Maintenance Data: Include adjustment instructions.

Project Record Documents: Record installed locations of flexible pipe connectors, expansion
joints, anchors, and guides.

F. Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.

. EXPANSION FITTINGS AND LOOPS FOR
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PART 2 PRODUCTS

2.1

2.2
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2.4

EAPC Project 20245211
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REGULATORY REQUIREMENTS

Comply with UL (DIR) requirements.

FLEXIBLE PIPE CONNECTORS - STEEL PIPING

Manufacturers:

1. Metraflex

2.  Mason

3.  Minnesota Flexible Corporation

Inner Hose: Stainless Steel.

Exterior Sleeve: Braided, stainless steel.
Pressure Rating: 125 psi up to 12 inch.
Maximum Service Temperature: 250 degrees F.
End Connections: As specified for pipe joints.
Size: Use pipe sized units.

Maximum offset: 3/4 inch on each side of installed center line.

FLEXIBLE PIPE CONNECTORS - COPPER PIPING

Manufacturers:

1. Metraflex

2.  Mason

3. Minnesota Flexible Corporation

Inner Hose: Bronze.

Exterior Sleeve: Braided bronze.

Pressure Rating: 125 psi up to 2 inch.

Maximum Service Temperature: 250 degrees F.

End Connections: Welded or sweat.

Size: Use pipe sized units.

Maximum offset: 3/4 inch on each side of installed center line.

Application: Copper piping.

EXPANSION JOINTS AND LOOPS - HOSE AND BRAID

Manufacturers:

EXPANSION FITTINGS AND LOOPS FOR

HVAC PIPING
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2.5

1. Metraflex
2. Mason
3. Minnesota Flexible Corporation

B. Provide flexible loops with two flexible sections of hose and braid, two 90 degree elbows, and

180 degree return with support brackets and plugged drain port for steam service.

C.  Maximum Allowable Motion: 2 inch in the x, y, and z planes with no thrust loads to the

building structure

D.  Maximum Working Pressure: 150 psi at 800 degrees F.

Construction: Class 150, schedule 40, stainless steel hose and braid assembly with carbon steel
fittings, including elbows and flanged end connections sized to match pipe segment
1. Selected Product to Accommodate:

a. Compression and Expansion Axial Deflection
b. Angular Rotation: 15 degrees.
c. Force developed by 1.5 times specified maximum allowable operating pressure.

2. Provide necessary accessories including, but not limited to, swivel joints.

ACCESSORIES

A.  Pipe Alignment Guides:

1. Manufacturers:
a. Metraflex
b. Mason
c. Minnesota Flexible Corporation

2. Two piece welded steel with enamel paint, bolted, with spider to fit standard pipe, frame
with four mounting holes, clearance for minimum 1 inch thick insulation, minimum 3
inches travel.

B.  Engineered Riser Anchor Clamps:

1. Applications:
a. Provide one clamp to serve as a riser clip.

1) Verify the total load of filled pipe to be supported will be a safety factor of
one less than the maximum loading of the clamp per the manufacturer's
instructions.

b. Provide one clamp above and one clamp below the slab to anchor pipe.

1) Coordinate with the structural engineer to determine the maximum thrust
loading calculated for the slab or floor structure. Use the maximum thrust
loading calculations to verify the clamps will be a safety factor of one less
than the maximum loading of clamp per the manufacturer's instructions.

2. Provide two piece, ductile iron in compliance with ASTM A536. Use with metal pipes
with an outer diameter of 2.5 inches to 8§ inches.

PART 3 EXECUTION

3.1

INSTALLATION

A. Install in accordance with manufacturer's instructions.

EXPANSION FITTINGS AND LOOPS FOR
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B.  Install in accordance with EJMA (Expansion Joint Manufacturers Association) Standards.

C. Install flexible pipe connectors on pipes connected to vibration isolated equipment. Provide line
size flexible connectors.

D.  Install flexible connectors at right angles to displacement. Install one end immediately adjacent
to isolated equipment and anchor other end. Install in horizontal plane unless indicated
otherwise.

E.  Anchor pipe to building structure where indicated. Provide pipe guides so movement is
directed along axis of pipe only. Erect piping such that strain and weight is not on cast
connections or apparatus.

F. Provide support and equipment required to control expansion and contraction of piping.
Provide loops, pipe offsets, and swing joints, or expansion joints where required.

3.2 PIPING APPLICATIONS

A.  Hydronic heating systems:
1. Steel Mains, NPS 1” and smaller, runs exceeding 100’ of straight pipe

a. Threaded flexible hose expansion loops at every 100 interval
2. Steel Mains, NPS 1-1/4” to NPS 2”, runs exceeding 100’ of straight pipe
a. Threaded flexible hose expansion loops at every 100’ interval
3. Steel Mains, NPS 2-1/2” and larger, runs exceeding 100 of straight pipe
a. Flanged or grooved flexible hose expansion loops at every 100’ interval
4. Polypropylene PP-R, runs exceeding 75’ of straight pipe
a. Flanged flexible hose expansion loops at every 75° interval
5. Copper branch runs, runs exceeding 75° of straight pipe
a. Copper sweat flexible hose expansion loops at every 75’ interval
B.  Domestic hot & recirc water systems:
1. Copper runs exceeding 75’ of straight pipe
a. Copper sweat flexible hose expansion loops at every 75’ interval
b. Domestic water rated expansion loops

33 INSTALLATION OF EXPANSION JOINTS
A.  Install expansion joints of sizes matching sizes of piping in which they are installed.

B.  Install and guide per manufacturer’s installation instructions and Mechanical Contractors
Association of America “Guidelines for Quality Piping Installations”

Flexible hose expansion loop return fitting shall be supported to allow movement
D. Install grooved-joint expansion joints to grooved-end steel piping.

Install flanged-joint expansion joints to flanged-end steel piping

34 INSTALLATION OF ALIGNMENT GUIDES AND ANCHORS

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

. EXPANSION FITTINGS AND LOOPS FOR
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B.  Install one guide 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.

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

E. Anchor Attachments:

1. Anchor Attachment to Steel Pipe: Attach by welding. Comply with ASME B31.9 and
ASME Boiler and Pressure Vessel Code: Section X, "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.

F. Fabricate and install steel anchors by welding steel shapes, plates, and bars. Comply with
ASME B31.9 and AWS D1.1/D1.1M.
1. Anchor Attachment to Steel Structural Members: Attach by welding.
2. Anchor Attachment to Concrete Structural Members: Attach by fasteners. Follow fastener
manufacturer's written instructions.

G.  Use grout to form flat bearing surfaces for guides and anchors attached to concrete.

END OF SECTION 23 0516
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SECTION 23 0517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING
PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Pipe sleeves.

B.  Pipe-sleeve seals.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 07 8400 - Firestopping.
C.  Section 23 0719 - HVAC Piping Insulation.

1.3 REFERENCE STANDARDS
A.  ASTM E814 - Standard Test Method for Fire Tests of Penetration Firestop Systems; 2024.
FM (AG) - FM Approval Guide; Current Edition.

C. UL (DIR) - Online Certifications Directory; Current Edition.

1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

B.  Shop Drawings: Indicate pipe materials used, jointing methods, supports, floor and wall
penetration seals. Indicate installation, layout, weights, mounting and support details, and
piping connections.

1.5 QUALITY ASSURANCE

A.  Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may have
accumulated from the installation and testing of the system.

1.6 DELIVERY, STORAGE, AND HANDLING
A.  Deliver and store sleeve and sleeve seals in shipping containers, with labeling in place.
B.  Provide temporary protective coating on cast iron and steel sleeves if shipped loose.
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1.7 WARRANTY

A.  See Section 01 7800 - Closeout Submittals, for additional warranty requirements.
PART 2 PRODUCTS

2.1 PIPE SLEEVES

A.  Vertical Piping:
1. Sleeve Length: 2 inch (50 mm) above finished floor.
2. Provide sealant for watertight joint.
3. Blocked Out Floor Openings: Provide 1-1/2 inch angle set in silicon adhesive around
opening.

B.  Pipe Passing Through Below Grade Exterior Walls:
1. Galvanized pipe.
2. Provide watertight space with link rubber or modular seal between sleeve and pipe on both
pipe ends.

C.  Clearances:
1. Provide allowance for insulated piping.
2. Wall, Floor, Partitions, and Beam Flanges: 1 inch greater than external pipe diameter.
3. All Rated Openings: Caulked tight with fire stopping material in compliance with ASTM
E814 in accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.

2.2 PIPE-SLEEVE SEALS

A. Manufacturers:

1. Advance Products & Systems, LLC.
2. American Polywater Corporation.

3. Flexicraft Industries.

4. Link-Seal

5.  Metraflex Company (The)

6

Pipeline Seal and Insulator, Inc

B.  Modular Mechanical Sleeve-Seal:

1. Elastomer-based interlocking links continuously fill annular space between pipe and wall-
sleeve, wall or casing opening.

2. Watertight seal between pipe and wall-sleeve, wall or casing opening.

3. Size and select seal component materials in accordance with service requirements.

4. Service Requirements:
a. Corrosion resistant.
b. Underground, buried, and wet conditions.

5. Stainless Steel pressure end plates.

C.  Pipe Sleeve Material:
1. Bearing Walls: Galvanized Steel
2. Masonry Structures: Galvanized Steel
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D.

GROUT

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout

Characteristics: Nonshrink; recommended for interior and exterior applications.
Design Mix: 5000-psi, 28-day compressive strength.

Packaging: Premixed and factory packaged.

PART 3 EXECUTION

3.1

A.

3.2

PREPARATION
Ream pipe and tube ends. Remove burrs. Bevel plain end ferrous pipe.

Remove scale and foreign material, from inside and outside, before assembly.

INSTALLATION
Route piping in orderly manner, plumb and parallel to building structure. Maintain gradient.
Install piping to conserve building space, to not interfere with use of space and other work.

Install piping and pipe sleeves to allow for expansion and contraction without stressing pipe,
joints, or connected equipment.

Provide sleeves when penetrating footings, floors, walls, and partitions. Seal pipe including

sleeve penetrations to achieve fire resistance equivalent to fire separation required.

1. All Rated Openings: Caulk tight with fire stopping material in compliance with ASTM
E814 in accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.

Manufactured Sleeve-Seal Systems:

1. Install manufactured sleeve-seal systems in sleeves located in grade slabs and exterior
concrete walls at piping entrances into building.

2. Provide sealing elements of the size, quantity, and type required for the piping and sleeve
inner diameter or penetration diameter.

3. Locate piping in center of sleeve or penetration.

4. Install field assembled sleeve-seal system components in annular space between sleeve and
piping.

5. Tighten bolting for a water-tight seal.

6. Install in accordance with manufacturer's recommendations.

When installing more than one piping system material, ensure system components are
compatible and joined to ensure the integrity of the system. Provide necessary joining fittings.
Ensure flanges, union, and couplings for servicing are consistently provided.

Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal system

SLEEVES AND SLEEVE SEALS FOR HVAC
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33 CLEANING

A.  Upon completion of work, clean all parts of the installation.

Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may have
accumulated from the installation and testing of the system.

34 SLEEVE AND SLEEVE-SEAL SCHEDULE

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

L.

Exterior Concrete Walls above Grade:
a. Piping Smaller Than NPS 6 Galvanized-steel-pipe sleeves.
b. Piping NPS 6 and Larger: Galvanized-steel wall sleeves.
Exterior Concrete Walls below Grade:
a. Piping Smaller Than NPS 6 Galvanized-steel-pipe sleeves with sleeve-seal system.
1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.
b. Piping NPS 6 and Larger: Galvanized-steel wall sleeves with sleeve-seal system.
1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.
Concrete Slabs-on-Grade:
a. Piping Smaller Than NPS 6 Galvanized-steel-pipe sleeves with sleeve-seal system.
1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.
b. Piping NPS 6 and Larger: Galvanized-steel-pipe sleeves with sleeve-seal system.
1) Select sleeve size to allow for 1-inch annular clear space between piping and
sleeve for installing sleeve-seal system.
Concrete Slabs above Grade:
a. Piping Smaller Than NPS 6 Galvanized-steel-pipe sleeves
b. Piping NPS 6 and Larger: Galvanized-steel-pipe sleeves.
Interior Partitions:
a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves.
b. Piping NPS 6 and Larger: Galvanized-steel-sheet sleeves.

END OF SECTION 23 0517

SLEEVES AND SLEEVE SEALS FOR HVAC
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SECTION 23 0519 - METERS AND GAUGES FOR HVAC PIPING

PART 1 GENERAL

1.1 SECTION INCLUDES

Flow meters.

Pressure gauges and pressure gauge taps.
Thermometers and thermometer wells.

Static pressure gauges.

m o a0 w »

Filter gauges.

1.2 RELATED REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section 23 0923 - Direct-Digital Control System for HVAC.
Section 23 2113 - Hydronic Piping.
D.  Section 23 2213 - Steam and Condensate Heating Piping.

1.3 REFERENCE STANDARDS
A.  ASME B40.100 - Pressure Gauges and Gauge Attachments; 2022.

B. ASME MFC-3M - Measurement of Fluid Flow in Pipes Using Orifice, Nozzle, and Venturi;
2004 (Reaffirmed 2025).

C. ASTM E1 - Standard Specification for ASTM Liquid-in-Glass Thermometers; 2014
(Reapproved 2020).

D. ASTM E77 - Standard Test Method for Inspection and Verification of Thermometers; 2014
(Reapproved 2021).

E. AWWA M6 - Water Meters -- Selection, Installation, Testing, and Maintenance; 2012, with
Addendum (2018).

F. UL 393 - Indicating Pressure Gauges for Fire-Protection Service; Current Edition, Including All
Revisions.

1.4 SUBMITTALS

A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.
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1.5

Product Data: Provide list that indicates use, operating range, total range and location for
manufactured components.

Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
FIELD CONDITIONS

Do not install instrumentation when areas are under construction, except for required rough-in,
taps, supports and test plugs.

PART 2 PRODUCTS

2.1

A.

2.2

LIQUID FLOW METERS
Manufacturers:

1. Flow Design

2. Gerand Engineering Co.
3.  Griswold

4. Tour Anderson

5. Pro Hydronics

6. Nexus

Description: Flowmeter with calibrated flow-measuring element, hoses or tubing, fittings,
valves, indicator, and conversion chart.

Flow Range: Sensor and indicator shall cover operating range of equipment or system served.

Sensor: Venturi-type, calibrated, flow-measuring element; for installation in piping.

1. Design: Differential-pressure-type measurement for water or water glycol mixture.

2. Construction: Bronze, brass, or factory-primed steel, with brass fittings and attached tag
with flow conversion data.

Minimum Pressure Rating: 250 psig.

Minimum Temperature Rating: 250 deg F

End Connections for NPS 2 and Smaller: Threaded.

End Connections for NPS 2-1/2 and Larger: Flanged or welded.

Flow Range: Flow-measuring element and flowmeter shall cover operating range of
equipment or system served.

N R W

Operating Instructions: Include complete instructions with each flowmeter.

Calibrated ASME MFC-3M Venturi orifice plate and flanges with valved taps, chart for
conversion of differential pressure readings to flow rate, with pressure gauge in case.

PRESSURE GAUGES

Manufacturers:

1. Ametek, Inc

2.  FloFabInc

3. Tel-Tru Manufacturing Company
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Trerice

Watts

Weiss Instruments, Inc

Wika Instrument Corporation - USA
Winters Instruments - US

© Nk

Pressure Gauges: ASME B40.100, UL 393 drawn steel case, phosphor bronze bourdon tube,
rotary brass movement, brass socket, with front recalibration adjustment, black scale on white
background.

1. Case: Cast Aluminum or drawn steel.

Size: Minimum 4-1/2 inch diameter.

Pressure-Element Assembly: Bourdon tube unless otherwise indicated.

Provide liquid filled gauges for inlet and outlet of hydronic circulating pumps.
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: Glass or plastic.

Ring: Metal.

Mid-Scale Accuracy: One percent.

Scale: Psi and KPa. Range shall be suitable for the system pressure range. Provide
compound gauges capable of reading both vacuum and pressure where needed.

D=0 0NN kWD
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PRESSURE GAUGE TAPPINGS

Gauge Cock: Tee or lever handle, brass for maximum 150 psi.
Needle Valve: Brass, 1/4 inch NPT for minimum 150 psi.

Pulsation Damper: Pressure snubber, brass with 1/4 inch connections.

Syphon: Steel, Schedule 40, 1/4 inch angle or straight pattern.

STEM TYPE THERMOMETERS

Manufacturers:

1. Flo Fab Inc.

2. Tel-Tru Manufacturing Company.

3. Trerice

4. Watts

5.  Weiss Instruments, Inc.

6. Wika Instrument Corporation - USA.
7.  Winters Instruments - U.S.

Thermometers - Adjustable Angle: Red- or blue-appearing non-toxic liquid in glass; ASTM
El; lens front tube, cast aluminum case with enamel finish, cast aluminum adjustable joint with
positive locking device; adjustable 360 degrees in horizontal plane, 180 degrees in vertical
plane.

1. Size: 9 inch scale.

2. Window: Clear Lexan.

3. Stem: Aluminum or brass and of length to suit installation.
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2.5

2.6

2.7

a. Design for Air-Duct Installation: With ventilated shroud.
b. Design for Thermowell Installation: Bare stem.

4. Accuracy: 2 percent, per ASTM E77.

5. Calibration: Degrees F.

THERMOMETER SUPPORTS

Socket: Brass or stainless steel separable sockets for thermometer stems with or without
extensions as required, and with cap and chain.

Flange: 3 inch outside diameter reversible flange, designed to fasten to sheet metal air ducts,
with brass perforated stem.

TEST PLUGS

Test Plug: 1/4 inch or 1/2 inch brass fitting and cap for receiving 1/8 inch outside diameter
pressure or temperature probe with neoprene core for temperatures up to 200 degrees F.

STATIC PRESSURE GAUGES

3-1/2 inch diameter dial in metal case, diaphragm actuated, black figures on white background,
front recalibration adjustment, 2 percent of full scale accuracy.

Inclined manometer, red liquid on white background with black figures, front recalibration
adjustment, 3 percent of full scale accuracy.

Accessories: Static pressure tips with compression fittings for bulkhead mounting, 1/4 inch
diameter tubing.

PART 3 EXECUTION

3.1

A.

INSTALLATION
Install in accordance with manufacturer's instructions.

Install positive displacement meters with isolating valves on inlet and outlet to AWWA M6.
Provide full line size valved bypass with globe valve for liquid service meters.

Provide one pressure gauge per pump, installing taps before strainers and on suction and
discharge of pump. Pipe to gauge.

Install pressure gauges with pulsation dampers. Provide gauge cock to isolate each gauge.
Provide siphon on gauges in steam systems. Extend nipples and siphons to allow clearance
from insulation.

Install thermometers in piping systems in sockets in short couplings. Enlarge pipes smaller than
2-1/2 inch for installation of thermometer sockets. Ensure sockets allow clearance from
insulation.

Install thermometers in air duct systems on flanges.
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3.3
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Install thermometer sockets adjacent to controls system thermostat, transmitter, or sensor
sockets. Refer to Section 23 0943. Where thermometers are provided on local panels, duct or
pipe mounted thermometers are not required.

Locate duct mounted thermometers minimum 10 feet downstream of mixing dampers, coils, or
other devices causing air turbulence.

Coil and conceal excess capillary on remote element instruments.

Provide instruments with scale ranges selected according to service with largest appropriate
scale.

Install gauges and thermometers in locations where they are easily read from normal operating
level. Install vertical to 45 degrees off vertical.

Adjust gauges and thermometers to final angle, clean windows and lenses, and calibrate to zero.
Locate test plugs adjacent thermometers and thermometer sockets.

Install thermometers in the following locations:

Inlet and outlet of each hydronic zone.

Inlet and outlet of each hydronic boiler.

Two inlets and two outlets of each chiller.

Inlet and outlet of each hydronic coil in air-handling units.
Two inlets and two outlets of each hydronic heat exchanger.
Inlet and outlet of each thermal-storage tank.

Outside-, return-, supply-, and mixed-air ducts.

NN AE DD =

Install pressure gages in the following locations:

1. Discharge of each pressure-reducing valve.

2. Inlet and outlet of each chiller chilled-water and condenser-water connection.
3. Suction and discharge of each pump.

CONNECTIONS

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

Connect flowmeter-system elements to meters.
Connect flowmeter transmitters to meters.

Connect thermal-energy meter transmitters to meters.

ADJUSTING

After installation, calibrate meters according to manufacturer's written instructions.
Adjust faces of meters and gages to proper angle for best visibility.
THERMOMETER SCHEDULE

Thermometers at inlet and outlet of each hydronic zone shall be one of the following:
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Sealed, bimetallic-actuated type.
Industrial-style, liquid-in-glass type.

Thermometers at inlet and outlet of each hydronic boiler shall be one of the following:
1. Sealed, bimetallic-actuated type.
2. Industrial-style, liquid-in-glass type.

Thermometers at inlets and outlets of each chiller shall be one of the following:
1. Sealed, bimetallic-actuated type.
2. Industrial-style, liquid-in-glass type.

Thermometers at inlet and outlet of each hydronic coil in air-handling units and built-up central
systems shall be one of the following:

1. Sealed, bimetallic-actuated type.

2. Industrial-style, liquid-in-glass type.

Thermometers at inlets and outlets of each hydronic heat exchanger shall be one of the
following:

1. Sealed, bimetallic-actuated type.

2. Industrial-style, liquid-in-glass type.

Thermometers at inlet and outlet of each hydronic heat-recovery unit shall be one of the
following:

1. Sealed, bimetallic-actuated type.

2. Industrial-style, liquid-in-glass type.

Thermometers at inlet and outlet of each thermal-storage tank shall be one of the following:
1. Sealed, bimetallic-actuated type.
2. Industrial-style, liquid-in-glass type.

Thermometers at outside-, return-, supply-, and mixed-air ducts shall be one of the following:
1. Sealed, bimetallic-actuated type.
2. Industrial-style, liquid-in-glass type.

Thermometers at inlet and outlet of each domestic water heater shall be one of the following:
1. Sealed, bimetallic-actuated type.
2. Industrial-style, liquid-in-glass type.

Thermometer stems shall be of length to match thermowell insertion length.

THERMOMETER SCALE-RANGE SCHEDULE

Scale Range for Chilled-Water Piping: 0 to 100 deg F.

Scale Range for Heating, Hot-Water Piping: 30 to 240 deg F.

Scale Range for Steam and Steam-Condensate Piping: 0 to 250 deg F.

Scale Range for Air Ducts: Minus 40 to plus 110 deg F.

Scale Range for Heat Pump Piping: 0 to plus 160 deg F. (Minus 20 to plus 100 deg C).
Scale Range for Domestic Cold Water Piping: 0 to 100 deg F. (Minus 20 to plus 50 deg C).
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3.6

3.7

A.
B.

A.

Scale Range for Domestic Hot Water Piping: 0 to 250 deg F. (Minus 20 to plus 150 deg C).

PRESSURE-GAGE SCHEDULE

Pressure gages at discharge of each pressure-reducing valve shall be one of the following:
1. Sealed, direct mounted, metal case.

Pressure gages at inlet and outlet of each chiller chilled-water and condenser-water connection
shall be one of the following:
1. Sealed, remote-mounted, metal case.

Pressure gages at suction and discharge of each pump shall be one of the following:
1. Sealed, liquid filled, direct-mounted, metal case.

Pressure gages at discharge of each water service into the building at water meter shall be one
of the following:
1. Sealed, direct-mounted, metal case.

PRESSURE-GAGE SCALE-RANGE SCHEDULE
Scale Range for Water Piping: 1.5 times standard working pressure.

Scale Range for Steam Piping: 1.5 times standard working pressure.

FLOWMETER SCHEDULE

Flowmeters for Water Piping: Venturi type.

END OF SECTION 23 0519
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SECTION 23 0523 - GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1 GENERAL

1.1

1.2

m o 0w

1.3
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SECTION INCLUDES
Globe valves.

Ball valves.

Butterfly valves.
Check valves.

Gate valves.

Chainwheels.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with

Build America Buy America must be provided.

Section 23 0553 - Identification for HVAC Piping and Equipment.
Section 23 0719 - HVAC Piping Insulation.

Section 23 2113 - Hydronic Piping.

Section 23 2213 - Steam and Condensate Heating Piping.

ABBREVIATIONS AND ACRONYMS

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.

PTFE: Polytetrafluoroethylene.

RS: Rising stem.

TFE: Tetrafluoroethylene.

WOG: Water, oil, and gas.

EAPC Project 20245211 GENERAL-DUTY VALVES FOR HVAC PIPING
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1.4 REFERENCE STANDARDS
A.  ASME B1.20.1 - Pipe Threads, General Purpose, Inch; 2013 (Reaffirmed 2018).

w

ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250; 2020.

0

ASME B16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 Through NPS 24 Metric/Inch
Standard; 2025.

ASME B16.10 - Face-to-Face and End-to-End Dimensions of Valves; 2022.
ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2021.
ASME B16.34 - Valves — Flanged, Threaded, and Welding End; 2025.

ASME B31.9 - Building Services Piping; 2025.
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ASTM A126 - Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe
Fittings; 2004 (Reapproved 2023).

1—1

ASTM A536 - Standard Specification for Ductile Iron Castings; 2024.

=

ASTM B62 - Standard Specification for Composition Bronze or Ounce Metal Castings; 2017.
AWWA C606 - Grooved and Shouldered Joints; 2022.

MSS SP-67 - Butterfly Valves; 2022.

MSS SP-70 - Gray Iron Gate Valves, Flanged and Threaded Ends; 2011.

MSS SP-71 - Gray Iron Swing Check Valves, Flanged and Threaded Ends; 2018.

MSS SP-72 - Ball Valves with Flanged or Butt-Welding Ends for General Service; 2010a.
MSS SP-80 - Bronze Gate, Globe, Angle, and Check Valves; 2019.

MSS SP-85 - Gray Iron Globe and Angle Valves, Flanged and Threaded Ends; 2011.
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MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends;
2010, with Errata .

1.5 SUBMITTALS
See Section 01 3000 - Administrative Requirements for submittal procedures.

B.  Product Data: Provide data on valves including manufacturers catalog information. Submit
performance ratings, rough-in details, weights, support requirements, and piping connections.

C.  Operation and Maintenance Data: Include manufacturer's descriptive literature, operating
instructions, maintenance and repair data, and parts listings.

1.6 DELIVERY, STORAGE, AND HANDLING

A.  Use the following precautions during storage:
1. Maintain valve end protection and protect flanges and specialties from dirt.
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2. Store valves in shipping containers and maintain in place until installation.
a. Store valves indoors in dry environment.

Exercise the following precautions for handling:
1. Handle large valves with sling, modified to avoid damage to exposed parts.
2. Avoid the use of operating handles or stems as rigging or lifting points.

PART 2 PRODUCTS

2.1

2.2

A.

APPLICATIONS
Listed pipe sizes shown using nominal pipe sizes (NPS) and nominal diameter (DN).

Provide the following valves for the applications if not indicated on drawings:
1. Throttling (Hydronic): Butterfly, Ball, and Globe.
2. Isolation (Shutoff): Butterfly, Gate, and Ball.
3. Swing Check (Pump Outlet):
a. Size 2 inch and Smaller: Bronze with bronze disc.
b. Size 2-1/2 inch and Larger: Iron with lever and weight, lever and spring, center-
guided metal, or center-guided with resilient seat.

Substitutions of valves with higher CWP classes or WSP ratings for same valve types are
permitted when specified CWP ratings or WSP classes are not available.

GENERAL REQUIREMENTS

Valve Pressure and Temperature Ratings: No less than rating indicated; as required for system
pressures and temperatures.

Valve Sizes: Match upstream piping unless otherwise indicated.
Valve Actuator Types:

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

1. Gate Valves: Rising stem.

2. Ball Valves: 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: Extended neck.

4. Memory Stops: Fully adjustable after insulation is installed.

Memory Stops: Fully adjustable after insulation is installed.

Valve-End Connections:

Threaded End Valves: ASME B1.20.1.

Flanges on Iron Valves: ASME B16.1 for flanges on iron valves.

Pipe Flanges and Flanged Fittings 1/2 inch through 24 inch: ASME B16.5.
Solder Joint Connections: ASME B16.18.

Grooved End Connections: AWWA C606.

M N

General ASME Compliance:
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1. Ferrous Valve Dimensions and Design Criteria: ASME B16.10 and ASME B16.34.
2. Building Services Piping Valves: ASME B31.9.

H.  Bronze Valves:
1. Fabricate from dezincification resistant material.
2. Copper alloys containing more than 15 percent zinc are not permitted.

23 BRONZE, GLOBE VALVES

A.  CWP Rating: Class 125: 200 psi:

Comply with MSS SP-80, Type 1.

Body: Bronze; ASTM B62, with integral seat and screw in bonnet.
Ends: Threaded or solder joint.

Stem and Disc: Bronze.

Packing: Asbestos free.

Handwheel: Malleable iron, bronze, or aluminum..
Manufacturers:

Crane Co

Hammond Valve

Kitz Corporation

Milwaukee Valve Company

Nibco Inc

Watts Regualtor Co
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24 IRON, GLOBE VALVES

A.  CWP Ratings: Class 125: 200 psi and Class 250: 500 psi:
Comply with MSS SP-85, Type 1.

Body: Gray iron; ASTM A126, with bolted bonnet.
Ends: Flanged.

Trim: Bronze.

Packing and Gasket: Asbestos free.

Operator: Handwheel or chainwheel.
Manufacturers:

Crane Co.

Hammond Valve.

Kitz Corporation.

Milwaukee Valve Company.

NIBCO INC.

Watts Regulator Co
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2.5 BRASS, BALL VALVES

A.  Two Piece, Full Port with Stainless Steel Trim and Female Thread, Male thread, or Solder
Connections:
1. Comply with MSS SP-110.
2. SWP Rating: 150 psi.
3. CWP Rating: 600 psi.
4. Vacuum Rating: 28.9 in-Hg.
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Body: Forged brass.

Seats: PTFE.

Stem: Stainless Steel.

Ball: Stainless Steel, vented..
Manufacturers:

Crane Co.

Hammond Valve.
Kitz Corporation.
Milwaukee Valve Company.
NIBCO INC.

Watts Regulator Co
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2.6 BRONZE, BALL VALVES

A. General:
1. Fabricate from dezincification resistant material.
2. Copper alloys containing more than 15 percent zinc are not permitted.

B. Two Piece, Full Port with Stainless Steel Trim:
Comply with MSS SP-110.

WSP Rating: 150 psi.

CWP Rating: 400 psi.

Body: Forged bronze or dezincified-brass alloy.
End Connections: Pipe thread or solder.
Seats: PTFE.

Stem: Stainless steel.

Ball: Stainless steel, vented.
Manufacturers:

Crane Co.

Hammond Valve.

Kitz Corporation.

Milwaukee Valve Company.
NIBCO INC.

Watts Regulator Co
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2.7 IRON, BALL VALVES

A.  Split Body, Full Port:

Comply with MSS SP-72.
CWP Rating: 200 psi.

Body: ASTM A126, gray iron.
Ends: Flanged.

Seats: PTFE.

Stem: Stainless steel.

Ball: Stainless steel.
Manufacturers:

a. Conbraco Industries, Inc
b. Crane Co.

c. Milwaukee Valve Company
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d. Nibco Inc

2.8 IRON, SINGLE FLANGE BUTTERFLY VALVES

A.  Lug Style; Bidirectional Dead-End Service without Use of Downstream Flange:
1. Size: Asindicated on drawings, Class 125.
2. Comply with MSS SP-67, Type L.
3. Lug Style, CWP Ratings:
a. Sizes 2 to 12 inch: 150 psi.
b. 250 psiSizes 14 to 24 inch: 250 psi.
c. Vacuum Service: Down to 29.9 in-Hg.
Body Material: ASTM A126 cast iron or ASTM A536 ductile iron.
Stem: One or two-piece stainless steel.
Seat: EPDM.
Disc: Aluminum-bronze.
Manufacturers:
Conbraco Industries
Crane Co
Hammond Valve
Kitz Corporation
Milwaukee Valve Company
Nibco Ince
Spence Engineering Company, Inc
Watts Regulator Co
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2.9 BRONZE, LIFT CHECK VALVES

A.  Class 125:
1. Comply with MSS SP-80, Type 1, Metal Disc to Metal Seat and Type 2, Nonmetallic Disc
to Metal Seat.
CWP Rating: 200 psi.
Design: Vertical flow.
Body: Bronze.
Ends: Threaded.
Disc (Type 1): Bronze.
Disc (Type 2): NBR or PTFE.
Manufacturers:
Crane Co
Hammond Valve.
Kitz Corporation.
Milwaukee Valve Company.
NIBCO INC.
Watts Regulator Co
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2.10 BRONZE, SWING CHECK VALVES

A.  Class 125:
1. Pressure and Temperature Rating: MSS SP-80, Type 3.
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Design: Y-pattern, horizontal or vertical flow.
CWP Rating: 200 psi.

Body: Bronze, ASTM B62.

End Connections: Threaded or soldered.
Disc: Bronze.

Manufacturers:

Crane Co

Hammond Valve.

Kitz Corporation.

Milwaukee Valve Company.
NIBCO INC.

Watts Regulator Co
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2.11 IRON, SWING CHECK VALVES WITH CLOSURE CONTROL

A.  Class 125:
1. Comply with MSS SP-71, Type L.
2. Sizes 2-1/2 to 12 inch: CWP Rating; 200 psi.
3. Sizes 14 to 24 inch: CWP Rating; 150 psi.
4. Body Design: Clear or full waterway.
5. Body Material: ASTM A126, gray iron with bolted bonnet.
6. Ends: Flanged or threaded, See valve schedule
7.  Trim: Bronze.
8. Gasket: Asbestos free.
9. Closer Control: Factory installed, exterior lever, and spring or weight.
10. Manufacturers:

a. Crane Co

b. Hammond Valve.

c. Kitz Corporation.

d. Milwaukee Valve Company.
e. NIBCO INC.

f. Watts Regulator Co

2.12 BRONZE, GATE VALVES

A.  Nonrising Stem or NRS:

1. Pressure-Temperature Range: MSS SP-80, Type L.

2. Class 125:
a. CWP Rating: 200 psi.
Class 150: CWP Rating; 300 psi.
Body: ASTM B62, bronze with integral seat and screw-in bonnet.
Ends Connections: Threaded or solder.
Stem: Bronze.
Disc: Solid wedge; bronze.
Packing: Asbestos free.
Handwheel Operator: Malleable iron, bronze, or aluminum.
0. Manufacturers:

a. Crane Co
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b. Hammond Valve.

c. Kitz Corporation.

d. Milwaukee Valve Company.
e. NIBCO INC.

f. Watts Regulator Co

2.13 IRON, GATE VALVES

A. NRSor OS&Y:
1.  Comply with MSS SP-70, Type L.
2. Class 125:
a. Sizes 2-1/2 to 12 inch, CWP Rating; 200 psi.
b. Sizes 14 to 24 inch, CWP Rating; 500 psi.
Body Material: Gray iron with bolted bonnet.
Ends: Flanged.
Trim: Bronze.
Disc: Solid wedge.
Packing and Gasket: Asbestos free.
Manufacturers:
Crane Co
Hammond Valve.
Kitz Corporation.
Milwaukee Valve Company.
NIBCO INC.
Watts Regulator Co

O NN kW
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2.14 CHAINWHEELS

A.  Description: Valve actuation assembly with sprocket rim, brackets, and chain.
1. Brackets: Type, number, size, and fasteners required to mount actuator on valve.
2. Attachment: For connection to ball and butterfly valve stems.
3. Sprocket Rim with Chain Guides: Ductile iron include zinc coating.
4. Chain: Hot-dip galvanized steel. Sized to fit sprocket rim.

B. Manufacturers:
1. Babbitt Steam Specialty Co.
2. Roto Hammer Industries.
3.  Trumbull Industries.

PART 3 EXECUTION

3.1 EXAMINATION

A.  Discard all packing materials and verify that valve interior, including threads and flanges, are
completely clean without signs of damage or degradation that could result in leakage.

B.  Verify valve parts to be fully operational in all positions from closed to fully open.
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3.2

3.3

34

Confirm gasket material to be suitable for the service, to be of correct size, and without defects
that could compromise effectiveness.

Should valve is determined to be defective, replace with new valve.

INSTALLATION

Provide unions or flanges with valves to facilitate equipment removal and maintenance while
maintaining system operation and full accessibility for servicing.

Provide separate valve support as required and locate valve with stem at or above center of
piping, maintaining unimpeded stem movement.

Where valve support members are welded to structural building framing, scrape, brush clean,
and apply one coat of zinc-rich primer to welds.

Install check valves where necessary to maintain direction of flow as follows:

1. Lift Check: Install with stem plumb and vertical.

2. Swing Check: Install horizontal maintaining hinge pin level.

3. Orient plate-type and center-guided into horizontal or vertical position, between flanges.

Verify with owner: Provide chainwheels on operators for valves 4 NPS and larger where located
96 inches or more above finished floor, terminating 60 inches above finished floor.

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
1. Ifvalve applications are not indicated, use the following:

2. Shutoff Service: Ball or butterfly valves.

3. Throttling Service: Globe, angle, ball or butterfly valves.

Pump-Discharge Check Valves:
1. NPS 2 and Smaller: Bronze swing check valves with bronze or nonmetallic disc.
a. NPS 2-1/2 and Larger: Iron swing check valves with lever and weight or with spring
or iron, center-guided, metal or resilient-seat 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.

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.

R
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6.

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

E. Chilled-Water Piping: Use the following types of valves:

1.
2.

3.
4,

Ball Valves, NPS 2 and Smaller: Two-piece, 400-psig CWP rating, copper alloy.
Butterfly Valves, NPS 2-1/2 and Larger: Single-flange, 150-psig CWP rating, ferrous
alloy, with EPDM liner.

Swing Check Valves, NPS 2-1/2 and Larger: Type II, Class 125, gray iron.
Spring-Loaded Check Valves, NPS 2-1/2 and Larger: Type I or II, Class 125, cast iron.

F. Heating Water Piping: Use the following types of valves:

1.
2.

LN kW

Ball Valves, NPS 2 and Smaller: Two-piece, 400-psig CWP rating, copper alloy.
Butterfly Valves, NPS 2-1/2 and Larger: Single Flange, 150-psig CWP rating, ferrous
alloy, with EPDM liner.

Check Valves, NPS 2 and Smaller: Type 2, Class 125, horizontal or vertical, bronze.
Swing Check Valves, NPS 2 and Smaller: Type 4, Class 125, bronze.

Swing Check Valves, NPS 2-1/2 and Larger: Type II, Class 125, gray iron.
Spring-Loaded, Check Valves, NPS 2 and Smaller: Type IV, Class 125 minimum.
Spring-Loaded, Check Valves, NPS 2-1/2 and Larger: Type I or II, Class 125, cast iron.
Globe Valves, NPS 2 and Smaller: Type 2, Class 125, bronze.

Globe Valves, NPS 2-1/2 and Larger: Type I, Class 125, bronze-mounted cast iron.

G. Select valves, except wafer and flangeless types, with the following end connections:

1.

NN e

For Copper Tubing, NPS 2 and Smaller: Solder-joint or threaded ends, except provide
valves with threaded ends for heating hot water service.

For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged or threaded ends.

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

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

For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends.

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

END OF SECTION 23 0523
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SECTION 23 0529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Support and attachment components.
1.2 RELATED REQUIREMENTS
A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.
B.  Section 23 0548 - Vibration and Seismic Controls for HVAC.
1.3 REFERENCE STANDARDS
A. ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2019.
B. ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings; 1999, with
Editorial Revision (2022).
A.  ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2024.
B.  ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware; 2023.
C. ASTM A181/A181M - Standard Specification for Carbon Steel Forgings, for General-Purpose
Piping; 2023.
D. ASTM A283/A283M - Standard Specification for Low and Intermediate Tensile Strength
Carbon Steel Plates; 2024.
E. ASTM A395/A395M - Standard Specification for Ferritic Ductile Iron Pressure-Retaining
Castings for Use at Elevated Temperatures; 1999 (Reapproved 2022).
F. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2025a.
G. ASTM A1011/A1011M - Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon,
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability,
and Ultra-High Strength; 2025.
H.  ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel;
2023.
L. ASTM E&84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.
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J. FM (AG) - FM Approval Guide; Current Edition.
K.  MFMA-4 - Metal Framing Standards Publication; 2004.

L. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,
Application, and Installation; 2025.

M. NFPA 101 - Life Safety Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

UL (DIR) - Online Certifications Directory; Current Edition.

O. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A.  Coordination:

1. Coordinate sizes and arrangement of supports and bases with the actual equipment and
components to be installed.

2. Coordinate the work with other trades to provide additional framing and materials required
for installation.

3. Coordinate compatibility of support and attachment components with mounting surfaces at
the installed locations.

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other
potential conflicts installed under other sections or by others.

5. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

B.  Sequencing:
1. Do not install products on or provide attachment to concrete surfaces until concrete has
fully cured in accordance with Section 03 3000.

1.5 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide manufacturer's standard catalog pages and data sheets for channel (strut)
framing systems, nonpenetrating rooftop supports, post-installed concrete and masonry anchors,
and thermal insulated pipe supports.

C.  Shop Drawings: Include details for fabricated hangers and supports where materials or methods
other than those indicated are proposed for substitution.

1.6 QUALITY ASSURANCE

A.  Comply with applicable building code.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

. HANGERS AND SUPPORTS FOR HVAC PIPING
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PART 2 PRODUCTS

2.1 SUPPORT AND ATTACHMENT COMPONENTS

A.  General Requirements:

1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and
hardware as necessary for the complete installation of plumbing work.

2. Provide products listed, classified, and labeled as suitable for the purpose intended, where
applicable.

3. Where support and attachment component types and sizes are not indicated, select in
accordance with manufacturer's application criteria as required for the load to be supported.
Include consideration for vibration, equipment operation, and shock loads where
applicable.

4. Steel Components: Use corrosion resistant materials suitable for the environment where
installed.
a. Zinc-Plated Steel: Electroplated in accordance with ASTM B633.
b. Galvanized Steel: Hot-dip galvanized after fabrication in accordance with ASTM

A123/A123M or ASTM A153/A153M.

B.  Prefabricated Trapeze-Framed Metal Strut Systems:
1. MFMA-4 compliant, pre-fabricated, MSS SP-58 type 59 continuous-slot metal strut
channel with associated tracks, fittings, and related accessories.
2. Strut Channel or Bracket Material:

a. Indoor Dry Locations: Use painted steel, zinc-plated steel, or galvanized steel.
b. Outdoor and Damp or Wet Indoor Locations: Use galvanized steel.

3. Minimum Channel Thickness: Steel sheet, 12 gauge, 0.1046 inch.

4.  Minimum Channel Dimensions: 1-5/8 inch width by 13/16 inch height.

5. Accessories: Provide bracket covers, cable basket clips, cable tray clips, clamps, conduit
clamps, fire-retarding brackets, j-hooks, protectors, and vibration dampeners.

C.  Strut Channels:
1.  ASTM A653/A653M galvanized steel bracket with clamps for surface mounting of piping
or plumbing equipment support.
2. Channel or Bracket Kits: Include rods, brackets, end-fixed fittings, covers, clips, and other
related hardware required to complete sectional trapeze section for piping or other support.
3. Strut design shall include adequate space for piping insulation as required.

D.  Hanger Rods:
1. Threaded zinc-plated steel unless otherwise indicated.

E. Pipe Supports:

1. Material: ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM
A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M
steel.

2. Liquid Temperatures Up To 122 degrees F:

a. Overhead Support: MSS SP-58 Types 1, 3 through 12.
b. Support From Below: MSS SP-58 Types 35 through 38.

3. Operating Temperatures from 122 to 446 degrees F:

a. Overhead Support: MSS SP-58 Type 1 or 3 through 12, with appropriate saddle of
MSS SP-58 Type 40 for insulated pipe.
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F. Beam Clamps:

1. MSS SP-58 types 19 through 23, 25 or 27 through 30 based on required load.

2.  Beam C-Clamp: MSS SP-58 type 23, malleable iron and steel with plain, stainless steel,
and zinc finish.

3. Small or Junior Beam Clamp: MSS SP-58 type 19, malleable iron with plain finish. For
inverted usage provide manufacturer listed size(s).

4. Wide Mouth Beam Clamp: MSS SP-58 type 19, malleable iron with plain finish.

5. Centerload Beam Clamp with Extension Piece: MSS SP-58 type 30, malleable iron with
plain finish.

6. FM (AG) and UL (DIR) Approved Beam Clamp: MSS SP-58 type 19, plain finish,

7. Provide clamps with hardened steel cup-point set screws and lock-nuts for anchoring in
place.

8. Material: ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM
A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M
steel.

G. Riser Clamps:

1. For insulated pipe runs, provide two bolt-type clamps designed for installation under
insulation.

2. MSS SP-58 type 1 or 8, carbon steel or steel with epoxy plated, plain, stainless steel, or
zinc plated finish.

3. Medium Split Horizontal Pipe Clamp: MSS SP-58 type 4, carbon steel or stainless steel
with epoxy plated, plain, stainless steel, or zinc plated finish.

4. Copper Tube Pipe Clamp: MSS SP-58 type 8, epoxy plated copper.

5. UL (DIR) listed: Pipe sizes 1/2 to 8 inch.

H.  U-Bolts:
1. MSS SP-58 Type 24, carbon steel u-bolt for pipe support or anchoring.

L Strut Clamps:
1. Pipe Clamp: Two-piece rigid, universal, or outer diameter type, carbon steel with epoxy
copper or zinc finish.

J. Insulation Clamps:
1. Two bolt-type clamps designed for installation under insulation.
2. Material: Carbon steel with epoxy copper or zinc finish.

K.  Pipe Hangers:
1. Split Ring Hangers:

a. Provide hinged split ring and yoke roller hanger with epoxy copper or plain finish.

b Material: ASTM A47/A47M malleable iron or ASTM A36/A36M carbon steel.

c. Provide hanger rod and nuts of the same type and material for a given pipe run.

d Provide coated or plated hangers to isolate steel hangers from dissimilar metal tube
or pipe.

2. Clevis Hangers, Adjustable:
a. Copper Tube: MSS SP-58 Type 1, epoxy-plated copper.
b. Light-Duty: MSS SP-58 Type 1, zinc-colored, epoxy plated.
c. Standard-Duty: MSS SP-58 Type 1, zinc-colored, epoxy plated.

L. Intermediate Pipe Guides:
HANGERS AND SUPPORTS FOR HVAC PIPING
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1. Pipe Diameter 6 inch and Smaller: Provide minimum clearance of 0.16 inch.

2. Pipe Sizes 8 inch: 0.625 inch U-bolt with double nuts providing minimum clearance of
0.28 inch.

3. Pipe Size 10 inch: 0.75 inch U-bolt.

4. Pipe Sizes 12 to 16 inch: 0.875 inch U-bolt.

5. Pipe Sizes 18 to 30 inch: 1 inch U-bolt.

6. Use pipe clamps with oversize pipe sleeve that provides clearance around pipe.

M.  Pipe Alignment Guides:
1. Pipe Sizes 8 inch and Smaller: Spider or sleeve type.
2. Pipe Sizes 10 inch and Larger: Roller type.

N.  Dielectric Barriers: Provide between metallic supports and metallic piping and associated items
of dissimilar type; acceptable dielectric barriers include rubber or plastic sheets or coatings
attached securely to pipe or item.

O.  Nonpenetrating Rooftop Supports for Low-Slope Roofs:

1. Provide steel pedestals with thermoplastic or rubber base that rest on top of roofing
membrane, not requiring any attachment to the roof structure and not penetrating the
roofing assembly, with support fixtures as specified.

2. Base Sizes: As required to distribute load sufficiently to prevent indentation of roofing
assembly.

3. Attachment/Support Fixtures: As recommended by manufacturer, same type as indicated
for equivalent indoor hangers and supports.

4. Mounting Height: Provide minimum clearance of 6 inches under supported component to
top of roofing.

P. Pipe Shields for Insulated Piping:
1.  MSS SP-58 Type 40, ASTM A1011/A1011M steel or ASTM A653/A653M carbon steel
2. General Construction and Requirements:

Surface Burning Characteristics: Comply with ASTM E84 or UL 723.

Shields Material: UV-resistant polypropylene with glass fill.

Maximum Insulated Pipe Outer Diameter: 12-5/8 inch.

Minimum Service Temperature: Minus 40 degrees F.

Maximum Service Temperature: 178 degrees F.

Pipe shields to be provided at hanger, support, and guide locations on pipe requiring

insulation or additional support.

me a0 o

Q.  Anchors and Fasteners:
1. Unless otherwise indicated and where not otherwise restricted, use the anchor and fastener
types indicated for the specified applications.
Concrete: Use preset concrete inserts, expansion anchors, or screw anchors.
Hollow Masonry: Use toggle bolts.
Steel: Use beam-ceiling clamps, beam clamps, machine bolts, or welded threaded studs.
Sheet Metal: Use sheet metal screws.
Plastic and lead anchors are not permitted.
Preset Concrete Inserts: Continuous metal channel (strut) and spot inserts specifically
designed to be cast in concrete ceilings, walls, and floors.
a. Comply with MFMA-4.
b. Channel Material: Use galvanized steel.

NownkAEwN
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c. Manufacturer: Same as manufacturer of metal channel (strut) framing system.

Pipe Installation Accessories:
1. Thermal Insulated, Surface-Mounted Pipe Supports:
a. Material: Carbon steel with epoxy copper or zinc finish.
b. Weather and UV light resistant foam, plastic, or rubber material with built-in strut.
Maximum Load: 50 Ib for single pipe or multiple landed on top strut.

PART 3 EXECUTION

3.1

3.2

A.

EXAMINATION
Verify that field measurements are as indicated.
Verify that mounting surfaces are ready to receive support and attachment components.

Verify that conditions are satisfactory for installation prior to starting work.

INSTALLATION
Install products in accordance with manufacturer's instructions.

Provide independent support from building structure. Do not provide support from piping,
ductwork, conduit, or other systems.

Unless specifically indicated or approved by Architect, do not provide support from suspended
ceiling support system or ceiling grid.

Unless specifically indicated or approved by Architect, do not provide support from roof deck.

Do not penetrate or otherwise notch or cut structural members without approval of Structural
Engineer.

Provide thermal insulated pipe supports complete with hangers and accessories. Install thermal
insulated pipe supports during the installation of the piping system.

Equipment Support and Attachment:

1. Use metal fabricated supports or supports assembled from metal channel (strut) to support
equipment as required.

2. Use metal channel (strut) secured to studs to support equipment surface-mounted on
hollow stud walls when wall strength is not sufficient to resist pull-out.

3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations
to provide space between equipment and mounting surface.

4.  Unless otherwise indicated, mount floor-mounted equipment on properly sized 4 inch high
concrete pad constructed in accordance with Section 03 3000.

5. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on
its own weight for support.

Preset Concrete Inserts: Use manufacturer-provided closure strips to inhibit concrete seepage
during concrete pour.

Secure fasteners according to manufacturer's recommended torque settings.

HANGERS AND SUPPORTS FOR HVAC PIPING
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J. Remove temporary supports.

3.3 FIELD QUALITY CONTROL
A.  See Section 01 4000 - Quality Requirements for additional requirements.
B.  Inspect support and attachment components for damage and defects.

C.  Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by
manufacturer. Replace components that exhibit signs of corrosion.

D.  Correct deficiencies and replace damaged or defective support and attachment components.

34 HANGER AND SUPPORT INSTALLATION

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

B.  Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Arrange for
grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze
pipe hangers.

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

C.  Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being
supported. Weld steel according to AWS D1.1/D1.1M.

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

F. 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.

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

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

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

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

K.  Install Cast Iron pipe and pipe restraints in compliance with all U S soil pipe and fitting
manufacturers' installation instructions and per CISPI Designation 310-11, CISPI Designation
301-09 and the CISPI Cast Iron Soil Pipe Handbook, regarding auxiliary support for ho-hub
cast iron pipe and fitting joints over 4 inches (102 mm) in size and for joints subjected to
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excessive thrust forces, use manufactured assemblies with appropriate thrust pressure ratings,
rather than field assembled miscellaneous materials.

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

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

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

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

P. Insulated Piping:

1. Attach clamps and spacers to piping.
a. Piping Operating above Ambient Air Temperature: Clamp may project through
insulation.
b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield insert
with clamp sized to match OD of insert.
c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services
piping.
2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is
indicated. Fill interior voids with insulation that matches adjoining insulation.
a. Option: Thermal-hanger shield inserts may be used. Include steel weight-distribution
plate for pipe NPS 4 and larger if pipe is installed on rollers.
3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields
shall span an arc of 180 degrees.
a. Option: Thermal-hanger shield inserts may be used. Include steel weight-distribution
plate for pipe NPS 4 and larger if pipe is installed on rollers.
4.  Shield Dimensions for Pipe: Not less than the following:
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
b. NPS 4: 12 inches long and 0.06 inch thick.
c. NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.
d. NPS 8 to NPS 14: 24 inches long and 0.075 inch thick.
e. NPS 16 to NPS 24: 24 inches long and 0.105 inch thick.
5. Pipes NPS 8 and Larger: Include wood or reinforced calcium-silicate-insulation inserts of
length at least as long as protective shield.
6. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.
3.5 EQUIPMENT SUPPORTS

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

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

C.  Provide lateral bracing, to prevent swaying, for equipment supports.
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3.6

3.7

3.8

3.9

METAL FABRICATIONS

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

Fit exposed connections together to form hairline joints. Field weld connections that cannot be
shop welded because of shipping size limitations.

Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding;

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

following:

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

2. Obtain fusion without undercut or overlap.

3.  Remove welding flux immediately.

4. Finish welds at exposed connections so no roughness shows after finishing and so contours
of welded surfaces match adjacent contours.

ADJUSTING

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

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

PAINTING

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

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

Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded areas
of shop paint on miscellaneous metal are specified in Section 09 9123 "Interior Painting".

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

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

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

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

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

HANGERS AND SUPPORTS FOR HVAC PIPING
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E. Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and attachments for
general service applications.

F. Use stainless-steel pipe hangers and stainless-steel or corrosion-resistant attachments for hostile
environment applications.

Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
Use padded hangers for piping that is subject to scratching.
L. Use thermal-hanger shield inserts for insulated piping and tubing.

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

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

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

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

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

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

6. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with steel-
pipe base stanchion support and cast-iron floor flange or carbon-steel plate.

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

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

9. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if longitudinal
movement caused by expansion and contraction might occur but vertical adjustment is not
necessary.

K.  Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:
1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to NPS
24,
2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4 to
NPS 24 if longer ends are required for riser clamps.

L. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:
1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

M. Building Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:
1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend pipe
hangers from concrete ceiling.

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

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

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

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

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

7.  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.

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

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

N.  Saddles and Shields: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:
1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
insulation that matches adjoining insulation.
2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer to
prevent crushing insulation.
3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.

O.  Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:
1. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed 1-
1/4 inches.
2. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger with
springs.

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

Q. Use mechanical-expansion anchors instead of building attachments where required in concrete

construction.

END OF SECTION 23 0529

. HANGERS AND SUPPORTS FOR HVAC PIPING
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SECTION 23 0548 - VIBRATION AND SEISMIC CONTROLS FOR HVAC

PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Vibration isolation requirements.
B.  Vibration-isolated equipment support bases.
C.  Vibration isolators.
1.2 RELATED REQUIREMENTS
A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.
B.  Section 05 5000 - Metal Fabrications: Materials and requirements for fabricated metal supports.
C. Section 23 0529 - Hangers and Supports for HVAC Piping and Equipment.
1.3 REFERENCE STANDARDS
A. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; Most Recent Edition Cited
by Referring Code or Reference Standard.
B.  ICC (IBC) - International Building Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.
1.4 SUBMITTALS
A.  Product Data: Provide manufacturer's standard catalog pages and data sheets for products,
including materials, fabrication details, dimensions, and finishes.
1. Vibration Isolators: Include rated load capacities and deflections; include information on
color coding or other identification methods for spring element load capacities.
1.5 QUALITY ASSURANCE
A.  Comply with applicable building code.
1.6 DELIVERY, STORAGE, AND HANDLING
A.  Receive, inspect, handle, and store products in accordance with manufacturer's instructions.
VIBRATION AND SEISMIC CONTROLS FOR
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PART 2 PRODUCTS

2.1 VIBRATION ISOLATION REQUIREMENTS
A.  Design and provide vibration isolation systems to reduce vibration transmission to supporting
structure from vibration-producing HVAC equipment and/or HVAC connections to vibration-
isolated equipment.
B.  Comply with applicable general recommendations of ASHRAE (HVACA), where not in
conflict with other specified requirements:
C.  General Requirements:

1. Select vibration isolators to provide required static deflection.

2. Select vibration isolators for uniform deflection based on distributed operating weight of
actual installed equipment.

D.  Equipment Isolation: As indicated on drawings.

Piping Isolation:

1. Provide vibration isolators for piping supports:

a. Located within 50 feet of connected vibration-isolated equipment and pressure-
regulating valve (PRV) stations.

b. For piping over 2 inch located below or within 50 feet of noise-sensitive areas
indicated.

2. Minimum Static Deflection:

a. First Three Supports Closest to Isolated Equipment: Same as static deflection of
equipment; maximum of 2 inch deflection required.
b. Remainder of Supports: 0.75 inch deflection unless otherwise indicated.

3. Suspended Piping, Nonseismic Applications: Use resilient material isolator hangers,
spring isolator hangers, or combination resilient material/spring isolator hangers.

4. Use modular seal or approved resilient material where vibration-isolated piping penetrates
building elements (e.g., walls, floors) arranged to prevent vibration transmission to
structure.

F. Thrust Restraint Applications:

1. Use thrust restraints to resist horizontal motion due to thrust for fan heads, suspended fans,
and base-mounted and suspended air handling equipment operating at 2.0 inches wg or
greater total static pressure.

2.2 VIBRATION-ISOLATED EQUIPMENT SUPPORT BASES
A.  Vibration-Isolated Structural Steel Bases:

1. Description: Engineered structural steel frames with integral mounting provisions for
vibration isolators, sized and configured for mounting of equipment.

2. Centrifugal Fan Applications: Provide adjustable motor slide rails as required.

3. Maximum Deflection: 1 inch.

4. Lateral Stability: Minimum lateral stiffness to vertical stiffness ratio of 0.8.

5. Select springs to provide designed deflection of not less than 50 percent of specified
deflection.
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VIBRATION ISOLATORS

General Requirements:
1. Resilient Materials for Vibration Isolators: Oil, ozone, and oxidant resistant.
2. Spring Elements for Spring Isolators:

a.
b.

C.

d.

Lateral Stability: Minimum lateral stiffness to vertical stiffness ratio of 0.8.
Designed to operate in the linear portion of their load versus deflection curve over
deflection range of not less than 50 percent above specified deflection.

Designed to provide additional travel to solid of not less than 50 percent of rated
deflection at rated load.

Selected to function without undue stress or overloading.

Vibration Isolators for Nonseismic Applications:
1.  Open (Unhoused) Spring Isolators:

a.

b.

C.

Description: Isolator assembly consisting of single or multiple free-standing,
laterally stable steel spring(s) without a housing.

Bottom Load Plate: Nonskid, molded, elastomeric isolator material or steel with
nonskid elastomeric isolator pad with provisions for bolting to supporting structure
as required.

Furnished with integral leveling device for positioning and securing supported
equipment.

2. Housed Spring Isolators:

a.

b.

C.

d.

Description: Isolator assembly consisting of single or multiple free-standing,
laterally stable steel spring(s) within a metal housing.

Furnished with integral elastomeric snubbing elements, nonadjustable type, for
limiting equipment movement and preventing metal-to-metal contact between
housing elements.

Bottom Load Plate: Steel with nonskid, elastomeric isolator pad with provisions for
bolting to supporting structure as required.

Furnished with integral leveling device for positioning and securing supported
equipment.

3. Restrained Spring Isolators, Nonseismic:

a.

C.

d.

Description: Isolator assembly consisting of single or multiple free-standing,
laterally stable steel spring(s) within a metal housing designed to prevent movement
of supported equipment above an adjustable vertical limit stop.

Bottom Load Plate: Steel with nonskid elastomeric isolator pad with provisions for
bolting to supporting structure as required.

Furnished with integral leveling device for positioning and securing supported
equipment.

Provides constant free and operating height.

4. Resilient Material Isolator Hangers, Nonseismic:

a.

Description: Isolator assembly designed for installation in hanger rod suspension
system utilizing elastomeric (e.g., neoprene, rubber) or fiberglass isolator material
for the lower hanger rod connection.

5. Spring Isolator Hangers, Nonseismic:

a. Description: Isolator assembly designed for installation in hanger rod suspension
system utilizing single or multiple free-standing, laterally stable steel spring(s) in
series with an elastomeric element for the lower hanger rod connection.

EAPC Project 20245211 VIBRATION AND SEISMIC CONTROLS FOR 73 0548 - 3

HVAC



b. Designed to accommodate misalignment of bottom hanger rod up to 30 degrees
(plus/minus 15 degrees) without short-circuiting of isolation.
6. Combination Resilient Material/Spring Isolator Hangers, Nonseismic:
a. Designed to accommodate misalignment of bottom hanger rod up to 30 degrees
(plus/minus 15 degrees) without short-circuiting of isolation.
7.  Thrust Restraints:
a. Description: Assembly utilizing free-standing, laterally stable steel spring designed
for resisting horizontal motion due to thrust (e.g., air pressure from a fan), and
intended for installation in pairs.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Verify that field measurements are as shown on the drawings.

Verify that mounting surfaces are ready to receive vibration isolation and/or seismic control
components and associated attachments.

C.  Verify that conditions are satisfactory for installation prior to starting work.

32 INSTALLATION
A.  Install products in accordance with manufacturer's instructions.

B.  Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES)
evaluation report conditions of use where applicable.

Secure fasteners according to manufacturer's recommended torque settings.
D.  Field-Welding (where approved by Architect): Comply with Section 05 5000.

Install flexible piping connections to provide sufficient slack for vibration isolation and/or
seismic relative displacements as indicated or as required.

F. Vibration Isolation Systems:

1. Vibration-Isolated Equipment Support Bases:
a. Provide specified minimum clearance beneath base.

2.  Spring Isolators:
a. Position equipment at operating height; provide temporary blocking as required.
b. Lift equipment free of isolators prior to lateral repositioning to avoid damage to

isolators.

c. Level equipment by adjusting isolators gradually in sequence to raise equipment

uniformly such that excessive weight or stress is not placed on any single isolator.
3. Isolator Hangers:

a. Locate isolator hangers at top of hanger rods in accordance with manufacturer's
instructions.
4.  Thrust Restraints:
a. Adjust restraint movement under normal operating static pressure.
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3.3

5. Clean debris from beneath vibration-isolated equipment that could cause short-circuiting of
isolation.

6. Use elastomeric grommets for attachments where required to prevent short-circuiting of
isolation.

7. Do not overtighten fasteners such that resilient material isolator pads are compressed
beyond manufacturer's maximum recommended deflection.

FIELD QUALITY CONTROL
Inspect vibration isolation and/or seismic control components for damage and defects.

Vibration Isolation Systems:

1. Verify isolator static deflections.

2. Verify required clearance beneath vibration-isolated equipment support bases.

3. Verify vibration isolation performance during normal operation; investigate sources of
isolation short circuits.

Correct deficiencies and replace damaged or defective vibration isolation and/or seismic control
components.

END OF SECTION 23 0548
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SECTION 23 0553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 GENERAL

1.1 SECTION INCLUDES
Nameplates.

Tags.

Adhesive-backed duct markers.
Stencils.

Pipe markers.

T m Y Nw p

Ceiling tacks.

1.2 RELATED REQUIREMENTS
Section 09 9123 - Interior Painting: Identification painting.

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

1.3 REFERENCE STANDARDS
A.  ASME A13.1 - Scheme for the Identification of Piping Systems; 2023.

ASTM D709 - Standard Specification for Laminated Thermosetting Materials; 2017.

1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

Chart and Schedule: Submit valve chart and schedule, including valve tag number, location,
function, and valve manufacturer's name and model number.

C.  Product Data: Provide manufacturers catalog literature for each product required.
PART 2 PRODUCTS

2.1 IDENTIFICATION APPLICATIONS
A.  Air Handling Units: Nameplates.

B.  Air Terminal Units: Tags.

. IDENTIFICATION FOR HVAC PIPING AND
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Automatic Controls: Tags. Key to control schematic.
Control Panels: Nameplates.

Dampers: Ceiling tacks, where located above lay-in ceiling.
Ductwork: Stencilled painting.

Heat Transfer Equipment: Nameplates.

Instrumentation: Tags.

Major Control Components: Nameplates.

Piping: Stencilled painting.

Pumps: Nameplates.

Small-sized Equipment: Tags.

Tanks: Nameplates.

Valves: Tags and ceiling tacks where located above lay-in ceiling.

Water Treatment Devices: Nameplates.

NAMEPLATES
Letter Color: White.

Letter Height: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for
viewing distances up to 72 inches, and proportionately larger lettering for greater viewing
distances. Include secondary lettering two-thirds to three-quarters the size of principal lettering.

Background Color: Black.
Plastic: Comply with ASTM D709.
Minimum size: :Ength and width vary for required label content, but not less than 2-1/2" by 3/4"

Warning Nameplates:

1. Letter Color: Black or White

2. Background Color: Red

3. Label Content: Include caution and warning information plus emergency notification
instructions

TAGS

Metal Tags: Brass with stamped letters; tag size minimum 1-1/2 inch diameter with smooth
edges.

Valve Tag Chart: Typewritten letter size list in anodized aluminum frame.

Warning Tags
1. Size: 3 by 5-1/4 inches minimum

IDENTIFICATION FOR HVAC PIPING AND
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2.5

2.6

2.7

2. Nomenclature: :arge-size primary caption such as "DANGER", "CAUTION", or "DO NOT
OPERATE"
3. Color: Safety-yellow background with black lettering

ADHESIVE-BACKED DUCT MARKERS

Material: High gloss acrylic adhesive-backed vinyl film 0.0032 inch; printed with UV and
chemical resistant inks.

Style: Individual Label.
Color: Yellow/Black.

STENCILS

Stencils: With clean cut symbols and letters of following size:

1. 3/4to 1-1/4 inch Outside Diameter of Insulation or Pipe: 8 inch long color field, 1/2 inch
high letters.

2. 1-1/2 to 2 inch Outside Diameter of Insulation or Pipe: 8 inch long color field, 3/4 inch
high letters.

3. 2-1/2 to 6 inch Outside Diameter of Insulation or Pipe: 12 inch long color field, 1-1/4 inch
high letters.

4. 8 to 10 inch Outside Diameter of Insulation or Pipe: 24 inch long color field, 2-1/2 inch
high letters.

5. Over 10 inch Outside Diameter of Insulation or Pipe: 32 inch long color field, 3-1/2 inch
high letters.

6. Ductwork and Equipment: 2-1/2 inch high letters.

Stencil Paint: As specified in Section 09 9123, semi-gloss enamel, colors complying with
ASME A13.1.

PIPE MARKERS

Color: Comply with ASME A13.1.

Plastic Tape Pipe Markers: Flexible, vinyl film tape with pressure-sensitive adhesive backing
and printed markings.

Color code as follows:

1. Heating, Cooling, and Boiler Feedwater: Green with white letters.
2. Toxic and Corrosive Fluids: Orange with black letters.

3. Compressed Air: Blue with white letters.

CEILING TACKS
Description: Steel with 3/4 inch diameter color coded head.

Color code as follows:
1. HVAC Equipment: Yellow.
2. Fire Dampers and Smoke Dampers: Red.

IDENTIFICATION FOR HVAC PIPING AND
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3. Heating/Cooling Valves: Blue.

PART 3 EXECUTION

3.1

32

3.3

34

A.
B.

m o 0w

PREPARATION
Degrease and clean surfaces to receive adhesive for identification materials.

Prepare surfaces in accordance with Section 09 9123 for stencil painting.

INSTALLATION

Install nameplates with corrosive-resistant mechanical fasteners, or adhesive. Apply with
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

Install tags with corrosion resistant chain.
Apply stencil painting in accordance with Section 09 9123.
Install plastic pipe markers in accordance with manufacturer's instructions.

Install plastic tape pipe markers complete around pipe in accordance with manufacturer's
instructions.

Locate ceiling tacks to locate valves or dampers above lay-in panel ceilings. Locate in corner of
panel closest to equipment.

EQUIPMENT LABEL INSTALLATION
Install or permanently fasten labels on each major item of mechanical equipment.

Locate equipment labels where accessible and visible.

PIPE LABEL INSTALLATION

Pipe Label Locations: Locate pipe labels where piping is exposed or above accessible ceilings

in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and

plenums; and exterior exposed locations as follows:

1. Near each valve and control device.

2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.
Where flow pattern is not obvious, mark each pipe at branch.

3. Near penetrations and on both sides of through walls, floors, ceilings, and inaccessible
enclosures.

4. Ataccess 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.

Directional Flow Arrows: Arrows shall be used to indicate direction of flow in pipes, including
pipes where flow is allowed in both directions.

IDENTIFICATION FOR HVAC PIPING AND
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C.  Pipe Label Color Schedule:
1. Label all piping systems in accordance with ANSI/ASME A13.1.
2. Domestic Water Piping
a. Background: Safety green.
b. Letter Colors: White.
3. Sanitary Waste and Storm Drainage Piping:
a. Background Color: Safety black.
b. Letter Color: White.
Chilled-Water Piping: White letters on a safety-green background.
Heating Water Piping: White letters on a safety-green background.
Refrigerant Piping: White letters on a safety-black background.
Low-Pressure Steam Piping: White letters on a safety-black background.
High-Pressure Steam Piping: White letters on a safety-black background.
Steam-Condensate Piping: White letters on a safety-black background.

A e A

3.5 DUCT LABEL INSTALLATION

A.  Install plastic-laminated self-adhesive duct labels with permanent adhesive on air ducts in the
following color codes:
1. Blue: For cold-air supply ducts.
2. Yellow: For hot-air supply ducts.
3. Green: For exhaust-, outside-, relief-, return-, and mixed-air ducts.

B.  Stenciled Duct Label Option: Stenciled labels showing service and flow direction may be
provided instead of plastic-laminated duct labels, at Installer's option.

C.  Locate labels near points where ducts enter into and exit from concealed spaces and at
maximum intervals of 50 feet in each space where ducts are exposed or concealed by removable
ceiling system.

3.6 VALVE-TAG INSTALLATION

A. Install tags on valves and control devices in piping systems, except check valves, valves within
factory-fabricated equipment units, shutoff valves, faucets, convenience and lawn-watering hose
connections, and HVAC terminal devices and similar roughing-in connections of end-use
fixtures and units. List tagged valves in a valve schedule.

B.  Valve-Tag Colors:

Toxic and Corrosive Fluids: Black letters on a safety-orange background.

Flammable Fluids: Black letters on a safety-yellow background.

Combustible Fluids: White letters on a safety-brown background.

Potable and Other Water: White letters on a safety-green background.

Compressed Air: White letters on a safety-blue background.

Defined by User: White letters on a safety-purple background, black letters on a safety-
white background, white letters on a safety-gray background, and white letters on a safety-
black background

AN e
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3.7 WARNING-TAG INSTALLATION

A.  Write required message on, and attach warning tags to, equipment and other items where
required.

END OF SECTION 23 0553
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SECTION 23 0593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Testing, adjustment, and balancing of air systems.
B.  Testing, adjustment, and balancing of hydronic, steam, and refrigerating systems.

C.  Measurement of final operating condition of HVAC systems.

1.2 RELATED REQUIREMENTS
A.  Section 01 4000 - Quality Requirements: Employment of testing agency and payment for
services.
1.3 REFERENCE STANDARDS

A.  AABC (NSTSB) - AABC National Standards for Total System Balance, 7th Edition; 2016.

B.  ASHRAE Std 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC
Systems; 2008, with Errata (2019).

C. NEBB (TAB) - Procedural Standard for Testing, Adjusting and Balancing of Environmental
Systems; 2019, with Errata (2022).

D. SMACNA (TAB) - HVAC Systems Testing, Adjusting and Balancing; 2023.

1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. TAB Plan: Submit a written plan indicating the testing, adjusting, and balancing standard to be
followed and the specific approach for each system and component.
1. Include at least the following in the plan:

a. List of all air flow, water flow, system capacity and efficiency measurements to be
performed and a description of specific test procedures, parameters, formulas to be
used.

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to
be tested, adjusted and balanced with the data cells to be gathered for each.

c. Identification and types of measurement instruments to be used and their most recent
calibration date.

d. Discussion of what notations and markings will be made on the duct and piping
drawings during the process.

e. Final test report forms to be used.

f. Procedures for formal deficiency reports, including scope, frequency and
distribution.

TESTING, ADJUSTING, AND BALANCING FOR
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C.  Final Report: Indicate deficiencies in systems that would prevent proper testing, adjusting, and
balancing of systems and equipment to achieve specified performance.
1. Revise TAB plan to reflect actual procedures and submit as part of final report.
2. Submit draft copies of report for review prior to final acceptance of Project. Provide final
copies for Architect and for inclusion in operating and maintenance manuals.
3. Include actual instrument list, with manufacturer name, serial number, and date of
calibration.
4. Form of Test Reports: Where the TAB standard being followed recommends a report
format use that; otherwise, follow ASHRAE Std 111.
5. Units of Measure: Report data in I-P (inch-pound) units only.
6. Include the following on the title page of each report:
Name of Testing, Adjusting, and Balancing Agency.
Address of Testing, Adjusting, and Balancing Agency.
Telephone number of Testing, Adjusting, and Balancing Agency.
Project name.
Project location.
Project Architect.
Project Engineer.
Project Contractor.
Project altitude.
Report date.

TrrPE@ Mmoo oo o

PART 2 PRODUCTS - NOT USED
PART 3 EXECUTION

3.1 GENERAL REQUIREMENTS

A.  Perform total system balance in accordance with one of the following:
1.  AABC (NSTSB), AABC National Standards for Total System Balance.
2. ASHRAE Std 111, Practices for Measurement, Testing, Adjusting and Balancing of
Building Heating, Ventilation, Air-Conditioning, and Refrigeration Systems.
3. SMACNA (TAB).

B.  Begin work after completion of systems to be tested, adjusted, or balanced and complete work
prior to Substantial Completion of the project.

C.  TAB Agency Qualifications:
1. Company specializing in the testing, adjusting, and balancing of systems specified in this
section.
2. Having minimum of three years documented experience.
3. Certified by one of the following:
a. AABC, Associated Air Balance Council: www.aabc.com/#sle; upon completion
submit AABC National Performance Guaranty.
. NEBB, National Environmental Balancing Bureau: www.nebb.org/#sle.
c. TABB, The Testing, Adjusting, and Balancing Bureau of National Energy
Management Institute: www.tabbcertified.org/#sle.
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TAB Supervisor and Technician Qualifications: Certified by same organization as TAB
agency.

EXAMINATION

Verify that systems are complete and operable before commencing work. Ensure the following
conditions:

1. Systems are started and operating in a safe and normal condition.

Temperature control systems are installed complete and operable.

Proper thermal overload protection is in place for electrical equipment.

Final filters are clean and in place. If required, install temporary media in addition to final
filters.

Duct systems are clean of debris.

Fans are rotating correctly.

Fire and volume dampers are in place and open.

Air coil fins are cleaned and combed.

9. Access doors are closed and duct end caps are in place.

10. Air outlets are installed and connected.

11. Duct system leakage is minimized.

12. Hydronic systems are flushed, filled, and vented.

13. Pumps are rotating correctly.

14. Proper strainer baskets are clean and in place.

15. Service and balance valves are open.

Sl

N

Submit field reports. Report defects and deficiencies that will or could prevent proper system
balance.

ADJUSTMENT TOLERANCES

Air Handling Systems: Adjust to within plus or minus 10 percent of design for supply systems
and plus or minus 10 percent of design for return and exhaust systems.

Air Outlets and Inlets: Adjust total to within plus 10 percent and minus 5 percent of design to
space. Adjust outlets and inlets in space to within plus or minus 10 percent of design.

Hydronic Systems: Adjust to within plus or minus 10 percent of design.

RECORDING AND ADJUSTING

Field Logs: Maintain written logs including:

1. Running log of events and issues.

2. Discrepancies, deficient or uncompleted work by others.
3. Contract interpretation requests.

4. Lists of completed tests.

Ensure recorded data represents actual measured or observed conditions.

Permanently mark settings of valves, dampers, and other adjustment devices allowing settings
to be restored. Set and lock memory stops.

TESTING, ADJUSTING, AND BALANCING FOR
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Mark on drawings the locations where traverse and other critical measurements were taken and
cross reference the location in the final report.

After adjustment, take measurements to verify balance has not been disrupted or that such
disruption has been rectified.

Leave systems in proper working order, replacing belt guards, closing access doors, closing
doors to electrical switch boxes, and restoring thermostats to specified settings.

AIR SYSTEM PROCEDURE

Adjust air handling and distribution systems to provide required or design supply, return, and
exhaust air quantities at site altitude.

Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of
duct.

Measure air quantities at air inlets and outlets.

Adjust distribution system to obtain uniform space temperatures free from objectionable drafts
and noise.

Use volume control devices to regulate air quantities only to extend that adjustments do not
create objectionable air motion or sound levels. Effect volume control by duct internal devices
such as dampers and splitters.

Vary total system air quantities by adjustment of fan speeds. Provide drive changes required.
Vary branch air quantities by damper regulation.

Provide system schematic with required and actual air quantities recorded at each outlet or inlet.

Measure static air pressure conditions on air supply units, including filter and coil pressure
drops, and total pressure across the fan. Make allowances for 50 percent loading of filters.

Adjust outside air automatic dampers, outside air, return air, and exhaust dampers for design
conditions.

Measure temperature conditions across outside air, return air, and exhaust dampers to check
leakage.

Where modulating dampers are provided, take measurements and balance at extreme
conditions. Balance variable volume systems at maximum air flow rate, full cooling, and at
minimum air flow rate, full heating.

Measure building static pressure and adjust supply, return, and exhaust air systems to provide
required relationship between each to maintain approximately 0.05 inches positive static
pressure near the building entries.

Check multi-zone units for motorized damper leakage. Adjust air quantities with mixing
dampers set first for cooling, then heating, then modulating.

For variable air volume system powered units set volume controller to air flow setting indicated.
Confirm connections properly made and confirm proper operation for automatic variable air
volume temperature control.

TESTING, ADJUSTING, AND BALANCING FOR
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O.  On fan powered VAV boxes, adjust air flow switches for proper operation.

3.6 WATER SYSTEM PROCEDURE
A.  Adjust water systems to provide required or design quantities.

B.  Use calibrated Venturi tubes, orifices, or other metered fittings and pressure gauges to
determine flow rates for system balance. Where flow metering devices are not installed, base
flow balance on temperature difference across various heat transfer elements in the system.

C.  Adjust systems to provide specified pressure drops and flows through heat transfer elements
prior to thermal testing. Perform balancing by measurement of temperature differential in
conjunction with air balancing.

D.  Effect system balance with automatic control valves fully open to heat transfer elements.

Effect adjustment of water distribution systems by means of balancing cocks, valves, and
fittings. Do not use service or shut-off valves for balancing unless indexed for balance point.

F. Where available pump capacity is less than total flow requirements or individual system parts,
full flow in one part may be simulated by temporary restriction of flow to other parts.

3.7 ADDITIONAL TESTS

A.  Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions
are being maintained throughout and to correct unusual conditions.

B.  Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and
winter conditions, perform additional TAB during near-peak smmer and winter conditions.

3.8 FINAL REPORT

A.  General: Prepare a certified written report; tabulate and divide the report into separate sections
for tested systems and balanced systems.
1. Include a certification sheet at the front of the report's binder, signed and sealed by the
certified testing and balancing engineer.
2. Include a list of instruments used for procedures, along with proof of calibration.

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

Pump curves.

Fan curves.

Manufacturers' test data.

Field test reports prepared by system and equipment installers.

Other information relative to equipment performance; do not include Shop Drawings and
product data.

AP o

C.  General Report Data: In addition to form titles and entries, include the following data:
Title page.

2. Name and address of the TAB contractor.

3. Project name.

4. Project location.

—
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12.
13.
14.
15.

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 pump performance forms including the following:

Settings for outdoor-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling coil, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch diameter.
Inlet vane settings for variable-air-volume systems.

Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

S oo o p

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

N hA WD =

Quantities of outdoor, supply, return, and exhaust airflows.
Water and steam flow rates.

Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Terminal units.

Balancing stations.

Position of balancing devices.

3.9 MINIMUM DATA TO BE REPORTED

A. Electric Motors:

XA R LD

Manufacturer.

Model/Frame.

HP/BHP.

Phase, voltage, amperage; nameplate, actual, no load.
RPM.

Service factor.

Starter size, rating, heater elements.

Sheave Make/Size/Bore.

B. Pumps:

L.

EAPC Project 20245211

Identification/number.

TESTING, ADJUSTING, AND BALANCING FOR
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9.

10.
11.
12.

Manufacturer.

Size/model.

Impeller.

Service.

Design flow rate, pressure drop, BHP.
Actual flow rate, pressure drop, BHP.
Discharge pressure.

Suction pressure.

Total operating head pressure.

Shut off, discharge and suction pressures.
Shut off, total head pressure.

C. Combustion Equipment:

e A e

Boiler manufacturer.
Model number.

Serial number.

Heat input.

Heat output.

Entering water temperature
Leaving water temperature
Water flow

D. Chillers:

VoW

Identification/number.

Manufacturer.

Capacity.

Model number.

Serial number.

Evaporator entering water temperature, design and actual.
Evaporator leaving water temperature, design and actual.

Condenser entering water temperature, design and actual.
Condenser water flow rate, design and actual.

E. Heat Exchangers:

A e B A e

Identification/number.

Manufacturer.

Model number.

Serial number.

Primary water entering temperature, design and actual.
Primary water leaving temperature, design and actual.
Primary water flow, design and actual.

Secondary water leaving temperature, design and actual.
Secondary water flow, design and actual.

F. Cooling Coils:

1

2.
3.
4,

EAPC Project 20245211

Identification/number.
Service.

Manufacturer.

Air flow, design and actual.

TESTING, ADJUSTING, AND BALANCING FOR
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Entering air DB temperature, design and actual.
Entering air WB temperature, design and actual.
Leaving air DB temperature, design and actual.
Leaving air WB temperature, design and actual.
9. Water flow, design and actual.

10. Entering water temperature, design and actual.
11. Leaving water temperature, design and actual.
12. Air pressure drop, design and actual.

o N

G.  Heating Coils:

Identification/number.

Service.

Manufacturer.

Air flow, design and actual.

Water flow, design and actual.

Entering water temperature, design and actual.
Leaving water temperature, design and actual.
Entering air temperature, design and actual.
Leaving air temperature, design and actual.

e e A i o

H.  Electric Duct Heaters:
Manufacturer.
Identification/number.

Model number.

Design kW.

Number of stages.

Phase, voltage, amperage.
Test voltage (each phase).
Test amperage (each phase).
Air flow, specified and actual.
0. Temperature rise, specified and actual.

= 00Nk W=

L Air Moving Equipment:

Manufacturer.

Model number.

Serial number.

Arrangement/Class/Discharge.

Air flow, specified and actual.

Return air flow, specified and actual.

Outside air flow, specified and actual.

Total static pressure (total external), specified and actual.
Fan RPM.

A e A ol o

I Return Air/Outside Air:
1. Identification/location.
2. Design air flow.
3. Actual air flow.

K. Exhaust Fans:

TESTING, ADJUSTING, AND BALANCING FOR
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Manufacturer.

Model number.

Serial number.

Air flow, specified and actual.

Total static pressure (total external), specified and actual.
Fan RPM.

U W —

L. Terminal Unit Data:

Manufacturer.

Type, constant, variable, single, dual duct.
Identification/number.

Model number.

Size.

Minimum design air flow.

Maximum design air flow.

Maximum actual air flow.

XA R LD

M.  Air Distribution Tests:

Air terminal number.
Room number/location.
Design air flow.

Test (final) air flow.
Percent of design air flow.

AP

END OF SECTION 23 0593
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SECTION 23 0713 - DUCT INSULATION

PART 1 GENERAL

1.1

A.
B.
C.

1.2

1.3

SECTION INCLUDES
Duct insulation.
Duct liner.

Jacketing and accessories.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 07 8400 - Firestopping.
Section 23 0553 - Identification for HVAC Piping and Equipment.

REFERENCE STANDARDS

ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by
Means of the Heat Flow Meter Apparatus; 2021.

ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular
Thermal Insulation in Sheet and Tubular Form; 2025.

ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for
Commercial and Industrial Applications; 2024.

ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation;
2025.

ASTM C916 - Standard Specification for Adhesives for Duct Thermal Insulation; 2020.

ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and
Sound Absorbing Material); 2025.

ASTM C1423 - Standard Guide for Selecting Jacketing Materials for Thermal Insulation; 2021.

ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.

ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor
Transmission Rate of Materials; 2024a.

SAE AMS3779 - Tape, Adhesive, Pressure-Sensitive Thermal Radiation Resistant, Aluminum
Coated Glass Cloth; 2016b.
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1.4

1.5

1.6

1.7

B.

SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

UL 181A - Closure Systems for Use with Rigid Air Ducts; Current Edition, Including All
Revisions.

UL 181B - Closure Systems for Use with Flexible Air Ducts and Air Connectors; Current
Edition, Including All Revisions.

UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.

SUBMITTALS

See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide product description, thermal characteristics, list of materials and
thickness for each service, and locations.

Manufacturer's Instructions: Indicate installation procedures necessary to ensure acceptable
workmanship and that installation standards will be achieved.

QUALITY ASSURANCE

Manufacturer Qualifications: Company specializing in manufacturing products of the type
specified in this section with not less than three years of documented experience.

DELIVERY, STORAGE, AND HANDLING

Accept materials on site in original factory packaging, labelled with manufacturer's
identification, including product density and thickness.

Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical
damage, by storing in original wrapping.
FIELD CONDITIONS

Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics,
and insulation cements.

Maintain temperature during and after installation for minimum period of 24 hours.

PART 2 PRODUCTS

2.1

2.2

A.

REGULATORY REQUIREMENTS

Surface Burning Characteristics: Flame spread index/Smoke developed index of 25/50,
maximum, when tested in accordance with ASTM E84 or UL 723.

GLASS FIBER, FLEXIBLE

Manufacturer:
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CertainTeed Corporation; SoftTouch Duct Wrap

Johns Manville; Microlite

Knauf Insulation; Performance+ Duct Wrap

Manson Insulation, a company of Knauf Insulation; Alley Wrap B
Owens Corning Corporation; SOFTR All-Service Duct Wrap

Nk W=

Insulation: ASTM C553; flexible, noncombustible blanket.
1. Kvalue: 0.36 at 75 degrees F, when tested in accordance with ASTM C518.

Vapor Barrier Jacket:

1. Kraft paper with glass fiber yarn and bonded to aluminized film.

2. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM
E96/E96M.

3. Secure with pressure-sensitive tape.

Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure-
sensitive rubber-based adhesive.

Indoor Vapor Barrier Mastic:
1. Vinyl emulsion type acrylic or mastic, compatible with insulation, black color.

GLASS FIBER, RIGID

Manufacturer:

1. CertainTeed Corporation; Commerical Board

2. Johns Manville; 800 Series Spin-Glas

3. Knauf Insulation; Earthwool Insulation Board

4. Manson Insulation, a company of Knauf Insulation; AK Board

5. Owens Corning Corporation; 700 Series FIBERGLAS Insulation
6. Fibrex Insulations Inc; FBX

Insulation: ASTM C612; rigid, noncombustible blanket.

Vapor Barrier Jacket:

1. Kraft paper with glass fiber yarn and bonded to aluminized film.

2. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM
E96/E96M.

Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure-
sensitive rubber-based adhesive.

Indoor Vapor Barrier Finish:
1. Vinyl emulsion type acrylic, compatible with insulation, black color.
JACKETING AND ACCESSORIES

Reinforced Tape:
1. FSK tape suitable for sealing seams between insulation, insulated elbows, and fittings
resulting in a tight, smooth surface without wrinkles.
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2.6

2. Comply with UL 723 or ASTM E84.

3. Moisture Vapor Permeability: 0.00 perm inch, when tested in accordance with ASTM
E96/E96M.

4. Finish: Match insulation.

ULI181 Tape for Rigid and Flexible Ductwork:

1.  Comply with UL 181A for rigid ductwork.

2. Comply with UL 181B for flexible ductwork.

3. Aluminum foil coated with pressure-sensitive adhesive on paper release liner.

4. Folil tape suitable for sealing seams between insulation, insulated elbows, and fittings
resulting in a tight, smooth surface without wrinkles.

5. Finish: Printed with UL Listing for identification.

DUCT LINER

Manufacturers:

1. Aecroflex USA; AEROFLEX Breathe-EZ

2. Armacell LLC; ArmaFlex Ultra with FlameDefense

3. Knauf Insulation; Performance+ Duct Liner

4. Manson Insulation, a company of Knauf Insulation; Akousti-Liner
5. Owens Corning Corporation; QuietR Rotary Duct Insulation

Elastomeric Foam Insulation: Preformed flexible elastomeric cellular rubber insulation
complying with ASTM C534/C534M Grade 1, in sheet form.
1. Minimum Service Temperature: Minus 40 degrees F.
2.  Maximum Service Temperature: 180 degrees F.
3. Apparent Thermal Conductivity: Maximum of 0.28 at 75 degrees F.
4.  Minimum Noise Reduction Coefficients:
a. 1/2 inch Thickness: 0.30.
b. 1 inch Thickness: 0.40.
5. Erosion Resistance: Does not show evidence of breaking away, flaking off, or
delamination at velocities of 10,000 fpm when tested in accordance with ASTM C1071.
6. Connection: Waterproof vapor barrier adhesive.

Elastomeric Foam Adhesive: Air dried, contact adhesive, compatible with insulation. Comply

with ASTM C916.
Adhesive: Waterproof, fire-retardant type, ASTM C916.

Liner Fasteners: Galvanized steel, self-adhesive pad with integral head.

GREASE DUCT

Grease Duct Insulation: Insulation system shall consist of a single layer flexible duct enclosure
for commercial kitchen grease ducts. System shall allow for zero clearance to combustibles at

all points and shall feature high temperature bio-soluble insulation. Insulation shall be encased
in an aluminum foil fiberglass reinforced scrim covering. Insulation shall be applied to exterior

of hood exhaust ductwork.

Accessories and Attachments:
1. Bands: Carbon or stainless steel 5” wide.

EAPC Project 20245211 DUCT INSULATION 230713 -4



2. Weld-Attached Anchor Pins and Washers: 12 gauge steel with galvanized steel speed
washers.

Products: Subject to compliance with requirements, provide one of the following:
1. FyreWrap by Unifrax.
2. Or Approved Equal.

PART 3 EXECUTION

3.1

S 0w »

3.2

>

EXAMINATION

Test ductwork for design pressure prior to applying insulation materials.
Verify that surfaces are clean, foreign material removed, and dry.

Verify that systems to be insulated have been tested and are free of defects.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install in accordance with manufacturer's instructions.
Install in accordance with NAIMA National Insulation Standards.

Insulated Ducts Conveying Air Below Ambient Temperature:

1. Provide insulation with vapor barrier jackets.

2. Finish with tape and vapor barrier jacket.

3. Continue insulation through walls, sleeves, hangers, and other duct penetrations.

4. Insulate entire system, including fittings, joints, flanges, fire dampers, flexible connections,
and expansion joints.

Insulated Ducts Conveying Air Above Ambient Temperature:

1. Provide with or without standard vapor barrier jacket.

2. Insulate fittings and joints. Where service access is required, bevel and seal ends of
insulation.

Slope exterior ductwork to shed water.

External Duct Insulation Application:

1. Secure insulation with vapor barrier with wires and seal jacket joints with vapor barrier
adhesive or tape to match jacket.

2. Secure insulation without vapor barrier with staples, tape, or wires.

3. Install without sag on underside of duct. Use adhesive or mechanical fasteners where
necessary to prevent sagging. Lift duct off trapeze hangers and insert spacers.

4.  Seal vapor barrier penetrations by mechanical fasteners with vapor barrier adhesive.

5. Stop and point insulation around access doors and damper operators to allow operation
without disturbing wrapping.

Duct and Plenum Liner Application:
1.  Adhere insulation with adhesive for 90 percent coverage.
2. Secure insulation with mechanical liner fasteners. Refer to SMACNA (DCS) for spacing.
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3. Seal and smooth joints. Seal and coat transverse joints.

Seal liner surface penetrations with adhesive.

5. Duct dimensions indicated are net inside dimensions required for airflow. Increase duct
size to allow for insulation thickness.

R

33 SCHEDULES

A.  Plenums and Ducts Requiring Insulation:

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, concealed return located in unconditioned space.

Indoor, exposed return located in unconditioned space.

Indoor, concealed, Type I, commercial, kitchen hood exhaust.

Indoor, concealed exhaust within 20’ from penetration of building exterior.
Indoor, exposed exhaust within 20° from penetration of building exterior.
Outdoor, concealed supply and return.

Outdoor, exposed supply and return.

e e Al o

B.  Items Not Insulated:
1. Fibrous-glass ducts.

2. Metal ducts with duct liner of sufficient thickness to comply with energy code and
ASHRAE/IESNA 90.1.

3. Factory-insulated flexible ducts.
4. Factory-insulated plenums and casings.
5. Flexible connectors.
6. Vibration-control devices.
7.  Factory-insulated access panels and doors.
8.  Exposed return air ductwork in a conditioned space
9. Concealed return air ductwork in a ceiling above a conditioned space
34 DUCT AND PLENUM APPLICATION SCHEDULE
A.  Service: Round and rectangular, supply-air, ducts concealed.

1. Material: Mineral-fiber blanket.
2. Thickness: 2 inches.
3. Number of Layers: One.

B.  Field-Applied Jacket: None, factory applied.
1. Vapor Retarder Required: Yes.
2. R-value: Minimum of 5.6 at 0.75 pcf.

C.  Service: Rectangular exhaust ducts concealed and exposed 20’ from exterior penetrations.
1. Material: Mineral-fiber board.
2. Thickness: 2 inches.
3. Number of Layers: One.
4. Field-Applied Jacket: None, factory applied.
5. Vapor Retarder Required: Yes.

D.  Service: Round exhaust ducts concealed and exposed 20’ from exterior penetrations.
1. Material: Mineral-fiber blanket.
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2. Thickness: 2 inches.

E. Number of Layers: One.
1. Field-Applied Jacket: None, factory applied.
2. Vapor Retarder Required: Yes.
3. R-value: Minimum of 5.6 at 0.75 pcf.

F. Service: Rectangular, Mixed-air and Outside-air, ducts concealed and exposed.
1. Material: Mineral-fiber board.
2. Thickness: 2 inches.
3.  Number of Layers: One.
4. Field-Applied Jacket: None, factory applied.
5. Vapor Retarder Required: Yes.

G.  Service: Round Mixed-air and Outside-air, ducts concealed and exposed.
Material: Mineral-fiber blanket.

Thickness: 2 inches.

Number of Layers: One.

Field-Applied Jacket: None, factory applied.

Vapor Retarder Required: Yes.

R-value: Minimum of 5.6 at 0.75 pcf.

SNk =

H.  Service: Mechanical Room Supply ducts concealed and exposed.

1. Material: Mineral-fiber board.
2. Thickness: 2 inches.
3. Number of Layers: One.
4. Field-Applied Jacket: None, factory applied.
5. Vapor Retarder Required: Yes.
L Service: Relief-air ducts concealed and exposed 20’ from exterior penetrations.
1. Material: Mineral-fiber board.
2. Thickness: 2 inches.
3. Number of Layers: One.
4. Field-Applied Jacket: None, factory applied.
5. Vapor Retarder Required: Yes.
J. Service: Grease exhaust ducts concealed and exposed, from Type I kitchen hood to exterior

wall or roof penetration.

Material: Fyre Wrap.

Thickness: 1.5 inches.

Number of Layers: Two.

Field-Applied Jacket: Per Manufacturer’s Requirements.
Vapor Retarder Required: Yes.

AP

K.  Service: Exhaust Air ducts concealed and exposed, from energy recovery discharge to exterior
wall or roof penetration.
1. Material: Mineral-fiber board.
2. Thickness: 2 inches.
3. Number of Layers: One.
4. Field-Applied Jacket: None, factory applied.
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5. Vapor Retarder Required: Yes.

END OF SECTION 23 0713
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SECTION 23 0716 - HVYAC EQUIPMENT INSULATION

PART 1 GENERAL

1.1

S o w »

1.2

1.3

SECTION INCLUDES

Equipment insulation.

Flexible removable and reusable blanket insulation.
Weather barrier coatings.

Jacketing and accessories.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 23 0553 - Identification for HVAC Piping and Equipment.
Section 23 2113 - Hydronic Piping: Placement of hangers and hanger inserts.

Section 23 2114 - Hydronic Specialties.

REFERENCE STANDARDS

ASTM A666/A666M - Standard Specification for Annealed or Cold-Worked Austenitic
Stainless Steel Sheet, Strip, Plate, and Flat Bar; 2024.

ASTM B209/B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and
Plate; 2021a.

ASTM C195 - Standard Specification for Mineral Fiber Thermal Insulating Cement; 2007
(Reapproved 2024).

ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular
Thermal Insulation in Sheet and Tubular Form; 2025.

ASTM C552 - Standard Specification for Cellular Glass Thermal Insulation; 2022.

ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for
Commercial and Industrial Applications; 2024.

ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type
Pipe Insulation (Metal-Mesh Covered) (Industrial Type); 2024.

ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation;
2025.
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I ASTM C1423 - Standard Guide for Selecting Jacketing Materials for Thermal Insulation; 2021.

J. ASTM C1775 - Standard Specification for Laminate Protective Jacket and Tape for Use Over
Thermal Insulation for Outdoor Applications; 2022.

K.  ASTM E&84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.

L. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor
Transmission Rate of Materials; 2024a.

M. SAE AMS3779 - Tape, Adhesive, Pressure-Sensitive Thermal Radiation Resistant, Aluminum
Coated Glass Cloth; 2016b.

N. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.
1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.

Product Data: Provide product description, thermal characteristics, list of materials and
thickness for equipment scheduled.

1.5 QUALITY ASSURANCE

A.  Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with not less than three years of documented experience.

B. Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing agency acceptable to authorities
having jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes,
and cement material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed index
of 50 or less.

2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed
index of 150 or less.

1.6 DELIVERY, STORAGE, AND HANDLING

A.  Accept materials on site in original factory packaging, labeled with manufacturer's
identification, including product density and thickness.

B.  Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical
damage, by storing in original wrapping.
1.7 FIELD CONDITIONS

A.  Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics,
and insulation cements.

B.  Maintain temperature during and after installation for minimum period of 24 hours.
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PART 2 PRODUCTS

2.1 REGULATORY REQUIREMENTS
A.  Surface Burning Characteristics: Flame spread index/Smoke developed index of 25/50,
maximum, when tested in accordance with ASTM E84 or UL 723.
2.2 GLASS FIBER, FLEXIBLE
A. Insulation: ASTM C553; flexible, noncombustible.

Vapor Barrier Jacket: Kraft paper reinforced with glass fiber yarn and bonded to aluminized
film.

1. Secure with self-sealing longitudinal laps and butt strips.

2. Secure with outward clinch expanding staples and vapor barrier mastic.

C. Tie Wire: 0.048 inch stainless steel with twisted ends on maximum 12 inch centers.

23 FLEXIBLE REMOVABLE AND REUSABLE BLANKET INSULATION

A.  Insulation: ASTM C553 Type V; flexible, noncombustible.
1.  Minimum Service Temperature: 32 degrees F.
2.  Maximum Service Temperature: 500 degrees F.

24 GLASS FIBER, RIGID
A. Insulation: ASTM C612 or ASTM C592; rigid, noncombustible.

B.  Aluminum-Foil Laminate Jacket:
1. Factory-applied, pressure sensitive adhesive jacketing to comply with ASTM C1775.

C.  Vapor Barrier Jacket:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film.
2. Secure with self-sealing longitudinal laps and butt strips.
3. Secure with outward clinch expanding staples and vapor barrier mastic.

D.  Vapor Barrier Lap Adhesive: Compatible with insulation.

Insulating Cement/Mastic: ASTM C195; hydraulic setting on mineral wool.

2.5 CELLULAR GLASS

A.  Pipe and Tubing Insulation: ASTM C552, Type II, Grade 6.

K Value: 0.35 at 100 degrees F.

Service Temperature Range: From 250 degrees F to 800 degrees F.
Water Vapor Permeability: 0.005 perm inch maximum per inch.
Water Absorption: 0.5 percent by volume, maximum.

Density: At least 6.12 pcf, minimum.

Nk W=

B.  Block Insulation: ASTM C552, Type I, Grade 6.
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2.6

2.7

2.8

FLEXIBLE ELASTOMERIC CELLULAR INSULATION

Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM
C534/C534M Grade 1, in sheet form.

1. Minimum Service Temperature: Minus 40 degrees F.

2.  Maximum Service Temperature: 220 degrees F.

3. Connection: Waterproof vapor barrier adhesive.

Elastomeric Foam Adhesive: Air dried, contact adhesive, compatible with insulation.

WEATHER BARRIER COATINGS

Weather-Resistive Barrier Coating: Fire-resistive, UV resistant, water-based mastic for use

over closed cell polyethylene and polyurethane foam insulation; applied with glass fiber or

synthetic reinforcing mesh.

1. Surface Burning Characteristics: Flame spread index of 25 or less, smoke developed index
of 450 or less, Class A, when tested in accordance with ASTM E84.

2. Water Vapor Permeance: Greater than 1.0 perm in accordance with ASTM E96/E96M.

JACKETING AND ACCESSORIES

PVC Plastic:
1. Jacket: Sheet material, off-white color.
a. Minimum Service Temperature: Minus 40 degrees F.
b. Maximum Service Temperature: 150 degrees F.
c. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with
ASTM E96/E96M.

d. Thickness: 10 mil, 0.010 inch.

Aluminum Jacket:

1. Comply with ASTM B209/B209M, Temper H14, minimum thickness of 0.016 inch with
factory-applied polyethylene and kraft paper moisture barrier on the inside surface.
Thickness: 0.016 inch sheet.

Finish: Embossed.

Joining: Longitudinal slip joints and 2 inch laps.

Fittings: 0.016 inch thick die-shaped fitting covers with factory-attached protective liner.
Metal Jacket Bands: 3/8 inch wide; 0.010 inch thick stainless steel.

TIPS

Stainless Steel Jacket: ASTM A666/A666M, Type 304 stainless steel.
1. Thickness: 0.010 inch.

2. Finish: Smooth.

3. Metal Jacket Bands: 3/8 inch wide; 0.010 inch thick stainless steel.

Reinforced Tape:

1. FSK tape suitable for sealing seams in insulation, insulated pipe bends, and fittings
resulting in a tight, smooth surface without wrinkles.

2. Comply with UL 723 or ASTM E84.

3. Moisture Vapor Permeability: 0.00 perm inch, when tested in accordance with ASTM
E96/E96M.
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PART 3 EXECUTION

3.1

3.2

A.
B.

S 0 w »

EXAMINATION
Verify that equipment has been tested before applying insulation materials.

Verify that surfaces are clean and dry, with foreign material removed.

INSTALLATION

Install in accordance with manufacturer's instructions.

Factory Insulated Equipment: Do not insulate.

Exposed Equipment: Locate insulation and cover seams in least visible locations.

Apply insulation close to equipment by grooving, scoring, and beveling insulation. Fasten
insulation to equipment with studs, pins, clips, adhesive, wires, or bands.

Fill joints, cracks, seams, and depressions with bedding compound to form smooth surface. On
cold equipment, use vapor barrier cement.

Insulated equipment containing fluids below ambient temperature; insulate entire system.

Fiber glass insulated equipment containing fluids below ambient temperature; provide vapor
barrier jackets, factory-applied or field-applied. Finish with glass cloth and vapor barrier
adhesive.

For hot equipment containing fluids over 140 degrees F, insulate flanges and unions with
removable sections and jackets.

Fiber glass insulated equipment containing fluids above ambient temperature; provide standard
jackets, with or without vapor barrier, factory-applied or field-applied. Finish with glass cloth
and adhesive.

Inserts and Shields:

1. Application: Equipment 1-1/2 inches diameter or larger.

2. Shields: Galvanized steel between hangers and inserts.

3. Insert Location: Between support shield and equipment and under the finish jacket.

4. Insert Configuration: Minimum 6 inches long, of same thickness and contour as adjoining
insulation; may be factory fabricated.

5. Insert Material: Hydrous calcium silicate insulation or other heavy density insulating
material suitable for the planned temperature range.

Finish insulation at supports, protrusions, and interruptions.

Exterior Applications:
1. Provide vapor barrier jacket or finish with glass mesh reinforced vapor barrier cement.
2. Cover with aluminum or stainless steel.

Cover glass fiber insulation with metal mesh and finish with heavy coat of insulating cement.

Nameplates and ASME Stamps: Bevel and seal insulation around; do not insulate over.
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O.  Equipment Requiring Access for Maintenance, Repair, or Cleaning: Install insulation so it can
be easily removed and replaced without damage.

3.3 SCHEDULE

A.  Heating Systems:
1. Heat Exchangers/Converters:
Operating Temperature: 100 deg F (38 deg C) to 450 deg F (232 deg C).
Insulation Material: Rigid Mineral Fiber.
Insulation Thickness: 2 inches.
Vapor Retarder required: No.
. Finish: None.
2. Air Separators:
a Operating Temperature: 100 deg F (38 deg C) to 450 deg F (232 deg C).
b Insulation Material: Rigid Mineral Fiber.
c. Insulation Thickness: 2 inches.
d
e

oo e

Vapor Retarder required: No.
Finish: None.
3. Hot Thermal Storage Tanks:
a. Operating Temperature: 100 deg F (38 deg C) to 450 deg F (232 deg C).
Insulation Material: Rigid Mineral Fiber.
Insulation Thickness: 2 inches.
Vapor Retarder required: No.
Finish: None.

°o oo o

B.  Cooling Systems:
1. Pump Bodies:

Operating Temperature: 40 deg F (5 deg C) to 80 deg F (27 deg C.
Insulation Material: Flexible Elastomeric.
Insulation Thickness: 1 inch.
Select one of five jackets below.
Vapor Retarder Required: Yes.
) Finish: None.
2. Air Separators:
Operating Temperature: 405 deg F (54 deg C) to 80 deg F (27 deg C.
Insulation Material: Rigid Mineral fiber.
Insulation Thickness: 2 inches.
Select one of five jackets below.
Vapor Retarder Required: Yes.
) Finish: None.
3. Expansion Tanks:

a Operating Temperature: 40 deg F (5 deg C) to 80 deg F. (27 deg F).

b Insulation Material: Rigid Mineral Fiber.
c. Insulation Thickness: 2 inches.
d
e

e Ao o

e e o

Vapor Retarder Required: Yes.
) Finish: None.
4. Cold Thermal Storage Tanks:
a. Operating Temperature: 40 deg F (5 deg C) to 80 deg F. (27 deg F).
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Insulation Material: Rigid Mineral Fiber.
Insulation Thickness: 2 inches.

Vapor Retarder Required: Yes.

Finish: None.

o a0 o

END OF SECTION 23 0716
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SECTION 23 0719 - HVAC PIPING INSULATION

PART 1 GENERAL

1.1

1.2

1.3

S o w »

SECTION INCLUDES

Piping insulation.

Flexible removable and reusable blanket insulation.
Weather barrier coatings.

Jacketing and accessories.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 23 2113 - Hydronic Piping: Placement of hangers and hanger inserts.

REFERENCE STANDARDS
ASTM B117 - Standard Practice for Operating Salt Spray (Fog) Apparatus; 2026.

ASTM B209/B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and
Plate; 2021a.

ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded-Hot-Plate Apparatus; 2019, with Editorial
Revision (2023).

ASTM C195 - Standard Specification for Mineral Fiber Thermal Insulating Cement; 2007
(Reapproved 2024).

ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by
Means of the Heat Flow Meter Apparatus; 2021.

ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular
Thermal Insulation in Sheet and Tubular Form; 2025.

ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation; 2022a.

ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for
Commercial and Industrial Applications; 2024.

ASTM C578 - Standard Specification for Rigid, Cellular Polystyrene Thermal Insulation; 2023.

ASTM C585 - Standard Practice for Inner and Outer Diameters of Thermal Insulation for
Nominal Sizes of Pipe and Tubing; 2022.

EAPC Project 20245211 HVAC PIPING INSULATION 230719 -1



K.  ASTM C591 - Standard Specification for Unfaced Preformed Rigid Cellular Polyisocyanurate
Thermal Insulation; 2022.

L.  ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic
Stainless Steel; 2008 (Reapproved 2023).

M. ASTM C1136 - Standard Specification for Flexible, Low Permeance Vapor Retarders for
Thermal Insulation; 2023.

ASTM C1423 - Standard Guide for Selecting Jacketing Materials for Thermal Insulation; 2021.

0. ASTM D610 - Standard Practice for Evaluating Degree of Rusting on Painted Steel Surfaces;
2008 (Reapproved 2019).

ASTM D2842 - Standard Test Method for Water Absorption of Rigid Cellular Plastics; 2025.

Q. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;
2026a.

R.  ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor
Transmission Rate of Materials; 2024a.

S. SAE AMS3779 - Tape, Adhesive, Pressure-Sensitive Thermal Radiation Resistant, Aluminum
Coated Glass Cloth; 2016b.

T. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.
1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.

B. Product Data: Provide product description, thermal characteristics, list of materials and
thickness for each service, and locations.

C.  Manufacturer's Instructions: Indicate installation procedures that ensure acceptable
workmanship and installation standards will be achieved.

1.5 QUALITY ASSURANCE

A.  Manufacturer Qualifications: Company specializing in manufacturing the Products specified in
this section with not less than three years of documented experience.

1.6 DELIVERY, STORAGE, AND HANDLING

A.  Accept materials on site, labeled with manufacturer's identification, product density, and
thickness.

1.7 FIELD CONDITIONS
A.  Maintain ambient conditions required by manufacturers of each product.

Maintain temperature before, during, and after installation for minimum of 24 hours.

EAPC Project 20245211 HVAC PIPING INSULATION 230719 -2



PART 2 PRODUCTS

2.1

2.2

23

A.

REGULATORY REQUIREMENTS

Surface Burning Characteristics: Flame spread index/Smoke developed index of 25/50,
maximum, when tested in accordance with ASTM E84 or UL 723.

GLASS FIBER, FLEXIBLE

Manufacturers:

1. CertainTeed Corporation
2. Johns Manville

3. Knauf Insulation

4.  Owens Corning

Insulation: ASTM C553; flexible, noncombustible blanket.

1. K Value: 0.36 at 75 degrees F, when tested in accordance with ASTM C518.
2.  Maximum Service Temperature: 850 degrees F.

3.  Maximum Water Vapor Absorption: 5.0 percent by weight.

Vapor Barrier Jacket:

1. Kraft paper with glass fiber yarn and bonded to aluminized film.

2. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM
E96/E96M.

3. Secure with pressure-sensitive tape.

Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film with pressure-
sensitive rubber-based adhesive.

GLASS FIBER, RIGID

Manufacturers:

1. CertainTeed Corporation

2. Johns Manville Corporation
3. Knauf Insulation

4.  Owens Corning Corporation

Insulation: ASTM C547 and ASTM C795; rigid molded, noncombustible.
1. K Value: ASTM C177, 0.24 at 75 degrees F.

2.  Maximum Service Temperature: 850 degrees F.

3.  Maximum Moisture Absorption: 0.2 percent by volume.

Vapor Barrier Jacket: White kraft paper with glass fiber yarn, bonded to aluminized film;
moisture vapor transmission when tested in accordance with ASTM E96/E96M of 0.02 perm-
inches.

Vapor Barrier Lap Adhesive: Compatible with insulation.

Insulating Cement/Mastic: ASTM C195; hydraulic setting on mineral wool.

EAPC Project 20245211 HVAC PIPING INSULATION 230719-3



24

2.5

2.6

2.7

EXPANDED POLYSTYRENE

Insulation: ASTM C578; rigid closed cell.

1. K Value: 0.23 at 75 degrees F.

2. Maximum Service Temperature: 165 degrees F.
3.  Maximum Water Vapor Permeance: 5.0 perm.

POLYISOCYANURATE CELLULAR PLASTIC

Insulation Material: ASTM C591, rigid molded modified polyisocyanurate cellular plastic.

1. Dimension: Comply with requirements of ASTM C585.

2. K Value: 0.18 at 75 degrees F, when tested in accordance with ASTM C518.

3. Minimum Service Temperature: Minus 70 degrees F.

4. Maximum Service Temperature: 300 degrees F.

5. Water Absorption: 0.5 percent by volume, maximum, when tested in accordance with
ASTM D2842.

6. Moisture Vapor Transmission: 4.0 perm inch.

7. Connection: Waterproof vapor barrier adhesive.

FLEXIBLE ELASTOMERIC CELLULAR INSULATION

Manufacturers:

1. Aecroflex USA; AEROFLEX Self-Seal

2. Armacell LLC; ArmaFlex Ultra with FlameDefense
3. K-Flex USA LLC; K-Flex Titan

Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM
C534/C534M Grade 1; use molded tubular material wherever possible.

1.  Minimum Service Temperature: Minus 40 degrees F.

2.  Maximum Service Temperature: 180 degrees F.

3.  Connection: Waterproof vapor barrier adhesive.

Elastomeric Foam Adhesive: Air dried, contact adhesive, compatible with insulation.

Weather Barrier Coating: Air dried, contact adhesive, compatible with insulation and ASTM
E84 compliant.

WEATHER BARRIER COATINGS

Weather-Resistive Barrier Coating: Fire-resistive, UV resistant, water-based mastic for use
over closed cell polyethylene and polyurethane foam insulation; applied with glass fiber or
synthetic reinforcing mesh.
1. Manufacturers:
a. H.B. Fuller Construction Products, Inc; Childers - CP Series Weather Barrier
Coating
2. Surface Burning Characteristics: Flame spread index of 25 or less, smoke developed index
of 450 or less, Class A, when tested in accordance with ASTM E84.
3. Water Vapor Permeance: Greater than 1.0 perm in accordance with ASTM E96/E96M.
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2.8 JACKETING AND ACCESSORIES

A.  PVC Plastic.
1. Jacket: One piece molded type fitting covers and sheet material, off-white color.

a. Minimum Service Temperature: 0 degrees F.
b. Maximum Service Temperature: 150 degrees F.
c. Moisture Vapor Permeability: 0.002 perm inch, maximum, when tested in

accordance with ASTM E96/E96M.
d. Thickness: 10 mil, 0.010 inch.
e. Connections: Brush on welding adhesive.
2. Covering Adhesive Mastic: Compatible with insulation.

B.  Aluminum Jacket:

1. Comply with ASTM B209/B209M, Temper H14, minimum thickness of 0.016 inch with
factory-applied polyethylene and kraft paper moisture barrier on the inside surface.
Thickness: 0.016 inch sheet.

Type: Factory-applied, self-adhesive jacketing.

Finish: Embossed.

Joining: Longitudinal slip joints and 2 inch laps.

Fittings: 0.016 inch thick die-shaped fitting covers with factory-attached protective liner.
Metal Jacket Bands: 3/8 inch wide; 0.015 inch thick aluminum.

A ol

C.  Reinforced Tape:
1. FSK tape suitable for sealing seams between insulation, insulated pipe bends, and fittings
resulting in a tight, smooth surface without wrinkles.
2. Comply with UL 723, ASTM E84.
3. Moisture Vapor Permeability: 0.00 perm inch, when tested in accordance with ASTM
E96/E96M.
4. Finish: Match insulation.

2.9 ACCESSORIES

A.  General Requirements:
1. Provide required accessories in accordance with and subject to the recommendations of the
insulation manufacturer.
2. Furnish compatible materials which do not contribute to corrosion, soften, or otherwise
attack surfaces to which applied, in either the wet or dry state.
3. Comply with ASTM C795 requirements for materials to be used on stainless steel surfaces.
4.  Supply materials that are asbestos free.

B. Corrosion Inhibitors:
1. Corrosion Control Gel:
a. Corrosion Protection: Comply with ASTM B117 and ASTM D610.

PART 3 EXECUTION

3.1 EXAMINATION

A.  Test piping for design pressure, liquid tightness, and continuity prior to applying insulation
materials.
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B.  Verify that surfaces are clean and dry, with foreign material removed.

32 INSTALLATION
Install in accordance with manufacturer's instructions.
Install in accordance with NAIMA National Insulation Standards.

Exposed Piping: Locate insulation and cover seams in least visible locations.

S 0 w »

Insulated Pipes Conveying Fluids Below Ambient Temperature:
1. Insulate entire system, including fittings, valves, unions, flanges, strainers, flexible
connections, pump bodies, and expansion joints.

E. Glass Fiber Insulated Pipes Conveying Fluids Below Ambient Temperature:

1. Provide vapor barrier jackets, factory-applied or field-applied; secure with self-sealing
longitudinal laps and butt strips with pressure-sensitive adhesive. Secure with outward
clinch expanding staples and vapor barrier mastic.

2. Insulate fittings, joints, and valves with molded insulation of like material and thickness as
adjacent pipe. Finish with glass cloth and vapor barrier adhesive or PVC fitting covers.

F. For hot piping conveying fluids 140 degrees F or less, do not insulate flanges and unions at
equipment, but bevel and seal ends of insulation.

For hot piping conveying fluids over 140 degrees F, insulate flanges and unions at equipment.

Glass Fiber Insulated Pipes Conveying Fluids Above Ambient Temperature:

1. Provide standard jackets, with or without vapor barrier, factory-applied, or field-applied.
Secure with self-sealing longitudinal laps and butt strips with pressure-sensitive adhesive.
Secure with outward clinch expanding staples.

2. Insulate fittings, joints, and valves with insulation of like material and thickness as

adjoining pipe. Finish with glass cloth and adhesive or PVC fitting covers.

L Inserts and Shields:
1. Application: Piping 1-1/2 inches diameter or larger.
2. Shields: Galvanized steel between pipe hangers or pipe hanger rolls and inserts.
3. Insert Configuration: Minimum 6 inches long, of same thickness and contour as adjoining
insulation; may be factory fabricated.
4. Insert Material: Hydrous calcium silicate insulation or other heavy density insulating
material suitable for the planned temperature range.

J. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations. Finish at
supports, protrusions, and interruptions. At fire separations, see Section 07 8400.

K.  Exterior Applications: Provide vapor barrier jacket. Insulate fittings, joints, and valves with
insulation of like material and thickness as adjoining pipe, and finish with glass mesh reinforced
vapor barrier cement. Cover with aluminum jacket with seams located on bottom side of
horizontal piping. Provide two coats of UV resistant finish for flexible elastomeric cellular
insulation without jacketing.

L. Buried Piping: Provide factory-fabricated assembly with inner all-purpose service jacket with
self-sealing lap, and asphalt impregnated open mesh glass fabric, with 1 mil, 0.001 inch thick

EAPC Project 20245211 HVAC PIPING INSULATION 230719-6



aluminum foil sandwiched between three layers of bituminous compound; outer surface faced
with polyester film.

M.  Heat Traced Piping: Insulate fittings, joints, and valves with insulation of like material,
thickness, and finish as adjoining pipe. Size large enough to enclose pipe and heat tracer.
Cover with aluminum jacket with seams located on bottom side of horizontal piping.

33 FIELD QUALITY CONTROL

A.  Perform tests and inspections.

B.  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, three locations of welded fittings, two locations of threaded strainers, two locations
of welded strainers, three locations of threaded valves, and three locations of flanged
valves for each pipe service defined in the "Piping Insulation Schedule, General" Article.

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

34 PIPING INSULATION SCHEDULE, GENERAL

A.  Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for
each piping system and pipe size range. If more than one material is listed for a piping system,
selection from materials listed is Contractor's option.

3.5 INDOOR PIPING INSULATION SCHEDULE

A.  Service: Indoor Hydronic hot water.

1.
2.
3.

4,

Operating Temperature: 60 to 180 deg F.

Insulation Material: Mineral-fiber preformed pipe.

Insulation Thickness: Apply the following insulation thickness:
a. Pipe Sizes 1.5 and less, 1-1/2” thick.

b. Pipe Sizes 2 and larger, 2” thick.

Vapor Retarder Required: Yes.

B. Service: Indoor Hydronic Chilled water.

1. Operating Temperature: 35 to 50 deg F (2 to 10 deg C).

2. Insulation Material: Mineral-fiber preformed pipe.

3. Insulation Material: Closed cell flexible elastomeric.

4. Insulation Thickness: Apply the following insulation thickness:
a. Pipe Sizes 1.5” and less, 17 thick.
b. Pipe Sizes 2” and larger, 1-1/2” thick.

5. Vapor Retarder Required: Yes.

C.  Service: Exterior Hydronic Chilled water.

1. Operating Temperature: 35 to 50 deg F (2 to 10 deg C).

2. Insulation Material: Closed cell preformed pipe (polystyrene or polyisocyanurate).

3. Insulation Thickness: Apply the following insulation thickness:
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a. Pipe Sizes 1.5” and less, 1” thick.

b. Pipe Sizes 2” and larger, 1-1/2” thick.
4. Vapor Retarder Required: Yes.
5. Field Applied Jacket: Aluminum mill finish.

D.  Service: A/C Condensate Drain Lines.
1. Operating Temperature: 50 to 75 deg F.
2. Insulation Material: Mineral-fiber preformed pipe.
3. Insulation Thickness: Apply the following insulation thicknesses:
a. Copper Pipe, all sizes 1” thick.
4. Vapor Retarder Required: Yes.

E. Service: All Refrigerant Piping Located Outdoors.
1. Operating Temperature: 35 to 200 deg F (2 to 93.3 deg C).
2. Insulation Material: Flexible elastomeric thermal insulation.
3. Insulation Thickness: Apply the following insulation thickness:
a. All Pipe Sizes, 1” thick.
4. Field Applied Jacket: Paint outdoor insulation to protect from ultra-violet rays.

F. Service: All Refrigerant Piping Located Indoors.
1. Operating Temperature: 35 to 200 deg F (2 to 93.3 deg C).
2. Insulation Material: Flexible elastomeric thermal insulation.
3. Insulation Thickness: Apply the following insulation thickness:
a. All Pipe Sizes, 3/4” thick.
4. Vapor Retarder Required: Yes.

G.  Service: Steam and Steam Condensate.
1. Operating Temperature: 100 to 250 deg F (37.8 to 121.1 deg C).
2. Insulation Material: ~ Mineral-fiber preformed pipe.
3. Insulation Thickness: Apply the following insulation thickness:
a. Pipe Sizes 1-1/2” and less, 1-1/2” thick.
b. Pipe sizes 2” and larger, 3” thick.
4. Vapor Retarder Required: Yes.

H.  Service: Aquatherm Piping
1. Insulate domestic cold, hot and recirculating hot water piping, heating water supply and
return piping and chilled water supply and return piping as indicated above. Insulation
shall be on all piping, valves and fittings.

END OF SECTION 23 0719
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SECTION 23 0923 - HVYAC INSTRUMENTATION AND CONTROLS

PART 1 GENERAL

1.1

A.

1.2

1.3

m o a0 % »

1.4

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes control equipment for HVAC systems and components, including control
components for terminal heating and cooling units not supplied with factory-wired controls.

Related Sections include the following:

1. Division 23 Section "Sequence of Operation" for requirements that relate to this Section.
2. Division 26 Section "Electrical Power Monitoring and Control."

DEFINITIONS

BAS: Building Automation Controls.

DDC: Direct-digital controls.

LAN: Local area network.

MS/TP: Master-slave/token-passing.

PICS: Protocol Implementation Conformance Statement.

REFERENCE STANDARDS

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.

SYSTEM DESCRIPTION

Contractor shall provide all equipment necessary to operate HVAC equipment as specified. This
shall include software and controllers if required. It shall be at the contractors option to provide
Electronic Controls or DDC Controls for all the HVAC equipment.

Control system consists of sensors, indicators, actuators, final control elements, interface
equipment, other apparatus, accessories, and (if chosen) software connected to distributed
controllers operating in multiuser, multitasking environment on token-passing network and
programmed to control mechanical systems.
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1.6 SUBMITTALS

A. Product Data: Include manufacturer's technical literature for each control device. Indicate
dimensions, capacities, performance characteristics, electrical characteristics, finishes for
materials, and installation and startup instructions for each type of product indicated.

1. Each control device labeled with setting or adjustable range of control.

B.  Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

1. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control
devices.

2. Wiring Diagrams: Power, signal, and control wiring. Differentiate between manufacturer-
installed and field-installed wiring.

3. Details of control panel faces, including controls, instruments, and labeling.

4.  Written description of sequence of operation.

5. Schedule of dampers including size, leakage, and flow characteristics.

6. Schedule of valves including leakage and flow characteristics.

7.  Trunk cable schematic showing programmable control unit locations and trunk data
conductors.

8. Listing of connected data points, including connected control unit and input device.

9. System graphics indicating monitored systems, data (connected and calculated) point

addresses, and operator notations.
10. System configuration showing peripheral devices, batteries, power supplies, diagrams,
modems, and interconnections.

C.  ASHRAE BACnet Statement: PICS for each DDC system component (panel, zone controller,
field devices, and operator workstation) proposed.

D.  Samples: For each color required, of each type of thermostat cover.

Field Test Reports: Indicate and interpret test results for compliance with performance
requirements.

F. Maintenance Data: For systems to include in maintenance manuals specified in Division 1.

Include the following:

1. Maintenance instructions and lists of spare parts for each type of control device and
compressed-air station.

2. Interconnection wiring diagrams with identified and numbered system components and
devices.

3. Keyboard illustrations and step-by-step procedures indexed for each operator function.

4. Inspection period, cleaning methods, cleaning materials recommended, and calibration
tolerances.

5. Calibration records and list of set points.

G.  Qualification Data: For firms and persons specified in "Quality Assurance" Article.

Project Record Documents: Record actual locations of control components, including control
units, thermostats, and sensors. Revise Shop Drawings to reflect actual installation and
operating sequences.
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1.7

QUALITY ASSURANCE

A.  Installer Qualifications: An experienced installer who is an approved installer of the automatic
control system manufacturer for both installation and maintenance of units required for this
Project.

B.  Manufacturer Qualifications: A firm experienced in manufacturing automatic temperature-
control systems similar to those indicated for this Project and with a record of successful in-
service performance.

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

D.  Comply with NFPA 90A, "Installation of Air Conditioning and Ventilation Systems."

Comply with ASHRAE 135 for DDC system control components.
1.8 DELIVERY, STORAGE, AND HANDLING

A.  Factory-Mounted Components: Where control devices specified in this Section are indicated to

be factory mounted on equipment, arrange for shipping of control devices to unit manufacturer.
1.9 COORDINATION

A.  Coordinate location of thermostats, humidistats, and other exposed control sensors with plans
and room details before installation.

B. Coordinate supply of conditioned electrical circuits for control units and operator workstation.

C.  Coordinate equipment with Division 26 Section "Panelboards" to achieve compatibility with
starter coils and annunciation devices.

D.  Coordinate equipment with Division 26 Section "Motor-Control Centers" to achieve
compatibility with motor starters and annunciation devices.

1.10 EXTRA MATERIALS

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

B.  Replacement Materials: One replacement diaphragm or relay mechanism for each unique valve
motor, controller, thermostat, and positioning relay.

C.  Maintenance Materials: One thermostat adjusting key.

PART 2 PRODUCTS
2.1 MANUFACTURERS
A.  Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
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1. TRANE

2. Johnson Controls

3.  Energy Tech Systems (ETS)
4. 7T5F

5.  Honeywell

CONTROL PANELS

Central (Master) Control Panels: Fully enclosed, steel-rack-type cabinet with locking doors or
locking removable backs. Match finish of panels and provide multicolor graphic displays,
schematically showing system being controlled.

Local Control Panels: Unitized cabinet with suitable brackets for wall or floor mounting,
located adjacent to each system under automatic control. Provide common keying for all
panels.

1. Fabricate panels of 0.06-inch- (1.5-mm-) thick, furniture-quality steel, or extruded-
aluminum alloy, totally enclosed, with hinged doors and keyed lock and with
manufacturer's standard shop-painted finish.

2. Panel-Mounted Equipment: Temperature and humidity controllers, relays, and automatic
switches; except safety devices. Mount devices with adjustments accessible through front
of panel.

3. Door-Mounted Equipment: Flush-mount (on hinged door) manual switches, including
damper-positioning switches, changeover switches, thermometers, and gages.

4.  Graphics: Color-coded graphic, laminated-plastic displays on doors, schematically
showing system being controlled, with protective, clear plastic sheet bonded to entire door.

ANALOG CONTROLLERS

Step Controllers: Six- or 10-stage type, with heavy-duty switching rated to handle loads and
operated by electric motor.

Electric, Outdoor-Reset Controllers: Remote-bulb or bimetal rod-and-tube type, proportioning
action with adjustable throttling range, adjustable set point, scale range minus 10 to plus 70
deg F (minus 23 to plus 21 deg C), and single- or double-pole contacts.

Electronic Controllers: Wheatstone-bridge-amplifier type, in steel enclosure with provision for

remote-resistance readjustment. Identify adjustments on controllers, including proportional

band and authority.

1. Single controllers can be integral with control motor if provided with accessible control
readjustment potentiometer.

Fan-Speed Controllers: Solid-state model providing field-adjustable proportional control of
motor speed from maximum to minimum of 55 percent and on-off action below minimum fan
speed. Controller shall briefly apply full voltage, when motor is started, to rapidly bring motor
up to minimum speed. Equip with filtered circuit to eliminate radio interference.

Receiver Controllers: Single- or multiple-input models with control-point adjustment, direct or

reverse acting with mechanical set-point adjustment with locking device, proportional band

adjustment, authority adjustment, and proportional control mode.

1. Remote-control-point adjustment shall be plus or minus 20 percent of sensor span, input
signal of 3 to 13 psig.
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2. Proportional band shall extend from 2 to 20 percent for 5 psig.

Authority shall be 20 to 200 percent.

4. Air-supply pressure of 18 psig, input signal of 3 to 15 psig, and output signal 0 to supply
pressure.

5. Gages: 1-1/2 inches in diameter, 2.5 percent wide-scale accuracy, and range to match
transmitter input or output pressure.

W

TIME CLOCKS

Seven-day, programming-switch timer with synchronous-timing motor and seven-day dial;
continuously charged, nickel-cadmium-battery-driven, eight-hour, power-failure carryover;
multiple-switch trippers; minimum of two and maximum of eight signals per day with two

normally open and two normally closed output contacts.

Solid-state, programmable time control with 4 separate programs; 24-hour battery carryover;
individual on-off-auto switches for each program; 365-day calendar with 20 programmable
holidays; choice of fail-safe operation for each program; and system fault alarm.

SENSORS

Electronic Sensors: Vibration and corrosion resistant; for wall, immersion, or duct mounting as
required.
1. Thermistor temperature sensors as follows:
a. Accuracy: Plus or minus 0.36 deg F (0.2 deg C) at calibration point.
b. Wire: Twisted cable or shielded-pair cable.
c. Averaging Elements in Coils or Ducts:72 inches long, flexible; use where prone to
temperature stratification or where ducts are larger than 4 sq. ft.; 120 inches long,
flexible where ducts are larger than 9 sq. ft (1 sq. m); length as required for large

ducts.

d. Insertion Elements for Liquids: Brass socket with minimum insertion length of 2-
1/2 inches.

e. Room Sensors: Match room thermostats, locking cover.

f. Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.
Room Security Sensors: Stainless-steel cover plate with insulated back and security
SCTews.

Equipment operation sensors as follows:

1.  Status Inputs for Fans: Differential-pressure switch with adjustable range of 0 to 5 inches
wg (0 to 1243 Pa).

2. Status Inputs for Pumps: Differential-pressure switch piped across pump with adjustable
pressure-differential range of 8 to 60 psig.

3. Status Inputs for Electric Motors: Current-sensing relay with current transformers,
adjustable and set to 175 percent of rated motor current.

Electronic Valve/Damper Position Indication: Visual scale indicating percent of travel and 2- to
10-V dc, feedback signal.

Water-Flow Switches: Pressure-flow switches of bellows-actuated mercury or snap-acting type,
with appropriate scale range and differential adjustment, with stainless-steel or bronze paddle.
For chilled-water applications, provide vaporproof type.
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2.6

Carbon-Monoxide Detectors: Single or multichannel, dual-level detectors, using solid-state
sensors with 3-year minimum life, maximum 15-minute sensor replacement, suitable over a
temperature range of 23 to 130 deg F (minus 5 to plus 55 deg C), calibrated for 50 and 100 ppm,
with maximum 120-second response time to 100-ppm carbon monoxide.

Nitrogen Dioxide Detectors: Single or multichannel, dual-level detectors, using solid-state
sensors with 3-year minimum life, maximum 15-minute sensor replacement, suitable over a
temperature range of 23 to 130 deg F (minus 5 to plus 55 deg C), calibrated for 1.0 and 5.0 ppm,
with maximum 120-second response time to 5.0-ppm Nitrogen Dioxide.

Carbon-Monixice / Nirogen-Dioxide Controller: Caibrated/programmed to activate equipment
when the CO level reaches or exceeds 35 ppm of CO, adjustable and 1.0 ppm of NO2. The
system shall be wired such that outside air is introduced into the space as required. Coordinate
two speed controls with sequence.

Occupancy Sensor: Passive infrared, with time delay, daylight sensor lockout, sensitivity
control, and 180-degree field of view with vertical sensing adjustment, for flush mounting.

THERMOSTATS

Combination Thermostat and Fan Switches: Line-voltage thermostat with two-, three-, or four-

position, push-button or lever-operated fan switch. Thermostats shall be operable without the

need to twist, pinch or grasp buttons or switches.

1. Label switches "FAN ON-OFF," "FAN HIGH-LOW-OFF," "FAN HIGH-MED-LOW-
OFF." Provide unit for mounting on two-gang switch box.

Electric solid-state, microcomputer-based room thermostat with remote sensor.

Automatic switching from heating to cooling.

Preferential rate control to minimize overshoot and deviation from set point.

Set up for four separate temperatures per day.

Instant override of set point for continuous or timed period from 1 hour to 31 days.
Short-cycle protection.

Programming based on every day of week.

Selection features include deg F or deg C display, 12- or 24-hour clock, keyboard disable,
remote sensor, fan on-auto.

Battery replacement without program loss.

Thermostat display features include the following:

Time of day.

Actual room temperature.

Programmed temperature.

Programmed time.

Duration of timed override.

Day of week.

System mode indications include "heating,

A i e

o

nn

@ me e os

off," "fan auto," and "fan on."

Low-Voltage, On-Off Thermostats: NEMA DC 3, 24-V, bimetal-operated, mercury-switch
type, with adjustable or fixed anticipation heater.

Line-Voltage, On-Off Thermostats: Bimetal-actuated, open contact or bellows-actuated,
enclosed, snap-switch type, or equivalent solid-state type, with heat anticipator, integral manual
on-off-auto selector switch.
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1. Equip thermostats, which control electric heating loads directly, with off position on dial
wired to break ungrounded conductors.
2.  Dead Band: Maximum 2 deg F (1 deg C).

E. Remote-Bulb Thermostats: On-off or modulating type, liquid filled to compensate for changes

in ambient temperature, with copper capillary and bulb, unless otherwise indicated.

1. Bulbs in water lines with separate wells of same material as bulb.

2. Bulbs in air ducts with flanges and shields.

3. Averaging Elements: Copper tubing with either single- or multiple-unit elements,
extended to cover full width of duct or unit, adequately supported.

4. Scale settings and differential settings are clearly visible and adjustable from front of
instrument.

5. On-Off Thermostat: With precision snap switches, with electrical ratings required by
application.

6. Modulating Thermostats: Construct so complete potentiometer coil and wiper assembly is
removable for inspection or replacement without disturbing calibration of instrument.

F. Room Thermostat Cover Construction: Manufacturer's standard locking covers.
1. Set-Point Adjustment: Concealed.
2. Set-Point Indication: Exposed.
3. Thermometer: Exposed.
4. Color: Standard colors.
5. Orientation: Vertical.

G.  Room thermostat accessories include the following:

1. Insulating Bases: For thermostats located on exterior walls.
2. Thermostat Guards: Locking; heavy-duty, transparent plastic; mounted on separate base.
3. Adjusting Key: As required for calibration and cover screws.
4. Aspirating Boxes: For flush-mounted aspirating thermostats.
5. Set-Point Adjustment: 1/2-inch- (13-mm-) diameter, adjustment knob.
H.  Immersion Thermostat: Remote-bulb or bimetal rod-and-tube type, proportioning action with

adjustable throttling range and adjustable set point.

L Airstream Thermostats: Two-pipe, fully proportional, single-temperature type, with adjustable
set point in middle of range and adjustable throttling range, plug-in test fitting or permanent
pressure gage, remote bulb, bimetal rod and tube, or averaging element.

J. Electric Low-Limit Duct Thermostat: Snap-acting, single-pole, single-throw, manual- or
automatic-reset switch that trips if temperature sensed across any 12 inches of bulb length is
equal to or below set point.

1. Bulb Length: Minimum 20 feet.

2. Quantity: One thermostat for every 20 sq. ft. (2 sq. m) of coil surface.

K.  Electric High-Limit Duct Thermostat: Snap-acting, single-pole, single-throw, manual- or
automatic-reset switch that trips if temperature sensed across any 12 inches of bulb length is
equal to or above set point.

1. Bulb Length: Minimum 20 feet.
2. Quantity: One thermostat for every 20 sq. ft. (2 sq. m) of coil surface.
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L. Heating/Cooling Valve-Top Thermostats: Proportional acting for proportional flow, molded-
rubber diaphragm, remote-bulb liquid-filled element, direct and reverse acting at minimum
shutoff pressure of 25 psig, and cast housing with position indicator and adjusting knob.

2.7 ACTUATORS

A.  Electric Motors: Size to operate with sufficient reserve power to provide smooth modulating
action or two-position action.

1. Permanent Split-Capacitor or Shaded-Pole Type: Gear trains completely oil immersed and
sealed. Equip spring-return motors with integral spiral-spring mechanism in housings
designed for easy removal for service or adjustment of limit switches, auxiliary switches,
or feedback potentiometer.

2. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65): Size for running
torque of 150 inch. x Ibf (16.9 N x m) and breakaway torque of 300 inch. x Ibf (33.9 N x
m).

3. Spring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65): Size for running and
breakaway torque of 150 inch. x Ibf (16.9 N x m).

4. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m): Size for
running torque of 150 inch. x Ibf (16.9 N x m) and breakaway torque of 300 inch. x 1bf
(33.9 N x m).

5. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m): Size for running
and breakaway torque of 150 inch. x Ibf (16.9 N x m).

B.  Electronic Damper and Large-Valve Actuators: Direct-coupled type designed for minimum

60,000 full-stroke cycles at rated torque.

1. Valves: Size for torque required for valve close-off at maximum pump differential
pressure.

2.  Dampers: Sized for 25% more torque than required.Coupling: V-bolt and V-shaped,
toothed cradle.

3. Overload Protection: Electronic overload or digital rotation-sensing circuitry.

4. Fail-Safe Operation: Mechanical, spring-return mechanism. Provide external, manual gear
release on non-spring-return actuators.

5. Power Requirements (Two-Position Spring Return): 24-V ac.

6. Power Requirements (Modulating): Maximum 10 VA at 24-V ac or § W at 24-V dc.

7. Proportional Signal: 2-to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback
signal.

8. Temperature Rating: Minus 22 to plus 122 deg F (minus 30 to plus 50 deg C).

9. Temperature Rating (Smoke Dampers): Minus 22 to plus 250 deg F (minus 30 to plus 121
deg C).

10. Run Time: 12 seconds open, 5 seconds closed.

2.8 CONTROL CABLE

A.  Electronic and Fiber-Optic Cable for Control Wiring: As specified in Division 26 Section
"Control/Signal Transmission Media."
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PART 3 EXECUTION
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EXAMINATION

Verify that conditioned power supply is available to control units and operator workstation.
Verify that duct-, pipe-, and equipment-mounted devices and wiring and pneumatic piping are
installed before proceeding with installation.

INSTALLATION

Install equipment level and plumb.

Install software in control units and operator workstation. Implement all features of programs
to specified requirements and as appropriate to sequence of operation.

Connect and configure equipment and software to achieve sequence of operation specified.

Verify location of thermostats, humidistats, and other exposed control sensors with plans and
room details before installation. Locate all 60 inches above the floor.
1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.

Install guards on thermostats in the following locations:
1. Entrances.

2. Public areas.

3. Where indicated.

Install automatic dampers according to Division 23 Section "Duct Accessories."

Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor
temperatures.

Install labels and nameplates to identify control components according to Division 20 Section
"Identification For Piping and Equipment."

Install hydronic instrument wells, valves, and other accessories according to Division 23
Section "Hydronic Piping."

Install duct volume-control dampers according to Division 23 Sections specifying air ducts.
Install electronic and fiber-optic cables according to Division 26 Section "Control/Signal

Transmission Media."

ELECTRICAL WIRING AND CONNECTION INSTALLATION

'

Install raceways, boxes, and cabinets according to Division 26 Section "Raceways and Boxes.'
Install building wire and cable according to Division 26 Section "Conductors and Cables."

Install signal and communication cable according to Division 26 Section "Control/Signal

Transmission Media."

1. Conceal cable, except in mechanical rooms and areas where other conduit and piping are
exposed.
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2. Install exposed cable in raceway.

3. Bundle and harness multiconductor instrument cable in place of single cables where
several cables follow a common path.

4. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against
abrasion. Tie and support conductors.

5. Number-code or color-code conductors for future identification and service of control
system, except local individual room control cables.

Connect manual-reset limit controls independent of manual-control switch positions.
Automatic duct heater resets may be connected in interlock circuit of power controllers.

Connect hand-off-auto selector switches to override automatic interlock controls when switch is
in hand position.

CONNECTIONS

Piping installation requirements are specified in other Division 23 Sections. Drawings indicate
general arrangement of piping, fittings, and specialties.
1. Install piping adjacent to machine to allow service and maintenance.

Ground equipment.

1. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in
UL 486A and UL 486B.

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to inspect

field-assembled components and equipment installation, including piping and electrical

connections. Report results in writing.

1. Operational Test: After electrical circuitry has been energized, start units to confirm
proper unit operation. Remove malfunctioning units, replace with new units, and retest.

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment, and retest.

3. Calibration test electronic controllers by disconnecting input sensors and stimulating
operation with compatible signal generator.

Engage a factory-authorized service representative to perform startup service.

Replace damaged or malfunctioning controls and equipment.

1.  Start, test, and adjust control systems.

2. Demonstrate compliance with requirements, including calibration and testing, and control
sequences.

3. Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of operation
specified.

Verify DDC as follows:

1. Verify software including automatic restart, control sequences, scheduling, reset controls,
and occupied/unoccupied cycles.

2. Verify operation of operator workstation.

3. Verify local control units including self-diagnostics.

EAPC Project 20245211 HVAC INSTRUMENTATION AND CONTROLS 230923 -10



3.6 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain control systems and components.

1. Train Owner's maintenance personnel on procedures and schedules for starting and

stopping, troubleshooting, servicing, and maintaining equipment and schedules.

2. Provide operator training on data display, alarm and status descriptors, requesting data,
executing commands, calibrating and adjusting devices, resetting default values, and
requesting logs.

Review data in maintenance manuals. Refer to Division 1 Section "Contract Closeout."

4. Review data in maintenance manuals. Refer to Division 1 Section "Operation and
Maintenance Data."

5. Schedule training with Owner, through Architect, with at least seven days' advance notice.

W

3.7 ON-SITE ASSISTANCE

A.  Occupancy Adjustments: Within one year of date of Substantial Completion, provide up to
three Project site visits, when requested by Owner, to adjust and calibrate components and to
assist Owner's personnel in making program changes and in adjusting sensors and controls to
suit actual conditions.

END OF SECTION 23 0923
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SECTION 23 0923.11 - CONTROL VALVES
PART 1 GENERAL

1.1 REFERENCE STANDARDS

A.  ASME B16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 Through NPS 24 Metric/Inch
Standard; 2025.

B.  NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

1.2 SUMMARY
A.  Section includes control valves and actuators for DDC systems.

Related Requirements:

1. Section 23 0923 "Direct-Digital Control System for HVAC" control equipment and
software, relays, electrical power devices, uninterruptible power supply units, wire, and
cable.

2. Section 23 0993 "Sequence of Operations for HVAC Controls" for requirements that relate
to Section 23 0923.11.

1.3 ACTION SUBMITTALS

A.  Product Data: For each type of product.

B.  Shop Drawings:
1. Include diagrams for power, signal, and control wiring.
2. Include diagrams for pneumatic signal and main air tubing.

C.  Delegated-Design Submittal:
1. Schedule and design calculations for control valves and actuators, including the following:

a. Flow at project design and minimum flow conditions.
b. Pressure differential drop across valve at project design flow condition.
c. Maximum system pressure differential drop (pump close-off pressure) across valve

at project minimum flow condition.

Design and minimum control valve coefficient with corresponding valve position.
Maximum close-off pressure.

Leakage flow at maximum system pressure differential.

Torque required at worst case condition for sizing actuator.

Actuator selection indicating torque provided.

PR o o

1.4 CLOSEOUT SUBMITTALS

A.  Operation and maintenance data.
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PART 2 PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

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

B.  ASME Compliance: Fabricate and label products to comply with ASME Boiler and Pressure
Vessel Code where required by authorities having jurisdiction.

Ground Fault: Products shall not fail due to ground fault condition when suitably grounded.
Determine control valve sizes and flow coefficients by ISA 75.01.01.

Control valve characteristics and rangeability shall comply with ISA 75.11.01.

mom o0

Selection Criteria:

1. Fail positions unless otherwise indicated:
a. Heating Hot Water: Last Position.

2. Minimum Cv shall be calculated at 10 percent of design flow, with a coincident pressure
differential equal to the system design pump head.

3. In water systems, select modulating control valves at terminal equipment for a design Cv
based on a pressure drop of 3 psig at design flow unless otherwise indicated.

2.2 GLOBE-STYLE CONTROL VALVES

A.  General Globe-Style Valve Requirements:

1. Globe-style control valve body dimensions shall comply with ISA 75.08.01.

2. Construct the valves to be serviceable from the top.

3. For cage guided valves, trim shall be field interchangeable for different valve flow
characteristics, such as equal percentage, linear, and quick opening.

4. Reduced trim for one nominal size smaller shall be available for industrial valves NPS 1
and larger.

5. Replaceable seats and plugs.

6. Furnish each control valve with a corrosion-resistant nameplate indicating the following:

a. Manufacturer's name, model number, and serial number.
b. Body and trim size.
c. Arrow indicating direction of flow.

B.  Two-Way Globe Valves NPS 2 and Smaller:

Globe Style: Single port.

Body: Cast bronze or forged brass with ASME B16.5, Class 250 rating.
End Connections: Threaded.

Bonnet: Screwed.

Packing: PTFE V-ring.

Plug: Top guided.

Plug, Seat, and Stem: Brass or stainless steel.
Process Temperature Range: 35 to 248 deg F.
Ambient Operating Temperature: 35 to 150 deg F.
Leakage: FCI 70-2, Class IV.

Rangeability: 25 to 1.

el e A o e
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12. Equal percentage flow characteristic.

Three-Way Globe Valves NPS 2 and Smaller:

Globe Style: Mix flow pattern.

Body: Cast bronze or forged brass with ASME B16.5, Class 250 rating.
End Connections: Threaded.

Bonnet: Screwed.

Packing: PTFE V-ring.

Plug: Top guided.

Plug, Seat, and Stem: Brass or stainless steel.
Process Temperature Range: 35 to 248 deg F.

9. Ambient Operating Temperature: 35 to 150 deg F.
10. Leakage: FCI 70-2, Class IV.

11. Rangeability: 25 to 1.

12. Linear flow characteristic.

Sl AN Gl o e

ELECTRIC AND ELECTRONIC CONTROL VALVE ACTUATORS

Actuators for Hydronic Control Valves: Capable of closing valve against system pump shutoff
head.

Position indicator and graduated scale on each actuator.
Type: Motor operated, with or without gears, electric and electronic.
Voltage: Voltage selection delegated to professional designing control system.

Deliver torque required for continuous uniform movement of controlled device from limit to
limit when operated at rated voltage.

Function properly within a range of 85 to 120 percent of nameplate voltage.

Construction:

1. For Actuators Less Than 100 W: Fiber or reinforced nylon gears with steel shaft, copper
alloy or nylon bearings, and pressed steel enclosures.

2. For Actuators from 100 to 400 W: Gears ground steel, oil immersed, shaft hardened steel
running in bronze, copper alloy or ball bearings. Operator and gear trains shall be totally
enclosed in dustproof cast-iron, cast-steel or cast-aluminum housing.

3.  For Actuators Larger Than 400 W: Totally enclosed reversible induction motors with
auxiliary hand crank and permanently lubricated bearings.

Two-Position Actuators: Single direction, spring return or reversing type.

Modulating Actuators:

1. Operation: Capable of stopping at all points across full range, and starting in either
direction from any point in range.

2. Control Input Signal:

a. Proportional: Actuator drives proportional to input signal and modulates throughout
its angle of rotation. Suitable for zero- to 10- or 2- to 10-V dc and 4- to 20-mA
signals.

b. Programmable Multi-Function:
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1) Control Input, Position Feedback, and Running Time: Factory or field
programmable.

2)  Diagnostic: Feedback of hunting or oscillation, mechanical overload,
mechanical travel, and mechanical load limit.

3) Service Data: Include, at a minimum, number of hours powered and number
of hours in motion.

Fail-Safe:
1. Provide actuator to fail to last position.

Integral Overload Protection:

1. Provide against overload throughout the entire operating range in both directions.

2. Electronic overload, digital rotation sensing circuitry, mechanical end switches, or
magnetic clutches are acceptable methods of protection.

Valve Attachment:

1. Unless otherwise required for valve interface, provide an actuator designed to be directly
coupled to valve shaft without the need for connecting linkages.

2. Attach actuator to valve drive shaft in a way that ensures maximum transfer of power and
torque without slippage.

3. Bolt and set screw method of attachment is acceptable only if provided with at least two
points of attachment.

Temperature and Humidity:

1. Temperature: Suitable for operating temperature range encountered by application with
minimum operating temperature range of minus 20 to plus 120 deg F.

2. Humidity: Suitable for humidity range encountered by application; minimum operating
range shall be from 5 to 95 percent relative humidity, non-condensing.

Enclosure:

1. Suitable for ambient conditions encountered by application.

2. NEMA 250, Type 2 for indoor and protected applications.

3. NEMA 250, Type 4 or Type 4X for outdoor and unprotected applications.

4. Provide actuator enclosure with heater and control where required by application.

PART 3 EXECUTION

3.1

A.

32

CONTROL VALVE APPLICATIONS

Control Valves:

1. Select from valves specified in "Control Valves" Article to achieve performance
requirements and characteristics indicated while subjected to full range of system operation
encountered.

INSTALLATION, GENERAL
Furnish and install products required to satisfy most stringent requirements indicated.

Install products level, plumb, parallel, and perpendicular with building construction.
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33

34

Properly support instruments, tubing, piping, wiring, and conduits to comply with requirements
indicated

Provide ceiling, floor, roof, and wall openings and sleeves required by installation. Before
proceeding with drilling, punching, or cutting, check location first for concealed products that
could potentially be damaged. Patch, flash, grout, seal, and refinish openings to match adjacent
condition.

Firestop penetrations made in fire-rated assemblies and seal penetrations made in acoustically
rated assemblies.

Fastening Hardware:

1.  Stillson wrenches, pliers, and other tools that will cause injury to or mar surfaces of rods,
nuts, and other parts are prohibited for assembling and tightening nuts.

2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force
or by oversized wrenches.

3. Lubricate threads of bolts, nuts, and screws with graphite and oil before assembly.

Install products in locations that are accessible and that will permit calibration and maintenance
from floor, equipment platforms, or catwalks. Where ladders are required for Owner's access,
confirm unrestricted ladder placement is possible under occupied condition.

ELECTRIC POWER
Furnish and install electrical power to products requiring electrical connections.

Furnish and install circuit breakers. Comply with requirements in Section 26 2816 "Enclosed
Switches and Circuit Breakers."

Furnish and install power wiring. Comply with requirements in Section 26 0519 "Low-Voltage
Electrical Power Conductors and Cables."

Furnish and install raceways. Comply with requirements in Section 26 0533 "Raceways and
Boxes for Electrical Systems."

CONTROL VALVES

Install pipe reducers for valves smaller than line size. Position reducers as close to valve as
possible but at distance to avoid interference and impact to performance. Install with
manufacturer-recommended clearance.

Install flanges or unions to allow drop-in and -out valve installation.

Where indicated, install control valve with three-valve bypass manifold to allow for control
valve isolation and removal without interrupting system flow by providing manual throttling
valve in bypass pipe.

Valve Orientation:

1.  Where possible, install globe and ball valves installed in horizontal piping with stems
upright and not more than 15 degrees off of vertical, not inverted.

2. Install valves in a position to allow full stem movement.

3. Where possible, install butterfly valves that are installed in horizontal piping with stems in
horizontal position and with low point of disc opening with direction of flow.
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3.5

3.6

Clearance:

1. Locate valves for easy access and provide separate support of valves that cannot be
handled by service personnel without hoisting mechanism.

2. Install valves with at least 12 inches of clear space around valve and between valves and
adjacent surfaces.

Threaded Valves:

1. Note internal length of threads in valve ends, and proximity of valve internal seat or wall,
to determine how far pipe should be threaded into valve.

2. Align threads at point of assembly.

3. Apply thread compound to external pipe threads, except where dry seal threading is
specified.

4. Assemble joint, wrench tight. Apply wrench on valve end as pipe is being threaded.

Flanged Valves:

1. Align flange surfaces parallel.

2. Assemble joints by sequencing bolt tightening to make initial contact of flanges and
gaskets as flat and parallel as possible. Use suitable lubricants on bolt threads. Tighten
bolts gradually and uniformly with a torque wrench.

Connect electrical devices and components to electrical grounding system. Comply with
requirements in Section 26 0526 "Grounding and Bonding for Electrical Systems."

Identify system components, wiring, cabling, and terminals. Each piece of wire, cable, and
tubing shall have the same designation at each end for operators to determine continuity at
points of connection. Comply with requirements for identification specified in Section 26 0553
"Identification for Electrical Systems."

CHECKOUT PROCEDURES

Control Valve Checkout:

1. Check installed products before continuity tests, leak tests, and calibration.

2. Check valves for proper location and accessibility.

3. Check valves for proper installation for direction of flow, elevation, orientation, insertion
depth, or other applicable considerations that will impact performance.

Verify that control valves are installed correctly for flow direction.

Verify that valve body attachment is properly secured and sealed.

Verify that valve actuator and linkage attachment are secure.

Verify that actuator wiring is complete, enclosed, and connected to correct power source.
Verify that valve ball, disc, and plug travel are unobstructed.

After piping systems have been tested and put into service, but before insulating and
balancing, inspect each valve for leaks. Adjust or replace packing to stop leaks. Replace
the valve if leaks persist.

A R

ADJUSTMENT, CALIBRATION, AND TESTING

Stroke and adjust control valves following manufacturer's recommended procedure, from 100
percent open to 100 percent closed back to 100 percent open.
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B.  Stroke control valves with pilot positioners. Adjust valve and positioner following
manufacturer's recommended procedure, so valve is 100 percent closed, 50 percent closed, and
100 percent open at proper air pressures.

C.  Check and document open and close cycle times for applications with a cycle time of less than
30 seconds.

D.  For control valves equipped with positive position indication, check feedback signal at multiple
positions to confirm proper position indication.

END OF SECTION 23 0923.11
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SECTION 23 0923.30 - VARIABLE FREQUENCY CONTROLLERS
PART 1 GENERAL

1.1 RELATED DOCUMENTS

A.  Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section includes separately enclosed, pre-assembled, combination VFCs, rated 600 V and less,
for speed control of three-phase, squirrel-cage induction motors.

1.3 DEFINITIONS

BAS: Building automation system.

CE: Conformite Europeene (European Compliance).
CPT: Control power transformer.

EMI: Electromagnetic interference.

IGBT: Insulated-gate bipolar transistor.

LAN: Local area network.

LED: Light-emitting diode.

T 0" ®m U0 >

MCP: Motor-circuit protector.

p—t

NC: Normally closed.

=

NO: Normally open.

OCPD: Overcurrent protective device.

PCC: Point of common coupling.

PID: Control action, proportional plus integral plus derivative.
PWM: Pulse-width modulated.

RFI: Radio-frequency interference.

TDD: Total demand (harmonic current) distortion.

THD(V): Total harmonic voltage demand.

o0 ® 0 Z 2 R

VFC: Variable-frequency motor controller.

EAPC Project 20245211 VARIABLE FREQUENCY CONTROLLERS 230923.30-1



1.4 REFERENCE STANDARDS

A.  IEC 60068-2-6 - Environmental Testing — Part 2-6: Tests — Test Fc: Vibration (Sinusoidal);
2007.

B.  IEEE C57.13 - IEEE Standard Requirements for Instrument Transformers; 2016.
NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.

D. NEMA ICS 61800-2 - Adjustable Speed Electrical Power Drive Systems, Part 2: General
Requirements-Rating Specifications for Low Voltage Adjustable Frequency AC Power Drive
Systems; 2005.

E.  NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

1.5 SUBMITTALS

A.  Product Data: For each type and rating of VFC indicated. Include features, performance,
electrical ratings, operating characteristics, shipping and operating weights, and furnished
specialties and accessories.

B.  Shop Drawings: For each VFC indicated. Include dimensioned plans, elevations, and sections;
and conduit entry locations and sizes, mounting arrangements, and details, including required
clearances and service space around equipment.

1. Show tabulations of installed devices, equipment features, and ratings. Include the
following:

a. Each installed unit's type and details.

b. Factory-installed devices.

c. Enclosure types and details.

d. Nameplate legends.

e. Short-circuit current (withstand) rating of enclosed unit.

f. Features, characteristics, ratings, and factory settings of each VFC and installed
devices.

g. Specified modifications.

2. Schematic and Connection Wiring Diagrams: For power, signal, and control wiring.

C. Operation and Maintenance Data: For VFCs to include in emergency, operation, and
maintenance manuals. In addition to items specified in Division 1 Section "Operation and
Maintenance Data," include the following:

1. Manufacturer's written instructions for testing and adjusting thermal-magnetic circuit
breaker and MCP trip settings.

2. Manufacturer's written instructions for setting ficld-adjustable overload relays.

3. Manufacturer's written instructions for testing, adjusting, and reprogramming
microprocessor control modules.

4. Manufacturer's written instructions for setting ficld-adjustable timers, controls, and status
and alarm points.

D.  Load-Current and Overload-Relay Heater List: Compile after motors have been installed, and
arrange to demonstrate that selection of heaters suits actual motor nameplate, full-load currents.
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1.6

1.7

1.8

Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors have
been installed and arrange to demonstrate that switch settings for motor-running overload
protection suit actual motors to be protected.

QUALITY ASSURANCE

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.

Comply with NFPA 70.

COORDINATION

Coordinate features of motors, load characteristics, 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.

Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with
actual equipment provided.

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace VFCs that fail in materials or workmanship within specified warranty period.
1. Warranty Period: Five years from date of Substantial Completion.

PART 2 PRODUCTS

2.1

A.

MANUFACTURED UNITS

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

2. Danfoss Inc.; Danfoss Drives Div.

General Requirements for VFCs: Comply with NEMA ICS 7, NEMA ICS 61800-2, and
UL 508C.

VFC Description: Variable-frequency power converter (rectifier, dc bus, and IGBT, PWM
inverter) factory packaged in an enclosure, with integral disconnecting means and overcurrent
and overload protection; listed and labeled by an NRTL as a complete unit; arranged to provide
self-protection, protection, and variable-speed control of one or more three-phase induction
motors by adjusting output voltage and frequency.

1. Units suitable for operation of NEMA MG 1, Design A and Design B motors as defined by
NEMA MG 1, Section IV, Part 30, "Application Considerations for Constant Speed
Motors Used on a Sinusoidal Bus with Harmonic Content and General Purpose Motors
Used with Adjustable-Voltage or Adjustable-Frequency Controls or Both."
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2. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1,
Section IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors."

3. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL
acceptable to authorities having jurisdiction.

D.  Design and Rating: Match load type, such as fans, blowers, and pumps; and type of connection
used between motor and load such as direct or through a power-transmission connection.

E. Output Rating: Three-phase; 10 to 60 Hz, with voltage proportional to frequency throughout
voltage range; maximum voltage equals input voltage.

F. Unit Operating Requirements:

1. Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFC input voltage rating.

2. Input AC Voltage Unbalance: Not exceeding 3 percent.

3. Input Frequency Tolerance: Plus or minus 3 percent of VFC frequency rating.

4. Minimum Efficiency: 96 percent at 60 Hz, full load.

5. Minimum Displacement Primary-Side Power Factor: 96 percent under any load or speed
condition.

6. Minimum Short-Circuit Current (Withstand) Rating: 22 kA.

7. Ambient Temperature Rating: Not less than 14 deg F and not exceeding 104 deg F.

8. Ambient Storage Temperature Rating: Not less than minus 4 deg F and not exceeding 140
deg F

9. Humidity Rating: Less than 95 percent (noncondensing).

10. Altitude Rating: Not exceeding 3300 feet.

11. Vibration Withstand: Comply with IEC 60068-2-6.

12. Overload Capability: 1.1 times the base load current for 60 seconds; minimum of 1.8 times
the base load current for three seconds.

13. Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz.

14. Speed Regulation: Plus or minus 5 percent.

15. Output Carrier Frequency: Selectable; 0.5 to 15 kHz.

16. Stop Modes: Programmable; includes fast, free-wheel, and dc injection braking.

Inverter Logic: Microprocessor based, 16 bit, isolated from all power circuits.

Isolated Control Interface: Allows VFCs to follow remote-control signal over a minimum 40:1
speed range.
1. Signal: Electrical.

L Internal Adjustability Capabilities:

Minimum Speed: 5 to 25 percent of maximum rpm.

Maximum Speed: 80 to 100 percent of maximum rpm.
Acceleration: 0.1 to 999.9 seconds.

Deceleration: 0.1 to 999.9 seconds.

Current Limit: 30 to minimum of 150 percent of maximum rating.

AP

J. Self-Protection and Reliability Features:
1. Input transient protection by means of surge suppressors to provide three-phase protection
against damage from supply voltage surges 10 percent or more above nominal line voltage.
2. Loss of Input Signal Protection: Selectable response strategy, including speed default to a
percent of the most recent speed, a preset speed, or stop; with alarm.
3. Under- and overvoltage trips.
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2.2

4. Inverter overcurrent trips.

5. VFC and Motor Overload/Overtemperature Protection: Microprocessor-based thermal
protection system for monitoring VFCs and motor thermal characteristics, and for
providing VFC overtemperature and motor overload alarm and trip; settings selectable via
the keypad; NRTL approved.

Critical frequency rejection, with three selectable, adjustable deadbands.

Instantaneous line-to-line and line-to-ground overcurrent trips.

Loss-of-phase protection.

. Reverse-phase protection.

0. Short-circuit protection.

1. Motor overtemperature fault.

— =0 3o

Automatic Reset/Restart: Attempt three restarts after drive fault or on return of power after an
interruption and before shutting down for manual reset or fault correction; adjustable delay time
between restart attempts.

Power-Interruption Protection: To prevent motor from re-energizing after a power interruption
until motor has stopped, unless "Bidirectional Autospeed Search" feature is available and
engaged.

Torque Boost: Automatically varies starting and continuous torque to at least 1.5 times the
minimum torque to ensure high-starting torque and increased torque at slow speeds.

Motor Temperature Compensation at Slow Speeds: Adjustable current fall-back based on
output frequency for temperature protection of self-cooled, fan-ventilated motors at slow
speeds.

Integral Input Disconnecting Means and OCPD: NEMA AB 1, instantaneous-trip circuit

breaker with pad-lockable, door-mounted handle mechanism.

1. Disconnect Rating: Not less than 115 percent of VFC input current rating.

2. Disconnect Rating: Not less than 115 percent of NFPA 70 motor full-load current rating or
VFC input current rating, whichever is larger.

3. Auxiliary Contacts: NO/NC, arranged to activate before switch blades open.

Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle.

5. NC and NO alarm contact that operates only when circuit breaker has tripped.

R

CONTROLS AND INDICATION

Status Lights: Door-mounted LED indicators displaying the following conditions:

1. Power on.

2. Run.

3. Overvoltage.
4. Line fault.

5. Overcurrent.
6. External fault.

Panel-Mounted Operator Station: Manufacturer's standard front-accessible, sealed keypad and

plain-English language digital display; allows complete programming, program copying,

operating, monitoring, and diagnostic capability.

1. Keypad: In addition to required programming and control keys, include keys for HAND,
OFF, and AUTO modes.
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2. Security Access: Provide electronic security access to controls through identification and
password with at least three levels of access: View only; view and operate; and view,
operate, and service.

a. Control Authority: Supports at least four conditions: Off, local manual control at
VFC, local automatic control at VFC, and automatic control through a remote
source.

C.  Historical Logging Information and Displays:
1. Real-time clock with current time and date.
2. Running log of total power versus time.
3. Total run time.
4. Fault log, maintaining last four faults with time and date stamp for each.

D. Indicating Devices: Digital displaymounted flush in VFC door and connected to display VFC
parameters including, but not limited to:
1. Output frequency (Hz).

Motor speed (rpm).

Motor status (running, stop, fault).

Motor current (amperes).

Motor torque (percent).

Fault or alarming status (code).

PID feedback signal (percent).

DC-link voltage (V dc).

Set point frequency (Hz).

0. Motor output voltage (V ac).

=0 0N L AW

E. Control Signal Interfaces:
1. Electric Input Signal Interface:
a. A minimum of two programmable analog inputs: 0- to 10-V dc and 4- to 20-mA dc.
b. A minimum of six multifunction programmable digital inputs.
2. Remote Signal Inputs: Capability to accept any of the following speed-setting input
signals from the BAS or other control systems:
a. 0- to 10-V dc.
b. 4- to 20-mA dc.
c. Potentiometer using up/down digital inputs.
d. Fixed frequencies using digital inputs.
3. Output Signal Interface: A minimum of three programmable analog output signal(s) (4- to
20-mA dc , which can be configured for any of the following:
Output frequency (Hz).
Output current (load).
DC-link voltage (V dc).
Motor torque (percent).
Motor speed (rpm).
. Set point frequency (Hz).
4. Remote Indication Interface: A minimum of two programmable dry-circuit relay outputs
(120-V ac, 1 A) for remote indication of the following:

moe Ao o

a. Motor running.

b Set point speed reached.

c. Fault and warning indication (overtemperature or overcurrent).
d PID high- or low-speed limits reached.
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23

24

25

2.6

2.7

PID Control Interface: Provides closed-loop set point, differential feedback control in response
to dual feedback signals. Allows for closed-loop control of fans and pumps for pressure, flow,
or temperature regulation.

1. Number of Loops: Two.

LINE CONDITIONING

Input Line Conditioning: Minimum 3% Impedance, provided as an integral part of the VFD.

OPTIONAL FEATURES
Damper control circuit with end of travel feedback capability.

Sleep Function: Senses a minimal deviation of a feedback signal and stops the motor. On an
increase in speed-command signal deviation, VFC resumes normal operation.

Remote Indicating Circuit Terminals: Mode selection, controller status, and controller fault.
Communication Port: RS-232 port, USB 2.0 port, or equivalent connection capable of
connecting a printer and a notebook computer.

ENCLOSURES

VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location.
1. Dry and Clean Indoor Locations: Type 1.

ACCESSORIES

Control Relays: Auxiliary and adjustable solid-state time-delay relays.

Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-state sensing

circuit with isolated output contacts for hard-wired connections. Provide adjustable

undervoltage, overvoltage, and time-delay settings.

1. Current Transformers: Continuous current rating, basic impulse insulating level (BIL)
rating, burden, and accuracy class suitable for connected circuitry. Comply with [EEE
C57.13.

SOURCE QUALITY CONTROL

Testing: Test and inspect VFCs according to requirements in NEMA ICS 61800-2.

1. Test each VFC while connected to its specified motor.

2. Verification of Performance: Rate VFCs according to operation of functions and features
specified.

VFCs will be considered defective if they do not pass tests and inspections.

Prepare test and inspection reports.
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PART 3 EXECUTION

3.1 EXAMINATION

A.  Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for compliance
with requirements for installation tolerances, and other conditions affecting performance.

B.  Examine VFC before installation. Reject VFCs that are wet, moisture damaged, or mold
damaged.

C.  Examine roughing-in for conduit systems to verify actual locations of conduit connections
before VFC installation.

D.  Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A.  Coordinate layout and installation of VFCs with other construction including conduit, piping,
equipment, and adjacent surfaces. Maintain required workspace clearances and required
clearances for equipment access doors and panels.

B.  Wall-Mounting Controllers: Install VFCs on walls with tops at uniform height and with
disconnect operating handles not higher than 79 inches above finished floor unless otherwise
indicated, and by bolting units to wall or mounting on lightweight structural-steel channels
bolted to wall. For controllers not on walls, provide freestanding racks complying with
Division 26 Section "Hangers and Supports for Electrical Systems."

C.  Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and
temporary blocking of moving parts from enclosures and components.

D.  Install heaters in thermal-overload relays. Select heaters based on actual nameplate full-load
amperes after motors have been installed.

E. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven
equipment.

F. Comply with NECA 1.

33 IDENTIFICATION

A.  Identify VFCs, components, and control wiring. Comply with requirements for identification
specified in Division 26 Section "Electrical Identification."
1. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.
2. Label each VFC with engraved nameplate.
3. Label each enclosure-mounted control and pilot device.

B. Operating Instructions: Frame printed operating instructions for VFCs, including control
sequences and emergency procedures. Fabricate frame of finished metal, and cover instructions
with clear acrylic plastic. Mount on front of VFC units.
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34 CONTROL WIRING INSTALLATION

A. Install wiring between VFCs and remote devices and facility's central-control system. Comply
with requirements in Division 26 Section "Control-Voltage Electrical Power Cables."

B.  Bundle, train, and support wiring in enclosures.

C. Connect selector switches and other automatic control devices where applicable.
1. Connect selector switches to bypass only those manual- and automatic control devices that
have no safety functions when switches are in manual-control position.
2. Connect selector switches with control circuit in both manual and automatic positions for
safety-type control devices such as low- and high-pressure cutouts, high-temperature
cutouts, and motor overload protectors.

3.5 FIELD QUALITY CONTROL

A.  Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.

B.  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.

C.  Acceptance Testing Preparation:
1. Test insulation resistance for each VFC element, bus, component, connecting supply,
feeder, and control circuit.
2. Test continuity of each circuit.

D.  Tests and Inspections:

1. Inspect VFC, wiring, components, connections, and equipment installation. Test and
adjust controllers, components, and equipment.

2. Test insulation resistance for each VFC element, component, connecting motor supply,
feeder, and control circuits.

3. Test continuity of each circuit.

4. Verify that voltages at VFC locations are within 10 percent of motor nameplate rated
voltages. If outside this range for any motor, notify Owner before starting the motor(s).

5. Test each motor for proper phase rotation.

6. Perform each electrical test and visual and mechanical inspection 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.  Test and adjust controls, remote monitoring, and safeties. Replace damaged and
malfunctioning controls and equipment.

E. VFCs will be considered defective if they do not pass tests and inspections.

F. Prepare test and inspection reports, including a certified report that identifies the VFC and
describes scanning results. Include notation of deficiencies detected, remedial action taken, and
observations made after remedial action.
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3.6 STARTUP SERVICE

A.  Engage a factory-authorized service representative to perform startup service.
1. Complete installation and startup checks according to manufacturer's written instructions.

3.7 ADJUSTING

A.  Program microprocessors for required operational sequences, status indications, alarms, event
recording, and display features. Clear events memory after final acceptance testing and prior to
Substantial Completion.

B.  Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay
pickup and trip ranges.

C.  Adjust the trip settings of MCPs and thermal-magnetic circuit breakers with adjustable,
instantaneous trip elements. Initially adjust to six times the motor nameplate full-load amperes
and attempt to start motors several times, allowing for motor cool-down between starts. If
tripping occurs on motor inrush, adjust settings in increments until motors start without tripping.
Do not exceed eight times the motor full-load amperes (or 11 times for NEMA Premium
Efficient motors if required).

D.  Set field-adjustable pressure switches.

3.8 PROTECTION
A.  Replace VFCs whose interiors have been exposed to water or other liquids prior to Substantial
Completion.
3.9 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, reprogram, and maintain VFCs.

END OF SECTION 23 0923.30
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SECTION 23 0993.11 - SEQUENCE OF OPERATIONS

PART 1 GENERAL

1.1

A.

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

This Section includes control sequences for HVAC systems, subsystems, and equipment.

Related Sections include the following:
1. Division 23 Section "HVAC Instrumentation and Controls" for control equipment and
devices and submittal requirements.

DEFINITIONS

DDC: Direct-digital controls.
VAV: Variable air volume.

NO BAS FOR THIS BUILDING

HOT WATER BOILERS BOILER, HW PUMPS AND WATER HEATER PUMPS

Boiler Control: Boilers B-1 AND B-2 shall always be enabled. The Outdoor Air Sensor,
Building Supply Water Temp. Sensor and Boiler interconnecting wiring shall be completed by
the Temperature Control Contractor.

The stand-alone microprocessor-based boiler control panel shall monitor & control firing rates
in the boiler along with the boiler pump enable and boiler pump speed. All relays and wiring as
needed shall be completed by the Temperature Controls Contractor.

Boiler Pump Control- Control Contractor to wire Boiler pump enable command from each
Boiler Controller to the Boiler Pump P-5 and P-6 and Water Heater Pumps P-3 and P-4. Water
heaters WH-1 and WH-2 each have an internal thermostat with dry contact to turn on Water
Heater Pumps P-3 and P-4. When water heater is below setpoint, pump is off, upon a call for
heat water heater pump shall run and water heater internal two way control valve shall open.

Temperature Reset— At an outside temperature of 70°F (adj.) and higher, the Boiler supply
temperature shall be reset from 180°F — 160°F (adj.).
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E. A boiler system emergency shutdown mushroom switch shall be mounted just outside the
mechanical room entrance door and shall be hard-wired to shutdown the boilers.

F. Building Pump Control P-1 and P-2:

1. Each of the hot water system building pumps shall be controlled by a VFD. The VFD shall
modulate the speed of the pump to maintain the water loop differential pressure setpoint as
determined during balancing. The minimum flow at any given time shall be that of the
pump minimum.

2. The VFD shall control the pumps to operate lead/lag. The VFDs shall automatically
alternate the two pumps once per week as the lead pump (P-1 / P-2). If the lead pump fails
for 15 seconds or more, the lag pump shall start.

G.  Fin tube radiation (Building Loop) Temperature Reset— At an outside temperature of 0°F (adj.)
to 40°F (adj.), the loop supply temperature shall be reset from 180°F — 150°F (adj.) using an
outdoor air sensor and 3-way mixing valve.

1.  An alarm dialer shall be provided if any boiler alarms, and any pump failures.

1.6 ENERGY RECOVERY UNITS (ERU-1, TC-1, ERU-2, TC-2 AND ERU-3, TC-3)

A.  Motor Operated Dampers (MOD) shall always be open when ERU runs. If ERU is off, MOD’s
shall be closed. ERU shall run continuously.

B.  Frost Control: Control provided with ERU shall prevent frost build-up on the energy recovery
device

C. TERMINAL HEATING/COOLING COIL (TC-1 and TC-2)

1. Temperature Control: The Heating Control Valve serving terminal coil TC-1 and TC-2
shall modulate to maintain a set discharge air temperature. When in the cooling mode the
discharge air temperature setpoint shall be 60 Deg F (Adj) and in the heating mode the
discharge air temperature setpoint shall be 70 Deg F (Adj). The Control Valve will be
closed if the ERU Supply Fan is OFF.

1.7 SPLIT SYSTEM AC UNIT AC-1, AC-2, AC-3, AC-4, AC-5, AC-6, AC-7, AC-8, AC-9,
AC-10, AC-11

1.8 ALL CONTROLS ARE SELF-CONTAINED, ALARM IF SPACE TEMPERATURE RISES
ABOVE 85 DEG F (ADJ). ON A CALL FOR HEATING/COOLING THE UNIT SHALL
TURN ON AND RUN UNTIL SPACE TEMPERATURE SETPOINT IS MET THEN SHUT
OFF.

1.9 CABINET UNIT HEATERS, UNIT HEATERS AND FINNED TUBE RADIATION

A.  Cabinet Unit Heaters
1. Thermostat shall open/close control valve open and start fan on a call for heat. The space
setpoint shall be adjustable from either the room thermostat.

B.  Hot Water Unit Heaters
1. Thermostat shall open/close control valve open and start fan on a call for heat .

C. Finned Tube Radiation
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1. Thermostat shall open/close control valve open on a call for heat from the space
thermostat.

1.10 HOT WATER LOW PRESSURE

A.  The boiler controller shall monitor and display the loop water system pressure located on the
suction side of system pumps. An alarm will be generated when the system pressure falls below
8 psig.

END OF SECTION 23 0993.11

EAPC Project 20245211 SEQUENCE OF OPERATIONS 230993.11 -3



SECTION 23 1123 - FACILITY NATURAL-GAS PIPING

PART 1 GENERAL

1.1

A.

1.2

m o 0 w

1.3

= 0" ®m U o0 ®

D.—i

SECTION INCLUDES

Pipe, pipe fittings, valves, and connections for natural gas piping systems.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 09 9113 - Exterior Painting.
Section 23 0516 - Expansion Fittings and Loops for HVAC Piping.
Section 23 0548 - Vibration and Seismic Controls for HVAC.

Section 23 0553 - Identification for HVAC Piping and Equipment.

REFERENCE STANDARDS

ANSI Z21.18/CSA 6.3 - Gas Appliance Pressure Regulators; 2019.

ANSI Z21.80/CSA 6.22 - Line Pressure Regulators; 2019.

ANSI 7Z223.1 - National Fuel Gas Code; 2024.

ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300; 2021.

ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2021.

ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2021.
ASME B16.26 - Cast Copper Alloy Fittings for Flared Copper Tubes; 2024.

ASME B31.1 - Power Piping; 2024.

ASME B31.9 - Building Services Piping; 2025.

ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Qualification Standard for
Welding, Brazing, and Fusing Procedures; Welders; Brazers; and Welding, Brazing, and Fusing
Operators; 2025, with Errata.

ASTM AS53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless; 2024.

ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2024.
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M. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and
Alloy Steel for Moderate and High Temperature Service; 2025.

ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2022.
O. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2020.

ASTM B813 - Standard Specification for Water Flushable Liquid and Paste Fluxes for
Soldering of Copper and Copper Alloy Tube; 2024.

Q. ASTM B828 - Standard Practice for Making Capillary Joints by Soldering of Copper and
Copper Alloy Tube and Fittings; 2023.

AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding; 2019.
AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems; 2018.
MSS SP-78 - Gray Iron Plug Valves, Flanged and Threaded Ends; 2011.

c 8w om

MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends;
2010, with Errata .
1.4 SUBMITTALS

A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.

B.  Product Data: Provide data on pipe materials, pipe fittings, valves, and accessories. Provide
manufacturers catalog information. Indicate valve data and ratings.

Welders' Certificates: Submit certification of welders' compliance with ASME BPVC-IX.

D.  Shop Drawings: For non-penetrating rooftop supports, submit detailed layout developed for
this project, with design calculations for loadings and spacings.

E.  Project Record Documents: Record actual locations of valves.
F. Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
L.5 QUALITY ASSURANCE
Perform work in accordance with applicable codes.
Valves: Manufacturer's name and pressure rating marked on valve body.

Welder Qualifications: Certified in accordance with ASME BPVC-IX.

S 0w »

Identify pipe with marking including size, ASTM material classification, and ASTM
specification.

1.6 DELIVERY, STORAGE, AND HANDLING

A.  Accept valves on site in shipping containers with labeling in place. Inspect for damage.
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Protect piping systems from entry of foreign materials by temporary covers, completing
sections of the work, and isolating parts of completed system.

PART 2 PRODUCTS

2.1

A.

2.2

23

24

NATURAL GAS PIPING, BURIED

Steel Pipe: ASTM A53/A53M, Grade B, Type F, Schedule 40 black.

1. Fittings: ASTM A234/A234M, wrought steel welding type.

2. Joints: ANSI Z223.1, welded.

3. Jacket: AWWA C105/A21.5 polyethylene jacket or double layer, half-lapped 10 mil
polyethylene tape.

Copper Tubing: Listed, ASTM B88 (ASTM B88M), Type L (B), annealed.
1. Fittings: ASME B16.18 cast copper or ASME B16.22 wrought copper.
2. Joints: Compression connection or AWS A5.8M/A5.8, BCuP silver braze.

Polyethylene Pipe: ASTM D2513, SDR 11
1. Fittings: ASTM D2683 or ASTM D2513 socket type.
2. Joints: Fusion welded.

NATURAL GAS PIPING, ABOVE GRADE

Steel Pipe: ASTM AS53/A53M, Grade B, Type E, Schedule 40 black.
1. Fittings: ASME B16.3, malleable iron, or ASTM A234/A234M, wrought steel welding

type.
2. Joints: Threaded or welded to ASME B31.1.

Copper Tube: ASTM B88 (ASTM B88M), Type L (B) annealed.
1. Fittings: Flared: ASME B16.26, cast bronze, Copper: ASME B16.22, wrought copper

FLANGES, UNIONS, AND COUPLINGS

Unions for Pipe Sizes 3 Inches and Under:
1. Ferrous Pipe: Class 150 malleable iron threaded unions.
2. Copper Tube and Pipe: Class 150 bronze unions with soldered joints.

Flanges for Pipe Size Over 1 Inch:

1. Ferrous Pipe: Class 150 malleable iron threaded or forged steel slip-on flanges; preformed
neoprene gaskets.

2. Copper Tube and Pipe: Class 150 slip-on bronze flanges; preformed neoprene gaskets.

PIPE HANGERS AND SUPPORTS

Provide hangers and supports that comply with MSS SP-58.

1. Iftype of hanger or support for a particular situation is not indicated, select appropriate
type using MSS SP-58 recommendations.

2. Overhead Supports: Individual steel rod hangers attached to structure or to trapeze
hangers.

3. Trapeze Hangers: Welded steel channel frames attached to structure.
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25

2.6

2.7

2.8

4. Vertical Pipe Support: Steel riser clamp.

Floor Supports: Concrete pier or steel pedestal with floor flange; fixture attachment.

6. Rooftop Supports for Low-Slope Roofs: Steel pedestals with bases that rest on top of
roofing membrane, not requiring any attachment to the roof structure and not penetrating
the roofing assembly, with support fixtures as specified; and as follows:

a. Bases: High density polypropylene.

b

b. Base Sizes: As required to distribute load sufficiently to prevent indentation of
roofing assembly.
C. Steel Components: Stainless steel, or carbon steel hot-dip galvanized after
fabrication in accordance with ASTM A123/A123M.
d. Attachment/Support Fixtures: As recommended by manufacturer, same type as
indicated for equivalent indoor hangers and supports; corrosion resistant material.
e. Height: Provide minimum clearance of 6 inches under pipe to top of roofing.
BALL VALVES
Manufacturers:

1. BrassCraft Manufacturing Co.; a Masco Company
2. Conbraco Industries, Inc.
3. Lyall, R W & Company, Inc

Construction, 4 Inches and Smaller: MSS SP-110, Class 150, 600 psi CWP, brass or bronze
body, 304 stainless steel or chrome plated brass ball, regular port, Teflon seats and stuffing box
ring, blowout proof stem, lever handle, solder, threaded, or grooved ends with union.

PLUG VALVES

Construction 2-1/2 Inches and Larger: MSS SP-78, 175 psi CWP, cast iron body and plug,
pressure lubricated, Teflon or Buna N packing, flanged ends. Provide lever operator with set
SCrew.

STRAINERS

Size 2 inch and Under:

1. Threaded brass body for 175 psi CWP, Y pattern with 1/32 inch stainless steel perforated
screen.

2. Class 150, threaded bronze body 300 psi CWP, Y pattern with 1/32 inch stainless steel
perforated screen.

Size 1-1/2 inch to 4 inch:
1. Class 125, flanged iron body, Y pattern with 1/16 inch stainless steel perforated screen.

LINE PRESSURE REGULATORS AND APPLIANCE REGULATORS INDICATORS

Manufacturers:

1. American Meter Company

2. Fisher Control Valves & Instruments, an Emerson Process Management brand
3. Maxitrol Company

Compliance Requirements:
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2.9

2.10

1. Appliance Regulator: ANSI Z21.18/CSA 6.3.
2. Line Pressure Regulator: ANSI Z21.80/CSA 6.22.

Materials in Contact With Gas:
1. Housing: Aluminum, steel (free of non-ferrous metals).
2. Seals and Diaphragms: NBR-based rubber.

Maximum Inlet Operating Pressure: 10 psi.
1. Appliance Regulator: 2 psi.
2. Line Pressure Regulator: 10 psi.

PIPING SPECIALTIES

Appliance flexible connectors:

1. Indoor, fixed-Appliance Flexible Connectors: Comply with ANSI Z21.24.

2. Indoor, Movable-Appliance Flexible Connectors: Comply with ANSI Z21.69.
3. Outdoor, Appliance Flexible Connectors: Comply with ANSI Z21.75.

4. Corrugated stainless-steel tubing with polymer coating.

Operating-Pressure Rating: 0.5 psig.

1. End Fittings: Zinc-coated steel.

2. Threaded Ends: Comply with ASME B1.20.1.
3. Maximum Length: 72 inches

Quick-Disconnect Devices: Comply with ANSI Z21.41.
Copper-allow convenience outlet and matching plug connector
Nitrile seals.

Hand operated with automatic shutoff when disconnected.

For indoor or outdoor applications.

Adjustable, retractable restraining cable.

AN

Weatherproof Vent Cap: Cast- or malleable-iron increaser fitting with corrosion-resistant wire
screen, with free area at least equal to cross-sectional area of connecting pipe and threaded-end
connection.

Joint Compound and Tape: Suitable for natural gas.

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.

Brazing Filler Metals: Alloy with melting point greater than 1000 deg F complying with AWS
AS5.8/A5.8M. Brazing alloys containing more than 0.05 percent phosphorus are prohibited.

LABELING AND IDENTIFYING

Detectable Warning Tape: Acid- and alkali-resistant, PE film warning tape manufactured for
marking and identifying underground utilities, a minimum of 6 inches wide and 4 mils thick,
continuously inscribed with a description of utility, with metallic core encased in a protective
jacket for corrosion protection, detectable by metal detector when tape is buried up to 30 inches
deep; colored yellow.
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PART 3 EXECUTION

3.1

3.2

33

A.

EXAMINATION

Verify that excavations are to required grade, dry, and not over-excavated.

PREPARATION
Ream pipe and tube ends. Remove burrs. Bevel plain end ferrous pipe.
Remove scale and dirt, on inside and outside, before assembly.

Prepare piping connections to equipment with flanges or unions.

INSTALLATION
Install in accordance with manufacturer's instructions.
Provide non-conducting dielectric connections wherever jointing dissimilar metals.

Route piping in orderly manner and maintain gradient. Route parallel and perpendicular to
walls.

Install piping to maintain headroom, conserve space, and not interfere with use of space.
Group piping whenever practical at common elevations.

Install piping to allow for expansion and contraction without stressing pipe, joints, or connected
equipment. Refer to Section 23 0516.

Provide clearance in hangers and from structure and other equipment for installation of
insulation and access to valves and fittings.

Provide access where valves and fittings are not exposed.
Install vent piping penetrating roofed areas to maintain integrity of roof assembly.

Where pipe support members are welded to structural building framing, scrape, brush clean, and
apply one coat of zinc rich primer to welding.

Prepare exposed, unfinished pipe, fittings, supports, and accessories ready for finish painting.
1. Painting of interior piping systems and components is specified in Section 09 9123.
2. Painting of exterior piping systems and components is specified in Section 09 9113.

Install valves with stems upright or horizontal, not inverted.
Pipe vents from gas pressure reducing valves to outdoors and terminate in weather proof hood.

Copper Pipe and Tube: Make soldered joints in accordance with ASTM B828, using specified
solder, and flux meeting ASTM B813.

Sleeve pipes passing through partitions, walls and floors.

Pipe Hangers and Supports:
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1. Install in accordance with ASME B31.9.

2. Support horizontal piping as indicated.

3. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent
work.

4. Place hangers within 12 inches of each horizontal elbow.

5. Use hangers with 1-1/2 inch minimum vertical adjustment. Design hangers for pipe
movement without disengagement of supported pipe.

6. Provide copper plated hangers and supports for copper piping.

7. Prime coat exposed steel hangers and supports. Hangers and supports located in crawl
spaces, pipe shafts, and suspended ceiling spaces are not considered exposed.
a. Painting of exterior piping systems and components is specified in Section 09 9113.

8. Provide hangers adjacent to motor driven equipment with vibration isolation; refer to
Section 23 0548.

34 APPLICATION
Install unions downstream of valves and at equipment or apparatus connections.
Install brass male adapters each side of valves in copper piped system. Solder adapters to pipe.

Install ball valves for shut-off and to isolate equipment, part of systems, or vertical risers.

oS0 w >

Install ball valves for throttling, bypass, or manual flow control services.

3.5 PIPING JOINT CONSTRUCTION

>

Ream ends of pipes and tubes and remove burrs.

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

C.  Threaded Joints:

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.

2. Cut threads full and clean using sharp dies.

3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.

4. Apply appropriate tape or thread compound to external pipe threads unless dryseal
threading is specified.

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

D.  Welded Joints:
1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and
welding operators.
2. Bevel plain ends of steel pipe.
3. Patch factory-applied protective coating as recommended by manufacturer at field welds
and where damage to coating occurs during construction.

E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube"
Chapter.

EAPC Project 20245211 FACILITY NATURAL-GAS PIPING 231123 -7



3.6

3.7

3.8

B.

Flared Joints: Cut tubing with roll cutting tool. Flare tube end with tool to result in flare
dimensions complying with SAE J513. Tighten finger tight, then use wrench. Do not
overtighten.

PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or
paper towels. Join according to ASTM D 2657.

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

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

LABELING AND INDENTIFYING

Comply with requirements in Section 23 0553 "Identification for HVAC Piping & Equipment"
for piping and valve identification.

Install detectable warning tape directly above gas piping, 12 inches below finished grade,
except 6 inches below subgrade under pavements and slabs.

FIELD QUALITY CONTROL

Test, inspect, and purge natural gas according to NFPA 54 and the International Fuel Gas Code
and authorities having jurisdiction.

Natural-gas piping will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

SCHEDULES

Pipe Hanger Spacing:
1. Metal Piping:
a. Pipe Size: 1/2 inches to 1-1/4 inches:
1) Maximum Hanger Spacing: 6.5 ft.
2)  Hanger Rod Diameter: 3/8 inches.
b. Pipe Size: 1-1/2 inches to 2 inches:
1) Maximum Hanger Spacing: 10 ft.
2) Hanger Rod Diameter: 3/8 inch.
c. Pipe Size: 2-1/2 inches to 3 inches:
1) Maximum Hanger Spacing: 10 ft.
2) Hanger Rod Diameter: 1/2 inch.
d. Pipe Size: 4 inches to 6 inches:
1) Maximum Hanger Spacing: 10 ft.
2) Hanger Rod Diameter: 5/8 inch.
e. Pipe Size: 8 inches to 12 inches:
1) Maximum Hanger Spacing: 14 ft.
2) Hanger Rod Diameter: 7/8 inch.
f. Pipe Size: 14 inches and Over:
1)  Maximum Hanger Spacing: 20 ft.
2) Hanger Rod Diameter: 1 inch.

Outdoor Piping
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1. Aboveground natural-gas piping shall be one of the following:
a. Steel pipe with malleable-iron fittings and threaded joints for pipes smaller than 2-
1/2”.
b. Steel pipe with wrought-steel fittings and welded joints for pipes 2-1/2” and larger.
2. Paint all exterior piping with two coats of exterior paint with color selected by Architect.

C.  Indoor Piping

1.  Aboveground, distribution piping shall be one of the following:

a. Steel pipe with malleable-iron fittings and threaded joints for pipes smaller than 2-
1/2”..

b. Steel pipe with wrought-steel fittings and welded joints for pipes 2-1/2” and larger.

2. Containment Conduit: Steel pipe with wrought-steel fittings and welded joints. Coat pipe
and fittings with protective coating for steel piping.

3. Containment Conduit Vent Piping: Steel pipe with malleable-iron fittings and threaded or
wrought-steel fittings with welded joints. Coat underground pipe and fittings with
protective coating for steel piping.

D.  Aboveground Manual Gas Shutoff Valve
1. Valves for pipe sizes NPS 2 and smaller at service meter shall be one of the following:

a. Two-piece, full -port, bronze ball valves with bronze trim.
b. Bronze plug valve.
2. Distribution piping valves for pipe sizes NPS 2 and smaller shall be one of the following:
a. Two-piece, full -port, bronze ball valves with bronze trim.
b. Bronze plug valve.
3. Valves in branch piping for single appliance shall be one of the following:
a. Two-piece, full -port, bronze ball valves with bronze trim.
b. Bronze plug valve.

END OF SECTION 23 1123
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SECTION 23 2113 - HYDRONIC PIPING
PART 1 GENERAL

1.1 SECTION INCLUDES

Hydronic system requirements.
Heating water piping, buried.
Heating water piping, above grade.
Chilled water piping, buried.
Chilled water piping, above grade.
Radiant heating piping system.

Pipe hangers and supports.

T o ®m o o0 w >

Unions, flanges, mechanical couplings, and dielectric connections.

1.2 RELATED REQUIREMENTS

>

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 08 3100 - Access Doors and Panels.
Section 09 9123 - Interior Painting.
Section 23 0516 - Expansion Fittings and Loops for HVAC Piping.

Section 23 0719 - HVAC Piping Insulation.

mm o 0w

Section 23 2500 - HVAC Water Treatment: Pipe cleaning.

1.3 REFERENCE STANDARDS
A.  ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300; 2021.

B.  ASME B16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 Through NPS 24 Metric/Inch
Standard; 2025.

ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2021.
D.  ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2021.
ASME B31.9 - Building Services Piping; 2025.
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A.  ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Qualification Standard for
Welding, Brazing, and Fusing Procedures; Welders; Brazers; and Welding, Brazing, and Fusing
Operators; 2025, with Errata.

B.  ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-
Coated, Welded and Seamless; 2024.

C. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2024.

D. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and
Alloy Steel for Moderate and High Temperature Service; 2025.

E. ASTM A536 - Standard Specification for Ductile Iron Castings; 2024,

F. ASTM B32 - Standard Specification for Solder Metal; 2020.

G. ASTM BS8 - Standard Specification for Seamless Copper Water Tube; 2022.

H. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2020.
I ASTM D2774 - Standard Practice for Underground Installation of Thermoplastic Pressure

Piping; 2025.
J. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers; 2024.
K.  ASTM F876 - Standard Specification for Crosslinked Polyethylene (PEX) Tubing; 2025.

L.  ASTM F877 - Standard Specification for Crosslinked Polyethylene (PEX) Hot- and Cold-Water
Distribution Systems; 2025.

M. ASTM F1476 - Standard Specification for Performance of Gasketed Mechanical Couplings for
Use in Piping Applications; 2007 (Reapproved 2024).

N.  ASTM F1960 - Standard Specification for Cold Expansion Fittings with PEX Reinforcing
Rings for Use with Cross-Linked Polyethylene (PEX) and Polyethylene of Raised Temperature
(PE-RT) Tubing; 2024.

O. ASTM F2389 - Standard Specification for Pressure-Rated Polypropylene (PP) Piping Systems;
2023.

AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding; 2019.
AWS D10.12M/D10.12 - Guide for Welding Mild Steel Pipe; 2000.

AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems; 2018.
AWWA C606 - Grooved and Shouldered Joints; 2022.
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DIN 4726 - Warm Water Surface Heating Systems and Radiator Connections - Plastics and
Multilayer Piping Systems; 2024.

U.  MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,
Application, and Installation; 2025.

EAPC Project 20245211 HYDRONIC PIPING 232113-2



1.4

1.5

1.6

SUBMITTALS
See Section 01 3000 - Administrative Requirements for submittal procedures.
Welders Certificate: Include welders certification of compliance with ASME BPVC-IX.

Product Data:
1. Include data on pipe materials, pipe fittings, valves, and accessories.
2. Provide manufacturers catalog information.

Manufacturer's Installation Instructions: Indicate hanging and support methods, joining
procedures.

Project Record Documents: Record actual locations of valves.

Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.

QUALITY ASSURANCE

Provide all grooved joint couplings, fittings, valves, specialties, and grooving tools from a
single manufacturer.

Welder Qualifications: Certify in accordance with ASME BPVC-IX.

DELIVERY, STORAGE, AND HANDLING
Provide temporary protective coating on cast iron and steel valves.

Provide temporary end caps and closures on piping and fittings. Maintain in place until
installation.

Protect piping systems from entry of foreign materials by temporary covers, completing
sections of the work, and isolating parts of completed system.

PART 2 PRODUCTS

2.1

A.

HYDRONIC SYSTEM REQUIREMENTS
Comply with ASME B31.9 and applicable federal, state, and local regulations.

Piping: Provide piping, fittings, hangers, and supports as required, as indicated, and as follows:
1.  Where more than one piping system material is specified, provide joining fittings that are
compatible with piping materials and ensure that the integrity of the system is not
jeopardized.
2. Use non-conducting dielectric connections whenever jointing dissimilar metals.
3. Grooved mechanical joints may be used in accessible locations only.
a. Accessible locations include those exposed on interior of building, in pipe chases,
and in mechanical rooms, aboveground outdoors, and as approved by Architect.
b. Grooved mechanical connections and joints comply with AWWA C606.
1) Ductile Iron: Comply with ASTM A536, Grade 65-45-12.
c. Use rigid joints unless otherwise indicated.
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4. Provide pipe hangers and supports in accordance with ASME B31.9 or MSS SP-58 unless
indicated otherwise.

Pipe-to-Valve and Pipe-to-Equipment Connections: Use flanges, unions, or grooved couplings
to allow disconnection of components for servicing; do not use direct welded, soldered, or
threaded connections.

Valves: Provide valves where indicated:

1. Provide drain valves where indicated, and if not indicated, provide at least at main shut-off,
low points of piping, bases of vertical risers, and at equipment. Use 3/4 inch gate valves
with cap; pipe to nearest floor drain.

2. For throttling, bypass, or manual flow control services, use globe, ball, or butterfly valves.

3. For shut-off and to isolate parts of systems or vertical risers, use ball or butterfly valves.

Welding Materials and Procedures: Comply with ASME BPVC-IX.

HEATING WATER PIPING, BURIED

Steel Pipe: ASTM AS53/A53M, Schedule 40, black, with AWWA C105/A21.5 polyethylene
jacket, or double layer, half-lapped polyethylene tape.

Copper Tube: ASTM B88 (ASTM B88M), Type K (A), annealed.
1. Fittings: ASME B16.22, wrought copper.

2. Joints: Braze, AWS A5.8M/A5.8 BCuP copper/silver alloy.
3. Casing: Closed glass cell insulation.

Pressure-Rated Polypropylene Pipe: ASTM D2774 or ASTM F2389, PP-RCT resin pipe with

fiber layer, SDR 11 or SDR 9.

1. Fittings: ASTM F2389, butt, socket, or saddle-weld heat fusion. Transitions to comply
with ASTM F1960 or ASME B16.5.

HEATING WATER PIPING, ABOVE GRADE

Steel Pipe: ASTM A53/A53M, Schedule 40, black, using one of the following joint types:

1. Welded Joints: ASTM A234/A234M, wrought steel welding type fittings; AWS
D10.12M/D10.12 welded.

2. Threaded Joints: ASME B16.3, malleable iron fittings.

3. Grooved Joints: AWWA C606 grooved pipe, fittings of same material, and mechanical
couplings.

Copper Tube: ASTM B88 (ASTM B88M), Type L (B), drawn, using one of the following joint

types:

1. Solder Joints: ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper
fittings.
a. Solder: ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
b. Braze: AWS A5.8M/A5.8 BCuP copper/silver alloy.

Pressure-Rated Polypropylene Pipe: ASTM D2774 or ASTM F2389, PP-RCT resin pipe with

fiber layer, SDR 11 or SDR 9.

1. Fittings: ASTM F2389, butt, socket, or saddle-weld heat fusion. Transitions to comply
with ASTM F1960 or ASME B16.5.
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2.5

2.6

2. Manufacturers:

a. Aquatherm
b. Aquatechnik
c. Niron

d Uponor

CHILLED WATER PIPING, BURIED

Steel Pipe: ASTM AS53/A53M, Schedule 40, black with AWWA C105/A21.5 polyethylene

jacket, or double layer, half-lapped polyethylene tape.

1. Fittings: ASTM A234/A234M, wrought steel welding type with double layer, half-lapped
polyethylene tape.

2. Joints: Welded in accordance with AWS D10.12M/D10.12.

3. Casing: Closed glass cell insulation.

Copper Tube: ASTM B88 (ASTM B88M), Type K (A) annealed.

1. Fittings: ASME B16.22, wrought copper.

2. Joints: Solder, lead-free, ASTM B32 HB alloy (95-5 tin-antimony), or tin and silver.
3. Casing: Closed glass cell insulation.

Pressure-Rated Polypropylene Pipe: ASTM D2774 or ASTM F2389, PP-RCT resin pipe with

fiber layer, SDR 11.

1. Fittings: ASTM F2389, butt, socket, or saddle-weld heat fusion. Transitions to comply
with ASTM F1960 or ASME B16.5.

2. Manufacturers:

a. Uponor, Inc.
b. Aquatherm.
c. Aquatechnik.
d Niron.

CHILLED WATER PIPING, ABOVE GRADE

Steel Pipe: ASTM AS53/A53M, Schedule 40, black; using one of the following joint types:

1.  Welded Joints: ASTM A234/A234M, wrought steel welding type fittings; AWS
D10.12M/D10.12 welded.

2. Threaded Joints: ASME B16.3, malleable iron fittings.

3. Grooved Joints: AWWA C606 grooved pipe, fittings of same material, and mechanical
couplings.

Copper Tube: ASTM B88 (ASTM B88M), Type L (B), hard drawn; using one of the following

joint types:

1. Solder Joints: ASME B16.18 cast brass/bronze or ASME B16.22, solder wrought copper
fittings.
a. Solder: ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
b. Braze: AWS A5.8M/AS5.8 BCuP copper/silver alloy.

RADIANT HEATING PIPING

Cross-Linked Polyethylene (PEX-a) Pipe: ASTM F876 or ASTM F877.
1. Manufacturers:
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2.8

a. Rehau, Inc

b. Wirsbo Co./Uponor
C. Mr. Pex

d. Heat Link

2. Oxygen Barrier: Limit oxygen diffusion through the tube to maximum 0.000044 grains
per cu ft/day at 104 degrees F in accordance with DIN 4726.

PIPE HANGERS AND SUPPORTS

Provide hangers and supports that comply with MSS SP-58.
1. Iftype of hanger or support for a particular situation is not indicated, select appropriate
type using MSS SP-58 recommendations.

In grooved installations, use rigid couplings with offsetting angle-pattern bolt pads or with
wedge-shaped grooves in header piping to permit support and hanging in accordance with
ASME B31.9.

Rooftop Supports for Low-Slope Roofs: Steel pedestals with bases that rest on top of roofing

membrane, not requiring any attachment to the roof structure and not penetrating the roofing

assembly, with support fixtures as specified; and as follows:

1. Bases: High-density polypropylene.

2. Base Sizes: As required to distribute load sufficiently to prevent indentation of roofing
assembly.

3. Steel Components: Stainless steel or carbon steel hot-dip galvanized after fabrication in
accordance with ASTM A123/A123M.

4. Attachment/Support Fixtures: As recommended by manufacturer, same type as indicated
for equivalent indoor hangers and supports; corrosion-resistant material.

5. Height: Provide minimum clearance of 6 inches under pipe to top of roofing.

UNIONS, FLANGES, MECHANICAL COUPLINGS, AND DIELECTRIC CONNECTIONS
Unions for Pipe of 2 Inches and Less:
Flanges for Pipe 2 Inches and Greater:

Mechanical Couplings for Grooved and Shouldered Joints: Two or more curved housing
segments with continuous key to engage pipe groove, circular C-profile gasket, and bolts to
secure and compress gasket.

1. Dimensions and Testing: In accordance with AWWA C606.

2. Mechanical Couplings: Comply with ASTM F1476.

3. Bolts and Nuts: Hot dipped galvanized or zinc-electroplated steel.

4. When pipe is field grooved, provide coupling manufacturer's grooving tools.

Dielectric Connections:

1. Unions:

1/2 to 1 Inches: Brass solder to galvanized FPT.

1/2 to 2 Inches: Brass solder to galvanized FPT.

1/2 to 1 Inches: Brass to galvanized FPT or FIP (Female Iron Pipe).
3/4 to 1/2 Inch Reducer: Brass solder to galvanized FPT.

Service: 250 psi, minus 20 to 180 deg F.

o0 o
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PART 3 EXECUTION

3.1 PREPARATION

Ream pipe and tube ends. Remove burrs. Bevel plain end ferrous pipe.

Prepare pipe for grooved mechanical joints as required by coupling manufacturer.
Remove scale and dirt on inside and outside before assembly.

Prepare piping connections to equipment using jointing system specified.

m o a0 w »

Keep open ends of pipe free from scale and dirt. Protect open ends with temporary plugs or
caps.

F. After completion, fill, clean, and treat systems. See Section 23 2500 for additional
requirements.

3.2 INSTALLATION

Install in accordance with manufacturer's instructions.

PP-RCT Pipe: Make heat fusion joint per manufacturers instructions.

Route piping in orderly manner, parallel to building structure, and maintain gradient.
Install piping to conserve building space and to avoid interference with use of space.
Group piping whenever practical at common elevations.

Sleeve pipe passing through partitions, walls, and floors.

o " ® o 0w >

Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified.

H.  Slope piping and arrange to drain at low points.

I Install piping to allow for expansion and contraction without stressing pipe, joints, or connected
equipment. See Section 23 0516.

J. Grooved Joints:
1. Install in accordance with the manufacturer's latest published installation instructions.
2. Gaskets to be suitable for the intended service, molded, and produced by the coupling
manufacturer.

K.  Pipe Hangers and Supports:

1. Install in accordance with ASME B31.9, ASTM F708, or MSS SP-58.

2. Install hangers to provide minimum 1/2-inch space between finished covering and adjacent
work.

3. Place hangers within 12 inches of each horizontal elbow.

4. Use hangers with 1-1/2 inches minimum vertical adjustment. Design hangers for pipe
movement without disengagement of supported pipe.

5. Support vertical piping at every other floor. Support riser piping independently of
connected horizontal piping.
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6. Where several pipes can be installed in parallel and at same elevation, provide multiple or
trapeze hangers.

7. Provide copper plated hangers and supports for copper piping.

8. Prime coat exposed steel hangers and supports. See Section 09 9123. Hangers and supports
located in crawl spaces, pipe shafts, and suspended ceiling spaces are not considered

exposed.
9. Install the following pipe attachments:
a. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet
long.
b. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet
or longer.

c. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer,
supported on a trapeze.

d. Spring hangers to support vertical runs.

e. Provide copper-clad hangers and supports for hangers and supports in direct contact
with copper pipe.

f. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger from

scratching pipe.
10. Install hangers for steel piping with the following maximum spacing and minimum rod

sizes:

a. NPS 3/4: Maximum span, 7 feet.

b. NPS 1: Maximum span, 7 feet.

c. NPS 1-1/2: Maximum span, 9 feet.

d. NPS 2: Maximum span, 10 feet.

e. NPS 2-1/2: Maximum span, 11 feet.

f. NPS 3 and Larger: Maximum span, 12 feet.

11. Install hangers for drawn-temper copper piping with the following maximum spacing and
minimum rod sizes:

NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch.

NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch.

NPS 1-1/4Maximum span, 7 feet; minimum rod size, 3/8 inch.

NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8 inch.

NPS 2: Maximum span, 8 feet; minimum rod size, 3/8 inch.

NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.

g. NPS 3 and Larger: Maximum span, 10 feet; minimum rod size, 3/8 inch.

12. Plastic Piping Hanger Spacing: Space hangers according to pipe manufacturer's written
instructions for service conditions. Avoid point loading. Space and install hangers with the
fewest practical rigid anchor points.

13. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

o oo o

L.  Provide clearance in hangers and from structure and other equipment for installation of
insulation and access to valves and fittings. See Section 23 0719.

M.  Provide access where valves and fittings are not exposed. Coordinate size and location of
access doors with Section 08 3100 .

Use eccentric reducers to maintain top of pipe level.

O.  Where pipe support members are welded to structural building framing, scrape, brush clean, and
apply one coat of zinc-rich primer to welds.
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3.5

Prepare unfinished pipe, fittings, supports, and accessories, ready for finish painting. See
Section 09 9123.

Install valves with stems upright or horizontal, not inverted.

DIELECTRIC FITTING INSTALLATION
Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
Dielectric Fittings for NPS 2 and Smaller: Use dielectric nipples or unions.

Dielectric Fittings for NPS 2-1/2 to NPS 4 : Use dicelectric flanges or nipples.

PIPING APPLICATIONS

Hot Water and Chilled Water, NPS 1 and Smaller: Aboveground exposed in Mechanical room
and at terminal heating and cooling devices only, use Type L (Type B) drawn-temper copper
tubing with soldered joints, Schedule 40 steel pipe with threaded joints, or Polypropylene PP-R.
All main hydronic heating and cooling piping shall be Schedule 40 steel pipe or Polypropylene
PP-R.

Hot Water and Chilled Water, NPS 1-1/4 to NPS 2: Aboveground exposed in Mechanical room
and at terminal heating and cooling devices only, use Type L (Type B) drawn-temper copper
tubing with soldered joints, Schedule 40 steel pipe with threaded joints, or Polypropylene PP-R.
All main hydronic heating and cooling piping shall be Schedule 40 steel pipe or Polypropylene
PP-R.

Hot Water and Chilled Water, NPS 2-1/2 and Larger: Use schedule 40 steel pipe with welded
and flanged joints, grooved mechanical-joint couplings, or Polypropylene PP-R.

Exterior Chilled Water, NPS 2 and Smaller: Schedule 40 steel pipe with threaded joints. No
grooved piping allowed on exterior piping.

Exterior Chilled Water, NPS 2-1/2 and Larger: Schedule 40 steel pipe with welded and flange
joints. No grooved piping allowed on exterior piping.

Condensate-Drain Piping: Type L (Type B) drawn-temper copper tubing with soldered joints.

TERMINAL EQUIPMENT CONNECTIONS

Sizes for supply and return piping connections shall be the same as or larger than equipment
connections.

Install control valves in accessible locations close to connected equipment.

Install bypass piping with globe valve around control valve. If parallel control valves are
installed, only one bypass is required.

Install ports for pressure gages and thermometers at coil inlet and outlet connections. Comply
with requirements in Section 200519 "Meters and Gages for Piping."
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3.6 CHEMICAL TREATMENT

A.  See section 23 2513 “Water Treatment for Closed-Loop Hydronic Systems”.

3.7 FIELD QUALITY CONTROL

A.  Prepare hydronic piping according to ASME B31.9 and as follows:

1.
2.

Leave joints, including welds, uninsulated and exposed for examination during test.
Provide temporary restraints for expansion joints that cannot sustain reactions due to test
pressure. If temporary restraints are impractical, isolate expansion joints from testing.
Flush hydronic piping systems with clean water; then remove and clean or replace strainer
screens.

Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be
capable of sealing against test pressure without damage to valve. Install blinds in flanged
joints to isolate equipment.

Install safety valve, set at a pressure no more than one-third higher than test pressure, to
protect against damage by expanding liquid or other source of overpressure during test.

B.  Perform the following tests on hydronic piping:

1.

2.

6.

Use ambient temperature water as a testing medium unless there is risk of damage due to
freezing. Another liquid that is safe for workers and compatible with piping may be used.
While filling system, use vents installed at high points of system to release air. Use drains
installed at low points for complete draining of test liquid.

Isolate expansion tanks and determine that hydronic system is full of water.

Subject piping system to hydrostatic test pressure that is not less than 1.5 times the
system's working pressure. Test pressure shall not exceed maximum pressure for any
vessel, pump, valve, or other component in system under test. Verify that stress due to
pressure at bottom of vertical runs does not exceed 90 percent of specified minimum yield
strength or 1.7 times the "SE" value in Appendix A in ASME B31.9, "Building Services
Piping."

After hydrostatic test pressure has been applied for at least 10 minutes, examine piping,
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing
components, and repeat hydrostatic test until there are no leaks.

Prepare written report of testing.

C.  Perform the following before operating the system:

1.

2.
3.
4

Open manual valves fully.

Inspect pumps for proper rotation.

Set makeup pressure-reducing valves for required system pressure.

Inspect air vents at high points of system and determine if all are installed and operating
freely (automatic type), or bleed air completely (manual type).

Set temperature controls so all coils are calling for full flow.

Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers,
cooling towers, to specified values.

Verify lubrication of motors and bearings.

END OF SECTION 23 2113
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SECTION 23 2114 - HYDRONIC SPECIALTIES

PART 1 GENERAL

1.1

1.2

1.3

1.4

@ = = o o w @

SECTION INCLUDES
Expansion tanks.

Air vents.

Air separators.
Strainers.

Magnetic filters.
Balancing valves.

Flow meters.

REFERENCE STANDARDS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

ASME BPVC-VIII-1 - Boiler and Pressure Vessel Code, Section VIII, Division 1: Rules for
Construction of Pressure Vessels; 2025, with Errata .

SUBMITTALS

See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide product data for manufactured products and assemblies required for this
project. Include component sizes, rough-in requirements, service sizes, and finishes. Include
product description and model.

Maintenance Data: Include installation instructions, assembly views, lubrication instructions,
and replacement parts list.

DELIVERY, STORAGE, AND HANDLING
Accept valves on site in shipping containers with labeling in place. Inspect for damage.

Provide temporary end caps and closures on piping and fittings. Maintain in place until
installation.

Protect piping systems from entry of foreign materials by temporary covers, completing
sections of the work, and isolating parts of completed system.
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PART 2 PRODUCTS

2.1 EXPANSION TANKS

A.  Manufacturers:
1. Bell & Gossett, a brand of Xylem, Inc
2. Taco, Inc

B.  Construction: Welded steel, tested and stamped in accordance with ASME BPVC-VIII-1;
supplied with National Board Form U-1, adjustable flexible EPDM diaphragm or bladder seal
factory precharged to 12 psi, and steel support stand , unless otherwise noted on the plans. .

C.  Automatic Cold Water Fill Assembly: Pressure reducing valve, reduced pressure double check
backflow preventer, test cocks, strainer, vacuum breaker, and valved by-pass.

2.2 AIR VENTS

A.  Manual Air Vent: Short vertical sections of 2-inch diameter pipe to form air chamber, with 1/8
inch brass needle valve at top of chamber.

B.  Float Air Vent:
1. Castiron body and cover, float, bronze pilot valve mechanism suitable for system
operating temperature and pressure; with isolating valve.

Maximum Fluid Pressure: 150 psi.

D.  Maximum Fluid Temperature: 250 degrees F.

23 AIR SEPARATORS

A. In-line Air Separators:
1. Manufacturers:

a. Armstrong International, Inc
b. Bell & Gossett, a brand of Xylem, Inc
c. Taco, Inc

2. Cast iron for sizes 1-1/2 inch and smaller, or steel for sizes 2 inch and larger; tested and
stamped in accordance with ASME BPVC-VIII-1; for 125 psi operating pressure.
3.  Maximum Allowable Service Temperature: 450 degrees F.

B.  Centrifugal Air Separators/Strainers:
1. Manufacturers:
a. Armstrong International, Inc
b. Bell & Gossett, a brand of Xylem, Inc
c. Taco, Inc

2. Primed steel body, tested and stamped in accordance with ASME BPVC-VIII-1 with
integral bronze strainer, tangential flanged inlet and outlet connections, and internal
stainless steel air collector tube.

3.  Maximum Service Flow and Pressure: 16 gpm at 125 psi.
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2.5

2.6

2.7

STRAINERS

Size 2 inch and Under:
1. Provide threaded or sweat brass or iron body for up to 175 psi working pressure, Y-pattern
strainer with 1/32 inch stainless steel perforated screen.

Size 2-1/2 inch to 4 inch:

1. Provide flanged or grooved iron body for up to 175 psi working pressure, up to 250
degrees F working temperature, Y-pattern strainer with 1/16 inch or 3/64 inch stainless
steel perforated screen.

Size 5 inch and Larger:
1. Provide flanged or grooved iron body for up to 175 psi working pressure, basket pattern
with 1/8 inch stainless steel perforated screen.

Accessories: Provide air vent, hanging tag, outlet ball valve, and PT test plug extension.

MAGNETIC FILTERS

Manufacturers:
1. ADEY Innovation LLC
2. Wessels Company.

Description: ASME BPVC-VIII-1 compliant, packaged oxide filtration assembly configured to
remove dissolved ferrous metals from hydronic systems.

Performance:
1.  Maximum Design Temperature: 250°F
2. Maximum Design Pressure: 150 PSIG

Construction:

1. Shell: Carbon Steel Exterior

2.  Coalescing Medium: Stainless Steel
3. Magnet: Neodymium

Options:
Bronze Blow Down Valve

1.
2. Bronze Skim Valve
3. CastIron Vent

SUCTION DIFFUSERS

See Section 23 2123 Hydronic Pumps

PUMP CONNECTORS

Flexible Connectors: Flanged, braided type with wetted components of stainless steel, sized to
match piping.

1. Maximum Operating Service: 150 psi at 240 degrees F.

2. End Connections: Same as specified for pipe jointing.

3. Provide necessary accessories including, but not limited to, swivel joints.

EAPC Project 20245211 HYDRONIC SPECIALTIES 232114-3



2.8

2.9

BALANCING VALVES

Manufacturers:

1. Bell & Gossett, a brand of Xylem, Inc

2. Conbraco Industries, Inc

3. Spence Engineering Company, Inc

4. Watts, a Watts Water Technologies Company

Size 2 inch and Smaller:

1. Provide ball or globe style with flow balancing, shut-off capabilities, memory stops, and
minimum of two metering ports and female sweat, NPT threaded, or soldered connections.

2. Metal construction materials consist of bronze or brass.

3. Non-metal construction materials consist of Teflon or EPDM.

Size 2-1/2 inch and Larger:

1. Provide butterfly style with flow balancing, shut-off capabilities, memory stops, and
minimum of two metering ports and flanged, grooved, or weld-end connections.

2. Valve body construction materials consist of cast iron, carbon steel, or ductile iron.

3. Internal components construction materials consist of brass, aluminum bronze, bronze,
Teflon, EPDM, or NORYL.

FLOW METERS

Manufacturers:
1.  Dwyer Instruments, Inc

Orifice principle by-pass circuit with direct reading gauge, soldered or flanged piping
connections for 125 psi working pressure, with shut off valves, and drain and vent connections.

PART 3 EXECUTION

3.1

INSTALLATION
Install specialties in accordance with manufacturer's instructions.
Provide manual air vents at system high points and as indicated.

For automatic air vents in ceiling spaces or other concealed locations, provide vent tubing to
nearest drain.

Provide air separator on suction side of system circulation pump and connect to expansion tank.
Provide valved drain and hose connection on strainer blowdown connection.

Provide pump suction fitting on suction side of base-mounted centrifugal pumps where
indicated. Remove temporary strainers after cleaning systems.

Support pump fittings with floor-mounted pipe and flange supports.

Provide relief valves on pressure tanks, low-pressure side of reducing valves, heat exchangers,
and expansion tanks.
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I Select system relief valve capacity so that it is greater than make-up pressure reducing valve
capacity. Select equipment relief valve capacity to exceed rating of connected equipment.

J. Pipe relief valve outlet to nearest floor drain.

K. Where one line vents several relief valves, make cross-sectional area equal to sum of individual
vent areas.

END OF SECTION 23 2114
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SECTION 23 2123 - HYDRONIC PUMPS

PART 1 GENERAL

1.1

A.

1.2

1.3

1.4

SECTION INCLUDES

In-line pumps.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 03 3000 - Cast-in-Place Concrete.
Section 23 0513 - Common Motor Requirements for HVAC Equipment.

Section 23 0934 - Variable-Frequency Motor Controllers for HVAC.

REFERENCE STANDARDS

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

UL 778 - Standard for Motor-Operated Water Pumps; Current Edition, Including All Revisions.

SUBMITTALS
See Section 01 3000 - Administrative Requirements for submittal procedures.

Operation and Maintenance Data: Include installation instructions, assembly views, lubrication
instructions, and replacement parts list.

PART 2 PRODUCTS

2.1

A.
B.
C.

2.2

MANUFACTURERS
Bell & Gossett, a Xylem Inc. brand
Grundfos Pumps Corporation

TACO Incorporated

GENERAL

Provide pumps that operate at specified system fluid temperatures without vapor binding and
cavitation, are non-overloading in parallel or individual operation, and operate within 25 percent
of midpoint of published maximum efficiency curve.
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B.  Base Mounted Pumps: Aligned by qualified millwright.

C.  Electrical Requirements:
1. Listed and classified by UL or testing agency acceptable to authority having jurisdiction as
suitable for the purpose specified and indicated.
2. Variable Frequency Drives (VFDs): Provide in accordance with Section 23 0934, except
for integral-VFDs.
2.3 IN-LINE PUMPS

A.  Closed-Coupled, Single-Stage Pump: Vertical pump with radially-split casing; rated for
discharge pressures up to 175 psi.

B.  Casing: Cast iron with seal flush connection, threaded suction, and discharge ports with gauge
port and drain plug.

Impeller: Stainless steel, fully enclosed, keyed directly to motor shaft or extension.
Shaft: Stainless steel with stainless steel impeller cap screw or nut and bronze sleeve.

Seal: Silicon Carbide (EPR/SiC), 225 degrees F maximum continuous operating temperature.

m m o 0

Electrical:

1. Motor: 1,750 rpm, open drip-proof (ODP); see Section 23 0513.

2. Wiring Terminations: Provide terminal lugs to match branch circuit conductor quantities,
sizes, and materials indicated. Enclose terminal lugs in terminal box sized to NFPA 70.

G.  Capacities and Characteristics:
1. See Schedule on Drawings
2.4 END-SUCTION PUMPS

A.  Close-Coupled Pump: Base-mounted, long-coupled, single-stage pump with horizontal shaft
and radially- or horizontally-split casing rated for discharge pressures up to 360 psi.

B.  Casing: Cast iron with renewable bronze casing wearing rings, seal flush connection, drain
plug, flanged suction, and discharge flanged connections with gauge ports.

Impeller: Bronze, balanced, fully enclosed, keyed to shaft.
Bearings: Grease lubricated roller or ball bearings.

Shaft: Stainless steel with copper, bronze, or stainless steel shaft sleeve.

m m o 0

Shaft Grounding: All motors driven by a variable frequency PWM drive shall include a
maintenance free, circumferential, conductive micro fiber bearing protection ring (AEGIS SGR)
to discharge shaft currents to ground

G.  Seal: Silicon Carbide (EPR/SiC/SiC), 225 degree F maximum continuous operating
temperature.

H.  Drive: Flexible coupling with coupling guard.

L Baseplate: Cast iron or fabricated steel with integral drain rim.
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2.5

Electrical:

1. Motor: 1,750 rpm, open drip-proof (ODP); see Section 23 0513.

2. Wiring Terminations: Provide terminal lugs to match branch circuit conductor quantities,
sizes, and materials indicated. Enclose terminal lugs in terminal box sized to NFPA 70.

Capacities and Characteristics:
1. See Schedule on Drawings

PUMP SPECIALTY FITTINGS

Suction Diffuser:

1. Angle pattern

2. 175-psig (1204-kPa) pressure rating, cast or ductile-iron body and end cap, pump-inlet
fitting

Bronze startup and bronze or stainless-steel permanent strainers

Bronze or stainless-steel straightening vanes

Drain plug

Factory-fabricated support leg

SIS

PART 3 EXECUTION

3.1

32

A.

!—1

PREPARATION

Verify that electric power is available and of the correct characteristics.

INSTALLATION
Install in accordance with manufacturer's instructions.

Provide access space around pumps for service. Provide no less than minimum space
recommended by manufacturer.

Decrease from line size with long radius reducing elbows or reducers. Support piping adjacent
to pump such that no weight is carried on pump casings. For close-coupled or base-mounted
pumps, provide supports under elbows on pump suction and discharge line sizes 4 inches and
over.

Provide line sized shut-off valve and strainer on pump suction, and line sized soft seat check
valve and balancing valve on pump discharge.

Provide air cock and drain connection on horizontal pump casings.
Provide drains for bases and seals, piped to and discharging into floor drains.
Check, align, and certify alignment of base-mounted pumps prior to start-up.

Install close-coupled and base-mounted pumps on concrete housekeeping base, with anchor
bolts, set and level, and grout in place. See Section 03 3000.

Lubricate pumps before start-up.
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3.3

Provide side-stream filtration system for closed loop systems. Install across pump with flow
from pump discharge to pump suction from pump tappings.

Install flexible connectors on suction and discharge sides of base-mounted pumps between
pump casing and valves.

Install pressure gages on pump suction and discharge or at integral pressure-gage tapping, or
install single gage with multiple-input selector valve.

Retain first two paragraphs below for automatic condensate pump units.
Install check valve and gate or ball valve on each condensate pump unit discharge.

Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."

Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."

ALIGNMENT

Engage a factory-authorized service representative to perform alignment service.

Comply with requirements in Hydronics Institute standards for alignment of pump and motor
shaft. Add shims to the motor feet and bolt motor to base frame. Do not use grout between
motor feet and base frame.

Comply with pump and coupling manufacturers' written instructions.

After alignment is correct, tighten foundation bolts evenly but not too firmly. Completely fill
baseplate with nonshrink, nonmetallic grout while metal blocks and shims or wedges are in
place. After grout has cured, fully tighten foundation bolts.

END OF SECTION 23 2123
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SECTION 23 2300 - REFRIGERANT PIPING

PART 1 GENERAL

1.1 SECTION INCLUDES
Piping.

Refrigerant.

Moisture and liquid indicators.
Valves.

Strainers.

Check valves.

Pressure regulators.

T o ®m o o0 w >

Pressure relief valves.

1—1

Filter-driers.

=

Solenoid valves.
Expansion valves.

Receivers.

2 - &

Exterior penetration accessories.

1.2 RELATED REQUIREMENTS

>

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 07 8400 - Firestopping.
Section 08 3100 - Access Doors and Panels.
Section 09 9123 - Interior Painting.

Section 23 0716 - HVAC Equipment Insulation.

m m o 0w

Section 23 0719 - HVAC Piping Insulation.

1.3 REFERENCE STANDARDS

A.  AHRI 495 - Performance Rating of Refrigerant Liquid Receivers; 2005.
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1.4

1.5

1.6

ASHRAE Std 15 - Safety Standard for Refrigeration Systems; 2024, with Addendum (2025).
ASHRAE Std 34 - Designation and Safety Classification of Refrigerants; 2024, with Addendum
(2025).

SUBMITTALS

Product Data: Provide general assembly of specialties, including manufacturer's catalogue
information. Provide manufacturer's catalog data including load capacity.

Manufacturer's Installation Instructions: Indicate support, connection requirements, and
isolation for servicing.

Submit welders certification of compliance with ASME BPVC-IX.

Project Record Documents: Record exact locations of equipment and refrigeration accessories
on record drawings.

QUALITY ASSURANCE

Installer Qualifications: Company specializing in performing the type of work specified in this
section, with minimum 3 years of experience.

DELIVERY, STORAGE, AND HANDLING

Protect piping and specialties from entry of contaminating material by leaving end caps and
plugs in place until installation.

PART 2 PRODUCTS

2.1

A.

2.2

23

SYSTEM DESCRIPTION

Where more than one piping system material is specified ensure system components are
compatible and joined to ensure integrity of system is not jeopardized. Provide necessary
joining fittings. Ensure flanges, union, and couplings for servicing are consistently provided.

Provide pipe hangers and supports in accordance with ASME B31.5 unless indicated otherwise.

REGULATORY REQUIREMENTS
Comply with ASME B31.9 for installation of piping system.

Welding Materials and Procedures: Comply with ASME BPVC-IX and applicable state labor
regulations.

Welders Certification: In accordance with ASME BPVC-IX.

PIPING

Copper Tube: Ensure compliance with related equipment. ASTM B280, H58 hard drawn or
060 soft annealed.
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1. Fittings: ASME B16.22 wrought copper.
2. Joints: Braze, AWS A5.8M/A5.8 BCuP silver/phosphorus/copper alloy.

B.  Copper Tube up to 7/8-inch OD: ASTM B88 (ASTM B88M), Type K (A), annealed.
1. Fittings: ASME B16.22
2. Joints: Brazed unless otherwise allowed per manufacturer.

C.  Pipe Supports and Anchors:
1. Provide hangers and supports that comply with MSS SP-58.
a. If type of hanger or support for a particular situation is not indicated, select
appropriate type using MSS SP-58 recommendations.

2. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch: Malleable iron adjustable swivel, split ring.

3. Hangers for Pipe Sizes 2 Inches and Over: Carbon steel, adjustable, clevis.

4. Multiple or Trapeze Hangers: Steel channels with welded spacers and hanger rods.

5. Wall Support for Pipe Sizes to 3 Inches: Cast iron hook.

6. Vertical Support: Steel riser clamp.

7. Copper Pipe Support: Carbon steel ring, adjustable, copper plated.

8. Hanger Rods: Mild steel threaded both ends, threaded one end, or continuous threaded.

9. Inserts: Malleable iron case of galvanized steel shell and expander plug for threaded
connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to
forms; size inserts to suit threaded hanger rods.

2.4 REFRIGERANT

A.  Refrigerant: See schedules on drawings. ASHRAE Std 34.

2.5 MOISTURE AND LIQUID INDICATORS

A.  Indicators: Single port type, UL listed, with copper or brass body, flared or soldered ends, sight
glass, color coded paper moisture indicator in ppm with removable element cartridge and plastic
cap; for maximum temperature of 240 degrees F and maximum working pressure of 500 psi.

2.6 VALVES

A.  Ball Valves:
1. Two piece forged brass body with teflon ball seals and copper tube extensions, brass
bonnet and seal cap, chrome plated ball, stem with neoprene ring stem seals; for maximum
working pressure of 500 psi and maximum temperature of 300 degrees F.

B.  Service Valves:
1. Forged brass body with copper stubs, brass caps, removable valve core, integral ball check
valve, flared or soldered ends, for maximum pressure of 500 psi.

2.7 STRAINERS

A.  Straight Line or Angle Line Type:
1. Brass or steel shell, corrosion resistant coating, steel cap and flange, and replaceable
cartridge, with screen of stainless steel wire or monel reinforced with brass; for maximum
working pressure of 500 psi.
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2.8

2.9

2.10

2.11

2.12

2.13

CHECK VALVES

Globe Type:

1. Cast bronze or forged brass body, forged brass cap with neoprene seal, brass guide and disc
holder, phosphor-bronze or stainless steel spring, teflon seat disc; for maximum
temperature of 300 degrees F and maximum working pressure of 500 psi.

Straight Through Type:
1. Brass body and disc, phosphor-bronze or stainless steel spring, neoprene seat; for
maximum working pressure of 500 psi and maximum temperature of 250 degrees F.

PRESSURE REGULATORS

Brass body, stainless steel diaphragm, direct acting, adjustable over 0 to 80 psi range, for
maximum working pressure of 450 psi.

PRESSURE RELIEF VALVES

Straight Through or Angle Type: Brass body and disc, neoprene seat, factory sealed and
stamped with ASME UV and National Board Certification NB, selected to ASHRAE Std 15,
with working pressure of 400 psi. Verify standard pressure setting required for the specific
application and equipment.

FILTER-DRIERS

Performance:

1. Flow Capacity - Liquid Line: Capacity As indicated in schedule, minimum, rated in
accordance with AHRI 710 (I-P) (AHRI 711 (SI)).

2. Flow Capacity - Suction Line: Capacity As indicated in schedule, minimum, rated in
accordance with AHRI 730 (I-P).

Cores: Molded or loose-fill molecular sieve desiccant compatible with refrigerant, activated
alumina, activated charcoal, and filtration to 10 microns; of construction that will not pass into
refrigerant lines.

Construction: UL listed.

1. Replaceable Core Type: Steel shell with removable cap.
2. Sealed Type: Steel shell.

3. Connections: As specified for applicable pipe type.

FLEXIBLE CONNECTORS

Corrugated bronze hose with single layer of stainless steel exterior braiding, minimum 7 inches
long with copper tube ends; for maximum working pressure of 500 psi and operating
temperature of 250 deg F.

EXTERIOR PENETRATION ACCESSORIES

Flashing Panels for Exterior Wall Penetrations: Premanufactured components and accessories
as required to preserve integrity of building envelope; suitable for conduits and facade materials
to be installed.
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Sealing Systems for Roof Penetrations: Premanufactured components and accessories as
required to preserve integrity of roofing system and maintain roof warranty; suitable for
conduits and roofing system to be installed; designed to accommodate existing penetrations
where applicable.

PART 3 EXECUTION

3.1

3.2

A.
B.

PREPARATION
Ream pipe and tube ends. Remove burrs. Bevel plain-end ferrous pipe.

Remove scale and dirt on inside and outside before assembly.

INSTALLATION
Install refrigeration specialties in accordance with manufacturer's instructions.

Route piping in orderly manner, with plumbing parallel to building structure, and maintain
gradient.

Install piping to conserve building space and avoid interference with use of space.

Group piping whenever practical at common elevations and locations. Slope piping one percent
in direction of oil return.

Install piping to allow for expansion and contraction without stressing pipe, joints, or connected
equipment.

Pipe Hangers and Supports:

1. Install in accordance with ASME B31.5.

2. Support horizontal piping as indicated.

3. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent
work.

4.  Place hangers within 12 inches of each horizontal elbow.

5. Support vertical piping at every floor. Support riser piping independently of connected
horizontal piping.

6. Where several pipes can be installed in parallel and at same elevation, provide multiple or
trapeze hangers.

7. Provide copper plated hangers and supports for copper piping where required.

Arrange piping to return oil to compressor. Provide traps and loops in piping, and provide
double risers as required. Slope horizontal piping 0.40 percent in direction of flow. Install
piping according to all manufacturer requirements, which may be more stringent than listed
above. It is the responsibility of the contractor to verify all requirements and adhere to them.

Provide clearance for installation of insulation and access to valves and fittings.

Provide access to concealed valves and fittings. Coordinate size and location of access doors
with Section 08 3100.

Insulate piping and equipment.
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K.  Follow ASHRAE Std 15 procedures for charging and purging of systems and for disposal of
refrigerant.

L. Fully charge completed system with refrigerant after testing.

33 FIELD QUALITY CONTROL
A.  See Section 01 4000 - Quality Requirements, for additional requirements.
Test refrigeration system in accordance with ASME B31.5.

C.  Pressure test system with dry nitrogen to 200 psi. Perform final tests at 27 inches vacuum and
200 psi using halide torch. Test and repair piping until no leakage.

END OF SECTION 23 2300
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SECTION 23 2513 - WATER TREATMENT FOR CLOSED-LOOP HYDRONIC SYSTEMS
PART 1 GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Section includes the following water treatment for closed-loop hydronic systems:
1.  Approved companies and materials for hydronic systems.
2. Approved chemical feeding and filtering equipment.
3. De-ionized water requirements.
4. Hydronic system fluid requirements.
5. Preparation for hydronic system.
6. Cleaning and filling sequence.
7. Expansion tank installation guidelines.
8.  Hydronic system fluid testing.
9. Warranty of hydronic system.

1.3 DEFINITIONS

A.  Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or
for remote-control, signaling power-limited circuits.

B. RO: Reverse osmosis.

C.  TSS: Total suspended solids are solid materials, including organic and inorganic, that are
suspended in the water. These solids may include silt, plankton, and industrial wastes.

1.4 ACTION SUBMITTALS

A.  Product Data: Include rated capacities, operating characteristics, and furnished specialties and
accessories for the following products:

1. Hydronic system cleaner.

2. Glycol.

3. Inhibitors.

4. System volume.

5. Gage readings.

6. Chemical material safety data sheets.
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1.5 INFORMATIONAL SUBMITTALS

A.  Water Analysis Provider Qualifications: Verification of experience and capability of HVAC
water-treatment service provider.

B.  Field quality-control reports.

C.  Other Informational Submittals:

1. Water-Treatment Program: Written sequence of operation on an annual basis for the
application equipment required to achieve water quality defined in "Performance
Requirements" Article.

2. Water Analysis: Illustrate water quality available at Project site.

1.6 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For sensors, injection pumps, and controllers to include in
emergency, operation, and maintenance manuals.

1.7 QUALITY ASSURANCE

A. HVAC Water-Treatment Service Provider Qualifications: An experienced HVAC water-
treatment service provider capable of analyzing water qualities, installing water-treatment
equipment, and applying water treatment as specified in this Section.

1.8 REGULATORY REQUIREMENTS

A.  Conform to applicable code for addition of non-potable chemical to building mechanical system
and to public sewage systems.

B.  Conform to Sewer Use Rules and Regulations published by Minot Municipal Utilities.

1.9 DELIVERY, STORAGE AND HANDLING

A.  Contractor shall be responsible for the delivery, storage, protection and handling of the products
before, during, and after installation.

B.  Contractor shall be responsible for accepting all products from the manufacturers of the
equipment in factory-fabricated protective containers. Contractor shall inspect for damage.

C. Store in clean dry place and protect from weather and construction traffic. Handle carefully to
avoid damage to components, enclosures, and finish.

1.10 MAINTENANCE SERVICE

A.  Scope of Maintenance Service: Provide chemicals and service program to maintain water
conditions required above to inhibit corrosion and scale formation for hydronic piping and
equipment. The hydronic system fluid warranty period shall expire one year after warranty start
date established by final fluid Acceptance or by the one year contractors warranty for the entire
project, whichever is later.

B.  Services and chemicals shall include the following:
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Initial water analysis and HVAC water-treatment recommendations.

Startup assistance for Contractor to flush the systems, clean with detergents, and initially
fill systems with required chemical treatment prior to operation.

Periodic field service and consultation.

Customer report charts and log sheets.

Laboratory technical analysis.

Analyses and reports of all chemical items concerning safety and compliance with
government regulations.

N

AN S

PART 2 PRODUCTS

2.1

2.2

23
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MANUFACTURERS (ALL NEW HEATING GLYCOL SOLUTION SHALL BE THE SAME
MANUFACTURER AS THE EXISTING FLUID)

Cleaning chemicals shall be designed for hydronic systems and compatible with pipes, fittings,
coils, valves, equipment and etc.

DE-IONIZED WATER REQUIREMENTS (FOR FINAL RINSES AND FINAL FILL)
Sulfate <25 ppm

Chloride < 25 ppm

Calcium < 1 ppm

Magnesium < 1 ppm

Silica < 25 ppm

Electrical Conductivity < 5.0 umho/cm @ 77 degrees Fahrenheit

Total water hardness < 60 ppm

HYDRONIC SYSTEM FLUID REQUIREMENTS (FOR WATER OR GLYCOL SYSTEMS)
Iron <5 ppm

Copper < 5 ppm

Zinc < 5 ppm

Magnesium < 1 ppm

Calcium < 1 ppm

Silica <25 ppm

Nitrate <25 ppm

Molybdenum < 25 ppm

Lead <5 ppm

WATER TREATMENT FOR CLOSED-LOOP
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Arsenic <5 ppm

K.  Chloride <25 ppm

L. Sulfate <25 ppm

M.  Acidity < 1000 ppm

N.  Phosphate, 2250-3750 ppm

O.  Boron> 150 ppm

P. PH acceptable range: 8.0t0 9.5

Q.  Tolyltriazole > 150 ppm

R.  Reserve Alkalinity 3.0 to 6.0 mils/lite

S. Heating System Glycol Concentration = 35% Ethylene Glycol, +/-2%

T. Sediments = none

2.4 PREPARATION FOR HYDRONIC SYSTEM

A. Systems shall be operational, filled, started, and vented prior to cleaning. Use water meter to
record capacity in each system.

B.  Place terminal control valves in open position during cleaning.

C. Systems containing any amount of glycol will not be allowed to be dumped down any sanitary
waste line or on the ground. All glycol that is removed from a system shall be drained and
disposed of properly or taken to an off-site location for recycling. Any damage caused by
improper disposal of glycol, or subsequent remediation required, shall be at contractor’s
expense.

D.  Once system pressure is relieved, open air vents at high point(s) in the system to facilitate
draining.

E. If drain point doesn’t exist at low point(s) in the system, contractor shall be responsible for
installing one.

F. Install a sample test line between the air separator and the suction side of the pump. Test line
shall have a valve with a locking handle. See plans for details.

G.  Remove any strainer screens from the system, clean and replace.

Permanently install a pressure gage at a high point in the system in a location approved by the
Owner and Engineer. Record the location of pressure gage on the Record Drawings.
L. Verify that electric power is available and of the correct characteristics.
2.5 CLEANING AND FILLING SEQUENCE

A.  Ensure all isolation valves, automatic control valves, etc. are wide open to facilitate complete

filling of the system. Coordinate with temperature controls contractor as required to lock
WATER TREATMENT FOR CLOSED-LOOP
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2.6

automatic control valves in open position during filling operation. Return control valves to
automatic mode upon completion. Make sure expansion tank is valved off to the system.

Install a water meter on the fill line to record the system volume.

Fill system with water (use soft water if readily available at site, otherwise hard water is
acceptable for this step). Contractor shall not use the system pumps to fill the hydronic system.
Filling shall be done from a pump provided by contractor and shall connect to a low point in the
system to facilitate air removal. Once system volume is known, add appropriate system cleaner.
Refer to manufacturer’s instructions on cleaner concentration, I how long to circulate cleaner
and at what temperature. Depending on cleanliness of hydronic system, more than one cleaning
might be necessary to properly clean the hydronic system. In accordance with Sewer Use Rules
and Regulations test all pH levels of water before draining the water and cleaner solution.
Contractor shall adjust the pH levels as needed before draining the fluid. Drain the system
down.

Once the contractor has determined the cleaner has properly cleaned the hydronic system I and
pH levels meet the Sewer Use Rules and Regulations, fill and rinse the hydronic system with
soft water) as many times as necessary in order to get clear, non-colored fluid. Meter all filling
processes to insure an accurate system volume. During all rinse processes, contractor shall add
chemical to prevent flash rusting. Remove all system strainer screens, clean and replace as
many times as necessary throughout rinse process. Blowdown all equipment containing drain
points where sediments may collect such as, air separators, boilers, chillers, etc. FINAL
RINSE(S) shall be done with de-ionized water to insure that all calcium, magnesium, sulfate,
and chloride ions left behind by flushing are removed. The hydronic system shall be filled with
de-ionized water and rinsed as many times as necessary in order to insure the hydronic system
fluid meets the de-ionized water requirements.

Once the hydronic system meets the de-ionized water requirements, notify Engineer and
Owner’s Representative to demonstrate cleanliness and approve test results before filling the
system, Using the metered volume obtained earlier, drain the required water in order to add the
required glycol to achieve the specified level of protection as stated in the Hydronic System
Fluid specifications.

Refer to expansion tank installation guidelines before proceeding. Once the contractor has met
the expansion tank guidelines, the hydronic system meets all of the requirements, then notify
Owner’s Representative. Within 7 days of notification, the Owner’s representative will take a
sample to be tested to show compliance with these specifications. Sample results may take 2-4
weeks. A copy of the sample results will be given to contractor along with recommendation, if
needed, to meet the hydronic fluid requirements.

DIAPHRAGM EXPANSION TANK INSTALLATION GUIDELINES

When filling a system keep the isolation valve between the system and the expansion tank
closed.

Fill system with system pumps off.

Manually bleed air from system, as required, and circulate hydronic system as long as needed to
ensure that all the air is out of the hydronic system.

WATER TREATMENT FOR CLOSED-LOOP

EAPC Project 20245211 232513-5

HYDRONIC SYSTEMS



D.  The gage pressure at the high point in the system shall read at least 6-8 psig . If no gage exists at
the high point then install a gage wherever feasible. Once 6-8 psig is reached, stop filling. If
you exceed 10 psig drain system fluid until 6-8 psig is reached.

E. Record all pressure readings as indicated and the hydronic fluid temperatures with system
pumps still off and at fill temperature. (It is understood that once the fill water is in the system
the water temperature will try to reach the temperature of the surrounding environment.
Throughout the diaphragm expansion tank installation guidelines the system fluid temperature
will be referred to as fill temperature (before it gets heated or cooled by the mechanical
equipment). Pressure reading can be from any gage at the low point of the system. When the
pumps are off the suction and discharge pressure readings should be the same. if not check and
repair pressure gages or gage line as needed.

F. The pressure reading at the low point (with pumps off and system at fill temperature) is what
you charge the air-side of the diaphragm tank. The expansion tank arrives from the
manufacturer with an unknown charge. Test tank charge before adding compressed air or
nitrogen. Testing tank charge can be done with a tire gage. Depending on hydronic system, you
might have to lower expansion tank charge by releasing some air through the air port.

1. Example: Assume pumps off and system at fill temperature. If the pressure reading at the
low point in the system is 25 psig then charge the diaphragm tank, with dry compressed air
or nitrogen, until 25 psig is reached in the tank.

G.  Once the expansion tank is charged with proper air-side pressure, open the isolation valve
between the expansion tank and system.

H.  Turn on the appropriate number of systems pumps. Do not over pump the system by running
backup pumps when not intended.

L. Bleed air from system as required and add water or glycol as needed. Do not make any further
adjustments to the expansion tank air-side pressure at this time. Continue to circulate fluid until
contractor is satisfied that all air is bled form system.

J. To insure that the expansion tank has been charged correctly, turn pumps off to system and
leave the expansion tank online with the system.

K.  Check the pressure at the high point in the system. As long as the gage reading at the high point
is between 4-8 psig, (if gage reading at the high point isn’t at least 4 psig then add de-ionized
water or proper glycol mixture to system until gage at high point is at least 6-8 psig.)

L. If the pressure reading at the low point is +/- 2 psig of the air-side charge in the expansion tank
then no changes needed and skip guidelines N-S.

M.  If the pressure reading at the low point (with pumps off and system at fill temperature) is greater
than +/- 2 psig of the expansion tank air-side charge, then follow the below instructions.

Valve off expansion tank from system.
Open expansion tank fill port. This should release any water that might be in it.

Close fill port.

o ® o Z

Charge the expansion tank air-side charge (with pumps off and system at fill temperature) to the
same pressure as the pressure reading from the low point of the system.
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2.7

2.8

2.9

2.10

A.

Open valve and bring expansion tank back online with system.

Start the appropriate number of pumps and bring the heating system within 10 degrees of the
maximum leaving temperature and entering temperature. For cooling systems, start pumps and
bring the cooling system within 5 degrees of the maximum leaving temperature and entering
temperature. Coordinate with controls contractor and trades to assure systems are operated
properly to achieve these temperatures.

All data recorded shall be included in the Operation and Maintenance manuals.

HYDRONIC SYSTEM FLUID TESTING

Contractor shall provide testing services by Dow Chemical Lab for the glycol heating systems
prior to modifying any existing piping. Any adjustments required on the existing fluid will be
at the Owners cost.

consult with the Engineer and Owner’s project manager for recommendations. However, it
solely remains the contractor’s responsibility to bring the system into compliance, which may
involve increasing the glycol concentration, adding more inhibitors, filtering out the sediment or
complete draining, flushing and re-filling in accordance with these specifications.

WARRANTY OF HYDRONIC SYSTEM

The hydronic system warranty shall commence with Final Acceptance of the building, but only
if the sample results prove that the hydronic system meets de-ionized water and hydronic fluid
requirements. If initial sample does not meet requirements, then contractor shall remediate as
required and request additional sample(s) to be taken at the end of the remediation process.
Warranty period for the hydronic system shall not commence any sooner than final approved
test result of hydronic system.

After the hydronic system is initially approved, it shall be tested by Owner periodically during
the warranty period to evaluate on-going condition of system. Contractor shall provide any
necessary service and materials during the warranty period to maintain proper system pressure
levels, glycol concentration, inhibitor concentrations, etc. to maintain system in accordance with
these specifications.

The hydronic system fluid warranty period shall expire one year after warranty start date
established by final fluid Acceptance or by the one year contractors warranty for the entire
project, whichever is later.

FINAL SYSTEM FLUID

Final system fluid for the Heating Water System shall be 35% inhibited Ethylene glycol and
65% purified water solution.

INSTALLATION

Install in accordance with manufacturer’s instructions.

END OF SECTION 23 2513

WATER TREATMENT FOR CLOSED-LOOP
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SECTION 23 3113 - METAL DUCTS

PART 1 GENERAL

1.1

A.

=

z 2 5 r

=

REFERENCE STANDARDS

40 CFR 59, Subpart D - National Volatile Organic Compound Emission Standards for
Architectural Coatings; U.S. Environmental Protection Agency; Current Edition.

ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2019.

ASTM A480/A480M - Standard Specification for General Requirements for Flat-Rolled
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip; 2025b.

ASTM A492 - Standard Specification for Stainless Steel Rope Wire; 1995 (Reapproved 2019).
ASTM A603 - Standard Specification for Metallic-Coated Steel Structural Wire Rope; 2019.

ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2025a.

ASTM A1008/A1008M - Standard Specification for Steel, Sheet, Cold-Rolled, Carbon,
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability,
Required Hardness, Solution Hardened, and Bake Hardenable; 2025.

ASTM C423 - Standard Test Method for Sound Absorption and Sound Absorption Coefficients
by the Reverberation Room Method; 2023, with Editorial Revision (2024).

ASTM (920 - Standard Specification for Elastomeric Joint Sealants; 2018 (Reapproved 2024).

ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor
Transmission Rate of Materials; 2024a.

AWS D1.1/D1.1M - Structural Welding Code - Steel; 2025, with Errata (2026).
AWS D1.2/D1.2M - Structural Welding Code - Aluminum; 2014, with Errata (2020).
NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024,

NFPA 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems;
2024.

NFPA 96 - Standard for Ventilation Control and Fire Protection of Commercial Cooking
Operations; 2024,

UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; Current Edition, Including
All Revisions.

UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current
Edition, Including All Revisions.
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1.2 SUMMARY

A.  Section Includes:

Rectangular ducts and fittings.

Outdoor Rectangular duct and fittings

Round ducts and fittings.

Sheet metal materials.

Sealants and gaskets.

Hangers and supports.

Related Sections:

Section 23 0593 "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and
balancing requirements for metal ducts.

Section 23 3300 "Air Duct Accessories" for dampers, sound-control devices, duct-
mounting access doors and panels, turning vanes, and flexible ducts.

Sl AN Gl o e
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1.3 PERFORMANCE REQUIREMENTS

A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

B.  Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint
construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible" and performance requirements and design
criteria indicated in "Duct Schedule" Article.

C. Structural Performance: Duct hangers and supports shall withstand the effects of gravity loads
and stresses within limits and under conditions described in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" and ASCE/SEI 7.

D.  Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in
ASHRAE 62.1.
1.4 ACTION SUBMITTALS
A.  Product Data: For each type of product indicated.

B. Shop Drawings:
1. Paragraph below is defined in Section 013300 "Submittal Procedures" as a "Delegated-
Design Submittal." Retain with "Performance Requirements" Article if design
responsibilities have been delegated to Contractor.

QUALITY ASSURANCE

D.  Welding Qualifications: Qualify procedures and personnel according to the following:
1. AWS DI1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.
2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports.
3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.

E.  ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and
Equipment" and Section 7 - "Construction and System Start-up."
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F. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1,
Section 6.4.4 - "HVAC System Construction and Insulation."

PART 2 PRODUCTS

2.1 RECTANGULAR DUCTS AND FITTINGS

A.  General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise
indicated.

B.  Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular Duct/Transverse
Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

C.  Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal
Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable
sealing requirements, materials involved, duct-support intervals, and other provisions in
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

2.2 OUTDOOR RETANGULAR DUCT AND FITTINGS

A.  Product: Provide product listed below or an approved equal.
1. Thermaduct.
2. Q-Duct, AQC Ind.
3. Pro-R, by Ducts and Cleats.

B.  The panel shall be manufactured of CFC-free closed cell rigid thermoset resin thermally bonded
on both sides to a factory applied .001" (25 micron) aluminum foil facing reinforced with a
fiberglass scrim. An added UV stable, 39 mil high impact resistant titanium infused vinyl is
factory bonded to the outer surfaces to provide a zero-permeability watertight barrier.

C.  The thermal conductivity shall be no greater than 0.13BTU e in/Hr *ft2+°F, the thermal
conductivity shall be no greater than 0.13BTU e in/Hr *ft2+°F

D.  The density of the foam shall not be less than 3.5 pcf with a minimum compressive strength of
28 psi.

E. The standard panel is 1.26 inch thickness panel with R-8.1 shall be utilized unless indicated
otherwise on the print.
1. Maximum Temperature: Continuous rating of 185 degrees Fahrenheit inside ducts or
ambient temperature surrounding ducts.
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Maximum Thermal Conductivity: 0.13 Btu x in./h x sq. ft. x deg F at 75 degrees Fahrenheit
mean temperature.

Permeability: 0.00 perms maximum when tested according to ASTM E96/E96M,
Procedure A.

Antimicrobial Agent: Compound shall be tested for efficacy by an NRTL and registered by
the EPA for use in HVAC systems.

Noise-Reduction Coefficient: 0.05 minimum when tested according to ASTM C423,
Mounting A.

Required Markings: All interior duct liner shall bear UL label and other markings required
by UL 181 on each full sheet of duct panel; UL ratings for internal closure materials.

All insulation materials shall be closed cell with a closed cell content of >90%.

R-value:

a. 1 3/16 inch Thick Panel: 8.1 R

b. 1 % Thick Panel: 12.0 R

c. Double wall Thick Panel: 16.2 R

d Double wall Thick Panel: 20.1 R

Closure Materials:

1.  V-Groove Adhesive: Silicone (interior).
2. UV stable 38 mil high impact resistant titanium infused vinyl (exterior).
a. Factory manufactured seamless corners.
b. Cohesive bonded over-lap at corner seam covers.
C. Water resistant titanium infused welded vinyl seams.
d. Mold and mildew resistant.
3. Polymeric Sealing System:
a. Structural Membrane: Aluminum scrim with woven glass fiber with UV stable vinyl
clad applied
b. Minimum Seam Cover Width: 2 7/8” inches
c. Sealant: Low VOC.
d. Color: White (colors, matched by architect optional).
e. Water resistant.
f. Mold and mildew resistant.
4. Duct Connectors.
a. Factory manufactured cohesive bonded strips (low pressure only).
b. Factory manufactured all aluminum grip flange.
1) Grip flange
2) F-flange
3) H-flange
4) U-flange
C. Factory manufactured galvanized 4-bolt flange.
Outdoor Cladding
1. Outdoor Installations: Duct segments shall incorporate UV stable 39 mil high impact

resistant titanium infused vinyl which is introduced during the manufacturing process.

Flange coverings

L.

Flanges are field sealed airtight before flange covers are installed. Flange covering
consists of the following:

a. Foam tape insulation with molded 39 mil covers.

b. Air gap (heating only application) with molded 39 mil covers.
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L Weight
1. Duct shall provide low weight stresses on the building framing and support members. The
R-8.1 Duct shall have a maximum weight of 3 1bs. per square foot. Hangers and tie-downs
are to be detailed on the manufacturer’s installing contractors detail drawings prior to
installation but not exceeding 13’ for duct girth <84 and 8’ for duct girth >85” between
hangers and designed to carry the weight and wind load of the ductwork.

23 ROUND DUCTS AND FITTINGS

A.  General Fabrication Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on
indicated static-pressure class unless otherwise indicated.

1. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct Transverse Joints,"
for static-pressure class, applicable sealing requirements, materials involved, duct-support
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

2. Transverse Joints in Ducts Larger Than 60 Inches in Diameter: Flanged.

B.  Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct Longitudinal Seams,"
for static-pressure class, applicable sealing requirements, materials involved, duct-support
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and

Flexible."
1. Fabricate round ducts larger Than 90 inches in diameter with butt-welded longitudinal
seams.

C.  Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and
Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

2.4 SHEET METAL MATERIALS

A.  General Material Requirements: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct
construction methods unless otherwise indicated. Sheet metal materials shall be free of pitting,
seam marks, roller marks, stains, discolorations, and other imperfections.

B.  Galvanized Sheet Steel: Comply with ASTM A653/A653M.
1. Galvanized Coating Designation: G90.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.

C.  Carbon-Steel Sheets: Comply with ASTM A1008/A1008M, with oiled, matte finish for exposed
ducts.

D.  Stainless-Steel Sheets: Comply with ASTM A480/A480M, Type 304 or 316, as indicated in the
"Duct Schedule" Article; cold rolled, annealed, sheet. Exposed surface finish shall be No. 2B,
No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule" Article.
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2.5

2.6

Aluminum Sheets: Comply with ASTM B 209 Alloy 3003, H14 temper; with mill finish for
concealed ducts, and standard, one-side bright finish for duct surfaces exposed to view.

Reinforcement Shapes and Plates: ASTM A36/A36M, steel plates, shapes, and bars; black and

galvanized.

1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum ducts,
isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

DUCT LINER

Flexible Elastomeric Duct Liner: Comply with NFPA 90A or NFPA 90B.

1. Manufacturers:
a. K-Flex USA
b. Armacell Engineered Foams

2. Thickness: 1/2 inch.

3. Fire-Hazard Classification: Maximum flame-spread index of 25 and smoke-developed
index of 50 when tested according to ASTM C 411.

4. Liner Adhesive: Asrecommended by insulation manufacturer and complying with NFPA
90A or NFPA 90B.SEALANT MATERIALS

Joint and Seam Sealants, General: The term "sealant" is not limited to materials of adhesive or
mastic nature but includes tapes and combinations of open-weave fabric strips and mastics.

Refer to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for a detailed
discussion on seam and joint sealing methods and their applications.

Solvent-Based Joint and Seam Sealant: One-part, nonsag, solvent-release-curing, polymerized
butyl sealant formulated with a minimum of 75 percent solids.

Flanged Joint Mastic: One-part, acid-curing, silicone, elastomeric joint sealant complying with
ASTM C920, Type S, Grade NS, Class 25, Use O.

Flange Gaskets: Butyl rubber or EPDM polymer with polyisobutylene plasticizer.

SEALANT AND GASKETS

General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index
of 50 when tested according to UL 723; certified by an NRTL.

Two-Part Tape Sealing System:

1. Tape: Woven cotton fiber impregnated with mineral gypsum and modified acrylic/silicone
activator to react exothermically with tape to form hard, durable, airtight seal.

Tape Width: 4 inches.

Sealant: Modified styrene acrylic.

Water resistant.

Mold and mildew resistant.

Maximum Static-Pressure Class: 10-inch wg, positive and negative.

Service: Indoor and outdoor.

Nk wN
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8. Service Temperature: Minus 40 to plus 200 deg F.

9. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum.

10. For indoor applications, sealant shall have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

11. Sealant shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

C.  Water-Based Joint and Seam Sealant:

Application Method: Brush on.

Solids Content: Minimum 65 percent.

Shore A Hardness: Minimum 20.

Water resistant.

Mold and mildew resistant.

VOC: Maximum 75 g/L (less water).

Maximum Static-Pressure Class: 10-inch wg, positive and negative.
Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

e e Al e

D.  Flanged Joint Sealant: Comply with ASTM C920.

1. General: Single-component, acid-curing, silicone, elastomeric.

2. Type:S.

3. Grade: NS.

4. Class: 25.

5. Use: O.

6. For indoor applications, sealant shall have a VOC content of 250 g/L or less when

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

7. Sealant shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

E. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.

F. Round Duct Joint O-Ring Seals:
1. Seal shall provide maximum 3 cfm/100 sq. ft. at 1-inch wg and shall be rated for10-inch
wg static-pressure class, positive or negative.
2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings
and fitting spigots.

2.7 HANGERS AND SUPPORTS
A.  Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.

Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized rods
with threads painted with zinc-chromate primer after installation.
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Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2,
"Minimum Hanger Sizes for Round Duct."

Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A603.
Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A492.

Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and bolts
designed for duct hanger service; with an automatic-locking and clamping device.

Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible
with duct materials.

Trapeze and Riser Supports:

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

2. Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates.

3. Supports for Aluminum Ducts: Aluminum or galvanized steel coated with zinc chromate.

PART 3 EXECUTION

3.1

A.

DUCT INSTALLATION

Drawing plans, schematics, and diagrams indicate general location and arrangement of duct
system. Indicated duct locations, configurations, and arrangements were used to size ducts and
calculate friction loss for air-handling equipment sizing and for other design considerations.
Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and
Coordination Drawings.

Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible" unless otherwise indicated.

Install round ducts in maximum practical lengths.
Install ducts with fewest possible joints.

Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for
branch connections.

Unless otherwise indicated, install ducts vertically and horizontally, and parallel and
perpendicular to building lines.

Install ducts close to walls, overhead construction, columns, and other structural and permanent
enclosure elements of building.

Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.

Route ducts to avoid passing through transformer vaults and electrical equipment rooms and
enclosures.

Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to
view, cover the opening between the partition and duct or duct insulation with sheet metal
flanges of same metal thickness as the duct. Overlap openings on four sides by at least 1-1/2
inches.
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K.  Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.
Comply with requirements in Section 23 3300 "Air Duct Accessories" for fire and smoke
dampers.

L. Protect duct interiors from moisture, construction debris and dust, and other foreign
materials. Comply with SMACNA's "[AQ Guidelines for Occupied Buildings Under
Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."

M.  Protect duct interiors from the elements and foreign materials until building is enclosed. Follow
SMACNA's "Duct Cleanliness for New Construction" Intermediate Level.

N.  OUTDOOR DUCT Shop Fabrication
1. Certification:
a. Ducts shall be detailed and fully factory manufactured by Outdoor Duct
Manufacturers facility system guidelines. All fabrication labor will be certified
“yellow label” building trade professionals, compliant to SMWIA and SMACNA
labor guidelines (work preservation observed).
2. Fabrication:

a. Fabricated joints, seams, transitions, reinforcement, elbows, branch connections,
access doors and panels, and damage repairs according to manufacturer’s written
and detailed instructions.

Fabricated 90-degree mitered elbows to include turning vanes.

Fabricated duct segments in accordance with manufacturer’s written details.

d. Duct Fittings shall include 6 inches of connecting material, as measured, from last
bend line to the end of the duct. Connections on machine manufactured duct may be
4 inches.

e. Fabricated duct segments utilizing v-groove method of fabrication. Factory welded
or cohesively bonded seams will apply to fully manufactured ductwork and fittings.
Internal seams will be supplied with an unbroken layer of low VOC silicone or
bonding (for paint shop applications). Each duct segment will be factory supplied
with either aluminum grip pro-file or pre-insulated duct connectors in accordance
with manufacturer’s detailed submittal guide. Applied duct reinforcement to protect
against side deformation from both positive and negative pressure per
manufacturer’s design guide based on specified ductwork size and system pressure.

f. Designed and fabricated duct segments and fittings will be in accordance with
“SMACNA HVAC Duct Construction Standards” latest edition.

g. Both positive and negative ductwork and fittings shall be constructed to incorporate
a UL Listed as a Class 1 air duct to Standard for Safety UL 181 liner with an
exterior clad for permanent protection against water intrusion.

c o

3.2 INSTALLATION OF EXPOSED DUCTWORK
A.  Protect ducts exposed in finished spaces from being dented, scratched, or damaged.

B.  Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use
two-part tape sealing system.

C.  Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When
welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds,
and treat the welds to remove discoloration caused by welding.
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34

3.5

Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings,
hangers and supports, duct accessories, and air outlets.

Repair or replace damaged sections and finished work that does not comply with these
requirements.

ADDITIONAL INSTALLATION REQUIREMENTS FOR COMMERCIAL KITCHEN
HOOD EXHAUST DUCT

Install commercial kitchen hood exhaust ducts without dips and traps that may hold grease and
sloped a minimum of 2 percent to drain grease back to the hood.

Install fire-rated access panel assemblies per NFPA 96, at each change in direction and at
maximum intervals of 12 feet in horizontal ducts, and at every floor for vertical ducts, or as
indicated on Drawings. Locate access panel on top or sides of duct a minimum of 1-1/2 inches
from bottom of duct.

Do not penetrate fire-rated assemblies except as allowed by applicable building codes and
authorities having jurisdiction.

DUCT SEALING

Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct
Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction

Standards - Metal and Flexible":

1.  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

Outdoor, Supply-Air Ducts: Seal Class A.

Outdoor, Exhaust Ducts: Seal Class A.

Outdoor, Return-Air Ducts: Seal Class A.

Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower: Seal

Class B.

6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg: Seal
Class A.

7. Unconditioned Space, Exhaust Ducts: Seal Class A.

Unconditioned Space, Return-Air Ducts: Seal Class A.

9. Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower: Seal
Class B.

10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg: Seal
Class A.

11. Conditioned Space, Exhaust Ducts: Seal Class A.

12. Conditioned Space, Return-Air Ducts: Seal Class B.

ke

o

HANGER AND SUPPORT INSTALLATION

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Chapter 5, "Hangers and Supports."
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3.6

3.7

3.8

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners

appropriate for construction materials to which hangers are being attached.

1.  Where practical, install concrete inserts before placing concrete.

2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for
slabs more than 4 inches thick.

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for
slabs less than 4 inches thick.

5. Do not use powder-actuated concrete fasteners for seismic restraints.

Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum
Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports
within 24 inches of each elbow and within 48 inches of each branch intersection.

Hangers Exposed to View: Threaded rod and angle or channel supports.

Support vertical ducts with steel angles or channel secured to the sides of the duct with welds,
bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum interval of 16
feet.

Install upper attachments to structures. Select and size upper attachments with pull-out, tension,
and shear capacities appropriate for supported loads and building materials where used.

CONNECTIONS

Make connections to equipment with flexible connectors complying with Section 23 3300 "Air
Duct Accessories."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
branch, outlet and inlet, and terminal unit connections.

START UP

Air Balance: Comply with requirements in Section 23 0593 "Testing, Adjusting, and Balancing
for HVAC."

DUCT SCHEDULE

Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:

1. Retain applicable subparagraphs in this Article to set criteria for pressure class, duct seal-
class level, and duct-leakage class; or delete applicable subparagraphs and indicate
pressure class, duct seal-class level, and duct-leakage class on Drawings. If retaining duct
seal and leakage requirements in this article, retain first paragraph in "Duct Sealing"
Article. Both seal class and leakage class are included in this article and either one can be
deleted, or both can remain if they are consistent.

Supply Ducts:

1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units:
a. Pressure Class: Positive 1-inch wg (250 Pa).
b. SMACNA Leakage Class for Rectangular: 12.

EAPC Project 20245211 METAL DUCTS 233113-11



c. SMACNA Leakage Class for Round and Flat Oval: 12.
2. Ducts Connected to Variable-Air-Volume Air-Handling Units (Between AHU and terminal
units):
a. Pressure Class: Positive 4-inch wg.
b. SMACNA Leakage Class for Rectangular: 4.
c. SMACNA Leakage Class for Round and Flat Oval: 2.
3.  Ducts Connected to Variable-Air-Volume Air-Handling Units (in Mechanical Rooms):
a. Pressure Class: Positive 4-inch wg.
b. SMACNA Leakage Class for Rectangular: 4.
c. SMACNA Leakage Class for Round and Flat Oval: 2.
4. Return Ducts:
5. Pressure Class: Positive or negative 3-inch wg.
a. SMACNA Leakage Class for Rectangular: 8.
b. SMACNA Leakage Class for Round and Flat Oval: 4.
6. Exhaust Ducts:
7.  Ducts Connected to Air-Handling Equipment:
a. Pressure Class: Positive or negative 3-inch wg.
b. SMACNA Leakage Class for Rectangular: 4.
c. SMACNA Leakage Class for Round and Flat Oval: 2.
8. Ducts Connected to Air-Handling Equipment(in Mechanical Rooms):
a. Pressure Class: Positive or negative 4-inch wg.
b. SMACNA Leakage Class for Rectangular: 4.
c. SMACNA Leakage Class for Round and Flat Oval: 2.
9. Ducts Connected to Type I Commercial Kitchen Hoods: Comply with NFPA 96.
Exposed to View: Carbon Steel.
Concealed: Carbon Steel.
Welded seams and joints.
Pressure Class: Positive or negative 3-inch wg.
Welded seams, joints, and penetrations.
SMACNA Leakage Class: 3.
10. Ducts Connected to Type Il Hoods:
Exposed to View: Aluminum.
Concealed: Aluminum.
Sealed water tight.
Pressure Class: Positive or negative 2-inch wg.
SMACNA Leakage Class for Rectangular: 3.
SMACNA Leakage Class for Round and Flat Oval: 3.
11. Outdoor-Air (Not Filtered, Pressurized, Heated, or Cooled) Ducts:
12. Pressure Class: Positive or negative 3-inch wg.
a. SMACNA Leakage Class for Rectangular: 6.
b. SMACNA Leakage Class for Round and Flat Oval: 4.
13. Intermediate Reinforcement:
14. Galvanized-Steel Ducts: Galvanized steel.
15. Elbow Configuration:
16. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Figure 4-2, "Rectangular Elbows."
a. Velocity 1000 fpm or Lower:
1) Radius Type RE 1 with minimum 0.5 radius-to-diameter ratio.

mo oo o
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2) Mitered Type RE 4 without vanes.
b. Velocity 1000 to 1500 fpm:
1)  Radius Type RE 1 with minimum 1.0 radius-to-diameter ratio.
2) Radius Type RE 3 with minimum 0.5 radius-to-diameter ratio and two vanes.
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners," and Figure 4-4, "Vane Support in Elbows."
c. Velocity 1500 fpm or Higher:
1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.
2)  Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners," and Figure 4-4, "Vane Support in Elbows."
17. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Figure 4-2, "Rectangular Elbows."

a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.

b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.

c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners," and Figure 4-4, "Vane Support in Elbows."

18. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and

Flexible," Figure 3-4, "Round Duct Elbows."

a. Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-1,
"Mitered Elbows." Elbows with less than 90-degree change of direction have
proportionately fewer segments.

1)  Velocity 1000 fpm or Lower: 0.5 radius-to-diameter ratio and three segments
for 90-degree elbow.

2) Velocity 1000 to 1500 fpm: 1.0 radius-to-diameter ratio and four segments for
90-degree elbow.

3) Velocity 1500 fpm or Higher: 1.5 radius-to-diameter ratio and five segments
for 90-degree elbow.

4)  Radius-to Diameter Ratio: 1.5.

Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated.

c. Round Elbows, 14 Inches and Larger in Diameter: Standing seam .

C.  Branch Configuration:

1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Figure 4-6, "Branch Connection."
a. Rectangular Main to Rectangular Branch: 45-degree entry.

2. Round: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical Tees."
Saddle taps are permitted in existing duct.
a. Velocity 1000 fpm or Lower: High Efficiency 90-degree tap.
b. Velocity 1000 to 1500 fpm: Conical tap.
c. Velocity 1500 fpm or Higher: 45-degree lateral.
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3.9 CLEANING

A.  After completing system installation, including outlet fittings and devices, inspect the system.
Vacuum ducts before final acceptance to remove dust and debris.

END OF SECTION 23 3113
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SECTION 23 3300 - AIR DUCT ACCESSORIES

PART 1 GENERAL

1.1

1.2

1.3

A.

REFERENCE STANDARDS

ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2025a.

ASTM B221 - Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars,
Rods, Wire, Profiles, and Tubes; 2021.

NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.

NFPA 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems;
2024,

UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; Current Edition, Including
All Revisions.

UL 555 - Standard for Fire Dampers; Current Edition, Including All Revisions.

UL 5558 - Standard for Smoke Dampers; Current Edition, Including All Revisions.

SUMMARY

Section Includes:

Backdraft and pressure relief dampers.
Manual volume dampers.
Control dampers.

Fire dampers.

Smoke dampers.

Flange connectors.

Turning vanes.
Duct-mounted access doors.
Flexible connectors.
Flexible ducts.

Duct accessory hardware.

el i A S e
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ACTION SUBMITTALS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Product Data: For each type of product.

Shop Drawings: For duct accessories. Include plans, elevations, sections, details and
attachments to other work.
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1. Detail duct accessories fabrication and installation in ducts and other construction. Include
dimensions, weights, loads, and required clearances; and method of field assembly into
duct systems and other construction. Include the following:

a. Control-damper installations.
b. Fire-damper and smoke-damper installations, including sleeves; and duct-mounted
access doors.

c. Wiring Diagrams: For power, signal, and control wiring.

1.4 CLOSEOUT SUBMITTALS

A.  Operation and maintenance data.

PART 2 PRODUCTS

2.1 ASSEMBLY DESCRIPTION

A.  Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
acceptable materials, material thicknesses, and duct construction methods unless otherwise
indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains,
discolorations, and other imperfections.

2.2 MATERIALS

A.  Galvanized Sheet Steel: Comply with ASTM A653/A653M.

1. Galvanized Coating Designation: G90.
2. Exposed-Surface Finish: Mill phosphatized.

B.  Aluminum Sheets: Comply with ASTM B 209, Alloy 3003, Temper H14; with mill finish for
concealed ducts and standard, 1-side bright finish for exposed ducts.
Extruded Aluminum: Comply with ASTM B221, Alloy 6063, Temper T6.

D.  Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on
galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

E. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

23 BACKDRAFT AND PRESSURE RELIEF DAMPERS

A.  Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Greenheck Fan Corporation.
2. Nailor Industries Inc.
3. Ruskin Company.

B.  Description: Gravity balanced.
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24

Maximum Air Velocity: 1250 fpm.
Maximum System Pressure: 3-inch wg.

Frame: Hat-shaped, 0.094-inch- thick, galvanized sheet steel or 0.063-inch- thick extruded
aluminum, with welded corners or mechanically attached and mounting flange.

Blades: Multiple single-piece blades, center pivoted, maximum 6-inch width, 0.025-inch-
thick, roll-formed aluminum or 0.050-inch- thick aluminum sheet with sealed edges.

Blade Action: Parallel.
Blade Seals: Extruded vinyl, mechanically locked or Neoprene, mechanically locked.

Blade Axles:
1. Material: Galvanized steel or Aluminum.
2.  Diameter: 0.20 inch.

Tie Bars and Brackets: Aluminumor Galvanized steel.
Return Spring: Adjustable tension.

Bearings: Steel ball or synthetic pivot bushings.

MANUAL VOLUME DAMPERS

Standard, Steel, Manual Volume Dampers:
1. Standard leakage rating, with linkage outside airstream.
2. Suitable for horizontal or vertical applications.

3. Frames:

a. Frame: Hat-shaped, 0.094-inch- thick, galvanized sheet steel .

b. Mitered and welded corners.

c. Flanges for attaching to walls and flangeless frames for installing in ducts.
4. Blades:

a. Multiple or single blade.
b. Parallel- or opposed-blade design.
c. Stiffen damper blades for stability.
d. Galvanized -steel, 0.064 inch thick.
5. Blade Axles: Galvanized steel
6. Bearings:
a. Oil-impregnated bronze
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
7. Tie Bars and Brackets: Galvanized steel.

Standard, Aluminum, Manual Volume Dampers:

1. Standard leakage rating, with linkage outside airstream.

2. Suitable for horizontal or vertical applications.

3. Frames: Hat-shaped, 0.10-inch- thick, aluminum sheet channels; frames with flanges for
attaching to walls and flangeless frames for installing in ducts.

4. Blades:
a. Multiple or single blade.
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2.5

m o 0 w

b Parallel- or opposed-blade design.
C. Stiffen damper blades for stability.
d. Roll-Formed Aluminum Blades: 0.10-inch- thick aluminum sheet.
e. Extruded-Aluminum Blades: 0.050-inch- thick extruded aluminum.
5. Blade Axles: Galvanized steel.
6. Bearings:
a. Oil-impregnated bronze.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
7. Tie Bars and Brackets: Aluminum.

Jackshaft:

1. Size: 0.5-inch diameter.

2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.

3. Length and Number of Mountings: As required to connect linkage of each damper in
multiple-damper assembly.

Damper Hardware:

1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick zinc-plated steel,
and a 3/4-inch hexagon locking nut.

2. Include center hole to suit damper operating-rod size.

3. Include elevated platform for insulated duct mounting.

FIRE DAMPERS

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

1.  Greenheck Fan Corporation.

2. Nailor Industries Inc.

3. Ruskin Company.

4. NCA Manufacturing.

Type: Dynamic; rated and labeled according to UL 555 by an NRTL.
Closing rating in ducts up to 4-inch wg static pressure class and minimum 2000-fpm velocity.
Fire Rating: 1-1/2 hours.

Frame: Curtain type with blades inside airstream; fabricated with roll-formed, 0.034-inch- thick
galvanized steel; with mitered and interlocking corners.

Mounting Sleeve: Factory- or field-installed, galvanized sheet steel.
1. Minimum Thickness: 0.138 inch thick, as indicated, and of length to suit application.

Mounting Orientation: Vertical or horizontal as indicated.

Blades: Roll-formed, interlocking, 0.034-inch- thick, galvanized sheet steel. In place of
interlocking blades, use full-length, 0.034-inch- thick, galvanized-steel blade connectors.

Horizontal Dampers: Include blade lock and stainless-steel closure spring.
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2.6

Heat-Responsive Device: Resettable link and switch package, factory installed, 165 deg F
rated.

SMOKE DAMPERS

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.  Greenheck Fan Corporation.

2. Nailor Industries Inc.

3. Ruskin Company.

General Requirements: Label according to UL 555S by an NRTL.

Frame: Hat-shaped, 0.094-inch- thick, galvanized sheet steel, with welded interlocking,
gusseted corners and mounting flange.

Blades: Roll-formed, horizontal, interlocking or overlapping, 0.034-inch- thick, galvanized
sheet steel.

Leakage: Class 1.
Rated pressure and velocity to exceed design airflow conditions.

Mounting Sleeve: Factory-installed, 0.05-inch- thick, galvanized sheet steel; length to suit wall
or floor application with factory-furnished silicone calking.

Damper Motors: two-position action.

Comply with NEMA designation, temperature rating, service factor, enclosure type, and
efficiency requirements for motors specified in Section 230513 "Common Motor Requirements
for HVAC Equipment."

1.  Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load will
not require motor to operate in service factor range above 1.0.

2. Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical
devices and connections specified in Section 230923 "Direct Digital Control (DDC)
System for HVAC"

3. Permanent-Split-Capacitor or Shaded-Pole Motors: With oil-immersed and sealed gear
trains.

4. Spring-Return Motors: Equip with an integral spiral-spring mechanism where indicated.
Enclose entire spring mechanism in a removable housing designed for service or
adjustments. Size for running torque rating of 150 inch. x Ibf and breakaway torque rating
of 150 in. x Ibf.

5. Outdoor Motors and Motors in Outdoor-Air Intakes: Equip with O-ring gaskets designed to
make motors weatherproof. Equip motors with internal heaters to permit normal operation
at minus 40 deg F.

6. Nonspring-Return Motors: For dampers larger than 25 sq. ft., size motor for running torque
rating of 150 inch. x 1bf and breakaway torque rating of 300 inch. x 1bf.

7.  Electrical Connection: 115 V, single phase, 60 Hz .

Accessories:
1. Test and reset switches, damper mounted.
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2.7

2.8

2.9

FLANGE CONNECTORS

If permitted by authorities having jurisdiction, flange connectors can substitute for slip-and-
drive connections for smoke dampers.

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

following:
1. Ductmate Industries, Inc.
2. Nexus PDQ.

3. Ward Industries, Inc.

Description: Add-on or roll-formed, factory-fabricated, slide-on transverse flange connectors,
gaskets, and components.

Material: Galvanized steel.

Gage and Shape: Match connecting ductwork.

TURNING VANES

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

Ductmate Industries, Inc.

Duro Dyne Inc.

METALAIRE, Inc.

SEMCO Incorporated.

Ward Industries, Inc.

AR

Manufactured Turning Vanes for Nonmetal Ducts: Fabricate curved blades of resin-bonded
fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into
vane runners suitable for duct mounting.

General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."

Vane Construction: Double wall.

DUCT-MOUNTED ACCESS DOORS

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

Ventfabrics, Inc.
0. Ward Industries, Inc.

1.  American Warming and Ventilating; a Mestek Architectural Group company.
2. Cesco Products; a divsion of MESTEK, Inc.

3. Ductmate Industries, Inc.

4. Flexmaster U.S.A., Inc.

5. Greenheck Fan Corporation.

6. McGill AirFlow LLC.

7. Nailor Industries Inc.

8. Pottorff.

9.

1
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2.10

Duct-Mounted Access Doors: Fabricate access panels according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels,"
and 7-3, "Access Doors - Round Duct."

1.  Door:
a. Double wall, rectangular.
b. Galvanized sheet metal with insulation fill and thickness as indicated for duct
pressure class.
c. Vision panel.
d. Hinges and Latches: 1-by-1-inchbutt or piano hinge and cam latches.
e. Fabricate doors airtight and suitable for duct pressure class.

2. Frame: Galvanized sheet steel, with bend-over tabs and foam gaskets.
3. Number of Hinges and Locks:

a. Access Doors Less Than 12 Inches Square: No hinges and two sash locks.

b. Access Doors up to 18 Inches Square: Two hinges and two sash locks.

c. Access Doors up to 24 by 48 Inches: Three hinges and two compression
latches with outside and inside handles.

d. Access Doors Larger Than 24 by 48 Inches: Four hinges and two compression

latches with outside and inside handles.

FLEXIBLE CONNECTORS

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

1. Ductmate Industries, Inc.

2. Duro Dyne Inc.

3. Flexmaster U.S.A., Inc.

4. Ward Industries, Inc.

Materials: Flame-retardant or noncombustible fabrics.
Coatings and Adhesives: Comply with UL 181, Class 1.

Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to
two strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet steel or 0.032-inch- thick
aluminum sheets. Provide metal compatible with connected ducts.

Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.
1.  Minimum Weight: 26 0z./sq. yd..

2. Tensile Strength: 480 1bf/inch in the warp and 360 Ibf/inch in the filling.

3. Service Temperature: Minus 40 to plus 200 deg F.

Outdoor System, Flexible Connector Fabric: Glass fabric double coated with weatherproof,
synthetic rubber resistant to UV rays and ozone.

1.  Minimum Weight: 24 0z./sq. yd..

2. Tensile Strength: 530 1bf/inch in the warp and 440 Ibf/inch in the filling.

3. Service Temperature: Minus 50 to plus 250 deg F.
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2.1

1

2.12

FLEXIBLE DUCTS

UL 181 defines two categories of flexible ducts. Ducts listed according to UL 181 must pass all
UL 181 tests. Air connectors listed according to UL 181 must pass most, but not all, UL 181
tests and are limited to lengths of 14 feet or less.

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

1. Flexmaster U.S.A., Inc.

2. McGill AirFlow LLC.

3.  Ward Industries, Inc.

Noninsulated, Flexible Duct: UL 181, Class 1, 2-ply vinyl film supported by helically wound,
spring-steel wire.

1. Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.

2. Maximum Air Velocity: 4000 fpm.

3. Temperature Range: Minus 10 to plus 160 deg F.

Insulated, Flexible Duct: UL 181, Class 1, aluminum laminate and polyester film with latex
adhesive supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene
vapor-barrier film.

1. Pressure Rating: 10-inch wg positive and 1.0-inch wg negative.

2. Maximum Air Velocity: 4000 fpm.

3. Temperature Range: Minus 20 to plus 210 deg F.

4. Insulation R-value: Comply with ASHRAE/IESNA 90.1 .

Flexible Duct Connectors:
1. Clamps: Stainless-steel band with cadmium-plated hex screw to tighten band with a worm-
gear action in sizes 3 through 18 inches, to suit duct size.

DUCT ACCESSORY HARDWARE

Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap
and gasket. Size to allow insertion of pitot tube and other testing instruments and of length to
suit duct-insulation thickness.

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline
and grease.

PART 3 EXECUTION

3.1

A.

INSTALLATION

Install duct accessories according to applicable details in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous
Glass Duct Construction Standards," for fibrous-glass ducts.

Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in
galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and
aluminum accessories in aluminum ducts.
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C.  Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to
exhaust fan unless otherwise indicated.

D.  Install volume dampers at points on supply, return, and exhaust systems where branches extend
from larger ducts. Where dampers are installed in ducts having duct liner, install dampers with
hat channels of same depth as liner, and terminate liner with nosing at hat channel.

1. Install steel volume dampers in steel ducts.
2. Install aluminum volume dampers in aluminum ducts.

E. Set dampers to fully open position before testing, adjusting, and balancing.

F. Install test holes at fan inlets and outlets and elsewhere as indicated.

G.  Install fire and smoke dampers according to UL listing.

H.  Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining
accessories and equipment at the following locations:

1. On both sides of duct coils.

2. Upstream and downstream from duct filters.

3. At outdoor-air intakes and mixed-air plenums.

4. At drain pans and seals.

5. Downstream from manual volume dampers, control dampers, backdraft dampers, and
equipment.

6. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible links.
Access doors for access to fire or smoke dampers having fusible links shall be pressure
relief access doors and shall be outward operation for access doors installed upstream from
dampers and inward operation for access doors installed downstream from dampers.

7. At each change in direction and at maximum 50-foot spacing.

8.  Upstream and downstream from turning vanes.

9. Upstream or downstream from duct silencers.

10. Control devices requiring inspection.

11. Elsewhere as indicated.

L Install access doors with swing against duct static pressure.
J. Access Door Sizes:

One-Hand or Inspection Access: 8 by 5 inches.
Two-Hand Access: 12 by 6 inches.

Head and Hand Access: 18 by 10 inches.

Head and Shoulders Access: 21 by 14 inches.
Body Access: 25 by 14 inches.

Body plus Ladder Access: 25 by 17 inches.

SNk =

K.  Label access doors according to Section 230553 "Identification for HVAC Piping and
Equipment" to indicate the purpose of access door.

.

Install flexible connectors to connect ducts to equipment.

M.  Connect diffusers to ducts directly or with maximum 60-inch lengths of flexible duct clamped
or strapped in place.

N.  Connect flexible ducts to metal ducts with liquid adhesive plus tape and draw bands .
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O.  Install duct test holes where required for testing and balancing purposes.

3.2 FIELD QUALITY CONTROL

A.  Tests and Inspections:
1. Operate dampers to verify full range of movement.
2. Inspect locations of access doors and verify that purpose of access door can be performed.
3. Operate fire and smoke dampers to verify full range of movement and verify that proper
heat-response device is installed.
4. Inspect turning vanes for proper and secure installation.

END OF SECTION 23 3300
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SECTION 23 3700 - AIR OUTLETS AND INLETS

PART 1 GENERAL

1.1

1.2

1.3

1.4

A.

SECTION INCLUDES

Registers/grilles:
1. Ceiling-mounted, egg crate exhaust and return register/grilles.
2. Ceiling-mounted, register/grilles.

Louvers:
Roof hoods.

Gravity ventilators.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 09 9123 - Interior Painting: Painting of ducts visible behind outlets and inlets.

REFERENCE STANDARDS
AMCA 500-L - Laboratory Methods of Testing Louvers for Rating; 2023.

AMCA 511 - Certified Ratings Program Product Rating Manual for Air Control Devices; 2021,
with Editorial Revision (2022).

AMCA 550 - Test Method for High Velocity Wind Driven Rain Resistant Louvers; 2022.
ASHRAE Std 70 - Method of Testing the Performance of Air Outlets and Air Inlets; 2023.

ASTM B221 - Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars,
Rods, Wire, Profiles, and Tubes; 2021.

ASTM B221M - Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars,
Rods, Wire, Profiles, and Tubes (Metric); 2021.

SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

SUBMITTALS
See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Provide data for equipment required for this project. Review outlets and inlets as
to size, finish, and type of mounting prior to submission. Submit schedule of outlets and inlets
showing type, size, location, application, and noise level.
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1.5

QUALITY ASSURANCE
Test and rate air outlet and inlet performance in accordance with ASHRAE Std 70.

Test and rate louver performance in accordance with AMCA 500-L.

PART 2 PRODUCTS

2.1

2.2

23

A.

CEILING & WALL REGISTERS/GRILLES

Manufacturers:

1. Titus

2. Price

3. Nailor

4. Krueger

5. Tuttle & Bailey
6. Metalaire, Inc.

Type: Streamlined and individually adjustable curved blades to discharge air along face of
grille, two-way deflection.

Frame: 1-1/4 inch margin with countersunk screw mounting and gasket.
Construction: Made of aluminum extrusions with factory enamel finish.

Color: As indicated.

LOUVERS

Manufacturers:

1. Greenheck

2. Ruskin

3. Pottorff

4. Nailor

5. NCA

6. Arrow United Industries

Type: 4 inch deep frame with blades on 45 degree slope with center baffle and return bend,
heavy channel frame, 1/2 inch square mesh screen over intake or exhaust end.

Fabrication: Aluminum thick galvanized steel welded assembly, with factory baked enamel
finish.

Color: To be selected by Architect from manufacturer's full range.

ROOF HOODS

Manufacturers:

1. Greenheck

2. Ruskin

3.  Loren Cook Co.
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4.
5.

Arrow United Industries
ACME

B.  Fabricate air inlet or exhaust hoods in accordance with SMACNA (DCS).

C.  Fabricate of galvanized steel, minimum 16 gauge, 0.0598 inch base and 20 gauge, 0.0359 inch
hood, or aluminum, minimum 16 gauge, 0.0598 inch base and 18 gauge, 0.0598 inch hood;
suitably reinforced; with removable hood; birdscreen with 1/2 inch square mesh for exhaust and
3/4 inch for intake, and factory prime coat finish.

D.  Fabricate louver penthouses with mitered corners and reinforce with structural angles.

Mount unit on minimum 18 inch high curb base with insulation between duct and curb unless
otherwise noted on the drawings and schedules.

24 GRAVITY VENTILATORS

A.  Hood Intake and Relief Gravity Ventilator:

1.

Manufacturers:

a Greenheck

b. Ruskin

c. Loren Cook Co.

d Arrow United Industries
e

ACME

General:

a. Low silhouette for intake applications with natural gravity or negative pressure
system(s).

b. Performance ratings and factory testing in accordance with AMCA 511 and AMCA
550.

Hood and Base:

a. Material: Aluminum.

b. Hood Construction: Precision formed, arched panels with interlocking seams.

c. Vertical End Panels: Fully locked into hood end panels.

d. Curb Cap: Pre-punched mounting holes for installation.

Birdscreen:

a. Fabricate in accordance with ASTM B221 (ASTM B221M).

b. Construction: 1/2 inch Galvanized mesh.

Hood Support: Galvanized steel construction and fastened so hood can be removed
completely from base or hinged open.
Options/Accessories:
a. Roof Curbs:
1) Flat Roofs:
a) Welded, straight side curb with flashing flange and wood nailer.
2) Pitched Roofs: Welded, straight side curb with flashing flange and wood
nailer.
3)  Insulation Thickness: 1-1/2 inches.
. Curb Seal: Rubber seal between fan and roof curb.
c. Factory Finish: Baked Enamel, color selection by Architect. Curb to match hood
color.
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B.  Spun Aluminum Intake and Relief Gravity Ventilator:

1.

General:

a. Provide low silhouette configuration for intake applications with natural gravity or
negative pressure system.

b. Performance ratings and factory testing in accordance with AMCA 511 and AMCA

550.
Hood:
a. Material: Aluminum.
Birdscreen:
a. Fabricate in accordance with ASTM B221 (ASTM B221M).
b. Construction: 1/2 inch galvanized mesh.
Housing:
a. Curb Cap:
1)  Construction: Aluminum.
Options/Accessories:

a. Roof Curbs:
1)  Flat Roofs:
a) Welded, straight side curb with flashing flange and wood nailer.
2) Pitched Roofs: Welded, straight side curb with flashing flange and wood
nailer.
3) Insulation Thickness: 1-1/2 inches.
Curb Seal: Rubber seal between fan and roof curb.
c. Factory Finish: Baked enamel, color selection by Architect.. Curb color to match
hood color.

PART 3 EXECUTION

3.1 INSTALLATION
A.  Install in accordance with manufacturer's instructions.
B.  Check location of outlets and inlets and make necessary adjustments in position to comply with

architectural features, symmetry, and lighting arrangement.

Install diffusers to ductwork with air tight connection.

D.  Provide balancing dampers on duct take-off to diffusers and grilles and registers, despite
whether dampers are specified as part of diffuser, or grille and register assembly.

E. Paint ductwork visible behind air outlets and inlets matte black, see Section 09 9123.

32 CLOSEOUT ACTIVITIES

A.  Demonstrate operational system to Owner's representative.
B.  Instruct Owner's representative to maintain system and use occupant controls or interfaces, as
required.
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33 PROTECTION
A.  Protect installed products until completion of project.

B.  Replace, repair, or touch-up damaged products before Substantial Completion.

END OF SECTION 23 3700
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SECTION 23 5216 - CONDENSING BOILERS

PART 1 GENERAL

1.1

1.2

mm o 0w

1.3

m o a0 w »

SECTION INCLUDES
Manufactured units.
Boiler construction.
Boiler trim.

Fuel burning system.

Factory installed controls.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 03 3000 - Cast-in-Place Concrete.
Section 23 2114 - Hydronic Specialties.
Section 23 2123 - Hydronic Pumps.
Section 23 2500 - HVAC Water Treatment.

Section 26 0583 - Wiring Connections: Electrical characteristics and wiring connections.

REFERENCE STANDARDS

AHRI Directory of Certified Product Performance - Air-Conditioning, Heating, and
Refrigeration Institute (AHRI); Current Edition.

ANSI Z21.13 - American National Standard for Gas-Fired Low-Pressure Steam and Hot Water
Boilers; 2022.

ASHRAE Std 90.1 I-P - Energy Standard for Buildings Except Low-Rise Residential Buildings;
Most Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable
Amendments and Supplements.

ASHRAE Std 103 - Method of Testing for Annual Fuel Utilization Efficiency of Residential
Central Furnaces and Boilers; 2022.

ASME BPVC-IV - Boiler and Pressure Vessel Code, Section IV - Rules for Construction of
Heating Boilers; 2025, with Errata.
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1.4

1.5

1.6

NBBI Manufacturer and Repair Directory - The National Board of Boiler and Pressure Vessel
Inspectors (NBBI); Current Edition.

NFPA 54 - National Fuel Gas Code; 2024.

NFPA 58 - Liquefied Petroleum Gas Code; 2024, with Amendment.

SCAQMD 1146.1 - Emissions of Oxides of Nitrogen from Small Industrial, Institutional, and
Commercial Boilers, Steam Generators, and Process Heaters; 1990, with Amendment (2018).
SUBMITTALS

See Section 01 3000 - Administrative Requirements for submittals procedures.

Product Data: Provide data indicating general assembly, components, controls, safety controls,
and wiring diagrams with electrical characteristics and connection requirements, and service
connections.

Manufacturer's Field Reports: Burner manifold gas pressure, percent carbon monoxide (CO),
percent oxygen (O), percent excess air, flue gas temperature at outlet, ambient temperature, net
stack temperature, percent stack loss, percent combustion efficiency, and heat output.

Operation and Maintenance Data: Include manufacturer's descriptive literature, operating
instructions, cleaning procedures, replacement parts list, and maintenance and repair data.

Warranty: Submit manufacturer warranty and ensure forms have been completed in Owner's
name and registered with manufacturer.

DELIVERY, STORAGE, AND HANDLING

Protect boilers from damage by leaving factory inspection openings and shipping packaging in
place until final installation.

WARRANTY
See Section 01 7800 - Closeout Submittals for additional warranty requirements.
Provide a ten year warranty to include coverage for heat exchanger.

All parts and controls shall have a one year warranty against defects in manufacturing,
materials, and workmandship.

PART 2 PRODUCTS

2.1

A.

MANUFACTURERS
Lochinvar
Fulton

Patterson Kelley
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2.2

23

24

MANUFACTURED UNITS

Factory assembled, factory fire-tested, self-contained, readily transported unit ready for
automatic operation except for connection of water, fuel, electrical, and vent services.

Unit: Metal membrane wall, water or fire tube, condensing boiler on integral structural steel
frame base with integral fuel burning system, firing controls, boiler trim, insulation, and
removable jacket, suitable for indoor application.

Annual Fuel Utilization Efficiency (AFUE): 94% in accordance with ASHRAE Std 103.

BOILER CONSTRUCTION

Comply with the minimum requirements of ASME BPVC-IV and ANSI Z21.13 for
construction of boilers.

Assembly to bear the ASME "H" stamp and comply with the efficiency requirements of the
latest edition of ASHRAE Std 90.1 I-P.

Required Directory Listings:

1. AHRI Directory of Certified Product Performance - Air-Conditioning, Heating, and
Refrigeration Institute (AHRI); current edition at www.ahrinet.org.

2. NBBI Manufacturer and Repair Directory - The National Board of Boiler and Pressure
Vessel Inspectors (NBBI); current edition at www.nationalboard.org.

Heat Exchanger: Stainless Steel

Provide adequate tappings, observation ports, removable panels, and access doors for entry,
cleaning, and inspection.

Insulate casing with insulation material, protected and covered by heavy-gauge metal jacket.
Factory apply boiler base and other components, that are subject to corrosion, with durable,
acrylic, powder coated, or painted finish.

BOILER TRIM

ASME rated pressure relief valve.

Flow switch.

Electronic Low Water Cut-off: Complete with test light and manual reset button to
automatically prevent firing operation whenever boiler water falls below safe level.

Temperature and pressure gauge.

Pressure Switches:
1. High gas pressure.
2.  Low gas pressure.

Manual reset high limit.
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2.5

2.6

2.7

FUEL BURNING SYSTEM

Provide forced draft automatic burner, integral to boiler, designed to burn natural gas, and

maintain fuel-air ratios automatically.

1. Blower Design: Statically and dynamically balanced to supply combustion air; direct
connected to motor.

2. Forced Draft Design: Mixes combustion air and gas to achieve 90 percent combustion
efficiency.

3.  Combustion Air Filter: Protects fuel burning system from debris.

Gas Train: Plug valve, safety gas valve, gas-air ratio control valve, and pressure regulator
controls air and gas mixture.

Emission of Oxides of Nitrogen Requirements: Comply with SCAQMD 1146.1 for natural gas
fired system, as applicable.

Intakes: Combustion air intake capable of accepting free mechanical room air or direct outside
air through a sealed intake pipe.

FACTORY INSTALLED CONTROLS
Option for internal or external (0-10) VDC control.

Temperature Controls:

1. Automatic reset type to control fuel burning system on-off and firing rate to maintain
temperature.

2. Manual reset type to control fuel burning system to prevent boiler water temperature from
exceeding safe system water temperature.

3. Low-fire start time delay relay.

Electronic PI setpoint/modulation control system.

Microprocessor-based, fuel/air mixing controls.

BOILER CONTROL SYSTEM

Scope of Supply: Supply a boiler control system to provide safety interlocks and water
temperature control. The control system shall be fully integrated into the boiler control cabinet
and incorporate single and multiple boiler control logic, inputs, outputs and communication
interfaces. The control system shall coordinate the operation of up to eight (8) fully modulating
hot water boilers and boiler pumps. The control system shall simply control boiler modulation
and on/off outputs based on the boiler water supply temperature and an operator-adjusted
setpoint. However, using parameter menu selections, the control system shall allow the boiler
to respond to remote system water temperature and outside air temperatures with domestic hot
water priority (DHWP) and warm weather shut down (WWSD) or building automation system
(BAS) firing rate demand, remote setpoint or remote start/stop commands

Boiler Control: Using PID (proportional-integral-derivative) based control, the remote system
water temperature shall be compared with a setpoint to establish a target boiler firing rate. If the
secondary loop flow speed is greater than the primary loop flow speed, firing rate is increased in
response to the decrease in secondary loop temperature. When the remote system temperature
is near the boiler high limit temperature, the boiler supply sensor shall limit the maximum boiler
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supply temperature to prevent boiler high limit events. Alternately, using parameter menu
selections, the control system shall allow the boiler to respond directly to boiler supply
temperature and setpoint to establish a target boiler firing rate while remote system water
temperature is used for display purposes only. Each boiler’s fuel flow control valve shall be
mechanically linked to the air flow control device to assure an air rich fuel/air ratio. All the
automated logic required to ensure that pre-purge, post-purge, light-off, and burner modulation
shall be provided.

C.  Hot Water Temperature Setpoint: When the controller is in the local control mode, the control
system shall establish the setpoint based on outside air temperature and a reset function curve,
or be manually adjusted by the operator. When enabled, the setpoint shall be adjusted above a
preset minimum setpoint upon sensing a domestic hot water demand contact input.

D.  Multiple Boiler Sequence: Multiple boilers shall be modulated in “unison” (all at the same
firing rate). The control system shall utilize both water temperature and boiler firing rate
percent to start and stop the boilers and shall minimize the total number of boilers in operation.
The control system shall start and stop boilers when the water temperature is outside the
adjustable temperature limit for longer than the adjustable time delay. In order to minimize
temperature deviations, the control system shall start and stop the next boiler when the “lead”
boiler is at an adjustable firing rate limit for longer than the adjustable time delay. The control
system shall monitor both boiler lockout and limit circuits to automatically skip over those
boilers that are powered down for maintenance, tripped or otherwise will not start. When
rotation is enabled the lead boiler shall automatically rotate every 1 to 168 hours. The boiler
shall be run at low fire for warm-up for a preset low fire hold time. When enabled, warm
weather shut down control logic shall prevent boiler operation.

E. User Interface: A touch-screen message display with two-tone backlight shall be provided to
display numeric data, startup and shutdown sequence status, alarm, system diagnostic, first-out
messages and boiler historical information. The two-tone backlight, shall light red, in the event
of an alarm and green in any other condition. Historical information shall include the last ten
lockout and alarm conditions, number of boiler cycles, boiler hours and last ten low boiler
return temperature events. When boiler return water temperature is below a minimum setpoint
a low temperature events shall be stored with time, date, “lowest temperature for event” and
“duration below setpoint” data. At a minimum, the boiler system shall display the following:

1. The display must be accessible through the front of the jacket, so that users can read
displays, without removal of the boiler jacket.

2. Numeric Display with Engineering Units:
a. Boiler Supply Water Temperature
b Boiler Return Water Temperature
c. Remote System Temperature (when required by contract drawings)
d Outside Air Temperature

1) A factory supplied outdoor air temperature sensor must be supplied with the
boiler.

e Firing Rate %
f. Boiler Temeprature Setpoint
g. Mixing Valve % (when required by contract drawings)

3. Status Startup And Shutdown Sequence English language Messages:
a Boiler disabled
b Warm Weather Shutdown
c Lockout
d Pump Purge
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Limit Hold

Purge/Pilot Ignition

Low Fire/Pilot Ignition

Main Burner Ignition

Boiler Running

Fan Post Purge

Pump Cooldown

Standby

4. Alarm, System Diagnostic, First-Out English language Messages: (numeric code numbers
shall not be acceptable):

Low Water Level (when required by contract drawings)

Low Water Flow (when required by contract drawings)

Fuel Limit (gas pressure or oil temperature)

High Boiler Supply Temperature Limit

Low Return Water Temperature

Low Air Flow

Flame Safeguard Internal Fault

High Supply Temperature

Supply Temperature Sensor Fault

Return Temperature Sensor Fault

Outside Air Temperature Sensor Fault

Remote System Temperature Sensor Fault

Remote Input Signal Fault

Modbus Communication Fault

Memory Fault

—RATI s h o
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F. Flame Safeguard (FSG): The boiler controller shall also be the primary flame safeguard,
overseeing operation of the burner, firing sequence and safe operation of the complete unit.
Thus eliminating the need to program and troubleshoot multiple electronic components during
installation, setup and service.

G.  Boiler Pump Sequence: Include primary water pump control to allow boiler warm-up to the
return water temperature before the boiler start; continue water flow for an adjustable cool down
period after the boiler has stopped; and ensure water is always moving past the remote system
temperature sensor even after the last boiler has been stopped. The pump shall immediately
stop if any trips occur during pre-purge, pilot, or main flame trial for ignition.

H.  Communication: Include an RS485 modbus slave or peer-to-peer communications data highway
on each boiler control system. When peer-to-peer communication is enabled the data highway
shall allow the connected boilers to exchange signals as required to provide coordinated fully
modulating lead/lag functions. It shall not be required to wire individual control signals
between boilers. When modbus communication is enabled the data highway shall allow
individual boiler limits, lockout, boiler and system temperatures and firing rate status to be
readable and water setpoint, boiler firing rate, and start/stop command to be readable and
writable. Provide all equipment capabilities specified in this paragraph, even if a connecting
SCADA (Supervisory Control And Data Acquisition system, typically a desk top personal
computer) system is not included in this project.

L Quality Assurance: The boiler control system shall be supplied as part of a factory assembled
and tested boiler control cabinet.
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2.8

2.9

A.
B.

VENTING AND COMBUSTION AIR

Vent Material - The boiler shall be vented using double wall AL294C stainless steel venting.
PVC Venting will not be allowed for boiler venting.

Combustion Air Material - Air intake piping shall be PVC that is sealed and pressure tight. Pipe
must be at least the same size as the inlet air connection on the boiler.

SOURCE QUALITY CONTROL
See Section 01 4000 - Quality Requirements for additional requirements.

Provide factory tests to check construction, controls, and operation of unit.

PART 3 EXECUTION

3.1

32

INSTALLATION
Install in accordance with manufacturer's instructions.

Install boiler and provide connection of natural gas service in accordance with requirements of
NFPA 54 and applicable codes.

Install boiler and provide connection of liquified petroleum gas service in accordance with
requirements of NFPA 58 and applicable codes.

Install boiler on concrete housekeeping base, sized minimum of 4 inches larger than boiler base
in accordance with Section 03 3000.

Coordinate provisions for water treatment in accordance with Section 23 2500.
Pipe relief valves to nearest floor drain or as shown on plan.

Pipe cooled condensate produced by the combustion process from the boiler condensate
connection and/or flue stack with suitable piping material to neutralizer prior to discharging into
nearest floor drain.

Install primary boiler pump in accordance with Section 23 2123.
Provide piping connection and accessories in accordance with Section 23 2114.

Provide for connection to electrical service in accordance with Section 26 0583.

FIELD QUALITY CONTROL
Testing Agency: Engage a qualified testing agency to perform tests and inspections.

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

Perform the following tests and inspections with the assistance of a factory-authorized service
representative:
1. Perform installation and startup checks according to manufacturer's written instructions.
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3.3

34

2. Leak Test: Hydrostatic test. Repair leaks and retest until no leaks exist.

3. Operational Test: Start units to confirm proper motor rotation and unit operation. Adjust
air-fuel ratio and combustion.

4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and

equipment

a. Check and adjust initial operating set points and high- and low-limit safety set points
of fuel supply, water level, and water temperature.

b. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

Remove and replace malfunctioning units and retest as specified above.
Prepare test and inspection reports.

Occupancy Adjustments: When requested within 12 months of date of Substantial Completion ,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to
two visits to Project during other than normal occupancy hours for this purpose.

CLOSEOUT ACTIVITIES
See Section 01 7900 - Demonstration and Training for additional requirements.
Demonstrate proper operation of equipment to Owner's designated representative.

Demonstration: Demonstrate operation of system to Owner's personnel.
1. Use operation and maintenance data as reference during demonstration.
2. Briefly describe function, operation, and maintenance of each component.

Training: Train Owner's personnel on operation and maintenance of system.

1. Use operation and maintenance manual as training reference, supplemented with additional
training materials as required.

2. Provide minimum of two hours of training.

SYSTEMS STARTUP

Provide the services of manufacturer's field representative for starting and testing unit. Provide
a second on-site verification of boiler performance during the first heating season to verify
boilers are operating at peak efficiency. There shall be a minimum of 45 days between the
original start-up and the second follow-up trip.

END OF SECTION 23 5216
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SECTION 23 7200 - AIR-TO-AIR ENERGY RECOVERY EQUIPMENT

PART 1 GENERAL

1.1

A.

1.2

m o 0 w

1.3

1.4

SECTION INCLUDES

Energy recovery units.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 07 7200 - Roof Accessories: Equipment roof curb.
Section 23 0548 - Vibration and Seismic Controls for HVAC.
Section 23 0923 - Direct-Digital Control System for HVAC.

Section 26 0583 - Wiring Connections.

REFERENCE STANDARDS

AHRI 1060 (I-P) - Performance Rating of Air-to-Air Exchangers for Energy Recovery
Ventilation Equipment; 2023.

ASHRAE Std 52.2 - Method of Testing General Ventilation Air-Cleaning Devices for Removal
Efficiency by Particle Size; 2025.

ASHRAE Std 90.1 I-P - Energy Standard for Buildings Except Low-Rise Residential Buildings;
Most Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable
Amendments and Supplements.

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024,

SUBMITTALS
See Section 01 3000 - Administrative Requirements for submittal procedures.

Product Data: Manufacturer's installation instructions, product data, and engineering
calculations.

Shop Drawings: Show design and assembly of energy recovery unit and installation and
connection details.

Closeout Submittals: Submit manufacturer's operation and maintenance instructions.

AIR-TO-AIR ENERGY RECOVERY
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E. Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.
2. Extra Stock Materials: Two sets of filters.

1.5 DELIVERY, STORAGE, AND HANDLING

A.  See Section 01 7419 - Construction Waste Management and Disposal for packaging waste
requirements.

B.  Store products in manufacturer's unopened packaging until ready for installation.
Store equipment and products to be installed indoors in dry heated area.

D.  Owner furnished equipment, contractor installed. Contractor shall be responsible for receiving
shipment of unit and transport on site.

1.6 WARRANTY
A.  See Section 01 7800 - Closeout Submittals for additional warranty requirements.

Manufacturer Warranty: Provide 1-year manufacturer warranty for equipment including parts,
materials, workmanship, and operation commencing on date of Substantial Completion.
Complete forms in Owner's name and register with manufacturer.

PART 2 PRODUCTS

2.1 ENERGY RECOVERY UNIT

A. Manufacturers:
1. Renewaire
2. Greenheck
3. S&P
4. Oxygen 8

B.  ERV Equipment Construction Requirements:

Energy Recovery Exchanger Type: Membrane plate or energy wheel, see schedule.

ERYV Equipment Location: As indicated on drawings.

Supply and Return Duct Connection Orientation: As indicated on drawings.

Duct Connection Collars: Aluminum, continuously welded 0.08 inch, minimum.

Casing and Frame:

a. Frame: Galvanized steel body or welded extruded aluminum tubular frame capable
of supporting components and casings including integral base lifting holes.

Double Wall Panels: Minimum of 18 gauge, 0.040 inch galvanized steel.

c. Housing: Manufacturer's standard construction with corrosion-protection coating
and exterior finish, gasketed and calked weathertight, hinged access doors,
removable panels with neoprene gaskets for inspection and access to internal parts,
outdoor units shall have minimum R-12 double wall thermal insulation, knockouts
for electrical and piping connections, exterior drain connection, and lifting lugs.

d. Doors: Construct doors of same construction and thickness as wall panels. Include
p-shaped extruded neoprene gasket, prop rod, chain with spring, exterior handle, and
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interior 3-point latching device. Label each door to identify equipment located
within.

e. Isolation and Sealing: Form continuous, thermally isolated, weathertight seal
between inner wall of panels and structural framing with closed cell PVC foam
gasketing and seal seams to prevent job site caulking.

f. Access Panels: Provide access to components through a large, tightly sealed and
easily removable hinged or screwed access panel.

g. Finish: Baked powder paint over weather-protected, corrosion-resistant assembly.

h. Nameplate: Permanent name plate listing manufacturer, model number, serial
number, voltage with tolerance, and amp ratings mounted inside door near electrical
panel.

6. Supply and Exhaust Fans:
a. Provide separate non-overloading, statically and dynamically balanced, draw-

through, forward curved centrifugal fan or fan-array for each air stream.

b. Fan Motor: high efficiency, load matched, open drip proof, thermal overload
protected ODP or TEFC ECM direct drive motor , and adjustable-removable motor-
slide base. .

c. Motor Bearings: Permanently lubricated sealed ball bearings rated for not less than
200,000 hours of operation with accessible greased fittings.

7. Dampers and Louvers:

a. Service Ratings: Up to 6 in-wc closed and 3,000 fpm when open.

b. Frame: Minimum of 20 gauge, 0.0359 inch galvanized steel channel with rear
flange, prepunched mounting holes, and welded corner clips for maximum rigidity.

c. Exhaust Damper: Parallel blade, barometric damper for exhaust air stream isolation.

d. Outdoor-Intake Louver: Parallel blade, for exhaust air stream isolation. Provide
weatherhood with intake insect screen and mist eliminator on outdoor units.

e. Bypass Damper: Opposed blade, modulating damper linked to out-of-stream

electronic actuator with position feedback indicator for regulating airflow, based on
load control.
8.  Filter Sections:
a. Outdoor-Intake and Exhaust Sides: 4 inch thick, pleated, ASHRAE Std 52.2.
1) MERY rating as called out on the drawings and schedules.

b. Filter Racks: Bolt-on rack constructed of aluminum with minimum size of 1/12 inch

thick. Include hinged side access door and snap fasteners.
9. Roof Curbs (if applicable):

a. Curbs: Provide full perimeter, watertight, sloped, weight-supporting roof curb
fabricated from minimum of 10 gauge, 0.1345 inch aluminized steel.

b. Isolation Rails: Provide factory-installed, 12 gauge, 0.1046 inch aluminized steel
angles top and bottom, connected with flexible, outdoor rated membrane and
factory-installed vibration isolation springs.

c. Gaskets: Provide closed cell PVC foam, field installed top of curb.

10. Vibration Isolation: Provide corrosion-resistant vibration isolation products for internal

motors and other revolving parts. See Section 23 0548.

11. Electrical:
a. Install internal wiring in accordance with NFPA 70 within flexible, liquid tight steel

conduit.
12. Controls and Local Control Panel:
a. Unit Controls: Factory supplied DDC with sensors, limit switches, and frost control.

. AIR-TO-AIR ENERGY RECOVERY
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b. Provide non-fused disconnect within local control panel with power supplies,
transformers, terminal strip or terminal blocks for interface of field installed
components.

c. Freeze Protection Thermostat: Provide and configure to stop unit when outdoor air
intake temperature drops below 38 degrees F, adjustable.

13. Configuration: Adjust listed requirements in conformance with ASHRAE Std 90.1 I-P.

14. Certification: AHRI 1060 (I-P) labeled, include copy of published ratings for operating
conditions.

15. PERFORMANCE

a. Energy Transfer: The energy recovery core shall be capable of transferring both
sensible and latent energy between air streams. Latent energy transfer shall be
accomplished through molecular transport by hydroscopic resin.

b. Positive Air stream Separation: Exhaust and fresh airstreams shall at all times travel
in separate passages, and airstreams shall not mix. The exhaust air transfer ratio
(EATR) shall be ARI-1060 certified as 0% at balanced pressure.

c. Laminar Flow: Airflow through the energy recovery core shall be laminar, avoiding
deposition of particulates on the interior of the exchange plate material.

PART 3 EXECUTION

3.1 EXAMINATION

A.  Verify that structure is ready for installation including openings, ductwork, mechanical utilities,
and electrical utilities.

B.  Rooftop Installation: Verify that equipment supplied roof curbs are installed and ready to
receive intended unit otherwise provide equipment matched roof curbs; see Section 07 7200.

3.2 INSTALLATION
A. Install equipment in accordance with manufacturer's written installation instructions.
B. Do not obstruct maintenance access to equipment piping, electrical conduit, or any other utility.

C.  Vibration Isolation: Provide corrosion-resistant equipment isolation products; see Section 23
0548.

D.  Outdoor Installation: Use concealed means of attachment. Minimize penetrations through roof.
Provide weather tight seal at required penetrations. Provide drip edge around roof perimeter.
Do not locate roof panel joints above doors.

E. Electrical: Provide equipment raceway, wiring, and cables; see Section 26 0583.

F. Coordinate installation and fire alarm system interface of system compatible duct-mounted
smoke detectors and other appurtenances following NFPA 90A guidelines.

Start system and adjust controls and equipment for satisfactory operation.

Coordinate hardwired or software interfacing links to enable coordinate as minimum start-stop,
occupied, unoccupied functions as well as specific schedules and setpoints functions with other
DDC controls onboard airside systems serving common spaces; see Section 23 0923.

. AIR-TO-AIR ENERGY RECOVERY
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3.3

34

3.5

C.

Coordinate BAS, BMS, or Integrated Automation linking between unit controller(s) and remote
front-end interface; see Section 25 1500.

SYSTEM STARTUP
Provide services of manufacturer's authorized representative to provide start up of unit.

Complete installation and startup checks according to manufacturer's written instructions and do

the following:

Inspect for visible damage to unit casing.

Inspect internal insulation.

Verify that labels are clearly visible.

Verify that clearances have been provided for servicing.

Verify that controls are connected and operable.

Verify that filters are installed.

Remove packing from vibration isolators.

Inspect operation of dampers.

Verify lubrication on fan and motor bearings.

0. Inspect fan-wheel rotation for movement in correct direction without vibration and

binding.

11. Adjust fan belts to proper alignment and tension.

12. Start unit according to manufacturer's written instructions.
a. Complete startup sheets and attach copy with Contractor's startup report.

13. Inspect and record performance of interlocks and protective devices; verify sequences.

14. Operate unit for an initial period as recommended or required by manufacturer.

15. Calibrate thermostats.

16. Inspect outdoor-air dampers for proper stroke and interlock with return-air dampers.

17. After startup and performance testing and prior to Substantial Completion, replace existing
filters with new filters.

e e A I

CLEANING
See Section 01 7000 - Execution and Closeout Requirements for additional requirements.

Clean filters, air plenums, interior and exposed-to-view surfaces prior to Substantial
Completion.

CLOSEOUT ACTIVITIES
See Section 01 7800 - Closeout Submittals for additional submittals.
See Section 01 7900 - Demonstration and Training for additional requirements.

Demonstrate proper operation of equipment to Owner's designated representative.

END OF SECTION 23 7200

AIR-TO-AIR ENERGY RECOVERY
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SECTION 23 8126 - SPLIT-SYSTEM AIR-CONDITIONERS

PART 1 GENERAL

1.1

A.

1.2

1.3

1.4

1.5

1.6

REFERENCE STANDARDS

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.

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 split-system air-conditioning and heat-pump units consisting of separate
evaporator-fan and compressor-condenser components.

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include rated capacities, operating
characteristics, and furnished specialties and accessories. Include performance data in terms of
capacities, outlet velocities, static pressures, sound power characteristics, motor requirements,
and electrical characteristics.

Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances,
method of field assembly, components, and location and size of each field connection.

2. Wiring Diagrams: For power, signal, and control wiring.

Samples for Initial Selection: For units with factory-applied color finishes.

INFORMATIONAL SUBMITTALS
Field quality-control reports.

Warranty: Sample of special warranty.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For split-system air-conditioning units to include in
emergency, operation, and maintenance manuals.
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1.7

1.8

1.9

QUALITY ASSURANCE

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.

ASHRAE Compliance:

1. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety Standard for
Refrigeration Systems."

2. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 4 - "Outdoor
Air Quality," Section 5 - "Systems and Equipment," Section 6 - " Procedures," and
Section 7 - "Construction and System Start-up."

ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1.

COORDINATION

Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with
actual equipment provided.

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace components of split-system air-conditioning units that fail in materials or workmanship
within specified warranty period.
1. Warranty Period:

a. For Compressor: Five year(s) from date of Substantial Completion.

b. For Parts: One year(s) from date of Substantial Completion.

c. For Labor: One year(s) from date of Substantial Completion.

PART 2 PRODUCTS

2.1

A.

2.2

MANUFACTURERS

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

Mitsubishi

Panasonic

Samsung

TRANE

Daikin

Gree

SANRANF I e

INDOOR UNITS (5 TONS (18 KW) OR LESS)

Wall-Mounted, Evaporator-Fan Components:

1. Cabinet: Enameled steel with removable panels on front and ends, and discharge drain
pans with drain connection.

2. Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins and thermal-
expansion valve. Comply with ARI 206/110.

3. Fan: Direct drive, centrifugal.
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Fan Motors:

a. Comply with NEMA designation, temperature rating, service factor, enclosure type,
and efficiency requirements specified in Section 200513 "Common Motor
Requirements."

Multitapped, multispeed with internal thermal protection and permanent lubrication.

Enclosure Type: Totally enclosed, fan cooled.

NEMA Premium (TM) efficient motors as defined in NEMA MG 1.

Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical

devices and connections specified in electrical Sections.

Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements

in ASHRAE 62.1.

Condensate Drain Pans:

a. Fabricated with one percent slope in at least two planes to collect condensate from
cooling coils (including coil piping connections, coil headers, and return bends) and
humidifiers, and to direct water toward drain connection.

Single-wall, polymer tank with foam insulation and moisture-tight seal.

c. Drain Connection: Located at lowest point of pan and sized to prevent overflow.
Terminate with threaded nipple on both ends of pan.

Air Filtration Section:

a. General Requirements for Air Filtration Section:

1) Comply with NFPA 90A.

2) Minimum Arrestance: According to ASHRAE 52.1 and MERV according to
ASHRAE 52.2.

3) Filter-Holding Frames: Arranged for flat or angular orientation, with access
doors on both sides of unit. Filters shall be removable from one side or lifted
out from access plenum.

oo o

OUTDOOR UNITS (5 TONS (18 KW) OR LESS)

Air-Cooled, Compressor-Condenser Components:

1.

AN S

Casing: Steel, finished with baked enamel, with removable panels for access to controls,
weep holes for water drainage, and mounting holes in base. Provide brass service valves,
fittings, and gage ports on exterior of casing.

Compressor: Hermetically sealed with crankcase heater and mounted on vibration isolation
device. Compressor motor shall have thermal- and current-sensitive overload devices, start
capacitor, relay, and contactor.

a. Compressor Type: Variable speed Scroll.

b. Variable speed compressor motor with manual-reset high-pressure switch and
automatic-reset low-pressure switch.
c. Refrigerant Charge: By manufacturer.

d. Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins and liquid
subcooler. Comply with ARI 206/110.

Fan: Aluminum-propeller type, directly connected to motor.

Motor: Permanently lubricated, with integral thermal-overload protection.

Ultra Low Ambient Kit: Permits operation down to -40 deg F.

Mounting Base: Polyethylene.
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2.5

A.

ACCESSORIES

Thermostat: Wireless infrared functioning to remotely control compressor and evaporator fan,

with the following features:

1. Liquid-crystal display indicating temperature, set-point temperature, time setting, operating
mode, and fan speed.

2. Fan-speed selection including auto setting.

Refrigerant Line Kits: Soft-annealed copper suction and liquid lines factory cleaned, dried,
pressurized, and sealed; factory-insulated suction line and liquid line with flared fittings at both
ends.

Drain Hose: For condensate.

CAPACITIES AND CHARACTERISTICS

As Scheduled on the drawings.

PART 3 EXECUTION

3.1

A.

32

3.3

INSTALLATION
Install units level and plumb.

Install evaporator-fan components using manufacturer's standard mounting devices securely
fastened to building structure.

Install roof-mounted, compressor-condenser components on equipment supports specified in
Section 07 7200 "Roof Accessories." Anchor units to supports with removable, cadmium-plated
fasteners.

Install and connect precharged refrigerant tubing to component's quick-connect fittings. Install
tubing to allow access to unit.

CONNECTIONS

Piping installation requirements are specified in other Sections. Drawings indicate general
arrangement of piping, fittings, and specialties.

Where piping is installed adjacent to unit, allow space for service and maintenance of unit.

FIELD QUALITY CONTROL

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

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:
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1. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until
no leaks exist.

2. Operational Test: After electrical circuitry has been energized, start units to confirm proper
motor rotation and unit operation.

3. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

D.  Remove and replace malfunctioning units and retest as specified above.

Prepare test and inspection reports.

34 STARTUP SERVICE

A.  Engage a factory-authorized service representative to perform startup service.
1. Complete installation and startup checks according to manufacturer's written instructions.

3.5 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain units.

END OF SECTION 23 8126
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SECTION 23 8200 - CONVECTION HEATING AND COOLING UNITS

PART 1 GENERAL

1.1 SECTION INCLUDES
A.  Hydronic finned tube radiation.
B.  Hydronic unit heaters.
C.  Hydronic cabinet unit heaters.
1.2 RELATED REQUIREMENTS
A.  Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.
B. Section 03 3000 - Cast-in-Place Concrete.
C. Section 23 0513 - Common Motor Requirements for HVAC Equipment.
D.  Section 23 0993 - Sequence of Operations for HVAC Controls.
E. Section 23 2114 - Hydronic Specialties.
1.3 REFERENCE STANDARDS
A.  AHRI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils; 2001, with Addenda
(2011).
B.  AHRI 440 - Performance Rating of Room Fan-Coils; 2008.
A.  AHRI Directory of Certified Product Performance - Air-Conditioning, Heating, and
Refrigeration Institute (AHRI); Current Edition.
B.  NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.
C.  NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.
1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements for submittal procedures.
B.  Shop Drawings:
1. Indicate air coil and frame configurations, dimensions, materials, rows, connections, and
rough-in dimensions.
CONVECTION HEATING AND COOLING
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1.5

1.6

2. Submit schedules of equipment and enclosures typically indicating length and number of
pieces of element and enclosure, corner pieces, end caps, cap strips, access doors, pilaster
covers, and comparison of specified heat required to actual heat output provided.

3. Submit the following for blower-coil units indicating:

a. Overall dimensions including installation, operation, and service clearances.
b. Unit shopping, installation, and operating weights including dimensions.

c. Fan curves with specified operating point clearly plotted.

d. Safety and start-up instructions.

Selection Samples: For each finish product specified, color chart representing manufacturer's
full range of available colors.

Operation and Maintenance Data: Include manufacturer's descriptive literature, operating
instructions, installation instructions, maintenance and repair data, and parts listings.

Warranty: Submit manufacturer's warranty and ensure forms have been completed in Owner's
name and registered with manufacturer.

QUALITY ASSURANCE

Products Requiring Electrical Connection: Listed and classified by Underwriters Laboratories
Inc. as suitable for the purpose specified and indicated.

WARRANTY
See Section 01 7800 - Closeout Submittals for additional warranty requirements.

Provide One year manufacturer's warranty from date of Substantial Completion.

PART 2 PRODUCTS

2.1

A.

HYDRONIC FINNED TUBE RADIATION

Manufacturers:
1. Slant Fin
2. Sterling

3.  Vulcan

4. Sigma

Required Directory Listing: AHRI Directory of Certified Product Performance - Air-
Conditioning, Heating, and Refrigeration Institute (AHRI); current edition at www.ahrinet.org.

Heating Elements: seamless copper tubing, mechanically expanded into evenly spaced
aluminum fins, suitable for soldered fittings.

Element Hangers: Quiet operating, ball bearing cradle type providing unrestricted longitudinal
movement, on enclosure brackets.

Enclosures: 18 gauge, 0.0478 inch sheet steel, with easily jointed components for wall to wall
installation.
1. Support rigidly, on wall or floor mounted brackets at least 3 feet on center maximum.

CONVECTION HEATING AND COOLING
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Finish: Factory applied baked enamel of color as selected.

G.  Access Doors: For otherwise inaccessible valves, provide factory-made permanently hinged
access doors, 6 by 7 inch minimum size, integral with cabinet.

2.2 HYDRONIC UNIT HEATERS

A. Manufacturers:

1.  Vulcan
2. McQuay
3. Trane
4. Sigma
5. Sterling
6. Modine
B. Coils: Seamless copper tubing, silver brazed to steel headers, and with evenly spaced aluminum

fins mechanically bonded to tubing.
Perform factory run test under normal operating conditions, water, and steam flow rates.

D.  Casing: Minimum 18 gauge, 0.0478 inch thick sheet steel casing with threaded pipe
connections for hanger rods for horizontal models and minimum 18 gauge, 0.0478 inch thick
sheet steel top and bottom plates for vertical projection models.

E. Finish: Factory applied baked enamel of standard manufacturer color.

F. Fan: Direct drive propeller type, statically and dynamically balanced, with fan guard;
horizontal models with permanently lubricated sleeve bearings; vertical models with grease
lubricated ball bearings.

G.  Air Outlet: Adjustable pattern diffuser on vertical projection models and two- or four- way
louvers on horizontal projection models.

H. Motors: Permanently lubricated sleeve bearings on horizontal models, grease lubricated ball
bearings on vertical models. See Section 23 0513

L Control: Local solid state disconnect switch with electropneumatic wall-mounted thermostat.
2.3 HYDRONIC CABINET UNIT HEATERS
A.  Manufacturers:
1. Vulcan
2. McQuay
3. Trane
4. Sigma
5.  Sterling
6. Modine

B. Provide products listed, classified, and labeled by Underwriters Laboratories Inc. (UL), Intertek
(ETL), or testing firm acceptable to authority having jurisdiction as suitable for purpose
indicated.
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Coils:

1.  Evenly spaced aluminum fins mechanically bonded to copper tubes.

2. Heating Hot Water: Suitable for working temperatures up to a maximum not less than 200
degrees F.

Cabinet: Minimum 16 gauge, 0.0598 inch thick sheet steel front panel with exposed corners
and edges rounded, easily removed panels, glass fiber insulation, integral air outlet, and inlet
grilles.

Finish: Factory applied baked enamel of color as selected on visible surfaces of enclosure or
cabinet.

Fans: Centrifugal forward-curved double-width wheels, statically and dynamically balanced,
direct driven.

Motor: Tap wound multiple speed permanent split capacitor with sleeve bearings, resiliently
mounted.

Control: Factory wired, solid state, infinite speed control, located in cabinet.

Filter: Easily removed, 1 inch thick glass fiber throw-away type, located to filter air before coil.

PART 3 EXECUTION

3.1

A.
B.

32

33

S 0 w >

EXAMINATION
Verify that surfaces are suitable for installation.

Verify that field measurements are as indicated on drawings.

PREPARATION

Provide housekeeping pads for blower-coil units under provisions of Section 03 3000.

INSTALLATION

Install in accordance with manufacturer's recommendations.

Install equipment exposed to finished areas after walls and ceilings are finished and painted.
Do not damage equipment or finishes.

Finned Tube Radiation:

1. Locate on outside walls and run cover continuously wall-to-wall unless otherwise
indicated.

2. Center elements under window with elements of equal length centered under each window
for multiple windows.

3. Install wall angles and end caps where units butt against walls.

Align cabinet joints with window mullions.

5. Install wall angles where units butt against walls and align cabinet joints with window
mullions.

R

CONVECTION HEATING AND COOLING
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E. Unit Heaters:
1. Hang from building structure, with pipe hangers anchored to building, not from piping or
electrical conduit.
2. Mount as high as possible to maintain greatest headroom unless otherwise indicated.

F. Cabinet Unit Heaters:
1. Install as indicated.
2. Coordinate to ensure correct recess size for recessed units.

G.  Units with Hydronic Coils:
1. Provide with shut-off valve on supply piping and tamper-proof, balancing valve with
memory stop on return piping.
2. Ifnot easily accessible, extend air vent to exterior surface of cabinet for ease of servicing.

H.  Units with Cooling Coils: Connect drain pan to condensate drain.

34 FIELD QUALITY CONTROL

A.  See Section 01 4000 - Quality Requirements for additional requirements.

B.  Provide manufacturer's field representative to test, inspect, and instruct.
3.5 CLEANING
A.  See Section 01 7419 - Construction Waste Management and Disposal for additional
requirements.
B.  After construction and painting is completed, clean exposed surfaces of units.

Vacuum clean coils and inside of units.

D.  Touch-up marred or scratched surfaces of factory-finished cabinets using finish materials
furnished by the manufacturer.

E. Install new filters.

3.6 CLOSEOUT ACTIVITIES
A. See Section 01 7800 - Closeout Submittals for closeout submittals.

B. See Section 01 7900 - Demonstration and Training for additional requirements.

3.7 PROTECTION

A.  Provide finished cabinet units with protective covers during the balance of construction.

END OF SECTION 23 8200
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SECTION 23 8216 - AIR COILS

PART 1 GENERAL

1.1

1.2

1.3

1.4

1.5

1.6

A.

SECTION INCLUDES

Water coils.

RELATED REQUIREMENTS

Equipment, piping, fittings & accessories covered in this specification shall conform to the
Build America Buy America Act. Manufacturer letter/statement confirming compliance with
Build America Buy America must be provided.

Section 23 0719 - HVAC Piping Insulation.
Section 23 2114 - Hydronic Specialties.

Section 26 0583 - Wiring Connections: Electrical characteristics and wiring connections.

REFERENCE STANDARDS

AHRI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils; 2001, with Addenda
(2011).

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

SUBMITTALS
See Section 01 3000 - Administrative Requirements, for submittal procedures.

Product Data: Provide coil and frame configurations, dimensions, materials, rows, connections,
and rough-in dimensions.

Certificates: Certify that coil capacities, pressure drops, and selection procedures meet or
exceed specified requirements.
QUALITY ASSURANCE

Products Requiring Electrical Connection: Listed and classified by Underwriters Laboratories
Inc. as suitable for the purpose specified and indicated.

DELIVERY, STORAGE, AND HANDLING

Protect coil fins from crushing and bending by leaving in shipping cases until installation, and
by storing indoors.
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B.

Protect coils from entry of dirt and debris with pipe caps or plugs.

PART 2 PRODUCTS

2.1

2.2

m o a0 w »

MANUFACTURERS
Trane

Daikin

York

Carrier Corporation

Greenheck

WATER COILS

Tubes: 5/8 inch OD seamless copper arranged in parallel or staggered pattern, expanded into
fins, brazed joints.

Fins: Aluminum minimum 0.006 inch (0.152 mm) thick.

Casing: Die formed channel frame of 16 gauge, 0.0598 inch galvanized steel with mounting
holes on 3 inch centers. Provide tube supports for coils longer than 36 inches.

Headers: Seamless copper tube with silver brazed joints.
Testing: Air test under water to 300 psi for working pressure of 200 psi and 325 degrees F.

Configuration: Serpentine type with return bends on smaller sizes and return headers on larger
sizes.

PART 3 EXECUTION

3.1

A.

m m o A0

INSTALLATION
Install in accordance with manufacturer's written instructions.

Install in ducts and casings in accordance with SMACNA (DCS).

1. Support coil sections independent of piping on steel channel or double angle frames and
secure to casings.

2. Provide airtight seal between coil and duct or casing.

Protect coils to prevent damage to fins and flanges. Comb out bent fins.
Install coils level. Install cleanable tube coils with 1:50 pitch.

Make connections to coils with unions and flanges.

Hydronic Coils:
1.  Hydronic Coils: Connect water supply to leaving air side of coil (counterflow
arrangement).
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2. Provide manual air vents at high points complete with stop valve.
3. Ensure water coils are drainable and provide drain connection at low points.

G.  Cooling Coils:

1. Provide drain pan and drain connection; fabricate from 20 gauge, 0.0359 inch galvanized
steel, extend 3 inches from face of entering air side, 6 inches from face of leaving air side,
and 4 inches from face of eliminators. Pipe drain pans individually to floor drain with
water seal trap.

a. Drain pan minimum depth: 2 inches (50 mm)

b. Provide armaflex insulation under drain pan to prevent condensate from dripping to
space below

c. Fabricate pan with one percent slope in at least two planes to collect condesate from

cooling coils (coil headers and return bends) to direct water toward drain connection.
drain shall be located at lowest poing of pan and sized to prevent overflow,
minimum connection size NPS 1 (DN 25) terminated with threaded nipple.

d. Units with stacked coils shall have an intermediate drain pan to collect condensate
from top coil

H. Electric Duct Coils: Wire in accordance with NFPA 70. Refer to Section 26 0583.

END OF SECTION 23 8216
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SECTION 26 0000 - ELECTRICAL GENERAL REQUIREMENTS

PART 1 GENERAL

1.1

A.
B.

1.2

1.3

1.4

1.5

APPLICABILITY
This section applies to and forms a part of each of the sections of Divisions 26, 27, and 28.

General and Supplementary Conditions, and Division 1 — General Requirements shall apply to
all work specified in this section.

SCOPE OF WORK

The work under this section of the specifications consists of providing all labor, supervision,
equipment, and materials necessary for and incidental to the installation of the complete
electrical systems required by these specifications and/or drawings of the contract.

DRAWINGS

The drawings indicate the extent and general layout of the electrical systems and are intended to
be as accurate as planning can determine at the scale shown for estimating purposes only. Field
verification of dimensions, locations, and construction details is required. Review appropriate
drawings, make field measurements and adjust work to suit the conditions encountered.
Electrical drawings are only diagrammatic but shall be followed as closely as actual
construction of other trade will permit.

Do not scale off the electrical drawings.

Notify the Architect/Engineer of any discrepancies in or omissions from the drawings and
documents. Interpretations will be made only by written Addenda. If discrepancies are not
reported, the contractor shall bid the greater quantity or better quality, and appropriate
adjustment will be made after contract award.

Discrepancies discovered during construction shall immediately be called to the attention of the
Architect/Engineer for clarification.

PERMITS AND LICENSES

Obtain and pay for all licenses and permits, and pay all fees and charges for the connection to
outside services as required by the inspecting authorities having jurisdiction.

CODES AND ORDINANCES

The entire installation shall be made in accordance with all ordinances, laws, regulations, and
codes applicable to the work involved. If, in any instance, the plans and specifications conflict
with such laws, the law shall take preference. This does not relieve the contractor from
complying with any requirements of the drawings and specifications that may be in excess of
the rules and not contrary to the same.
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1.6 PROGRESS OF WORK

A.  Organize the work so that progress of electrical work will conform to the progress of other
trades. Complete the entire installation as soon as building conditions permit.

1.7 COOPERATION WITH OTHER TRADES

A.  Cooperate with other trades and organize work so as to avoid conflict in space and time
sequence. If interference develops, the matter shall be brought to the attention of the
Architect/Engineer for decision.

B.  Prior to rough-in, verify voltage and current characteristics and control connections of electrical
equipment furnished by others and wired under this division.

1.8 INSPECTION OF SITE

A.  Before submitting a proposal on the work contemplated in these specifications and
accompanying drawings, each bidder shall examine the site and familiarize himself with the
existing conditions and limitations. No extras will be allowed because of the contractor’s
misunderstanding as to the amount of work involved or his lack of knowledge of existing site
conditions.

1.9 TESTS

A.  Test all equipment installed under these specifications and demonstrate its proper operation to
the Architect/Engineer and Owner’s representatives.

B. Do not test or operate equipment for any purpose until it has been fully installed and serviced in
accordance with the manufacturer’s instructions.

C.  The entire installation shall be tested free from open and short circuits and improper grounds.

1.10 OPERATING INSTRUCTIONS

A. At the completion of the project, the contractor shall furnish competent instruction to the Owner
or his designated representatives, in operation and routine maintenance of the electrical
equipment and systems.

1.11 RECORD DRAWING

A.  The contractor shall maintain one set of drawings at the job site to be used as a master copy. All
changes and deviations shall be clearly marked and noted by colored pencil. These drawings
shall be turned over to the Architect upon project completion.

PART 2 PRODUCTS (NOT APPLICABLE)

PART 3 EXECUTION (NOT APPLICABLE)

END OF SECTION 26 0000
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SECTION 26 0100 - BASIC MATERIALS AND METHODS

PART 1 GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract including General and Supplementary
Conditions and Division 1 Specification Sections apply to this Section.

MATERIAL AND WORKMANSHIP

All material shall be new, of the quality specified, and shall conform to NFPA, NEMA, UL and
ANSI standards in every case where such a standard had been established for the particular type
of material.

Equipment shall be furnished with an U.L. label. Materials shall be standard products of
manufacturer’s regularly shall be standard products of manufacturer’s regularly engaged in the
production of such equipment and shall be the manufacturer’s latest standard design.

Installation of materials shall be coordinated with other trades and installed at such time and
manner as to not delay or interfere with the work of other trades.

All workmanship shall be neat, first class and complete in both effectiveness and appearance
and shall be executed by a person licensed and skilled in the trade.

This contractor shall be held solely responsible for proper size and location of hangers, slots,
chases, openings, etc., required for proper installation of his work and shall arrange with the
proper contactors for the building in of inserts and leaving chases or openings.

STANDARDIZATION OF PRODUCT MANUFACTURER

Except as noted, all magnetic starters, manual starters and motor control centers shall be
manufactured by the same company, all finishes shall be the same color, and all equipment shall
fit the space designated. Equipment manufactured by G.E., Square D, Westinghouse or Allen
Bradley will be acceptable providing they comply with the specific condition of the
specifications and accompanying drawings.

Wiring devices, lighting fixtures, and other items covered under single specifications shall be of
the same manufacturer and style whenever practical or where failure to do so is visibly
noticeable.

MATERIAL HANDLING, STORAGE AND PROTECTION

This contractor shall make provisions for delivery and safe storage of materials and
arrangement for introduction into building of equipment too large to pass through finished or
existing openings.

During construction, it shall be the responsibility of this contractor to protect the surface of
equipment and material furnished.
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PART 2 PRODUCTS (NOT APPLICABLE)

PART 3 EXECUTION

3.1

3.2

3.3

34

A.

CLEANING AND PAINTING

Clear away all debris, surplus material, etc., resulting from work operations, leaving the job and
the equipment furnished under this contract in a clean condition.

Equipment furnished with finished paint coat shall be examined upon job completion for
scratches and surface damage. Damaged surfaces shall be touched up to match factory finish.

Light fixtures shall be dusted and cleaned prior to final acceptance.

CONCRETE EQUIPMENT

Switchboards and emergency generator shall be mounted on 4” concrete pads furnished as
noted on drawings. Size pads such that pad extend 2” beyond the perimeter of the equipment
installed.

Exterior light fixtures shall be on or in concrete bases provided by the electrical contractor and
as detailed on drawings.

Concrete shall conform to Division 03 of this specification.

CUTTING AND REPAIRING

Cutting, fitting, and repairing which may be required for this work shall be done by craftsmen
skilled in their respective trades. When cutting is required it shall be done in such a manner as
to not weaken walls, partition, or floors. Concrete and masonry shall be cut with a diamond core
drill or concrete saw. When patching is required, it shall be done and finished to match existing.
All existing walls shall be cut and patched to install new boxes and conduit for the new
construction work.

PENETRATIONS

Sleeves shall be used to accommodate conduits, cables or pipes passing through concrete floors,
walls and partitions. Sleeves shall be black iron pipe or galvanized sheet metal set in place and
secured in position. Sleeves located above grade shall be caulked with an approved caulking
compound to make water tight, fireproof, etc., as required by the particular application. Sleeves
located below grade or through on- grade slabs shall be black iron pipe and shall be made
watertight with oakum and / or lead wool and sealed with asphalt. For fireproofing, use item
equal to 3M product 2000. One hour walls require HWB1003, ULCBJ 1000 and 5000.

Conduit passing through poured concrete walls or floors may be imbedded directly into the
concrete, however when subject to sheer forces, i.e. below grade applications, the conduit must
be rigid steel.

Cables and conductors, not in raceway, shall be placed in sleeves when passing through fire and
smoke partitions.
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3.5

3.6

Sleeves penetrating floors shall extend a minimum of 4” above finished floor.

Where acceptable to the Architect/ Engineer and other trades involved, conduit may be placed
prior to concrete pour thereby eliminating the use of sleeves. The contractor shall, however,
remain responsible to insure and make such installation watertight.

Conduit or sleeves going through the roof shall be installed in pitch pockets complete with
flashing as may be required by the type of building construction. Where feeding equipment
located on roof, the electrical conduit may be run in the same pitch pocket as used to install
piping, etc. to the equipment. It shall be the responsibility of the electrical contractor to
coordinate sizes of curbs and pitch pockets so as to allow installation of conduit. If conduit
cannot be installed in common opening with piping, etc. the electrical contractor shall provide a
separate pitch pocket for his wiring.

Where conduits, sleeves, wireways, and other electrical raceways pass through fire partitions,
walls, or floors, install a fire-stop that provides an effective barrier against the spread of fire,
smoke and gases. Fire-stop material shall be packed tight, completely fill clearances between
raceway and openings as required maintaining the rating of the assembly penetrated.

Where conduits, sleeves, wireways, and other electrical raceways pass through partitions, walls,
floors or insulation separating spaces subject to temperature differences, effective means shall
be taken to prevent air leaks, and condensation problems.

Flexible or liquid tight flexible conduit may not be used through walls, floors, roof, etc. that are
moisture, temperature, fire or smoke barriers. Conduits through these types of items must be
either rigid steel or EMT.

MATERIAL INSTALLATION

In general, all wiring and electrical items shall be concealed, with visual portions set true and
plumb with building lines. Items shall be aligned in an orderly fashion consistent with the
patterns and design of the background material.

Where items are to be surface mounted, suck items shall be grouped together. Provide a 3%4”
plywood backing, painted two coats grey paint.

TRENCHES, EXCAVATING, AND BACKFILLING

The contractor shall do trenching and excavating required installing equipment, underground
cable and conduit to the depth shown or required for proper operation. Excavation below the
required level shall be backfilled with earth and thoroughly tamped. The contractor shall do all
shoring and bracing necessary to perform his work and as required for safety. Contractor shall
remove by pumping or other means any water which accumulates in the excavation. Temporary
bridges shall be built by the contractor where required to maintain traffic.

In any excavation across hard surfaced streets, drives, or walks, contractor shall cut and replace
the surface material. Replacement material shall be identical to material removed unless shown
otherwise.

If any excavation is across gravel bed or any stabilized yard, contractor shall repair damaged
surface. Replacement material shall be identical to existing unless otherwise approved by the
Engineer.
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3.7

The contractor shall backfill all excavations made for his work. Ultilities services shall be
observed by the Engineer or proper inspection authority before backfilling. Backfilling shall be
done by placing earth evenly and carefully around conduit in 6” maximum layers. Backfill
material shall be free from rock and debris.

Each layer shall be carefully, mechanically compacted until at least one foot of cover exists over
the pipe or equipment. The remainder of the back fill shall be placed and compacted in one-foot
maximum layers. Compaction shall be 90% of the maximum standard Proctor density in area
that are to be sodded or seeded Proctor density in areas that are to be sodded or seeded and shall
be 95% of maximum modified Proctor density under walks, drives or any structure.

The contractor shall be responsible for and shall repair without charge all damage due to
settlement of the earth, including but not limited to laws, drives, streets or parking lots, over the
damaged area.

The contractor shall be responsible for cleaning up areas adjacent to the excavation where the
earth has been temporarily stored, sweeping or washing pavement, repairing the gravel surface,
or reseeding the lawns as required to bring the entire excavated area as close to the original
conditions as possible.

All excavated materials not required for fill or backfill shall be disposed or removed from the
site by this contractor.

EQUIPMENT AND MOTOR CONNECTION

Prior to rough-in, the electrical connector shall consult applicable shop drawing to determine
connections required. If required connections differ from connections shown on drawings,
consult engineer for resolution.

Control devices, (unless an integral part of the equipment to be wired) furnished under other
divisions of this specification, shall be turned over to this contractor for installation. Consult
with other contractors, as to the exact location of their equipment needing electrical connections
and install and connect control equipment. Provide boxes, mounting brackets, painted plywood
backing, etc. as required to mount these devices.

Where automatic controls are involved, wire equipment in the system to run continuously. This
shall include required interlocks and primary equipment wiring required for normal operation
such as solenoids, gas valves, etc.

All conduit to motors shall be run exposed, except in finished areas, and shall terminate in
liquid tight flexible conduit fastened directly to motor boxes. Where motors are located in
equipment enclosures or an integral part of an equipment package, liquid tight flexible conduit
shall be used to isolate equipment enclosure from the building electrical system and to isolate
the motor(s) from the equipment enclosures.

Provide necessary wiring of control and safety devices for overhead doors as required by
manufacturer for complete installation.

Comply with elevator requirements when wiring elevator motor.

END OF SECTION 26 0100
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SECTION 26 0400 - ELECTRIC SERVICE

PART 1 GENERAL

1.1 RELATED DOCUMENTS

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

Conditions and Division 1 Specification Sections, apply to this Section.
1.2 SUMMARY

A.  This Section includes the furnishing and installation of materials and labor required to provide
the new electrical service to the new building.

B.  Fees or charges submitted by the utility company for their portion of the service
installation shall be paid for by this contractor. The serving utility is Ottertail Power
Company. Contact Tyler , 701 739 8484.

C.  BUILDING SERVICE
1. Provide new 120/208 volt, 3 phase, 4 wire electric service.

PART 2 PRODUCTS
2.1 THE FOLLOWING ITEMS ARE FURNISHED BY THE UTILITY COMPANY:
1. Transformers.
2. Primary services.
B.  The contractor shall furnish other necessary items which shall include, but not be limited to the

following:

1. Underground secondary service.

2. Service switchboard.

3. Transformer pad for one transformer and one connection cabinet. Paint to match
transformer.

4.  Wall mounted CT cabinet painted to match building

5. Pathway between transformer and connection/C/T cabinet. (as required)

6. Trenching & backfilling.

PART 3 EXECUTION

3.1

CONTACT AND MAKE NECESSARY ARRANGEMENTS WITH THE UTILITY
COMPANY TO COMPLY WITH THEIR POLICIES AND REGULATIONS RELATING TO
THE SERVICE ENTRANCE.

Service entrance conductors shall be run in conduit, size as indicated on Drawings.

New secondary services shall be underground from main distribution to the pad mounted
transformers.
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C.  Verify transformer location & pad detail with utility company. If the electric utility does not
have a detail for the transformer and the connection cabinet. EC shall coordinate these details
to the satisfaction of the electric utility & engineer.

END OF SECTION 26 0400
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SECTION 26 0519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
PART 1 GENERAL

1.1 SECTION INCLUDES

Single conductor building wire.
Nonmetallic-sheathed cable.

Underground feeder and branch-circuit cable.
Service entrance cable.

Metal-clad cable.

Wiring connectors.

Electrical tape.

T o ®m o o0 w >

Wire pulling lubricant.

1—1

Cable ties.

J. Firestop sleeves.

1.2 RELATED REQUIREMENTS
A.  Section 07 8400 - Firestopping.

B.  Section 26 0526 - Grounding and Bonding for Electrical Systems: Additional requirements for
grounding conductors and grounding connectors.

C.  Section 26 0553 - Identification for Electrical Systems: Identification products and
requirements.
1.3 REFERENCE STANDARDS

A.  ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2013 (Reapproved
2024).

B.  ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard,
Medium-Hard, or Soft; 2023.

C.  ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for
Electrical Purposes; 2010, with Editorial Revision (2020).

D. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded
Copper Conductors for Subsequent Insulation; 2004 (Reapproved 2020).
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E.  ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic
Pressure-Sensitive Electrical Insulating Tape; 2024.

NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.

G. NECA 120 - Standard for Installing Armored Cable (AC) and Type Metal-Clad (MC) Cable;
2018.

H.  NECA 121 - Standard for Installing Nonmetallic-Sheathed Cable (Type NM-B) and
Underground Feeder and Branch-Circuit Cable (Type UF); 2024.

I. NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrical
Energy; 2021.

J. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

K. UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All Revisions.

L. UL 83 - Thermoplastic-Insulated Wires and Cables; Current Edition, Including All Revisions.

M. UL 267 - Outline of Investigation for Wire-Pulling Compounds; Current Edition, Including All
Revisions.

N. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions.

O. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions.

P. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions.

Q. UL 493 - Thermoplastic-Insulated Underground Feeder and Branch-Circuit Cables; Current

Edition, Including All Revisions.

R. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape; Current Edition,
Including All Revisions.

S. UL 719 - Nonmetallic-Sheathed Cables; Current Edition, Including All Revisions.

T. UL 1569 - Metal-Clad Cables; Current Edition, Including All Revisions.

1.4 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.

Product Data: Provide manufacturer's standard catalog pages and data sheets for conductors
and cables, including detailed information on materials, construction, ratings, listings, and
available sizes, configurations, and stranding.

1.5 QUALITY ASSURANCE

A.  Comply with requirements of NFPA 70.
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PART 2 PRODUCTS

2.1 CONDUCTOR AND CABLE APPLICATIONS
A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and
product listing.
B.  Provide single conductor building wire installed in suitable raceway unless otherwise indicated,
permitted, or required.
C.  Nonmetallic-sheathed cable is permitted only as follows:
1.  Where not otherwise restricted, may be used:
a. For branch circuit wiring in dry locations within one- and two-family dwellings and
their attached or detached garages, and their storage buildings.
b. For branch circuit wiring in dry locations within multifamily dwellings permitted to
be of Types III, IV, and V construction.
2.2 CONDUCTOR AND CABLE GENERAL REQUIREMENTS
A.  Provide products that comply with requirements of NFPA 70.
B.  Provide products listed, classified, and labeled as suitable for the purpose intended.
C.  Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring,
connectors, etc. as required for a complete operating system.
D.  Comply with NEMA WC 70.
E. Thermoplastic-Insulated Conductors and Cables: Listed and labeled as complying with UL 83.
F. Thermoset-Insulated Conductors and Cables: Listed and labeled as complying with UL 44.
G.  Conductor Material:

1. Provide copper conductors only. Aluminum conductors are not acceptable for this project.
Conductor sizes indicated are based on copper.

2. Copper Conductors: Soft drawn annealed, 98 percent conductivity, uncoated copper
conductors complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless
otherwise indicated.

3. Tinned Copper Conductors: Comply with ASTM B33.

H.  Minimum Conductor Size:
1. Branch Circuits: 12 AWG.
a. Exceptions:
1) 20 A, 120 V circuits longer than 75 feet: 10 AWG, for voltage drop.
2) 20 A, 120 V circuits longer than 150 feet: 8 AWG, for voltage drop.
3) 20 A, 277 V circuits longer than 150 feet: 10 AWG, for voltage drop.
L Conductor Color Coding:

1. Color code conductors as indicated unless otherwise required by the authority having
jurisdiction. Maintain consistent color coding throughout project.

2. Color Coding Method: Integrally colored insulation.

3. Color Code:
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a. 208Y/120 V, 3 Phase, 4 Wire System:
1) Phase A: Black.
2)  Phase B: Red.
3) Phase C: Blue.
4) Neutral/Grounded: White.
b. Equipment Ground, All Systems: Green.

23 SINGLE CONDUCTOR BUILDING WIRE

A. Manufacturers:
1. Copper Building Wire:

a. Cerro Wire LLC: www.cerrowire.com/#sle.
b. Encore Wire Corporation: www.encorewire.com/#sle.
c. General Cable Technologies Corporation; : www.generalcable.com/#sle.
d. Service Wire Co: www.servicewire.com/#sle.
e. Southwire Company: www.southwire.com/#sle.
B.  Description: Single conductor insulated wire.

C.  Conductor Stranding:
1. Feeders and Branch Circuits:
a. Size 10 AWG and Smaller: Solid.
b. Size 8 AWG and Larger: Stranded.

D. Insulation Voltage Rating: 600 V.

Insulation:
1. Copper Building Wire: Type THHN/THWN or THHN/THWN-2, except as indicated
below.

24 NONMETALLIC-SHEATHED CABLE

A.  Manufacturers:
1. Cerro Wire LLC: www.cerrowire.com/#sle.
2. Encore Wire Corporation: www.encorewire.com/#sle.
3. Southwire Company: www.southwire.com/#sle.
4. Substitutions: See Section 01 6000 - Product Requirements.

B.  Description: NFPA 70, Type NM multiple-conductor cable listed and labeled as complying
with UL 719, Type NM-B.

C.  Conductor Stranding:
1. Size 10 AWG and Smaller: Solid.
2. Size 8 AWG and Larger: Stranded.

D. Insulation Voltage Rating: 600 V.

2.5 UNDERGROUND FEEDER AND BRANCH-CIRCUIT CABLE

A. Manufacturers:
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Cerro Wire LLC: www.cerrowire.com/#sle.

Encore Wire Corporation: www.encorewire.com/#sle.
Service Wire Co: www.servicewire.com/#sle.

4. Southwire Company: www.southwire.com/#sle.

W

B.  Description: NFPA 70, Type UF multiple-conductor cable listed and labeled as complying with
UL 493, Type UF-B.

Provide equipment grounding conductor unless otherwise indicated.

D.  Conductor Stranding:
1. Size 10 AWG and Smaller: Solid.
2. Size 8 AWG and Larger: Stranded.

E. Insulation Voltage Rating: 600 V.

2.6 SERVICE ENTRANCE CABLE

A.  Manufacturers:
1. Copper Service Entrance Cable:

a. Cerro Wire LLC: www.cerrowire.com/#sle.

b Encore Wire Corporation: www.encorewire.com/#sle.
c. Service Wire Co: www.servicewire.com/#sle.

d Southwire Company: www.southwire.com/#sle.

B. Conductor Stranding: Stranded.

C.  Insulation Voltage Rating: 600 V.

2.7 METAL-CLAD CABLE

A.  Manufacturers:
1. AFC Cable Systems Inc: www.afcweb.com/#sle.
2. Encore Wire Corporation: www.encorewire.com/#sle.
3. Service Wire Co: www.servicewire.com/#sle.
4. Southwire Company: www.southwire.com/#sle.

B.  Description: NFPA 70, Type MC cable listed and labeled as complying with UL 1569, and
listed for use in classified firestop systems to be used.

C. Conductor Stranding:
1. Size 10 AWG and Smaller: Solid.
2. Size 8 AWG and Larger: Stranded.

Insulation Voltage Rating: 600 V.
Insulation: Type THHN, THHN/THWN, or THHN/THWN-2.

Grounding: Full-size integral equipment grounding conductor.

@ m = o

Armor: Steel, interlocked tape.
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2.8

2.9

WIRING CONNECTORS

Description: Wiring connectors appropriate for the application, suitable for use with the
conductors to be connected, and listed as complying with UL 486A-486B or UL 486C as
applicable.

Wiring Connectors for Splices and Taps:

1. Copper Conductors Size 8 AWG and Smaller: Use twist-on insulated spring connectors.

2. Copper Conductors Size 6 AWG and Larger: Use mechanical connectors or compression
connectors.

Wiring Connectors for Terminations:

Twist-on Insulated Spring Connectors: Rated 600 V, 221 degrees F for standard applications
and 302 degrees F for high temperature applications; pre-filled with sealant and listed as
complying with UL 486D for damp and wet locations.
1. Manufacturers:

a. 3M: www.3m.com/#sle.

b. Ideal Industries, Inc: www.idealindustries.com/#sle.

c. NSI Industries LLC: www.nsiindustries.com/#sle.

Mechanical Connectors: Provide bolted type or set-screw type.
1. Manufacturers:

a. Burndy LLC; : www.burndy.com/#sle.
b. llsco: www.ilsco.com/#sle.
c. Thomas & Betts Corporation: www.tnb.com/#sle.

Compression Connectors: Provide circumferential type or hex type crimp configuration.
1. Manufacturers:

a. Burndy LLC; : www.burndy.com/#sle.

b. Ilsco: www.ilsco.com/#sle.

c. Thomas & Betts Corporation: www.tnb.com/#sle.

ACCESSORIES

Electrical Tape:
1. Manufacturers:
a. 3M: www.3m.com/#sle.
b. Plymouth Rubber Europa: www.plymouthrubber.com/#sle.

2. Vinyl Insulating Electrical Tape: Complying with ASTM D3005 and listed as complying
with UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion, and sunlight;
conformable for application down to 0 degrees F and suitable for continuous temperature
environment up to 221 degrees F.

Wire Pulling Lubricant:
1. Manufacturers:
a. 3M: www.3m.com/#sle.
b. American Polywater Corporation: www.polywater.com/#sle.
c. Ideal Industries, Inc: www.idealindustries.com/#sle.
2. Listed and labeled as complying with UL 267.
3. Suitable for use with conductors/cables and associated insulation/jackets to be installed.
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4. Suitable for use at installation temperature.
5. Products:
a. American Polywater Corporation; Polywater J Cable Pulling Lubricant:
www.polywater.com/#sle.
b. American Polywater Corporation; Polywater LZ Cable Pulling Lubricant:
www.polywater.com/#sle.

Cable Ties: Material and tensile strength rating suitable for application.
1. Manufacturers:
a. Burndy LLC; : www.burndy.com/#sle.

Sealing Systems for Roof Penetrations: Premanufactured components and accessories as
required to preserve integrity of roofing system and maintain roof warranty; suitable for cables
and roofing system to be installed; designed to accommodate existing penetrations where

applicable.
1. Products:
a. Menzies Metal Products; Electrical Roof Stack and Cap: www.menzies-

metal.com/#sle.
Menzies Metal Products; Electrical Retro Box: www.menzies-metal.com/#sle.
c. Substitutions: See Section 01 6000 - Product Requirements.

Firestop Sleeves: Listed; provide as required to preserve fire resistance rating of building
elements.
1. Products:
a. HoldRite, a brand of Reliance Worldwide Corporation; HydroFlame Pro
Series/HydroFlame Custom Built: www.holdrite.com/#sle.
b. Substitutions: See Section 01 6000 - Product Requirements.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Verify that interior of building has been protected from weather.
B.  Verify that work likely to damage wire and cable has been completed.
C.  Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to
accommodate conductors and cables in accordance with NFPA 70.
D.  Verify that field measurements are as indicated.
Verify that conditions are satisfactory for installation prior to starting work.
32 PREPARATION
A.  Clean raceways thoroughly to remove foreign materials before installing conductors and cables.
33 INSTALLATION
A.  Circuiting Requirements:
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1. Unless dimensioned, circuit routing indicated is diagrammatic.

2. When circuit destination is indicated without specific routing, determine exact routing
required.

3. Arrange circuiting to minimize splices.

4. Include circuit lengths required to install connected devices within 10 ft of location
indicated.

5. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and power-
limited circuits in accordance with NFPA 70.

6. Maintain separation of wiring for emergency systems in accordance with NFPA 70.

7.  Circuiting Adjustments: Unless otherwise indicated, when branch circuits are indicated as
separate, combining them together in a single raceway is not permitted.

8. Common Neutrals: Unless otherwise indicated, sharing of neutral/grounded conductors
among up to three single phase branch circuits of different phases installed in the same
raceway is not permitted. Provide dedicated neutral/grounded conductor for each
individual branch circuit.

Install products in accordance with manufacturer's instructions.
Perform work in accordance with NECA 1 (general workmanship).

Install nonmetallic-sheathed cable (Type NM-B) in accordance with NECA 121.

m o 0w

Install underground feeder and branch-circuit cable (Type UF-B) in accordance with NECA
121.

M

Install metal-clad cable (Type MC) in accordance with NECA 120.

G. Installation in Raceway:

1. Tape ends of conductors and cables to prevent infiltration of moisture and other
contaminants.

2. Pull all conductors and cables together into raceway at same time.

3. Do not damage conductors and cables or exceed manufacturer's recommended maximum
pulling tension and sidewall pressure.

4.  Use suitable wire pulling lubricant where necessary, except when lubricant is not
recommended by the manufacturer.

H.  Paralleled Conductors: Install conductors of the same length and terminate in the same manner.

L Secure and support conductors and cables in accordance with NFPA 70 using suitable supports
and methods approved by the authority having jurisdiction. Provide independent support from
building structure. Do not provide support from raceways, piping, ductwork, or other systems.

J. Terminate cables using suitable fittings.
1. Metal-Clad Cable (Type MC):
a. Use listed fittings.
b. Cut cable armor only using specialized tools to prevent damaging conductors or
insulation. Do not use hacksaw or wire cutters to cut armor.

K. Install conductors with a minimum of 12 inches of slack at each outlet.

L.  Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment
enclosures.
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M.  Group or otherwise identify neutral/grounded conductors with associated ungrounded
conductors inside enclosures in accordance with NFPA 70.

N.  Make wiring connections using specified wiring connectors.

1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or make
splices in conduit bodies or wiring gutters.

2. Remove appropriate amount of conductor insulation for making connections without
cutting, nicking or damaging conductors.

3. Do not remove conductor strands to facilitate insertion into connector.

4. Clean contact surfaces on conductors and connectors to suitable remove corrosion, oxides,
and other contaminates. Do not use wire brush on plated connector surfaces.

5. Mechanical Connectors: Secure connections according to manufacturer's recommended
torque settings.

6. Compression Connectors: Secure connections using manufacturer's recommended tools
and dies.

O.  Insulate splices and taps that are made with uninsulated connectors using methods suitable for
the application, with insulation and mechanical strength at least equivalent to unspliced
conductors.

Insulate ends of spare conductors using vinyl insulating electrical tape.

Q. Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in Section 07 8400.

R.  Unless specifically indicated to be excluded, provide final connections to all equipment and
devices, including those furnished by others, as required for a complete operating system.

END OF SECTION 26 0519
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SECTION 26 0526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 GENERAL

1.1

1.2

1.3

1.4

m o a0 w »

SECTION INCLUDES

Grounding and bonding requirements.
Conductors for grounding and bonding.
Connectors for grounding and bonding.
Ground bars.

Ground rod electrodes.

RELATED REQUIREMENTS

Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables: Additional
requirements for conductors for grounding and bonding, including conductor color coding.

Section 26 0553 - Identification for Electrical Systems: Identification products and
requirements.

REFERENCE STANDARDS

NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.

NEMA GR 1 - Grounding Rod Electrodes and Grounding Rod Electrode Couplings; 2022.

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

UL 467 - Grounding and Bonding Equipment; Current Edition, Including All Revisions.

SUBMITTALS
See Section 01 3000 - Administrative Requirements for submittals procedures.

Product Data: Provide manufacturer's standard catalog pages and data sheets for grounding and
bonding system components.

PART 2 PRODUCTS

2.1 GROUNDING AND BONDING REQUIREMENTS
A. Do not use products for applications other than as permitted by NFPA 70 and product listing.
GROUNDING AND BONDING FOR
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B.  Unless specifically indicated to be excluded, provide all required components, conductors,
connectors, conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete
grounding and bonding system.

C.  Where conductor size is not indicated, size to comply with NFPA 70 but not less than
applicable minimum size requirements specified.

2.2 GROUNDING AND BONDING COMPONENTS

A.  General Requirements:
1. Provide products listed, classified, and labeled as suitable for the purpose intended.
2. Provide products listed and labeled as complying with UL 467 where applicable.

B.  Conductors for Grounding and Bonding, in Addition to Requirements of Section 26 0526:
1. Use insulated copper conductors unless otherwise indicated.

a. Exceptions:
1)  Use bare copper conductors where installed underground in direct contact
with earth.
2)  Use bare copper conductors where directly encased in concrete (not in
raceway).
C.  Connectors for Grounding and Bonding:

1. Description: Connectors appropriate for the application and suitable for the conductors
and items to be connected; listed and labeled as complying with UL 467.

2. Unless otherwise indicated, use exothermic welded connections for underground,
concealed and other inaccessible connections.

3. Unless otherwise indicated, use mechanical connectors, compression connectors, or
exothermic welded connections for accessible connections.

4. Manufacturers - Mechanical and Compression Connectors:

a allG Fabrication; : www.allgfab.com/#sle.

b. Burndy LLC; : www.burndy.com/#sle.

c. Harger Lightning & Grounding; : www.harger.com/#sle.
d nVent ERICO; : www.nvent.com/#sle.

e Thomas & Betts Corporation; : www.tnb.com/#sle.

5.  Manufacturers - Exothermic Welded Connections:
a. Burndy LLC; : www.burndy.com/#sle.
b. nVent ERICO; Cadweld: www.nvent.com/#sle.
c. thermOweld, subsidiary of Continental Industries; division of Burndy LLC;
: www.thermoweld.com/#sle.

D.  Ground Bars:
1. Description: Copper rectangular ground bars with mounting brackets and insulators.
2. Size: As indicated.
3. Holes for Connections: As indicated or as required for connections to be made.
4

Manufacturers:

a. allG Fabrication; . www.allgfab.com/#sle.

b. Harger Lightning & Grounding; : www.harger.com/#sle.

c. nVent ERICO; : www.nvent.com/#sle.

d thermOweld, subsidiary of Continental Industries; division of Burndy LLC;

. www.thermoweld.com/#sle.

. GROUNDING AND BONDING FOR
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Ground Rod Electrodes:

1. Comply with NEMA GR 1.

2. Material: Copper-bonded (copper-clad) steel.

3. Size: 3/4 inch diameter by 10 feet length, unless otherwise indicated.

4.  Where rod lengths of greater than 10 feet are indicated or otherwise required, sectionalized
ground rods may be used.

5. Manufacturers:

a. allG Fabrication; : www.allgfab.com/#sle.

b. Galvan Industries, Inc; : www.galvanelectrical.com/#sle.
c. Harger Lightning & Grounding; : www.harger.com/#sle.
d nVent ERICO; : www.nvent.com/#sle.

PART 3 EXECUTION

3.1

3.2

A.

E.

EXAMINATION

Verify that work likely to damage grounding and bonding system components has been
completed.

Verify that field measurements are as indicated.

Verify that conditions are satisfactory for installation prior to starting work.

INSTALLATION
Install products in accordance with manufacturer's instructions.
Perform work in accordance with NECA 1 (general workmanship).

Ground Rod Electrodes: Unless otherwise indicated, install ground rod electrodes vertically.
Where encountered rock prohibits vertical installation, install at 45 degree angle or bury
horizontally in trench at least 30 inches (750 mm) deep in accordance with NFPA 70 or provide
ground plates.

Make grounding and bonding connections using specified connectors.

1. Remove appropriate amount of conductor insulation for making connections without
cutting, nicking or damaging conductors. Do not remove conductor strands to facilitate
insertion into connector.

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and
contact surfaces.

3. Exothermic Welds: Make connections using molds and weld material suitable for the
items to be connected in accordance with manufacturer's recommendations.

4. Mechanical Connectors: Secure connections according to manufacturer's recommended
torque settings.

5. Compression Connectors: Secure connections using manufacturer's recommended tools
and dies.

Identify grounding and bonding system components in accordance with Section 26 0553.

END OF SECTION 26 0526

GROUNDING AND BONDING FOR
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SECTION 26 0529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS
PART 1 GENERAL

1.1 SECTION INCLUDES

A. Support and attachment requirements and components for equipment, conduit, cable, boxes, and
other electrical work.

1.2 RELATED REQUIREMENTS

A.  Section 26 5100 - Interior Lighting: Additional support and attachment requirements for
interior luminaires.

B. Section 27 0529 - Hangers and Supports for Communications Systems.

1.3 REFERENCE STANDARDS

A.  ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2024.

B.  ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware; 2023.

C.  ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel;
2023.

D. MFMA-4 - Metal Framing Standards Publication; 2004.
NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

PART 2 PRODUCTS

2.1 SUPPORT AND ATTACHMENT COMPONENTS

A.  General Requirements:

1. Comply with the following. Where requirements differ, comply with most stringent.
a. NFPA 70.
b. Requirements of authorities having jurisdiction.

2. Provide required hangers, supports, anchors, fasteners, fittings, accessories, and hardware
as necessary for complete installation of electrical work.

3. Provide products listed, classified, and labeled as suitable for purpose intended, where
applicable.

4.  Where support and attachment component types and sizes are not indicated, select in
accordance with manufacturer's application criteria as required for load to be supported
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with minimum safety factor of . Include consideration for vibration, equipment
operation, and shock loads where applicable.

5. Do not use products for applications other than as permitted by NFPA 70 and product
listing.

6. Steel Components: Use corrosion-resistant materials suitable for environment where
installed.
a. Zinc-Plated Steel: Electroplated in accordance with ASTM B633.
b. Galvanized Steel: Hot-dip galvanized after fabrication in accordance with ASTM

A123/A123M or ASTM A153/A153M.

B.  Conduit and Cable Supports: Straps and clamps suitable for conduit or cable to be supported.
1. Manufacturers:
a ABB: www.electrification.us.abb.com/#sle.
b Eaton Corporation: www.eaton.com/#sle.
c. Emerson Electric Co; O-Z/Gedney: www.emerson.com/#sle.
d HoldRite, a brand of Reliance Worldwide Corporation: www.holdrite.com/#sle.
e. nVent; Caddy: www.nvent.com/#sle.
2. Conduit Straps: One-hole or two-hole type; steel or malleable iron.
Conduit Clamps: Bolted type unless otherwise indicated.
4. Products:
a. Gripple, Inc; Universal Bracket: www.gripple.com/#sle.
b. Gripple, Inc; Fast Trak: www.gripple.com/#sle.
C. Gripple, Inc; Universal Clamp (Threaded): www.gripple.com/#sle.

98]

C.  Outlet Box Supports: Hangers and brackets suitable for boxes to be supported.
1. Manufacturers:
a. ABB: www.electrification.us.abb.com/#sle.
Eaton Corporation: www.eaton.com/#sle.
Emerson Electric Co; O-Z/Gedney: www.emerson.com/#sle.
HoldRite, a brand of Reliance Worldwide Corporation: www.holdrite.com/#sle.
nVent; Caddy: www.nvent.com/#sle.

°o oo o

D.  Metal Channel/Strut Framing Systems:
1. Manufacturers:

a. ABB: www.electrification.us.abb.com/#sle.
b. Atkore International Inc; Unistrut: www.unistrut.us/#sle.
c. Eaton Corporation: www.eaton.com/#sle.

2. Description: Factory-fabricated, continuous-slot, metal channel/strut and associated
fittings, accessories, and hardware required for field assembly of supports.
3.  Comply with MFMA-4.

E. Hanger Rods: Threaded, zinc-plated steel unless otherwise indicated.
1.  Minimum Size, Unless Otherwise Indicated or Required:
Equipment Supports: 1/2-inch diameter.
Busway Supports: 1/2-inch diameter.
Single Conduit up to 1-inch (27 mm) Trade Size: 1/4-inch diameter.
Single Conduit Larger than 1-inch (27 mm) Trade Size: 3/8-inch diameter.
Trapeze Support for Multiple Conduits: 3/8-inch diameter.
Outlet Boxes: 1/4-inch diameter.

moe a0 o
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g. Luminaires: 1/4-inch diameter.

F. Anchors and Fasteners:
1. Manufacturers - Mechanical Anchors:
a. Dewalt: anchors.dewalt.com/#sle.
b. Hilti, Inc: www.hilti.com/#sle.
c. Simpson Strong-Tie Company Inc: www.strongtie.com/#sle.

Unless otherwise indicated and where not otherwise restricted, use anchor and fastener
types indicated for specified applications.

PART 3 EXECUTION

3.1 INSTALLATION

A.  Install products in accordance with manufacturer's instructions.

B.  Install hangers and supports in accordance with NECA 1.

C.  Provide independent support from building structure. Do not provide support from piping,
ductwork, or other systems.

D.  Unless specifically indicated or approved by Architect, do not provide support from suspended
ceiling support system or ceiling grid.

E. Unless specifically indicated or approved by Architect, do not provide support from roof deck.

F. Do not penetrate or otherwise notch or cut structural members without approval of Structural
Engineer.

G.  Equipment Support and Attachment:

L.

2.

Use metal, fabricated supports or supports assembled from metal channel/strut to support
equipment as required.

Use metal channel/strut secured to studs to support equipment surface mounted on hollow
stud walls when wall strength is not sufficient to resist pull-out.

Use metal channel/strut to support surface-mounted equipment in wet or damp locations to
provide space between equipment and mounting surface.

Securely fasten floor-mounted equipment. Do not install equipment such that it relies on its
own weight for support.

H.  Secure fasteners in accordance with manufacturer's recommended torque settings.

L Remove temporary supports.

END OF SECTION 26 0529

HANGERS AND SUPPORTS FOR ELECTRICAL
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SECTION 26 0533.13 - CONDUIT FOR ELECTRICAL SYSTEMS
PART 1 GENERAL

1.1 SECTION INCLUDES

Galvanized steel rigid metal conduit (RMC).

Stainless steel rigid metal conduit (RMC).

Aluminum rigid metal conduit (RMC).

Galvanized steel intermediate metal conduit (IMC).
Stainless steel intermediate metal conduit (IMC).
PVC-coated galvanized steel rigid metal conduit (RMC).

Flexible metal conduit (FMC).

T o ®m o o0 w >

Liquidtight flexible metal conduit (LFMC).

1—1

Galvanized steel electrical metallic tubing (EMT).

=

Stainless steel electrical metallic tubing (EMT).
Aluminum electrical metallic tubing (EMT).
Rigid polyvinyl chloride (PVC) conduit.
Electrical nonmetallic tubing (ENT).

Liquidtight flexible nonmetallic conduit (LFNC).

Reinforced thermosetting resin conduit (RTRC).

S~ o0 Z g C R

High-density polyethylene (HDPE) conduit.

1.2 RELATED REQUIREMENTS

Section 03 3000 - Cast-in-Place Concrete: Concrete encasement of conduits.
Section 07 8400 - Firestopping.

Section 26 0526 - Grounding and Bonding for Electrical Systems.

Section 26 0529 - Hangers and Supports for Electrical Systems.

m o a0 w »

Section 26 0553 - Identification for Electrical Systems: Identification products and
requirements.

F. Section 31 2316.13 - Trenching: Excavating, bedding, and backfilling.
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1.3 REFERENCE STANDARDS
A.  ANSIC80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 2020.

ANSI C80.3 - American National Standard for Electrical Metallic Tubing -- Steel (EMT-S);
2020.

C.  ANSI C80.5 - American National Standard for Electrical Rigid Metal Conduit - Aluminum
(ERMC-A); 2025.

D. ANSI C80.6 - American National Standard for Electrical Intermediate Metal Conduit; 2018.

ASTM D2683 - Standard Specification for Socket-Type Polyethylene Fittings for Outside
Diameter-Controlled Polyethylene Pipe and Tubing; 2020.

F. ASTM D3261 - Standard Specification for Butt Heat Fusion Polyethylene (PE) Plastic Fittings
for Polyethylene (PE) Plastic Pipe and Tubing; 2024.

G. ASTM F1055 - Standard Specification for Electrofusion Type Polyethylene Fittings for Outside
Diameter Controlled Polyethylene and Crosslinked Polyethylene (PEX) Pipe and Tubing; 2016a
(Reapproved 2022).

H.  ASTM F2160 - Standard Specification for Solid Wall High Density Polyethylene (HDPE)
Conduit Based on Controlled Outside Diameter (OD); 2022a.

L ASTM F2176 - Standard Specification for Mechanical Couplings Used on Polyethylene
Conduit, Duct and Innerduct; 2017.

=

NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.

NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); 2020.

NECA 102 - Standard for Installing Aluminum Rigid Metal Conduit; 2004.

NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LENC); 2025.

z 2 O R

NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic
Tubing, and Cable; 2014.

o

NEMA RN 1 - Polyvinyl-Chloride (PVC) Externally Coated Galvanized Rigid Steel Metal
Conduit and Intermediate Metal Conduit; 2018.

NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; 2020.

o

NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing;
2021.

NEMA TC 7 - Solid-Wall Coilable and Straight Electrical Polyethylene Conduit; 2021.
NEMA BI 50058 - Electrical Nonmetallic Tubing (ENT); 2014 (Reaffirmed 2019).
NEMA TC 14 (SERIES) - Reinforced Thermosetting Resin Conduit and Fittings Series; 2015.

S 3w R

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.
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CC.

DD.

EE.
FF.

GG.

HH.

IIL.
1J.

1.4

UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions.
UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions.

UL 6A - Electrical Rigid Metal Conduit-Aluminum, Red Brass, and Stainless Steel; Current
Edition, Including All Revisions.

UL 360 - Liquid-Tight Flexible Metal Conduit; Current Edition, Including All Revisions.
UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions.
UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All Revisions.

UL 651 - Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings; Current Edition,
Including All Revisions.

UL 651A - High Density Polyethylene (HDPE) Conduit; Current Edition, Including All
Revisions.

UL 746C - Polymeric Materials — Use in Electrical Equipment Evaluations; Current Edition,
Including All Revisions.

UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions.

UL 797A - Electrical Metallic Tubing - Aluminum and Stainless Steel; Current Edition,
Including All Revisions.

UL 1203 - Explosion-Proof and Dust-Ignition-Proof Electrical Equipment for Use in Hazardous
(Classified) Locations; Current Edition, Including All Revisions.

UL 1242 - Electrical Intermediate Metal Conduit-Steel; Current Edition, Including All
Revisions.

UL 1653 - Electrical Nonmetallic Tubing; Current Edition, Including All Revisions.

UL 1660 - Liquid-Tight Flexible Nonmetallic Conduit; Current Edition, Including All
Revisions.

UL 2419 - Outline of Investigation for Electrically Conductive Corrosion Resistant
Compounds; Current Edition, Including All Revisions.

SUBMITTALS
See Section 01 3000 - Administrative Requirements for submittals procedures.

Product Data: Provide manufacturer's standard catalog pages and data sheets for conduits and
fittings.

PART 2 PRODUCTS

2.1
A.

CONDUIT APPLICATIONS

Do not use conduit and associated fittings for applications other than as permitted by NFPA 70,
manufacturer's instructions, and product listing.
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B.  Unless otherwise indicated and where not otherwise restricted, use conduit types indicated for
specified applications. Where more than one listed application applies, comply with most
restrictive requirements. Where conduit type for particular application is not specified, use
galvanized steel rigid metal conduit.

C.  Underground:

1.

Under Slab on Grade: Use galvanized steel rigid metal conduit (RMC), stainless steel rigid
metal conduit (RMC), galvanized steel intermediate metal conduit (IMC), stainless steel
intermediate metal conduit (IMC), PVC-coated galvanized steel rigid metal conduit
(RMC), galvanized steel electrical metallic tubing (EMT), stainless steel electrical metallic
tubing (EMT), rigid PVC conduit, or reinforced thermosetting resin conduit (RTRC).
Exterior, Direct-Buried: Use galvanized steel rigid metal conduit (RMC), stainless steel
rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC), stainless
steel intermediate metal conduit (IMC), PVC-coated galvanized steel rigid metal conduit,
galvanized steel electrical metallic tubing (EMT), stainless steel electrical metallic tubing
(EMT), rigid PVC conduit, or reinforced thermosetting resin conduit (RTRC).

Exterior, Embedded Within Concrete: Use galvanized steel rigid metal conduit (RMC),
stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit
(IMC), stainless steel intermediate metal conduit (IMC), PVC-coated galvanized steel rigid
metal conduit (RMC), galvanized steel electrical metallic tubing (EMT), stainless steel
electrical metallic tubing (EMT), rigid PVC conduit, or reinforced thermosetting resin
conduit (RTRC).

Where rigid polyvinyl chloride (PVC) conduit is provided, transition to galvanized steel
rigid metal conduit (RMC), stainless steel rigid metal conduit (RMC), galvanized steel
intermediate metal conduit (IMC), stainless steel intermediate metal conduit (IMC), or
schedule 80 rigid PVC conduit where emerging from underground.

Where rigid polyvinyl (PVC) conduit larger than 2-inch (53 mm) trade size is provided,
use galvanized steel rigid metal conduit (RMC) elbows, stainless steel rigid metal conduit
(RMC) elbows, galvanized steel intermediate metal conduit (IMC) elbows, stainless steel
intermediate metal conduit (IMC) elbows, PVC-coated galvanized steel rigid metal conduit
(RMC) elbows, or concrete-encased PVC elbows for bends.

Where galvanized steel rigid metal conduit (RMC) or galvanized steel intermediate metal
conduit (IMC) is installed in direct contact with earth where soil has resistivity of less than
2000 ohm-centimeters or is characterized as severely corrosive based on soils report or
local experience, use corrosion protection tape, factory-applied corrosion protection
coating, or field-applied corrosion protection compound acceptable to authorities having
jurisdiction to provide supplementary corrosion protection.

Where galvanized steel electrical metallic tubing (EMT) is installed in direct contact with
earth, use corrosion protection tape, factory-applied corrosion protection coating, or field-
applied corrosion protection compound acceptable to authorities having jurisdiction to
provide supplementary corrosion protection.

Where aluminum rigid metal conduit (RMC) or aluminum electrical metallic tubing (EMT)
is installed in direct contact with earth, use corrosion protection tape, factory-applied
corrosion protection coating, or field-applied corrosion protection compound acceptable to
authorities having jurisdiction to provide supplementary corrosion protection.

Where galvanized rigid metal conduit (RMC), galvanized steel intermediate metal conduit
(IMC), or galvanized steel electrical metallic tubing (EMT) emerges from concrete into
soil, use corrosion protection tape, factory-applied corrosion protection coating, or field-
applied corrosion protection compound acceptable to authorities having jurisdiction to
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provide supplementary corrosion protection for minimum of 4 inches on either side of
where conduit emerges.

D.  Embedded Within Concrete:

1. Within Slab on Grade: Use galvanized steel rigid metal conduit (RMC), stainless steel
rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC), stainless
steel intermediate metal conduit (IMC), PVC-coated galvanized steel rigid metal conduit
(RMC), galvanized steel electrical metallic tubing (EMT), rigid PVC conduit, or reinforced
thermosetting resin conduit (RTRC). Embed within structural slabs only where approved
by Structural Engineer.

2. Within Slab Above Ground: Use galvanized steel rigid metal conduit (RMC), stainless
steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC),
stainless steel intermediate metal conduit (IMC), PVC-coated galvanized steel rigid metal
conduit (RMC), galvanized steel electrical metallic tubing (EMT), rigid PVC conduit, or
reinforced thermosetting resin conduit (RTRC). Embed within structural slabs only where
approved by Structural Engineer.

3. Within Concrete Walls Above Ground: Use galvanized steel rigid metal conduit (RMC),
stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit
(IMC), stainless steel intermediate metal conduit (IMC), PVC-coated galvanized steel rigid
metal conduit (RMC), galvanized steel electrical metallic tubing (EMT), rigid PVC
conduit, or reinforced thermosetting resin conduit (RTRC).

4.  Where rigid polyvinyl (PVC) conduit is provided, transition to galvanized steel rigid metal
conduit (RMC), stainless steel rigid metal conduit (RMC), galvanized steel intermediate
metal conduit (IMC), stainless steel intermediate metal conduit (IMC), or galvanized steel
electrical metallic tubing (EMT) where emerging from concrete.

5. Where galvanized steel electrical metallic tubing (EMT) emerges from concrete into salt
air, use corrosion protection tape, factory-applied corrosion protection coating, or field-
applied corrosion protection compound acceptable to authorities having jurisdiction to
provide supplementary corrosion protection for minimum of 4 inches on either side of
where conduit emerges.

6.  Where aluminum rigid metal conduit (RMC) and aluminum electrical metallic tubing
(EMT) is installed in concrete, use corrosion protection tape, factory-applied corrosion
protection coating, or field-applied corrosion protection compound acceptable to
authorities having jurisdiction to provide supplementary corrosion protection.

E. Concealed Within Masonry Walls: Use galvanized steel rigid metal conduit (RMC), stainless
steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC), stainless
steel intermediate metal conduit (IMC), galvanized steel electrical metallic tubing (EMT), or
stainless steel electrical metallic tubing (EMT).

F. Concealed Within Hollow Stud Walls: Use galvanized steel rigid metal conduit (RMC),
stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC),
stainless steel intermediate metal conduit (IMC), galvanized steel electrical metallic tubing
(EMT), or stainless steel electrical metallic tubing (EMT).

G.  Concealed Above Accessible Ceilings: Use galvanized steel rigid metal conduit (RMC),
stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC),
stainless steel intermediate metal conduit (IMC), galvanized steel electrical metallic tubing
(EMT), or stainless steel electrical metallic tubing (EMT).

H.  Interior, Damp or Wet Locations: Use galvanized steel rigid metal conduit (RMC), stainless
steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC), stainless
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steel intermediate metal conduit (IMC), galvanized steel electrical metallic tubing (EMT), or
stainless steel electrical metallic tubing (EMT).

L Exposed, Interior, Not Subject to Physical Damage: Use galvanized steel rigid metal conduit
(RMCQ), stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit
(IMC), stainless steel intermediate metal conduit (IMC), galvanized steel electrical metallic
tubing (EMT), or stainless steel electrical metallic tubing (EMT).

J. Exposed, Interior, Subject to Physical Damage: Use galvanized steel rigid metal conduit
(RMCQ), stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit
(IMC), stainless steel intermediate metal conduit (IMC), galvanized steel electrical metallic
tubing (EMT), or stainless steel electrical metallic tubing (EMT).

1. Locations subject to physical damage include, but are not limited to:

a. Where exposed below 8 feet, except within electrical and communication rooms or
closets.
b. Where exposed below 20 feet in warehouse areas.

K.  Exposed, Interior, Subject to Severe Physical Damage: Use galvanized steel rigid metal conduit
(RMC), stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit
(IMC), or stainless steel intermediate metal conduit (IMC).

1. Locations subject to severe physical damage include, but are not limited to:

a. High traffic industrial and warehouse areas where exposed below 8 feet, except
within electrical and communication rooms or closets.
b. Where exposed below 20 feet in industrial manufacturing areas.
L. Exposed, Exterior, Not Subject to Severe Physical Damage: Use galvanized steel rigid metal

conduit (RMC), stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal
conduit (IMC), stainless steel intermediate metal conduit (IMC), galvanized steel electrical
metallic tubing (EMT), or stainless steel electrical metallic tubing (EMT).

M.  Exposed, Exterior, Subject to Severe Physical Damage: Use galvanized steel rigid metal
conduit (RMC), stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal
conduit (IMC), or stainless steel intermediate metal conduit (IMC).

1. Exterior locations subject to severe physical damage include, but are not limited to:
a. Where exposed to vehicular traffic below 20 feet.

N. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth: Use galvanized steel
rigid metal conduit (RMC), stainless steel rigid metal conduit (RMC), galvanized steel
intermediate metal conduit (IMC), stainless steel intermediate metal conduit (IMC), galvanized
steel electrical metallic tubing (EMT), or stainless steel electrical metallic tubing (EMT).

O.  Corrosive Locations Above Ground: Use stainless steel rigid metal conduit (RMC), stainless
steel intermediate metal conduit (IMC), PVC-coated galvanized steel rigid metal conduit
(RMCQ), stainless steel electrical metallic tubing (EMT), or reinforced thermosetting resin

conduit (RTRC).
1. Corrosive locations include, but are not limited to:
a. Cooling towers.
b. Electroplating operations.
c. Wastewater treatment facilities.
d. Marine environments.
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2.2
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Hazardous/Classified Locations: Use galvanized steel rigid metal conduit (RMC), stainless
steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC), stainless
steel intermediate metal conduit (IMC), or PVC-coated galvanized steel rigid metal conduit
(RMC).

Flexible Connections to Luminaires Above Accessible Ceilings: Use flexible metal conduit
(FMO).
1. Maximum Length: 6 feet.

Flexible Connections to Vibrating Equipment:
1. Dry Locations: Use flexible metal conduit (FMC).
2. Damp, Wet, or Corrosive Locations: Use liquidtight flexible metal conduit (LFMC).
3.  Maximum Length: 6 feet unless otherwise indicated.
4. Vibrating equipment includes, but is not limited to:
a. Transformers.
b. Motors.

Fished in Existing Walls, Where Necessary: Use flexible metal conduit (FMC), galvanized
steel electrical metallic tubing (EMT), or stainless steel electrical metallic tubing (EMT).

CONDUIT - GENERAL REQUIREMENTS

Comply with NFPA 70.

Provide conduit, fittings, supports, and accessories required for complete raceway system.
Provide products listed, classified, and labeled as suitable for purpose intended.

Minimum Conduit Size, Unless Otherwise Indicated:

Branch Circuits: 3/4-inch trade size.

Branch Circuit Homeruns: 3/4-inch trade size.

Control Circuits: 1/2-inch trade size.

Flexible Connections to Luminaires: 3/8-inch trade size.
Underground, Interior: 3/4-inch trade size.
Underground, Exterior: 1-inch trade size.

SNk LD -

Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

Manufacturers:

1. Allied Tube & Conduit, a division of Atkore International: www.alliedeg.com/#sle.
2. Nucor Tubular Products: www.nucortubular.com/#sle.

3. Rymco USA: www.rymcousa.com/#sle.

4. Western Tube, a division of Zekelman Industries: www.westerntube.com/#sle.

5.  Wheatland Tube, a division of Zekelman Industries: www.wheatland.com/#sle.

Description: NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI
C80.1 and listed and labeled as complying with UL 6.

EAPC Project 20245211 CONDUIT FOR ELECTRICAL SYSTEMS 26 0533.13 -7



24

2.5

Factory-Painted, Color-Coded Galvanized Steel RMC: Apply according to indicated color
code.

1. See Section 26 0553 for color code.

Fittings:
1. Manufacturers:
a. ABB; T&B: www.electrification.us.abb.com/#sle.

b. Allied Tube & Conduit, a division of Atkore International: www.alliedeg.us/#sle.
c. Bridgeport Fittings Inc: www.bptfittings.com/#sle.
d. Emerson Electric Co; O-Z/Gedney: www.emerson.com/#sle.

2. Nonhazardous Locations: Use fittings complying with NEMA FB 1 and listed and labeled
as complying with UL 514B or UL 6.

3. Material: Use steel or malleable iron.

4. Connectors and Couplings: Use threaded type fittings only. Threadless fittings, including
set screw and compression/gland types, are not permitted.

STAINLESS STEEL RIGID METAL CONDUIT (RMC)

Manufacturers:

1. Calbrite, a division of Atkore International: www.calbrite.com/#sle.

2. Gibson Stainless & Specialty Inc: www.gibsonstainless.com/#sle.

3. Patriot Industries, a division of Patriot Aluminum Products LLC:
www.patriotsas.com/#sle.

4.  Rymco USA: www.rymcousa.com/#sle.

Description: NFPA 70, Type RMC stainless steel rigid metal conduit complying with ANSI
C80.1 and listed and labeled as complying with UL 6A.
1. Material: Type 304 or 316 stainless steel.

Fittings:

1. Manufacturers:
a. Calbrite, a division of Atkore International: www.calbrite.com/#sle.
b Eaton: www.eaton.com/#sle.
c. Gibson Stainless & Specialty Inc: www.gibsonstainless.com/#sle.
d Patriot Industries, a division of Patriot Aluminum Products LLC:

www.patriotsas.com/#sle.
2. Nonhazardous Locations: Use fittings complying with NEMA FB 1 and listed and labeled
as complying with UL 514B or UL 6A.
3. Material: Use stainless steel with corrosion resistance equivalent to conduit.
4. Connectors and Couplings: Use threaded type fittings only. Threadless fittings, including
set screw and compression/gland types, are not permitted.

ALUMINUM RIGID METAL CONDUIT (RMC)

Manufacturers:

1. Allied Tube & Conduit, a division of Atkore International: www.alliedeg.com/#sle.
2. Nucor Tubular Products: www.nucortubular.com/#sle.

3. Rymco USA: www.rymcousa.com/#sle.

4. Western Tube, a division of Zekelman Industries: www.westerntube.com/#sle.

5. Wheatland Tube, a division of Zekelman Industries: www.wheatland.com/#sle.
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2.7

Description: NFPA 70, Type RMC aluminum rigid metal conduit complying with ANSI C80.5
and listed and labeled as complying with UL 6A.

Fittings:
1. Manufacturers:
a. ABB; T&B: www.electrification.us.abb.com/#sle.

b. Allied Tube & Conduit, a division of Atkore International: www.alliedeg.us/#sle.
c. Bridgeport Fittings, LLC: www.bptfittings.com/#sle.
d. Emerson Electric Co; O-Z/Gedney: www.emerson.com/#sle.

2. Nonhazardous Locations: Use fittings complying with NEMA FB 1 and listed and labeled
as complying with UL 514B or UL 6A.

3. Material: Use aluminum.

4. Connectors and Couplings: Use threaded type fittings only. Threadless fittings, including
set screw and compression/gland types, are not permitted.

GALVANIZED STEEL INTERMEDIATE METAL CONDUIT (IMC)

Manufacturers:

1. Allied Tube & Conduit, a division of Atkore International: www.alliedeg.com/#sle.
2. Nucor Tubular Products: www.nucortubular.com/#sle.

3. Rymco USA: www.rymcousa.com/#sle.

4. Western Tube, a division of Zekelman Industries: www.westerntube.com/#sle.

5. Wheatland Tube, a division of Zekelman Industries: www.wheatland.com/#sle.

Description: NFPA 70, Type IMC galvanized steel intermediate metal conduit complying with
ANSI C80.6 and listed and labeled as complying with UL 1242.

Fittings:
1. Manufacturers:
a. ABB; T&B: www.electrification.us.abb.com/#sle.

b. Allied Tube & Conduit, a division of Atkore International: www.alliedeg.us/#sle.
c. Bridgeport Fittings, LLC: www.bptfittings.com/#sle.
d. Emerson Electric Co; O-Z/Gedney: www.emerson.com/#sle.

2. Nonhazardous Locations: Use fittings complying with NEMA FB 1 and listed and labeled
as complying with UL 514B or UL 1242.

3. Hazardous/Classified Locations: Use fittings listed and labeled as complying with UL
1203 for classification of installed location.

4. Material: Use steel or malleable iron.

5. Connectors and Couplings: Use threaded type fittings only. Threadless fittings, including
set screw and compression/gland types, are not permitted.

STAINLESS STEEL INTERMEDIATE METAL CONDUIT (IMC)

Manufacturers:
1. Calbrite, a division of Atkore International: www.calbrite.com/#sle.

Description: NFPA 70, Type IMC galvanized steel intermediate metal conduit complying with
ANSI C80.6 and listed and labeled as complying with UL 1242.
1. Material: Type 304 or 316 stainless steel.
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2.9

Fittings:

1. Manufacturers:
a. Calbrite, a division of Atkore International: www.calbrite.com/#sle.
b. Eaton: www.eaton.com/#sle.

2. Nonhazardous Locations: Use fittings complying with NEMA FB 1 and listed and labeled
as complying with UL 514B or UL 1242.

3. Hazardous/Classified Locations: Use fittings listed and labeled as complying with UL
1203 for classification of installed location.

4. Material: Use stainless steel with corrosion resistance equivalent to conduit.

5. Connectors and Couplings: Use threaded type fittings only. Threadless fittings, including
set screw and compression/gland types, are not permitted.

PVC-COATED GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

Manufacturers:

1. ABB; Ocal: www.electrification.us.abb.com/#sle.

2. Calbond, a division of Atkore International www.calbond.com/#sle
3. Robroy Industries: www.robroy.com/#sle.

Description: NFPA 70, Type RMC galvanized steel rigid metal conduit with external polyvinyl
chloride (PVC) coating complying with NEMA RN 1 and listed and labeled as complying with
UL 6.

Exterior Coating: Polyvinyl chloride (PVC), nominal thickness of 40 mil, 0.040 inch.
Interior Coating: Urethane, minimum thickness of 2 mil, 0.002 inch.

PVC-Coated Boxes and Fittings:

1. Manufacturer: Same as manufacturer of PVC-coated conduit to be installed.

2. Nonhazardous Locations: Use boxes and fittings listed and labeled as complying with UL
514A, UL 514B, or UL 6.

3. Hazardous/Classified Locations: Use fittings listed and labeled as complying with UL
1203 for classification of installed location.

4. Material: Use steel or malleable iron.

5. Exterior Coating: Polyvinyl chloride (PVC), minimum thickness of 40 mil, 0.040 inch.

6. Interior Coating: Urethane, minimum thickness of 2 mil, 0.002 inch.

PVC-Coated Supports: Furnish with exterior coating of polyvinyl chloride (PVC), minimum
thickness of 15 mil, 0.015 inch.
FLEXIBLE METAL CONDUIT (FMC)

Description: NFPA 70, Type FMC standard-wall steel flexible metal conduit listed and labeled
as complying with UL 1, and listed for use in classified firestop systems.

Fittings:

1. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying
with UL 514B.

2. Material: Use steel or malleable iron.
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2.10 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)

A.  Manufacturers:
1.  AFC Cable Systems, a division of Atkore International: www.afcweb.com/#sle.
2.  Electri-Flex Company: www.electriflex.com/#sle.
3. International Metal Hose: www.metalhose.com/#sle.

B.  Description: NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible metal
conduit listed and labeled as complying with UL 360.

C.  Fittings:

1. Manufacturers:
a. ABB; T&B: www.electrification.us.abb.com/#sle.
b. Bridgeport Fittings, LLC: www.bptfittings.com/#sle.
c. Emerson Electric Co; O-Z/Gedney: www.emerson.com/#sle.

2. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying
with UL 514B.

3. Material: Use steel or malleable iron.

2.11 GALVANIZED STEEL ELECTRICAL METALLIC TUBING (EMT)

A.  Manufacturers:

Allied Tube & Conduit, a division of Atkore International: www.alliedeg.com/#sle.
Nucor Tubular Products: www.nucortubular/#sle.

Rymco USA: www.rymcousa.com/#sle.

Western Tube, a division of Zekelman Industries: www.westerntube.com/#sle.
Wheatland Tube, a division of Zekelman Industries: www.wheatland.com/#sle.
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B.  Description: NFPA 70, Type EMT galvanized steel electrical metallic tubing complying with
ANSI C80.3 and listed and labeled as complying with UL 797.

C.  Factory-Painted, Color-Coded Galvanized Steel EMT: Apply according to indicated color
code.
1. See Section 26 0553 for color code.

D.  Fittings:

1. Manufacturers:
a. ABB; T&B: www.electrification.us.abb.com/#sle.
b. Allied Tube & Conduit, a division of Atkore International: www.alliedeg.us/#sle.
c. Bridgeport Fittings, LLC: www.bptfittings.com/#sle.
d. Emerson Electric Co; O-Z/Gedney: www.emerson.com/#sle.

2. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying
with UL 514B.

3. Material: Use steel or malleable iron.

4. Connectors and Couplings: Use compression/gland or set-screw type.
a. Do not use indenter type connectors and couplings.

5.  Embedded Within Concrete, Where Permitted: Use fittings listed as concrete-tight.
Fittings that require taping to be concrete-tight are acceptable.
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2.13

2.14

STAINLESS STEEL ELECTRICAL METALLIC TUBING (EMT)

Manufacturers:
1. Calbrite, a division of Atkore International: www.calbrite.com/#sle.

Description: NFPA 70, Type EMT stainless steel electrical metallic tubing complying with
ANSI C80.3 and listed and labeled as complying with UL 797A.

Fittings:
1. Manufacturers:
a. Calbrite, a division of Atkore International: www.calbrite.com/#sle.

2. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying
with UL 514B.

3. Connectors and Couplings: Use compression/gland or set-screw type.

4. Damp or Wet Locations, Where Permitted: Use fittings listed for use in wet locations.

ALUMINUM ELECTRICAL METALLIC TUBING (EMT)

Manufacturers:
1. American Conduit, a division of Hydro: www.americanconduit.com/#sle.

Description: NFPA 70, Type EMT aluminum electrical metallic tubing listed and labeled as
complying with UL 797A.

Fittings:
1. Manufacturers:
a. Arlington Industries: www.aifittings.com/#sle.

b. Bridgeport Fittings, LLC: www.bptfittings.com/#sle.

2. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying
with UL 514B; listed for use with aluminum EMT.

3. Material: Use aluminum.

4. Connectors and Couplings: Use compression/gland or set-screw type.
a. Do not use indenter type connectors and couplings.

RIGID POLYVINYL CHLORIDE (PVC) CONDUIT

Manufacturers:

1. ABB; Carlon: www.carlon.com/#sle.

2. Allied Tube & Conduit, a division of Atkore International: www.alliedeg.com/#sle.
3. Cantex Inc: www.cantexinc.com/#sle.

4. Heritage Plastics, a division of Atkore International: www.heritageplastics.com/#sle.
5. JM Eagle: www.jmeagle.com/#sle.

Description: NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with NEMA TC
2 and listed and labeled as complying with UL 651; Schedule 40 unless otherwise indicated,

Schedule 80 where subject to physical damage; rated for use with conductors rated 90 degrees
C.

Fittings:
1. Manufacturer: Same as manufacturer of conduit to be connected.
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2.16

2.17

2.18

2. Description: Fittings complying with NEMA TC 3 and listed and labeled as complying
with UL 651; material to match conduit.

ELECTRICAL NONMETALLIC TUBING (ENT)

Manufacturers:
1. ABB; Carlon: www.electrification.us.abb.com/#sle.
2. Cantex Inc: www.cantexinc.com/#sle.

Description: NFPA 70, Type ENT electrical nonmetallic tubing complying with NEMA BI
50058 and listed and labeled as complying with UL 1653.

Fittings:

1. Manufacturer: Same as manufacturer of ENT to be connected.

2. Use solvent-welded type fittings.

3. Solvent-Welded Fittings: Rigid PVC fittings complying with NEMA TC 3 and listed and
labeled as complying with UL 651; suitable for use with ENT.

LIQUIDTIGHT FLEXIBLE NONMETALLIC CONDUIT (LFNC)

Manufacturers:

1. AFC Cable Systems, a division of Atkore International: www.afcweb.com/#sle.
2. Electri-Flex Company: www.electriflex.com/#sle.

3. IPEX, a division of Aliaxis: www.ipexna.com/#sle.

Description: NFPA 70, Type LFNC liquidtight flexible nonmetallic conduit listed and labeled
as complying with UL 1660.

Fittings:

1. Manufacturer: Same as manufacturer of conduit to be connected.

2. Description: Fittings complying with NEMA FB 1 and listed and labeled as complying
with UL 514B; suitable for type of conduit to be connected.

REINFORCED THERMOSETTING RESIN CONDUIT (RTRC)

Description: NFPA 70, Type RTRC reinforced thermosetting resin conduit complying with
NEMA TC 14 (SERIES).

Supports: As recommended by manufacturer.

Fittings: Same type and manufacturer as conduit to be connected.

HIGH-DENSITY POLYETHYLENE (HDPE) CONDUIT

Manufacturers:

1. ABB; Carlon: www.electrification.us.abb.com/#sle.

2. Blue Diamond Industries, LLC: www.bdiky.com/#sle.

3. Eastern Wire + Conduit, a division of Atkore International: www.easternwire.com/#sle.
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B.  Description: NFPA 70, Type HDPE high-density polyethylene solid-wall conduit complying
with ASTM F2160 and NEMA TC 7; list and label as complying with UL 651A; Schedule 40
unless otherwise indicated.

Joining Methods: Approved by HDPE conduit manufacturer.
Mechanical Fittings: Comply with ASTM F2176; list and label as complying with UL 651A.
Butt Heat Fusion Fittings: Comply with ASTM D3261.

Socket Fusion Fittings: Comply with ASTM D2683.
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Electrofusion Fittings: Comply with ASTM F1055.

2.19 ACCESSORIES
A.  Corrosion Protection Tape: PVC-based, minimum thickness of 20 mil, 0.020 inch.

B.  Conduit Joint Compound: Corrosion-resistant, electrically conductive compound listed as
complying with UL 2419; suitable for use with conduit to be installed.

C.  Solvent Cement for PVC Conduit and Fittings: As recommended by manufacturer of conduit
and fittings to be installed.

D.  Epoxy Adhesive for RTRC Conduit and Fittings: As recommended by manufacturer of conduit
and fittings to be installed.

E. Adhesive for HDPE and RTRC Conduit:

1. Specifically designed for bonding dissimilar materials in lieu of transition fittings,
including but not limited to polyethylene, fiberglass, PVC, aluminum, and steel; UL 746C
recognized.

2. Approved by adhesive manufacturer for use with materials to be joined.

F. Pull Strings: Use nylon or polyester tape with average breaking strength of not less than 1,250
1bf.

G.  Foam Conduit Sealant:
1. Removable, two-part, closed-cell foam, specifically designed for sealing conduit openings
against water, moisture, gases, and dust.
2. Suitable for use with conductors/cables and associated insulation/jackets to be installed.
3. Rated to hold minimum of 10 ft water head pressure.
4. Products:
a. American Polywater Corporation; Polywater AFT Foam Duct Sealant:
www.polywater.com/#sle.
b. American Polywater Corporation; Polywater FST Foam Duct Sealant:
www.polywater.com/#sle.

H.  Conduit Mechanical Seals:
1. Listed as complying with UL 514B.
2. Specifically designed for sealing conduit openings against water, moisture, gases, and dust.
3. Suitable for sealing around conductors/cables to be installed.
4. Products:
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a. American Polywater Corporation; PHRD SG Mechanical Seals: www.polywater-
haufftechnik.com/#sle.

L Sealing Compound for Hazardous/Classified Location Sealing Fittings: Listed for use with
particular fittings to be installed.

J. Sealing Systems for Concrete Penetrations:
1. Sleeves: Provide water stop ring or cement coating that bonds to concrete to prevent water
infiltration.
2. Rate for minimum of 40 psig; suitable for sealing around conduits to be installed.
3. Products:
a. American Polywater Corporation; PZVR Cement-Coated Concrete Wall Sleeves:

www.polywater-haufftechnik.com/#sle.

b. American Polywater Corporation; PHSD Mechanical Seals: www.polywater-
haufftechnik.com/#sle.

c. American Polywater Corporation; PHSI 150 Varia Double Wall Inserts:
www.polywater-haufftechnik.com/#sle.

d. American Polywater Corporation; PGKD Modular Seals: www.polywater-
haufftechnik.com/#sle.

K.  Sealing Systems for Roof Penetrations: Premanufactured components and accessories as
required to preserve integrity of roofing system and maintain roof warranty; suitable for
conduits and roofing system to be installed; designed to accommodate existing penetrations
where applicable.

1. Products:
a. Alta Products, LLC; Sigrist Pipe Chase Housing, Curbs, and Exit Seals:
www.altaproductsllc.com/#sle.

b. Menzies Metal Products; Electrical Roof Stack and Cap: www.menzies-
metal.com/#sle.
c. Menzies Metal Products; Electrical Retro Box: www.menzies-metal.com/#sle.
L. Flashing Panels for Exterior Wall Penetrations: Premanufactured components and accessories

as required to preserve integrity of building envelope; suitable for conduits and facade materials
to be installed.
1. Products:

a. Quickflash Weatherproofing Products, Inc: www.quickflashproducts.com/#sle.

M.  Firestop Sleeves: Listed; provide as required to preserve fire resistance rating of building
elements.
1. Products:
a. HoldRite, a brand of Reliance Worldwide Corporation; HydroFlame Pro
Series/HydroFlame Custom Built: www.holdrite.com/#sle.

N.  Duct Bank Spacers: Nonmetallic; designed for maintaining conduit/duct spacing for concrete
encasement in open trench installation; suitable for conduit/duct arrangement to be installed.
1. Products:
a. Advance Products & Systems, LL.C; Duct Bank Spacers: www.apsonline.com/#sle.
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PART 3 EXECUTION
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A.
B.
C.
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EXAMINATION
Verify that field measurements are as indicated.
Verify that mounting surfaces are ready to receive conduits.

Verify that conditions are satisfactory for installation prior to starting work.

INSTALLATION

Install products in accordance with manufacturer's instructions.

Install conduit in accordance with NECA 1.

Galvanized Steel Rigid Metal Conduit (RMC): Install in accordance with NECA 101.
Aluminum Rigid Metal Conduit (RMC): Install in accordance with NECA 102.
Intermediate Metal Conduit (IMC): Install in accordance with NECA 101.

PVC-Coated Galvanized Steel Rigid Metal Conduit (RMC): Install using only tools approved
by manufacturer.

Rigid Polyvinyl Chloride (PVC) Conduit: Install in accordance with NECA 111.
Electrical Nonmetallic Tubing (ENT): Install in accordance with NECA 111.
Liquidtight Flexible Nonmetallic Conduit (LFNC): Install in accordance with NECA 111.

Conduit Routing:
1. When conduit destination is indicated without specific routing, determine exact routing
required.

2. Conceal conduits unless specifically indicated to be exposed.
3. Conduits in the following areas may be exposed, unless otherwise indicated:

a. Electrical rooms.
b. Mechanical equipment rooms.
c. Within joists in areas with no ceiling.
4. Unless otherwise approved, do not route exposed conduits:
a. Across roofs.
b. Across top of parapet walls.
c. Across building exterior surfaces.

5. Conduits installed underground or embedded in concrete may be routed in shortest possible
manner unless otherwise indicated. Route other conduits parallel or perpendicular to
building structure and surfaces, following surface contours where practical.

6. Arrange conduit to maintain adequate headroom, clearances, and access.

7. Arrange conduit to provide no more than equivalent of four 90-degree bends between pull
points.

8.  Arrange conduit to provide no more than 150 feet between pull points.

9. Route conduits above water and drain piping where possible.
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10.

11.
12.

13.

Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at
sealing fittings where moisture may collect.

Maintain minimum clearance of 6 inches between conduits and piping for other systems.
Maintain minimum clearance of 12 inches between conduits and hot surfaces. This
includes, but is not limited to:

a. Heaters.
b. Hot water piping.
c. Flues.

Group parallel conduits in same area on common rack.

K.  Conduit Support:

1. Secure and support conduits in accordance with NFPA 70 using suitable supports and
methods approved by authorities having jurisdiction; see Section 26 0529.

2. Provide independent support from building structure. Do not provide support from piping,
ductwork, or other systems.

3. Installation Above Suspended Ceilings: Do not provide support from ceiling support
system. Do not provide support from ceiling grid or allow conduits to lay on ceiling tiles.

4. Use conduit strap to support single surface-mounted conduit.

a. Use clamp back spacer with conduit strap for damp and wet locations to provide
space between conduit and mounting surface.

5. Use metal channel/strut with accessory conduit clamps to support multiple parallel surface-
mounted conduits.

6. Use conduit clamp to support single conduit from beam clamp or threaded rod.

7. Use trapeze hangers assembled from threaded rods and metal channel/strut with accessory
conduit clamps to support multiple parallel suspended conduits.

8. Use nonpenetrating rooftop supports to support conduits routed across rooftops, where
approved.

. Use of spring steel conduit clips for support of conduits is not permitted.

10. Use of wire for support of conduits is not permitted.

L. Connections and Terminations:

1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized
steel conduits prior to making connections.

2. Where two threaded conduits must be joined and neither can be rotated, use three-piece
couplings or split couplings. Do not use running threads.

3. Use suitable adapters where required to transition from one type of conduit to another.

4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid
into connectors.

5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock
nuts for dry locations and raintight hubs for wet locations.

6. Where spare conduits stub up through concrete floors and are not terminated in box or
enclosure, provide threaded couplings equipped with threaded plugs set flush with finished
floor.

7. Provide insulating bushings, insulated throats, or listed metal fittings with smooth, rounded
edges at conduit terminations to protect conductors.

8.  Secure joints and connections to provide mechanical strength and electrical continuity.

M. Penetrations:

1.

Do not penetrate or otherwise notch or cut structural members, including footings and
grade beams, without approval of Structural Engineer.
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2. Make penetrations perpendicular to surfaces unless otherwise indicated.

3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set
sleeves flush with exposed surfaces unless otherwise indicated or required.

4. Conceal bends for conduit risers emerging above ground.

5. Provide suitable sealing system where conduits penetrate exterior wall below grade.

6. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of
membrane.

7. Make penetrations for roof-mounted equipment within associated equipment openings and
curbs where possible to minimize roofing system penetrations. Where penetrations are
necessary, seal as indicated or as required to preserve integrity of roofing system and
maintain roof warranty.

8. Install firestopping to preserve fire resistance rating of partitions and other elements; see
Section 07 8400.

N.  Underground Installation:
1. Provide trenching and backfilling; see Section 31 2316.13.
2. Provide underground warning tape along entire conduit length for service entrance where
not concrete-encased; see Section 26 0553.

O.  Embedment Within Structural Concrete Slabs (only where approved by Structural Engineer):
1. Maximum Conduit Size: 1-inch trade size unless otherwise approved.
2. Secure conduits to prevent floating or movement during pouring of concrete.

P. Concrete Encasement: Where conduits not otherwise embedded within concrete are indicated
to be concrete-encased, provide minimum concrete cover of 3 inches on all sides unless
otherwise indicated; see Section 03 3000.

Q.  Conduit Movement Provisions: Where conduits are subject to movement, provide expansion
and expansion/deflection fittings to prevent damage to enclosed conductors or connected
equipment. This includes, but is not limited to:

1. Where conduits cross structural joints intended for expansion, contraction, or deflection.

2. Where calculated in accordance with NFPA 70 for rigid polyvinyl chloride (PVC) conduit
installed above ground to compensate for thermal expansion and contraction.

3. Where calculated in accordance with NFPA 70 for reinforced thermosetting resin conduit
(RTRC) conduit installed above ground to compensate for thermal expansion and
contraction.

4.  Where conduits are subject to earth movement by settlement or frost.

R.  Conduit Sealing:
1. Use foam conduit sealant to prevent entry of moisture and gases. This includes, but is not

limited to:

a. Where conduits enter building from outside.

b. Where service conduits enter building from underground distribution system.
C. Where conduits enter building from underground.

d. Where conduits may transport moisture to contact live parts.

2. Where conduits cross barriers between areas of potential substantial temperature
differential, use foam conduit sealant at accessible point near penetration to prevent
condensation. This includes, but is not limited to:

a. Where conduits pass from outdoors into conditioned interior spaces.
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b. Where conduits pass from unconditioned interior spaces into conditioned interior
spaces.
c. Where conduits penetrate coolers or freezers.
3. Where conduits cross boundaries of hazardous/classified locations, provide identified/listed
sealing fittings or conduit mechanical seals as approved by authorities having jurisdiction;
locate as indicated or in accordance with NFPA 70.

S. Provide grounding and bonding; see Section 26 0526.
T. Identify conduits; see Section 26 0553.

33 FIELD QUALITY CONTROL
A.  See Section 01 4000 - Quality Requirements for additional requirements.

B.  Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by
manufacturer. Replace components that exhibit signs of corrosion.

C.  Where coating of PVC-coated galvanized steel rigid metal conduit (RMC) contains cuts or
abrasions, repair in accordance with manufacturer's instructions.

D.  Correct deficiencies and replace damaged or defective conduits.

34 CLEANING

A.  Clean interior of conduits to remove moisture and foreign matter.

3.5 PROTECTION
A.  Immediately after installation of conduit, use suitable manufactured plugs to provide protection

from entry of moisture and foreign material and do not remove until ready for installation of
conductors.

END OF SECTION 26 0533.13
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SECTION 26 0533.16 - BOXES FOR ELECTRICAL SYSTEMS

PART 1 GENERAL

1.1

1.2

1.3

>
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SECTION INCLUDES

Outlet and device boxes up to 100 cubic inches, including those used as junction and pull boxes.
Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches.

Boxes and enclosures for integrated power, data, and audio/video.

Boxes for hazardous (classified) locations.

Floor boxes.

Underground boxes/enclosures.

Accessories.

RELATED REQUIREMENTS
Section 08 3100 - Access Doors and Panels: Panels for maintaining access to concealed boxes.
Section 26 0529 - Hangers and Supports for Electrical Systems.

Section 26 0533.13 - Conduit for Electrical Systems:

1. Conduit bodies and other fittings.

2. Additional requirements for locating boxes to limit conduit length and/or number of bends
between pulling points.

Section 26 0553 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 2726 - Wiring Devices:

Wall plates.

Floor box service fittings.

Poke-through assemblies.

Access floor boxes.

Additional requirements for locating boxes for wiring devices.

Nk W=

Section 27 1000 - Structured Cabling: Additional requirements for communications systems
outlet boxes.

REFERENCE STANDARDS

NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.

NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2016.

NEMA EN 10250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2024.
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1.4

NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic
Tubing, and Cable; 2014.

NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; 2013
(Reaffirmed 2020).

NEMA OS 2 - Nonmetallic Outlet Boxes, Device Boxes, Covers and Box Supports; 2013
(Reaffirmed 2020).

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

SCTE 77 - Specifications for Underground Enclosure Integrity; 2023.

UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,
Including All Revisions.

UL 508A - Industrial Control Panels; Current Edition, Including All Revisions.
UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions.

UL 514C - Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers; Current Edition,
Including All Revisions.

UL 1203 - Explosion-Proof and Dust-Ignition-Proof Electrical Equipment for Use in Hazardous
(Classified) Locations; Current Edition, Including All Revisions.

SUBMITTALS
See Section 01 3000 - Administrative Requirements, for submittal procedures.

Product Data: Provide manufacturer's standard catalog pages and data sheets for cabinets and

enclosures, boxes for hazardous (classified) locations, floor boxes, and underground

boxes/enclosures.

1.  Underground Boxes/Enclosures: Include reports for load testing in accordance with SCTE
77 certified by a professional engineer or an independent testing agency upon request.

Project Record Documents: Record actual locations for outlet and device boxes, pull boxes,
cabinets and enclosures, floor boxes, and underground boxes/enclosures.

Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Keys for Lockable Enclosures: Two of each different key.

PART 2 PRODUCTS

2.1

A.

BOXES

General Requirements:
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Do not use boxes and associated accessories for applications other than as permitted by
NFPA 70 and product listing.

Provide all boxes, fittings, supports, and accessories required for a complete raceway
system and to accommodate devices and equipment to be installed.

Provide products listed, classified, and labeled as suitable for the purpose intended.
Where box size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

Provide grounding terminals within boxes where equipment grounding conductors
terminate.

B.  Outlet and Device Boxes Up to 100 cubic inches, Including Those Used as Junction and Pull

Boxes:

1. Use sheet-steel boxes for dry locations unless otherwise indicated or required.

2. Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise
indicated or required; furnish with compatible weatherproof gasketed covers.

3. Use cast iron boxes or cast aluminum boxes where exposed galvanized steel rigid metal
conduit or exposed intermediate metal conduit (IMC) is used.

4. Use cast aluminum boxes where aluminum rigid metal conduit is used.

5. Use nonmetallic boxes where exposed rigid PVC conduit is used.

6. Use suitable concrete type boxes where flush-mounted in concrete.

7. Use suitable masonry type boxes where flush-mounted in masonry walls.

8.  Use raised covers suitable for the type of wall construction and device configuration where
required.

9. Use shallow boxes where required by the type of wall construction.

10. Do not use "through-wall" boxes designed for access from both sides of wall.

11. Sheet-Steel Boxes: Comply with NEMA OS 1, and list and label as complying with UL
514A.

12. Cast Metal Boxes: Comply with NEMA FB 1, and list and label as complying with UL
514A; furnish with threaded hubs.

13. Nonmetallic Boxes: Comply with NEMA OS 2, and list and label as complying with UL
514C.

14. Boxes for Supporting Luminaires and Ceiling Fans: Listed as suitable for the type and
weight of load to be supported; furnished with fixture stud to accommodate mounting of
luminaire where required.

15. Boxes for Ganged Devices: Use multigang boxes of single-piece construction. Do not use
field-connected gangable boxes unless specifically indicated or permitted.

16. Minimum Box Size, Unless Otherwise Indicated:

a. Wiring Devices (Other Than Communications Systems Outlets): 4 inch square by
1-1/2 inch deep (100 by 38 mm) trade size.

b. Communications Systems Outlets: 4 inch square by 2-1/8 inch (100 by 54 mm)
trade size.

17. Wall Plates: Comply with Section 26 2726.

18. Manufacturers:

a. Cooper Crouse-Hinds, a division of Eaton Corporation;
www.cooperindustries.com/#sle.

b. E-Lids LLC; . www.e-lids.com/#sle.

c. Hubbell Incorporated; Bell Products; : www.hubbell-rtb.com/#sle.

d. Hubbell Incorporated; RACO Products; : www.hubbell-rtb.com/#sle.
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e. 0-Z/Gedney, a brand of Emerson Electric Co;
www.emerson.com/#sle.

f. Thomas & Betts Corporation; : www.tnb.com/#sle.
C.  Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches:
1. Comply with NEMA EN 10250, and list and label as complying with UL 50 and UL 50E,
or UL 508A.

2. NEMA EN 10250 Environment Type, Unless Otherwise Indicated:
a. Indoor Clean, Dry Locations: Type 1, painted steel.
b. Outdoor Locations: Type 3R, painted steel.

3. Junction and Pull Boxes Larger Than 100 cubic inches:

a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated.
4. Manufacturers:
a. Cooper B-Line, a division of Eaton Corporation;
www.cooperindustries.com/#sle.
b. Hoffman, a brand of Pentair Technical Products;
www.hoffmanonline.com/#sle.
c. Hubbell Incorporated; Wiegmann Products; : www.hubbell-

wiegmann.com/#sle.

D.  Boxes for Hazardous (Classified) Locations: Listed and labeled as complying with UL 1203 for
the classification of the installed location.
1. Manufacturers:

a. Appleton, a brand of Emerson Electric Co; : Www.emerson.com/#sle.
b. Cooper Crouse-Hinds, a division of Eaton Corporation; :
www.cooperindustries.com/#sle.
c. Hubbell Incorporated; Killark Products; : www.hubbell-killark.com/#sle.
E. Floor Boxes:

1. Description: Floor boxes compatible with floor box service fittings provided in accordance
with Section 26 2726; with partitions to separate multiple services; furnished with all
components, adapters, and trims required for complete installation.

2. Manufacturer: Same as manufacturer of floor box service fittings.

F. Underground Boxes/Enclosures:
1. Description: In-ground, open bottom boxes furnished with flush, non-skid covers with
legend indicating type of service and stainless steel tamper resistant cover bolts.
2. Size: As indicated on drawings.
3. Depth: As required to extend below frost line to prevent frost upheaval, but not less than
12 inches.
4.  Applications:
a. Sidewalks and Landscaped Areas Subject Only to Occasional Nondeliberate
Vehicular Traffic: Use polymer concrete enclosures, with minimum SCTE 77 Tier 8
load rating.

b. Do not use polymer concrete enclosures in areas subject to deliberate vehicular
traffic.
5. Polymer Concrete Underground Boxes/Enclosures: Comply with SCTE 77.
a. Manufacturers:

1) Hubbell Incorporated; Quazite Products;
www.hubbellpowersystems.com/#sle.
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2) MacLean Highline; : www.macleanhighline.com/#sle.
3) Oldcastle Precast, Inc; : www.oldcastleprecast.com/#sle.
. Combination fiberglass/polymer concrete boxes/enclosures are acceptable.
C. Product(s):
1) MacLean Highline PHA Series: Straight wall, all-polymer concrete splice
box/pull box; available Tier 8, Tier 15, and Tier 22 load ratings.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Verify that field measurements are as indicated.
Verify that mounting surfaces are ready to receive boxes.

C.  Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION
A.  Install products in accordance with manufacturer's instructions.

Install boxes in accordance with NECA 1 (general workmanship) and, where applicable, NECA
130, including mounting heights specified in those standards where mounting heights are not
indicated.

C.  Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

Provide separate boxes for emergency power and normal power systems.
Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems.

Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted.
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Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are
indicated or permitted.

H.  Box Locations:
1. Locate boxes to be accessible. Provide access panels in accordance with Section 08 3100
as required where approved by the Architect.
2. Unless dimensioned, box locations indicated are approximate.
3. Locate boxes as required for devices installed under other sections or by others.
a. Switches, Receptacles, and Other Wiring Devices: Comply with Section 26 2726.
b. Communications Systems Outlets: Comply with Section 27 1000.
4. Locate boxes so that wall plates do not span different building finishes.
Locate boxes so that wall plates do not cross masonry joints.
6. Unless otherwise indicated, where multiple outlet boxes are installed at the same location
at different mounting heights, install along a common vertical center line.
7. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide
minimum 6 inches horizontal separation unless otherwise indicated.
8. Acoustic-Rated Walls: Do not install flush-mounted boxes on opposite sides of walls
back-to-back; provide minimum 24 inches horizontal separation.

b
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9. Fire Resistance Rated Walls: Install flush-mounted boxes such that the required fire
resistance will not be reduced.

a. Do not install flush-mounted boxes on opposite sides of walls back-to-back; provide
minimum 24 inches separation where wall is constructed with individual
noncommunicating stud cavities or protect both boxes with listed putty pads.

10. Locate junction and pull boxes as indicated, as required to facilitate installation of
conductors, and to limit conduit length and/or number of bends between pulling points in
accordance with Section 26 0533.13.

11. Locate junction and pull boxes in the following areas, unless otherwise indicated or
approved by the Architect:

a. Concealed above accessible suspended ceilings.
b. Within joists in areas with no ceiling.

c. Electrical rooms.

d. Mechanical equipment rooms.

L Box Supports:

1. Secure and support boxes in accordance with NFPA 70 and Section 26 0529 using suitable
supports and methods approved by the authority having jurisdiction.

2. Provide independent support from building structure except for cast metal boxes (other
than boxes used for fixture support) supported by threaded conduit connections in
accordance with NFPA 70. Do not provide support from piping, ductwork, or other
systems.

3. Installation Above Suspended Ceilings: Do not provide support from ceiling grid or
ceiling support system.

J. Install boxes plumb and level.

K.  Flush-Mounted Boxes:

1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster, etc. so
that front edge of box or associated raised cover is not set back from finished surface more
than 1/4 inch or does not project beyond finished surface.

2. Install boxes in combustible materials such as wood so that front edge of box or associated
raised cover is flush with finished surface.

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile,
gypsum, plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch at the
edge of the box.

.

Install boxes as required to preserve insulation integrity.
M.  Metallic Floor Boxes: Install box level at the proper elevation to be flush with finished floor.

N.  Underground Boxes/Enclosures:
1. Install enclosure on gravel base, minimum 6 inches deep.
2. Install additional bracing inside enclosures in accordance with manufacturer's instructions
to minimize box sidewall deflections during backfilling. Backfill with cover bolted in
place.

O. Install permanent barrier between ganged wiring devices when voltage between adjacent
devices exceeds 300 V.

P. Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in Section 07 8400.

EAPC Project 20245211 BOXES FOR ELECTRICAL SYSTEMS 26 0533.16 - 6



Q.  Close unused box openings.

R.  Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment
installed or designated for future use.

S. Provide grounding and bonding in accordance with Section 26 0526.

T. Identify boxes in accordance with Section 26 0553.

3.3 CLEANING

A.  Clean interior of boxes to remove dirt, debris, plaster and other foreign material.

34 PROTECTION

A. Immediately after installation, protect boxes from entry of moisture and foreign material until
ready for installation of conductors.

END OF SECTION 26 0533.16
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SECTION 26 0553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 GENERAL

1.1

m o a0 w »

1.2

1.3

B.

SECTION INCLUDES

Electrical identification requirements.
Identification nameplates and labels.
Wire and cable markers.
Underground warning tape.

Warning signs and labels.

RELATED REQUIREMENTS

Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables: Color coding for
power conductors and cables 600 V and less; vinyl color coding electrical tape.

Section 27 1000 - Structured Cabling: Identification for communications cabling and devices.

REFERENCE STANDARDS

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

UL 969 - Marking and Labeling Systems; Current Edition, Including All Revisions.

PART 2 PRODUCTS

2.1 IDENTIFICATION REQUIREMENTS
A.  Identification for Equipment:
1. Use identification nameplate to identify each piece of electrical distribution and control
equipment and associated sections, compartments, and components.
a. Switchgear:
1) Identify ampere rating.
2)  Identify voltage and phase.
3) Identify power source and circuit number. Include location when not within
sight of equipment.
4)  Use identification nameplate to identify main and tie devices.
5) Use identification nameplate to identify load(s) served for each branch device.
Do not identify spares and spaces.
b. Panelboards:
1) Identify ampere rating.
2) Identify voltage and phase.
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3) Identify power source and circuit number. Include location when not within
sight of equipment.

4)  Identify main overcurrent protective device. Use identification label for
panelboards with a door. For power distribution panelboards without a door,
use identification nameplate.

5)  Use typewritten circuit directory to identify load(s) served for panelboards
with a door. Identify spares and spaces using pencil.

6) For power panelboards without a door, use identification nameplate to
identify load(s) served for each branch device. Do not identify spares and
spaces.

c. Electricity Meters:

1) Identify load(s) metered.

2. Available Fault Current Documentation: Use identification label to identify the available
fault current and date calculations were performed at locations requiring documentation by
NFPA 70 including but not limited to the following.

a. Service equipment.

b Industrial control panels.
c. Motor control centers.

d Elevator control panels.
e. Industrial machinery.

3. Arc Flash Hazard Warning Labels: Use warning labels to identify arc flash hazards for
electrical equipment, such as switchboards, panelboards, industrial control panels, meter
socket enclosures, and motor control centers that are likely to require examination,
adjustment, servicing, or maintenance while energized.

B.  Identification for Conductors and Cables:

1. Color Coding for Power Conductors 600 V and Less: Comply with Section 26 0519.

2. Use identification nameplate or identification label to identify color code for ungrounded
and grounded power conductors inside door or enclosure at each piece of feeder or branch-
circuit distribution equipment when premises has feeders or branch circuits served by more
than one nominal voltage system.

3. Use wire and cable markers to identify circuit number or other designation indicated for
power, control, and instrumentation conductors and cables at the following locations:

a. At each source and load connection.

b. Within boxes when more than one circuit is present.

c. Within equipment enclosures when conductors and cables enter or leave the
enclosure.

4. Use underground warning tape to identify direct buried cables.

C.  Identification for Raceways:

1. Use identification labels, handwritten text using indelible marker, or plastic marker tags to
identify circuits enclosed for accessible conduits at wall penetrations, at floor penetrations,
at roof penetrations, and at equipment terminations when source is not within sight.

2. Use identification labels, handwritten text using indelible marker, or plastic marker tags to
identify spare conduits at each end. Identify purpose and termination location.

3. Use underground warning tape to identify underground raceways.

D. Identification for Devices:
1. Identification for Communications Devices: Comply with Section 27 1000.
2. Use identification label to identify fire alarm system devices.
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EAPC Project 20245211 SYSTEMS 260553 -2



Use identification label or engraved wallplate to identify serving branch circuit for all

receptacles.

a. For receptacles in public areas or in areas as directed by Architect, provide
identification on inside surface of wallplate.

Use identification label or engraved wallplate to identify load controlled for wall-mounted

control devices controlling loads that are not visible from the control location and for

multiple wall-mounted control devices installed at one location.

Use identification label to identify receptacles protected by upstream GFI protection, where

permitted.

2.2 IDENTIFICATION NAMEPLATES AND LABELS

A.  Identification Nameplates:

1.

Manufacturers:

a. Brimar Industries, Inc: www.brimar.com/#sle.

b Kolbi Pipe Marker Co; : www.kolbipipemarkers.com/#sle.
c. Seton Identification Products; : www.seton.com/#sle.
d
e

Substitutions: See Section 01 6000 - Product Requirements.
Materials:
a. Indoor Clean, Dry Locations: Use plastic nameplates.
b. Outdoor Locations: Use plastic, stainless steel, or aluminum nameplates suitable for
exterior use.
Plastic Nameplates: Two-layer or three-layer laminated acrylic or electrically non-
conductive phenolic with beveled edges; minimum thickness of 1/16 inch; engraved text.
a. Exception: Provide minimum thickness of 1/8 inch when any dimension is greater
than 4 inches.
Stainless Steel Nameplates: Minimum thickness of 1/32 inch; engraved or laser-etched
text.
Aluminum Nameplates: Anodized; minimum thickness of 1/32 inch; engraved or laser-
etched text.
Mounting Holes for Mechanical Fasteners: Two, centered on sides for sizes up to 1 inch
high; Four, located at corners for larger sizes.

B. Identification Labels:

1.
2.

Manufacturers:

Materials: Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and
abrasion resistant.

Text: Use factory pre-printed or machine-printed text. Do not use handwritten text unless
otherwise indicated.

23 WIRE AND CABLE MARKERS

A.  Markers for Conductors and Cables: Use wrap-around self-adhesive vinyl cloth, wrap-around
self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve, plastic clip-on, or vinyl
split sleeve type markers suitable for the conductor or cable to be identified.

B.  Markers for Conductor and Cable Bundles: Use plastic marker tags secured by nylon cable ties.

C.  Legend: Power source and circuit number or other designation indicated.

IDENTIFICATION FOR ELECTRICAL
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D.  Text: Use factory pre-printed or machine-printed text, all capitalized unless otherwise
indicated.
1. Do not use handwritten text.

E. Minimum Text Height: 1/8 inch.

F. Color: Black text on white background unless otherwise indicated.

24 UNDERGROUND WARNING TAPE

A.  Materials: Use non-detectable type polyethylene tape suitable for direct burial, unless otherwise
indicated.

B.  Non-detectable Type Tape: 6 inches wide, with minimum thickness of 4 mil.
Legend: Type of service, continuously repeated over full length of tape.

D. Color:

25 WARNING SIGNS AND LABELS
A.  Comply with ANSI Z535.2 or ANSI Z535.4 as applicable.

Warning Signs:
1. Materials:
2. Minimum Size: 7 by 10 inches unless otherwise indicated.

C.  Warning Labels:
1. Materials: Use factory pre-printed or machine-printed self-adhesive polyester or self-
adhesive vinyl labels; UV, chemical, water, heat, and abrasion resistant; produced using
materials recognized to UL 969.
2. Machine-Printed Labels: Use thermal transfer process printing machines and accessories
recommended by label manufacturer.
3. Minimum Size: 2 by 4 inches unless otherwise indicated.

PART 3 EXECUTION

3.1 INSTALLATION
A.  Install products in accordance with manufacturer's instructions.

Install identification products to be plainly visible for examination, adjustment, servicing, and
maintenance. Unless otherwise indicated, locate products as follows:

1. Surface-Mounted Equipment: Enclosure front.

2. Flush-Mounted Equipment: Inside of equipment door.

3. Free-Standing Equipment: Enclosure front; also enclosure rear for equipment with rear
access.

Elevated Equipment: Legible from the floor or working platform.

Branch Devices: Adjacent to device.

Interior Components: Legible from the point of access.

Conduits: Legible from the floor.

A
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8. Conductors and Cables: Legible from the point of access.
9. Devices: Outside face of cover.

Install identification products centered, level, and parallel with lines of item being identified.

D.  Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to interior
surfaces using self-adhesive backing or epoxy cement.

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or
wrinkles and edges properly sealed.

F. Install underground warning tape above buried lines with one tape per trench at 3 inches below
finished grade.

G.  Mark all handwritten text, where permitted, to be neat and legible.

END OF SECTION 26 0553
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SECTION 26 0583 - WIRING CONNECTIONS
PART 1 GENERAL

1.1 SECTION INCLUDES

A.  Electrical connections to equipment.

1.2 RELATED REQUIREMENTS

Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables.
Section 26 0533.13 - Conduit for Electrical Systems.

Section 26 0533.16 - Boxes for Electrical Systems.

Section 26 2726 - Wiring Devices.

Section 26 2816.16 - Enclosed Switches.
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Section 26 2913 - Enclosed Controllers.

1.3 REFERENCE STANDARDS
NEMA WD 1 - General Color Requirements for Wiring Devices; 1999 (Reaffirmed 2020).
NEMA WD 6 - Wiring Devices - Dimensional Specifications; 2021.
C.  NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.
1.4 ADMINISTRATIVE REQUIREMENTS

A.  Coordination:
1. Obtain and review shop drawings, product data, manufacturer's wiring diagrams, and
manufacturer's instructions for equipment furnished under other sections.
2. Determine connection locations and requirements.

B.  Sequencing:
1. Install rough-in of electrical connections before installation of equipment is required.
2. Make electrical connections before required start-up of equipment.
1.5 SUBMITTALS

A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.

Product Data: Provide wiring device manufacturer’s catalog information showing dimensions,
configurations, and construction.
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1.6

PART 2

2.1

m o a0 w »

2.2

PART 3

3.1

QUALITY ASSURANCE
Comply with requirements of NFPA 70.
Products: Listed, classified, and labeled as suitable for the purpose intended.

Product Listing Organization Qualifications: An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

PRODUCTS

MATERIALS

Disconnect Switches: As specified in Section 26 2816.16 and in individual equipment sections.
Wiring Devices: As specified in Section 26 2726.

Flexible Conduit: As specified in Section 26 0533.13.

Wire and Cable: As specified in Section 26 0519.

Boxes: As specified in Section 26 0533.16.

EQUIPMENT CONNECTIONS
EXECUTION

ELECTRICAL CONNECTIONS
Make electrical connections in accordance with equipment manufacturer's instructions.

Make conduit connections to equipment using flexible conduit. Use liquidtight flexible conduit
with watertight connectors in damp or wet locations.

Connect heat producing equipment using wire and cable with insulation suitable for
temperatures encountered.

Provide receptacle outlet to accommodate connection with attachment plug.
Provide cord and cap where field-supplied attachment plug is required.

Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and
equipment connection boxes.

Install disconnect switches, controllers, control stations, and control devices to complete
equipment wiring requirements.

Install terminal block jumpers to complete equipment wiring requirements.
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L Install interconnecting conduit and wiring between devices and equipment to complete
equipment wiring requirements.

END OF SECTION 26 0583
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SECTION 26 0923 - LIGHTING CONTROL DEVICES

PART 1 GENERAL

1.1

A.
B.

1.2

1.3

SECTION INCLUDES
Occupancy sensors.

Lighting contactors.

RELATED REQUIREMENTS
Section 26 0529 - Hangers and Supports for Electrical Systems

Section 26 0553 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 2726 - Wiring Devices: Devices for manual control of lighting, including wall
switches, wall dimmers, and fan speed controllers.

Section 26 5100 - Interior Lighting.
Section 26 5600 - Exterior Lighting.

SUBMITTALS
See Section 01 3000 - Administrative Requirements, for submittal procedures.

Product Data: Include ratings, configurations, standard wiring diagrams, dimensions, colors,
service condition requirements, and installed features.

Shop Drawings:
1. Occupancy Sensors: Provide lighting plan indicating location, model number, and
orientation of each occupancy sensor and associated system component.

PART 2 PRODUCTS

2.1

A.

2.2

LIGHTING CONTROL DEVICES - GENERAL REQUIREMENTS
Provide products listed, classified, and labeled as suitable for the purpose intended.

Unless specifically indicated to be excluded, provide all required conduit, wiring, connectors,
hardware, components, accessories, etc. as required for a complete operating system.

See drawings for occupancy sensor locations and types.

OCCUPANCY SENSORS

Manufacturers:
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1. Acuity Brands, Inc; : www.acuitybrands.com/#sle.

2. Hubbell Incorporated; : www.hubbell.com/#sle.

3. Intermatic, Inc; : www.intermatic.com/#sle.

4. Legrand North America, Inc; : www.legrand.us/#sle.

5. Lutron Electronics Company, Inc; : www.lutron.com/#sle.
6. Substitutions: See Section 01 6000 - Product Requirements.

B.  Wall Switch Occupancy Sensors:
1. All Wall Switch Occupancy Sensors:

a. Description: Occupancy sensors designed for installation in standard wall box at
standard wall switch mounting height with a field of view of 180 degrees, integrated
manual control capability, and no leakage current to load in off mode.

2. Passive Infrared/Ultrasonic Dual Technology Wall Switch Occupancy Sensors: Capable of
detecting motion within an area of 900 square feet.

C.  Wall Dimmer Occupancy Sensors:
1.  General Requirements:

a. Description: Occupancy sensors designed for installation in standard wall box at
standard wall switch mounting height with a field of view of 180 degrees, integrated
dimming control capability , and no leakage current to load in off mode.

b. Dimmer: Solid-state with continuous full-range even control following square law
dimming curve, integral radio frequency interference filtering, power failure preset
memory, air gap switch accessible without removing wall plate, and listed as
complying with UL 1472; type and rating suitable for load controlled.

D.  Ceiling Mounted Occupancy Sensors:
1. All Ceiling Mounted Occupancy Sensors:
a. Description: Low profile occupancy sensors designed for ceiling installation.
b. Unless otherwise indicated or required to control the load indicated on drawings,
provide low voltage units, for use with separate compatible accessory power packs.
2. Passive Infrared/Ultrasonic Dual Technology Ceiling Mounted Occupancy Sensors:
a. Standard Range Sensors: Capable of detecting motion within an area of 450 square
feet at a mounting height of 9 feet, with a field of view of 360 degrees.
3. Passive Infrared/Acoustic Dual Technology Ceiling Mounted Occupancy Sensors:
a. Standard Range Sensors: Capable of detecting motion within an area of 450 square
feet at a mounting height of 9 feet, with a field of view of 360 degrees.

E. Power Packs for Wireless Occupancy Sensors:
1. Description: Plenum rated, self-contained relay compatible with specified wireless
occupancy sensors for switching of line voltage loads.
2. Input Supply Voltage: Dual rated for 120/277 V ac.
3. Load Rating: As required to control the load indicated on drawings.

23 LIGHTING CONTACTORS

A. Manufacturers:

1. ABB; . www.electrification.us.abb.com/#sle.

2. Eaton Corporation; : www.eaton.com/#sle.

3.  Rockwell Automation Inc; . www.rockwellautomation.com/#sle.
4. Schneider Electric; © www.se.com/#sle.
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5. Siemens Industry, Inc; © Www.new.siemens.com/#sle.

Description: Magnetic lighting contactors complying with NEMA ICS 2, and listed and labeled
as complying with UL 60947-1 and UL 60947-4-1; noncombination type unless otherwise
indicated; ratings, configurations and features as indicated on the drawings.

Enclosures:

1. Comply with NEMA TA 10030.

2. Environment Type per NEMA EN 10250: Unless otherwise indicated, as specified for the
following installation locations:

3. Finish: Manufacturer's standard unless otherwise indicated.

PART 3 EXECUTION

3.1

A.

32

33

EXAMINATION
Verify that field measurements are as indicated.

Verify that outlet boxes are installed in proper locations and at proper mounting heights and are
properly sized to accommodate devices and conductors in accordance with NFPA 70.

Verify that openings for outlet boxes are neatly cut and will be completely covered by devices
or wall plates.

Verify that final surface finishes are complete, including painting.

Verify that branch circuit wiring installation is completed, tested, and ready for connection to
lighting control devices.

Verify that the service voltage and ratings of lighting control devices are appropriate for the
service voltage and load requirements at the location to be installed.

Verify that conditions are satisfactory for installation prior to starting work.

PREPARATION
Provide extension rings to bring outlet boxes flush with finished surface.

Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

INSTALLATION

Install lighting control devices in accordance with NECA 1 (general workmanship) and, where
applicable, NECA 130, including mounting heights specified in those standards unless
otherwise indicated.

Install lighting control devices in accordance with manufacturer's instructions.
Install lighting control devices plumb and level, and held securely in place.

Where required and not furnished with lighting control device, provide wall plate in accordance
with Section 26 2726.
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34

3.5

3.6

3.7

Provide required supports in accordance with Section 26 0529.

Where applicable, install lighting control devices and associated wall plates to fit completely
flush to mounting surface with no gaps and rough opening completely covered without strain on
wall plate. Repair or reinstall improperly installed outlet boxes or improperly sized rough
openings. Do not use oversized wall plates in lieu of meeting this requirement.

Occupancy Sensor Locations:

FIELD QUALITY CONTROL
See Section 01 4000 - Quality Requirements, for additional requirements.
Inspect each lighting control device for damage and defects.

Test occupancy sensors to verify proper operation, including time delays and ambient light
thresholds where applicable. Verify optimal coverage for entire room or area. Record test
results in written report to be included with submittals.

Test time switches to verify proper operation.
Test outdoor photo controls to verify proper operation, including time delays where applicable.

Correct wiring deficiencies and replace damaged or defective lighting control devices.

ADJUSTING
Adjust devices and wall plates to be flush and level.

Adjust occupancy sensor settings to minimize undesired activations while optimizing energy
savings, and to achieve desired function as indicated or as directed by Architect.

Where indicated or as directed by Architect, install factory masking material or adjust integral
blinders on passive infrared (PIR) and dual technology occupancy sensor lenses to block
undesired motion detection.

CLEANING

Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match
original factory finish.

CLOSEOUT ACTIVITIES
See Section 01 7800 - Closeout Submittals, for closeout submittals.
See Section 01 7900 - Demonstration and Training, for additional requirements.

Training: Train Owner's personnel on operation, adjustment, programming, and maintenance of
lighting control devices.
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1. Use operation and maintenance manual as training reference, supplemented with additional
training materials as required.

END OF SECTION 26 0923
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SECTION 26 2413 - SWITCHBOARDS
PART 1 GENERAL

1.1 SECTION INCLUDES

A.  Low-voltage (600 V and less) switchboards and associated accessories for service and
distribution applications.

B.  Overcurrent protective devices for switchboards.

1.2 RELATED REQUIREMENTS
Section 03 3000 - Cast-in-Place Concrete: Concrete equipment pads.
Section 26 0526 - Grounding and Bonding for Electrical Systems.

Section 26 0529 - Hangers and Supports for Electrical Systems.

S 0w »

Section 26 0573 - Power System Studies: Additional criteria for the selection and adjustment of
equipment and associated protective devices specified in this section.

E. Section 26 4300 - Surge Protective Devices.

1.3 REFERENCE STANDARDS

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; 2013e, with
Amendments (2022).

IEEE C57.13 - IEEE Standard Requirements for Instrument Transformers; 2016.
NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.

NECA 400 - Standard for Installing and Maintaining Switchboards; 2007.

NEMA EN 10250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2024.
NEMA PB 2 - Deadfront Distribution Switchboards; 2011.

@ = =m0 0o w

NEMA PB 2.1 - General Instructions for Proper Handling, Installation, Operation, and
Maintenance of Deadfront Distribution Switchboards Rated 1000 Volts or Less; 2023.

H. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker
Enclosures; Current Edition, Including All Revisions.

L. UL 891 - Switchboards; Current Edition, Including All Revisions.

J. UL 1053 - Ground-Fault Sensing and Relaying Equipment; Current Edition, Including All
Revisions.
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PART 2 PRODUCTS

2.1 MANUFACTURERS

A.  Switchboards:
1. ABB: www.electrification.us.abb.com/#sle.
2. Eaton Corporation: www.eaton.com/#sle.
3. Schneider Electric: www.se.com/#sle.
4. Siemens Industry, Inc: www.new.siemens.com/#sle.

2.2 SWITCHBOARDS

A.  Provide switchboards consisting of all required components, control power transformers,
instrumentation and control wiring, accessories, etc. as necessary for a complete operating
system.

B.  Provide products listed, classified, and labeled as suitable for the purpose intended.

C.  Description: Dead-front switchboard assemblies complying with NEMA PB 2, and listed and
labeled as complying with UL 891; ratings, configurations and features as indicated on the
drawings.

D.  Service Conditions:

1. Provide switchboards and associated components suitable for operation under the
following service conditions without derating:
a. Altitude: Less than 6,600 feet.
b. Ambient Temperature:

1) Switchboards Containing Molded Case or Insulated Case Circuit Breakers:
Between 23 degrees F and 104 degrees F.

2. Provide switchboards and associated components suitable for operation at indicated ratings

under the service conditions at the installed location.

E. Short Circuit Current Rating:
1. Provide switchboards with listed short circuit current rating not less than the available fault
current at the installed location as indicated on the drawings.
2. Provide switchboards with listed short circuit current rating not less than the available fault
current at the installed location as determined by short circuit study performed in
accordance with Section 26 0573.

F. Main Devices: Configure for top or bottom incoming feed as indicated or as required for the
installation. Provide separate pull section and/or top-mounted pullbox as indicated or as
required to facilitate installation of incoming feed.

G.  Bussing: Sized in accordance with UL 891 temperature rise requirements.
1. Through bus (horizontal cross bus) to be fully rated through full length of switchboard
(non-tapered). Tapered bus is not permitted.
2. Provide solidly bonded equipment ground bus through full length of switchboard, with a
suitable lug for each feeder and branch circuit equipment grounding conductor.
Phase and Neutral Bus Material: Aluminum.
4.  Ground Bus Material: Aluminum.

[98)
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Conductor Terminations: Suitable for use with the conductors to be installed.
1. Line Conductor Terminations:
a. Main and Neutral Lug Material: Aluminum, suitable for terminating aluminum or
copper conductors.
b. Main and Neutral Lug Type: Mechanical.
2. Load Conductor Terminations:
a. Lug Material: Aluminum, suitable for terminating aluminum or copper conductors.
b. Lug Type:
1) Provide mechanical lugs unless otherwise indicated.

Enclosures:

1. Environment Type per NEMA EN 10250: Unless otherwise indicated, as specified for the
following installation locations:

2. Finish: Manufacturer's standard unless otherwise indicated.

Future Provisions:
1. Prepare designated spaces for future installation of devices including bussing, connectors,
mounting hardware and all other required provisions.

Surge Protective Devices: Where factory-installed, internally mounted surge protective devices
are provided in accordance with Section 26 4300, list switchboards as a complete assembly
including surge protective device.

Ground Fault Protection: Where ground-fault protection is indicated, provide system listed and
labeled as complying with UL 1053.

Arc Flash Energy-Reducing Maintenance Switching: For circuit breakers rated 1200 A or
higher, provide a local accessory switch with status indicator light that permits selection of a
maintenance mode with alternate electronic trip unit settings for reduced fault clearing time.

Instrument Transformers:

1. Comply with IEEE C57.13.

2. Select suitable ratio, burden, and accuracy as required for connected devices.

3. Current Transformers: Connect secondaries to shorting terminal blocks.

4. Potential Transformers: Include primary and secondary fuses with disconnecting means.

OVERCURRENT PROTECTIVE DEVICES

Circuit Breakers:
1. Interrupting Capacity:

a. Provide circuit breakers with interrupting capacity as required to provide the short
circuit current rating indicated, but not less than specified minimum requirements.
b. Fully Rated Systems: Provide circuit breakers with interrupting capacity not less

than the short circuit current rating indicated.
2. Molded Case Circuit Breakers:
a. Description: Quick-make, quick-break, over center toggle, trip-free, trip-indicating
circuit breakers; listed and labeled as complying with UL 489, and complying with
FS W-C-375 where applicable; ratings, configurations, and features as indicated on
the drawings.
1) Provide thermal magnetic circuit breakers unless otherwise indicated.
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b. Thermal Magnetic Circuit Breakers: For each pole, furnish thermal inverse time
tripping element for overload protection and magnetic instantaneous tripping
element for short circuit protection.

1) Provide field-adjustable magnetic instantaneous trip setting for circuit breaker
frame sizes 225 amperes and larger.

c. Electronic Trip Circuit Breakers: Furnish solid state, microprocessor-based, true
rms sensing trip units.

1) Provide the following field-adjustable trip response settings:
a) Long time pickup, adjustable by replacing interchangeable trip unit or
by setting dial.
b) Long time delay.
c) Short time pickup and delay.
d) Instantaneous pickup.
e) Ground fault pickup and delay where ground fault protection is

indicated.
3. Insulated Case Circuit Breakers:
a. Description: Quick-make, quick-break, trip-free circuit breakers with two-step

stored energy closing mechanism; standard 80 percent rated unless otherwise
indicated; listed and labeled as complying with UL 489; ratings, configurations, and
features as indicated on the drawings.
b. Operation:
1) Provide manually operated circuit breakers unless otherwise indicated.
c. Trip Units: Solid state, microprocessor-based, true rms sensing.
1)  Provide the following field-adjustable trip response settings:
a) Long time pickup, adjustable by replacing interchangeable trip unit or
by setting dial.
b) Long time delay.
c) Short time pickup and delay.
d) Instantaneous pickup.

e) Ground fault pickup and delay where ground fault protection is
indicated.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Verify that field measurements are as indicated.

B.  Verify that the ratings and configurations of the switchboards and associated components are
consistent with the indicated requirements.

Verify that mounting surfaces are ready to receive switchboards.

D.  Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A.  Install products in accordance with manufacturer's instructions.
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B.  Install switchboards in accordance with NECA 1 (general workmanship), NECA 400, and
NEMA PB 2.1.

C.  Arrange equipment to provide required clearances and maintenance access, including
accommodations for any drawout devices.

D.  Where switchboard is indicated to be mounted with inaccessible side against wall, provide
minimum clearance of 1/2 inch between switchboard and wall.

E.  Provide required support and attachment in accordance with Section 26 0529.
Install switchboards plumb and level.

G.  Unless otherwise indicated, mount switchboards on properly sized 4 inch high concrete pad
constructed in accordance with Section 03 3000.

H.  Provide grounding and bonding in accordance with Section 26 0526.
I. Install all field-installed devices, components, and accessories.

J. Where accessories are not self-powered, provide control power source as indicated or as
required to complete installation.

K.  Set field-adjustable ground fault protection pickup and time delay settings as indicated.

L.  Provide filler plates to cover unused spaces in switchboards.

END OF SECTION 26 2413
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SECTION 26 2416 - PANELBOARDS

PART 1 GENERAL

1.1

A.
B.
C.

1.2

1.3

m o a w

e

SECTION INCLUDES
Power distribution panelboards.
Load centers.

Overcurrent protective devices for panelboards.

RELATED REQUIREMENTS
Section 26 0526 - Grounding and Bonding for Electrical Systems.
Section 26 0529 - Hangers and Supports for Electrical Systems.

Section 26 0553 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 0573 - Power System Studies: Additional criteria for the selection and adjustment of
equipment and associated protective devices specified in this section.

Section 26 4300 - Surge Protective Devices.

REFERENCE STANDARDS

FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; 2013e, with
Amendments (2022).

NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
NECA 407 - Standard for Installing and Maintaining Panelboards; 2025.
NEMA EN 10250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2024.

NEMA BS 31047 - Heavy Duty Enclosed and Dead-Front Switches (600 Volts Maximum);
2013 (Reaffirmed 2023).

NEMA PB 1 - Panelboards; 2011.

NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of
Panelboards Rated 1000V or Less; 2023.

NETA ATS - Standard for Acceptance Testing Specifications for Electrical Power Equipment
And Systems; 2025.

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.
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J. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

K. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,
Including All Revisions.

L. UL 67 - Panelboards; Current Edition, Including All Revisions.

M. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker
Enclosures; Current Edition, Including All Revisions.

N. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All
Revisions.

O. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

UL 1053 - Ground-Fault Sensing and Relaying Equipment; Current Edition, Including All
Revisions.

Q. UL 1699 - Arc-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A.  Coordination:

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,
or other potential obstructions within the dedicated equipment spaces and working
clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Coordinate the work with other trades to provide walls suitable for installation of flush-
mounted panelboards where indicated.

4.  Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

5. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

1.5 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.

B.  Product Data: Provide manufacturer's standard catalog pages and data sheets for panelboards,
enclosures, overcurrent protective devices, and other installed components and accessories.
1. Include characteristic trip curves for each type and rating of overcurrent protective device
upon request.

C.  Shop Drawings: Indicate outline and support point dimensions, voltage, main bus ampacity,
overcurrent protective device arrangement and sizes, short circuit current ratings, conduit entry
locations, conductor terminal information, and installed features and accessories.

1. Clearly indicate whether proposed short circuit current ratings are fully rated or, where
acceptable, series rated systems.

EAPC Project 20245211 PANELBOARDS 26 2416 -2



1.6

A.

Manufacturer's Installation Instructions: Indicate application conditions and limitations of use
stipulated by product testing agency. Include instructions for storage, handling, protection,
examination, preparation, and installation of product.

Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Panelboard Keys: Two of each different key.

QUALITY ASSURANCE

Comply with requirements of NFPA 70.

PART 2 PRODUCTS

2.1

2.2

A.
B.
C.

MANUFACTURERS
Eaton Corporation: www.eaton.com/#sle.
Schneider Electric: www.se.com/#sle.

Siemens Industry, Inc: www.new.siemens.com/#sle.

PANELBOARDS - GENERAL REQUIREMENTS
Provide products listed, classified, and labeled as suitable for the purpose intended.

Unless otherwise indicated, provide products suitable for continuous operation under the
following service conditions:

1. Altitude: Less than 6,600 feet.

2. Ambient Temperature:

Short Circuit Current Rating:

1. Provide panelboards with listed short circuit current rating not less than the available fault
current at the installed location as indicated on the drawings.

2. Provide panelboards with listed short circuit current rating not less than the available fault
current at the installed location as determined by short circuit study performed in
accordance with Section 26 0573.

3. Listed series ratings are acceptable, except where not permitted by motor contribution
according to NFPA 70.

4. Label equipment utilizing series ratings as required by NFPA 70.

Mains: Configure for top or bottom incoming feed as indicated or as required for the
installation.

Branch Overcurrent Protective Devices: Replaceable without disturbing adjacent devices.

Bussing: Sized in accordance with UL 67 temperature rise requirements.

1. Provide fully rated neutral bus unless otherwise indicated, with a suitable lug for each
feeder or branch circuit requiring a neutral connection.

2. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for
each feeder and branch circuit equipment grounding conductor.
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Conductor Terminations: Suitable for use with the conductors to be installed.

Enclosures: Comply with NEMA EN 10250, and list and label as complying with UL 50 and
UL 50E.

L.

4.

Environment Type per NEMA EN 10250: Unless otherwise indicated, as specified for the
following installation locations:

a. Indoor Clean, Dry Locations: Type 1.

b. Outdoor Locations: Type 3R.

Boxes: Galvanized steel unless otherwise indicated.

a. Provide wiring gutters sized to accommodate the conductors to be installed.

b. Increase gutter space as required where sub-feed lugs, feed-through lugs, gutter taps,
or oversized lugs are provided.

Fronts:

a. Fronts for Surface-Mounted Enclosures: Same dimensions as boxes.

b. Fronts for Flush-Mounted Enclosures: Overlap boxes on all sides to conceal rough
opening.

Lockable Doors: All locks keyed alike unless otherwise indicated.

Future Provisions: Prepare all unused spaces for future installation of devices including
bussing, connectors, mounting hardware and all other required provisions.

Ground Fault Protection: Where ground-fault protection is indicated, provide system listed and
labeled as complying with UL 1053.

L.

Where electronic circuit breakers equipped with integral ground fault protection are used,
provide separate neutral current sensor where applicable.

OVERCURRENT PROTECTIVE DEVICES

Molded Case Circuit Breakers:

1.

Description: Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit
breakers listed and labeled as complying with UL 489, and complying with FS W-C-375
where applicable; ratings, configurations, and features as indicated on the drawings.
Interrupting Capacity:
a. Provide circuit breakers with interrupting capacity as required to provide the short
circuit current rating indicated, but not less than:
1) 10,000 rms symmetrical amperes at 240 VAC or 208 VAC.

b. Fully Rated Systems: Provide circuit breakers with interrupting capacity not less
than the short circuit current rating indicated.

c. Series Rated Systems: Provide circuit breakers listed in combination with upstream
devices to provide interrupting rating not less than the short circuit current rating
indicated.

Conductor Terminations:

a. Provide mechanical lugs unless otherwise indicated.

b. Lug Material: Aluminum, suitable for terminating aluminum or copper conductors.

Electronic Trip Circuit Breakers: Furnish solid state, microprocessor-based, true rms
sensing trip units.

Multi-Pole Circuit Breakers: Furnish with common trip for all poles.

Provide multi-pole circuit breakers for multi-wire branch circuits as required by NFPA 70.
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PART 3 EXECUTION

3.1

3.2

3.3

A.

O
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EXAMINATION
Verify that field measurements are as indicated.

Verify that the ratings and configurations of the panelboards and associated components are
consistent with the indicated requirements.

Verify that mounting surfaces are ready to receive panelboards.

Verify that conditions are satisfactory for installation prior to starting work.

INSTALLATION

Perform work in accordance with NECA 1 (general workmanship).
Install products in accordance with manufacturer's instructions.

Install panelboards in accordance with NECA 407 and NEMA PB 1.1.

Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

Provide required support and attachment in accordance with Section 26 0529.
Install panelboards plumb.

Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and
rough opening completely covered.

Mount panelboards such that the highest position of any operating handle for circuit breakers or
switches does not exceed 79 inches above the floor or working platform.

Provide grounding and bonding in accordance with Section 26 0526.
Install all field-installed branch devices, components, and accessories.
Set field-adjustable ground fault protection pickup and time delay settings as indicated.

Provide filler plates to cover unused spaces in panelboards.

FIELD QUALITY CONTROL
See Section 01 4000 - Quality Requirements, for additional requirements.
Inspect and test in accordance with NETA ATS, except Section 4.

Molded Case Circuit Breakers: Perform inspections and tests listed in NETA ATS, Section
7.6.1.1 for all main circuit breakers and circuit breakers larger than amperes. Tests listed
as optional are not required.

Ground Fault Protection Systems: Test in accordance with manufacturer's instructions as
required by NFPA 70.
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Test GFCI circuit breakers to verify proper operation.
Test AFCI circuit breakers to verify proper operation.

Test shunt trips to verify proper operation.

oo mm

Correct deficiencies and replace damaged or defective panelboards or associated components.

34 ADJUSTING

A.  Adjust tightness of mechanical and electrical connections to manufacturer's recommended
torque settings.

B.  Adjust alignment of panelboard fronts.

C.  Load Balancing: For each panelboard, rearrange circuits such that the difference between each
measured steady state phase load does not exceed 20 percent and adjust circuit directories
accordingly. Maintain proper phasing for multi-wire branch circuits.

3.5 CLEANING

A.  Clean dirt and debris from panelboard enclosures and components according to manufacturer's
instructions.

B.  Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION 26 2416
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SECTION 26 2726 - WIRING DEVICES

PART 1 GENERAL

1.1

1.2

1.3

S o w »
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SECTION INCLUDES
Wall switches.

Wall dimmers.
Receptacles.

Wall plates and covers.

RELATED REQUIREMENTS
Section 09 6900 - Access Flooring.

Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables: Manufactured wiring
systems for use with access floor boxes with compatible pre-wired connectors.

Section 26 0526 - Grounding and Bonding for Electrical Systems.
Section 26 0533.16 - Boxes for Electrical Systems.

Section 26 0533.23 - Surface Raceways for Electrical Systems: Surface raceway systems,
including multioutlet assemblies.

Section 26 0539 - Underfloor Raceways for Electrical Systems.

Section 26 0553 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 0583 - Wiring Connections: Cords and plugs for equipment.

Section 26 0923 - Lighting Control Devices: Devices for automatic control of lighting,
including occupancy sensors, in-wall time switches, and in-wall interval timers.

Section 26 2723 - Indoor Service Poles.

Section 26 2913 - Enclosed Controllers: Manual motor starters and horsepower rated motor-
starting switches without overload protection.

Section 27 1000 - Structured Cabling: Voice and data jacks.

REFERENCE STANDARDS
FS W-C-596 - Connector, Electrical, Power, General Specification for; 2014h (Validated 2022).

FS W-S-896 - Switches, Toggle (Toggle and Lock), Flush Mounted (General Specification);
2017g (Validated 2023).
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NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.

NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2016.

NEMA WD 1 - General Color Requirements for Wiring Devices; 1999 (Reaffirmed 2020).
NEMA WD 6 - Wiring Devices - Dimensional Specifications; 2021.
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NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

H. UL 20 - General-Use Snap Switches; Current Edition, Including All Revisions.
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UL 498 - Attachment Plugs and Receptacles; Current Edition, Including All Revisions.

=

UL 514D - Cover Plates for Flush-Mounted Wiring Devices; Current Edition, Including All
Revisions.

UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.
UL 1310 - Class 2 Power Units; Current Edition, Including All Revisions.
UL 1449 - Standard for Surge Protective Devices; Current Edition, Including All Revisions.

UL 1472 - Solid-State Dimming Controls; Current Edition, Including All Revisions.
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UL 1917 - Solid-State Fan Speed Controls; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A.  Coordination:

1. Coordinate the placement of outlet boxes with millwork, furniture, equipment, etc.
installed under other sections or by others.

2. Coordinate wiring device ratings and configurations with the electrical requirements of
actual equipment to be installed.

3. Coordinate the installation and preparation of uneven surfaces, such as split face block, to
provide suitable surface for installation of wiring devices.

4. Notify Architect of any conflicts or deviations from Contract Documents to obtain
direction prior to proceeding with work.

1.5 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.

B.  Product Data: Provide manufacturer's catalog information showing dimensions, colors, and
configurations.
1.  Wall Dimmers: Include derating information for ganged multiple devices.

C.  Maintenance Materials: Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Extra Wall Plates: One of each style, size, and finish.
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1.6

QUALITY ASSURANCE
Comply with requirements of NFPA 70.
Products: Listed, classified, and labeled as suitable for the purpose intended.

Product Listing Organization Qualifications: An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

PART 2 PRODUCTS

2.1

2.2

23

A.

WIRING DEVICES - GENERAL REQUIREMENTS
Provide wiring devices suitable for intended use with ratings adequate for load served.

Wiring Device Applications:

1. Receptacles Installed Outdoors or in Damp or Wet Locations: Use weather-resistant GFCI
receptacles with weatherproof covers.

2. Receptacles Installed in Dwelling Units: Use tamper-resistant receptacles.

3. Provide GFCI protection for:

a. Receptacles installed within 6 feet of sinks.
b. Receptacles installed in kitchens.
c. Receptacles serving electric drinking fountains.

Wiring Device Finishes:

1. Provide wiring device finishes as described below, unless otherwise indicated.

2. Wiring Devices, Unless Otherwise Indicated: White with white nylon wall plate.

3. Wiring Devices Installed in Unfinished Spaces: Gray with galvanized steel wall plate.
4. Wiring Devices Installed in Wet or Damp Locations: White with weatherproof cover.

WALL SWITCHES

Manufacturers:

1.  Hubbell Incorporated; : www.hubbell.com/#sle.

2. Leviton Manufacturing Company, Inc; : www.leviton.com/#sle.

3. Pass & Seymour, a brand of Legrand North America, Inc; : www.legrand.us/#sle.

Wall Switches - General Requirements: AC only, quiet operating, general-use snap switches

with silver alloy contacts, complying with NEMA WD 1 and NEMA WD 6, and listed as

complying with UL 20 and where applicable, FS W-S-896; types as indicated on the drawings.

1.  Wiring Provisions: Terminal screws for side wiring and screw actuated binding clamp for
back wiring with separate ground terminal screw.

Standard Wall Switches: Residential grade, 20 A, 120/277 V with standard toggle type switch
actuator and maintained contacts; single pole single throw, double pole single throw, three way,
or four way as indicated on the drawings.

RECEPTACLES

Manufacturers:
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Hubbell Incorporated; : www.hubbell.com/#sle.

Leviton Manufacturing Company, Inc; : www.leviton.com/#sle.

Lutron Electronics Company, Inc; Designer Style: www.lutron.com/#sle.

Pass & Seymour, a brand of Legrand North America, Inc; : www.legrand.us/#sle.

Receptacles - General Requirements: Self-grounding, complying with NEMA WD 1 and
NEMA WD 6, and listed as complying with UL 498, and where applicable, FS W-C-596; types
as indicated on the drawings.

1.

2.
3.

Wiring Provisions: Terminal screws for side wiring or screw actuated binding clamp for
back wiring with separate ground terminal screw.

NEMA configurations specified are according to NEMA WD 6.

Hospital Grade Receptacles: Listed as complying with UL 498 Supplement SD, with
green dot hospital grade mark on device face.

Convenience Receptacles:

L.

2.

Standard Convenience Receptacles: Residential grade, 20A, 125V, NEMA 5-20R; single
or duplex as indicated on the drawings.

Weather Resistant Convenience Receptacles: Industrial specification grade, 20A, 125V,
NEMA 5-20R, listed and labeled as weather resistant type complying with UL 498
Supplement SD suitable for installation in damp or wet locations; single or duplex as
indicated on the drawings.

Tamper Resistant Convenience Receptacles: Industrial specification grade, 20A, 125V,
NEMA 5-20R, listed and labeled as tamper resistant type; single or duplex as indicated on
the drawings.

GFCI Receptacles:

L.

GFCI Receptacles - General Requirements: Self-testing, with feed-through protection and
light to indicate ground fault tripped condition and loss of protection; listed as complying
with UL 943, class A.
a. Provide test and reset buttons of same color as device.
Standard GFCI Receptacles: Residential grade, duplex, 20A, 125V, NEMA 5-20R,
rectangular decorator style.
a. Products:

1)  Hubbell Incorporated; Model : www.hubbell.com/#sle.

2) Substitutions: See Section 01 6000 - Product Requirements.
Weather Resistant GFCI Receptacles: Residential grade, duplex, 20A, 125V, NEMA 5-
20R, rectangular decorator style, listed and labeled as weather resistant type complying
with UL 498 Supplement SD suitable for installation in damp or wet locations.

WALL PLATES AND COVERS

Manufacturers:

Nk W=

Hubbell Incorporated; : www.hubbell-wiring.com/#sle.

Intermatic, Inc; : www.intermatic.com/#sle.

Leviton Manufacturing Company, Inc; : www.leviton.com/#sle.

Lutron Electronics Company, Inc; : www.lutron.com/#sle.

Pass & Seymour, a brand of Legrand North America, Inc; : www.legrand.us/#sle.

Wall Plates: Comply with UL 514D.
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1. Configuration: One piece cover as required for quantity and types of corresponding wiring
devices.

2. Size: Standard; .

3. Screws: Metal with slotted heads finished to match wall plate finish.

Nylon Wall Plates: Smooth finish, high-impact thermoplastic.

Weatherproof Receptacle Covers for Damp Locations: Gasketed, cast aluminum, with self-
closing hinged cover and corrosion-resistant screws; listed as suitable for use in wet locations
with cover closed.

Weatherproof Receptacle Covers for Wet Locations: Gasketed, cast aluminum, with hinged
lockable cover and corrosion-resistant screws; listed as suitable for use in wet locations while in
use with attachment plugs connected and identified as extra-duty type.

PART 3 EXECUTION

3.1

3.2

33

EXAMINATION
Verify that field measurements are as indicated.

Verify that outlet boxes are installed in proper locations and at proper mounting heights and are
properly sized to accommodate devices and conductors in accordance with NFPA 70.

Verify that wall openings are neatly cut and will be completely covered by wall plates.
Verify that final surface finishes are complete, including painting.

Verify that branch circuit wiring installation is completed, tested, and ready for connection to
wiring devices.

Verify that conditions are satisfactory for installation prior to starting work.

PREPARATION
Provide extension rings to bring outlet boxes flush with finished surface.

Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

INSTALLATION

Perform work in accordance with NECA 1 (general workmanship) and, where applicable,
NECA 130, including mounting heights specified in those standards unless otherwise indicated.

Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for
installation of wiring devices provided under this section.

Install wiring devices in accordance with manufacturer's instructions.

Install permanent barrier between ganged wiring devices when voltage between adjacent
devices exceeds 300 V.
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E. Where required, connect wiring devices using pigtails not less than 6 inches long. Do not
connect more than one conductor to wiring device terminals.

F. Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw terminal and
tightening to proper torque specified by the manufacturer. Where present, do not use push-in
pressure terminals that do not rely on screw-actuated binding.

G.  Unless otherwise indicated, connect wiring device grounding terminal to branch circuit
equipment grounding conductor and to outlet box with bonding jumper.

H.  Provide GFClI receptacles with integral GFCI protection at each location indicated. Do not use
feed-through wiring to protect downstream devices.

L Install wiring devices plumb and level with mounting yoke held rigidly in place.
J. Install wall switches with OFF position down.

K.  Install vertically mounted receptacles with grounding pole on top and horizontally mounted
receptacles with grounding pole on left.

L. Install wall plates to fit completely flush to wall with no gaps and rough opening completely
covered without strain on wall plate. Repair or reinstall improperly installed outlet boxes or
improperly sized rough openings. Do not use oversized wall plates in lieu of meeting this
requirement.

M. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed
or designated for future use.

N.  Install poke-through closure plugs in each unused core holes to maintain fire rating of floor.

34 FIELD QUALITY CONTROL
A.  See Section 01 4000 - Quality Requirements, for additional requirements.
B.  Inspect each wiring device for damage and defects.

C.  Operate each wall switch, wall dimmer, and fan speed controller with circuit energized to verify
proper operation.

D.  Test each receptacle to verify operation and proper polarity.

Test each GFCI receptacle for proper tripping operation according to manufacturer's
instructions.

F. Correct wiring deficiencies and replace damaged or defective wiring devices.

3.5 ADJUSTING

A.  Adjust devices and wall plates to be flush and level.
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3.6 CLEANING

A.  Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match
original factory finish.

END OF SECTION 26 2726
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SECTION 26 5100 - INTERIOR LIGHTING

PART 1 GENERAL

1.1

1.2

1.3

1.4

A.

m o 0w

SECTION INCLUDES

Interior luminaires.

RELATED REQUIREMENTS
Section 26 0529 - Hangers and Supports for Electrical Systems.
Section 26 0533.16 - Boxes for Electrical Systems.

Section 26 0553 - Identification for Electrical Systems: Identification products and
requirements.

Section 26 0923 - Lighting Control Devices.
Section 26 2726 - Wiring Devices: Manual wall switches and wall dimmers.

Section 26 5600 - Exterior Lighting.

REFERENCE STANDARDS

IES LM-80 - Approved Method: Measuring Maintenance of Light Output Characteristics of
Solid-State Light Sources; 2021.

NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
NECA/IESNA 500 - Standard for Installing Indoor Commercial Lighting Systems; 2025.
NECA/IESNA 502 - Standard for Installing Industrial Lighting Systems; 2006.

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

NFPA 101 - Life Safety Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

UL 1598 - Luminaires; Current Edition, Including All Revisions.

UL 1598C - Light-Emitting Diode (LED) Retrofit Luminaire Conversion Kits; Current Edition,
Including All Revisions.

UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current
Edition, Including All Revisions.

ADMINISTRATIVE REQUIREMENTS

Coordination:
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1. Coordinate the installation of luminaires with mounting surfaces installed under other
sections or by others. Coordinate the work with placement of supports, anchors, etc.
required for mounting. Coordinate compatibility of luminaires and associated trims with
mounting surfaces at installed locations.

2. Coordinate the placement of luminaires with structural members, ductwork, piping,
equipment, diffusers, fire suppression system components, and other potential conflicts
installed under other sections or by others.

3. Notify Architect of any conflicts or deviations from Contract Documents to obtain
direction prior to proceeding with work.

1.5 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Shop Drawings:
1. Indicate dimensions and components for each luminaire that is not a standard product of
the manufacturer.
2. Provide photometric calculations where luminaires are proposed for substitution upon
request.

C.  Product Data: Provide manufacturer's standard catalog pages and data sheets including detailed
information on luminaire construction, dimensions, ratings, finishes, mounting requirements,
listings, service conditions, photometric performance, installed accessories, and ceiling
compatibility; include model number nomenclature clearly marked with all proposed features.
1. LED Luminaires:

a. Include estimated useful life, calculated based on IES LM-80 test data.
1.6 QUALITY ASSURANCE
A.  Comply with requirements of NFPA 70.

B.  Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

1.7 DELIVERY, STORAGE, AND PROTECTION

A.  Receive, handle, and store products according to NECA/IESNA 500 (commercial lighting),
NECA/IESNA 502 (industrial lighting), and manufacturer's written instructions.

B.  Keep products in original manufacturer's packaging and protect from damage until ready for
installation.

1.8 FIELD CONDITIONS

A.  Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.9 WARRANTY

A.  See Section 01 7800 - Closeout Submittals, for additional warranty requirements.
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B.  Provide 3-year manufacturer warranty for LED luminaires, including drivers.
PART 2 PRODUCTS

2.1 LUMINAIRE TYPES

A.  Furnish products as indicated in luminaire schedule included on the drawings.

22 LUMINAIRES
Provide products that comply with requirements of NFPA 70.
Provide products that are listed and labeled as complying with UL 1598, where applicable.

Provide products listed, classified, and labeled as suitable for the purpose intended.

S 0 w >

Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets,
ballasts, reflectors, lenses, housings and other components required to position, energize and
protect the lamp and distribute the light.

E. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring,
connectors, hardware, supports, trims, accessories, etc. as necessary for a complete operating
system.

F. Provide products suitable to withstand normal handling, installation, and service without any
damage, distortion, corrosion, fading, discoloring, etc.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Verify that field measurements are as indicated.

Verify that outlet boxes are installed in proper locations and at proper mounting heights and are
properly sized to accommodate conductors in accordance with NFPA 70.

Verify that suitable support frames are installed where required.

D.  Verify that branch circuit wiring installation is completed, tested, and ready for connection to
luminaires.

E. Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A.  Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for
installation of luminaires provided under this section.

B.  Install products in accordance with manufacturer's instructions.

C. Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 500
(commercial lighting) and NECA 502 (industrial lighting).
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34

3.5

3.6

A.
B.

A.

Provide required support and attachment in accordance with Section 26 0529.

Install luminaires plumb and square and aligned with building lines and with adjacent
luminaires.

Install accessories furnished with each luminaire.
Bond products and metal accessories to branch circuit equipment grounding conductor.

Exit Signs:

1. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding
normal lighting in same room or area. Bypass local switches, contactors, or other lighting
controls.

Install lamps in each luminaire.

ADJUSTING

Aim and position adjustable luminaires to achieve desired illumination as indicated or as
directed by Architect. Secure locking fittings in place.

Aim and position adjustable emergency lighting unit lamps to achieve optimum illumination of
egress path as required or as directed by Architect or authority having jurisdiction.

Air-Handling Luminaires with Air Control Blades or Heat Removal Dampers: Adjust as
indicated or as required for proper airflow as directed by Architect.

Exit Signs with Field-Selectable Directional Arrows: Set as indicated or as required to properly
designate egress path as directed by Architect or authority having jurisdiction.

CLEANING

Clean surfaces according to NECA 500 (commercial lighting), NECA 502 (industrial lighting),
and manufacturer's instructions to remove dirt, fingerprints, paint, or other foreign material and
restore finishes to match original factory finish.

CLOSEOUT ACTIVITIES
See Section 01 7800 - Closeout Submittals, for closeout submittals.

See Section 01 7900 - Demonstration and Training, for additional requirements.

PROTECTION

Protect installed luminaires from subsequent construction operations.

END OF SECTION 26 5100
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SECTION 27 1000 - STRUCTURED CABLING
PART 1 GENERAL

1.1 SECTION INCLUDES

Communications system design requirements.
Copper cable and terminations.
Communications outlets.

Communications grounding and bonding.

m o a0 w »

Communications identification.

1.2 RELATED REQUIREMENTS

Section 07 8400 - Firestopping.

Section 26 0526 - Grounding and Bonding for Electrical Systems.
Section 26 0533.16 - Boxes for Electrical Systems.

Section 26 0553 - Identification for Electrical Systems: Identification products.

m o a w »

Section 26 2726 - Wiring Devices.

1.3 REFERENCE STANDARDS

>

BICSI N1 - Installation Practices for Telecommunications and ICT Cabling and Related
Cabling Infrastructure, 1st Edition; 2019.

EIA/ECA-310 - Cabinets, Racks, Panels, and Associated Equipment; 2005e.
FM (AG) - FM Approval Guide; Current Edition.
ICEA S-83-596 - Indoor Optical Cable; 2021.

m o a w

NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

e

TIA-568 (SET) - Commercial Building Telecommunications Cabling Standard Set; 2024.

G. TIA-568.2 - Balanced Twisted-Pair Telecommunications Cabling and Components Standards;
2018d, with Addenda (2020).

H.  TIA-569 - Telecommunications Pathways and Spaces; 2019¢, with Addendum (2022).
I. TIA-570 - Residential Telecommunications Infrastructure Standard; 2018d.

J. TIA-606 - Administration Standard for Telecommunications Infrastructure; 2021d.
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K.  TIA-607 - Telecommunications Bonding and Grounding (Earthing) for Customer Premises;
2024e.

.

UL 444 - Communications Cables; Current Edition, Including All Revisions.

M. UL 514C - Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers; Current Edition,
Including All Revisions.

N. UL 1863 - Communications-Circuit Accessories; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A.  Coordination:

1. Coordinate requirements for service entrance and entrance facilities with Communications
Service Provider.

2. Coordinate the work with other trades to avoid placement of other utilities or obstructions
within the spaces dedicated for communications equipment.

3. Coordinate arrangement of communications equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

4. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

1.5 SUBMITTALS
A.  See Section 01 3000 - Administrative Requirements, for submittal procedures.
B.  Product Data: Provide manufacturer's standard catalog pages and data sheets for each product.
C.  Sustainable Design Documentation: Submit manufacturer's product data on cable and cable

insulation showing compliance with specified lead content requirements.
D.  Evidence of qualifications for installer.
Field Test Reports.

F. Project Record Documents: Prepared and approved by BICSI Registered Communications
Distribution Designer (RCDD).
1. Record actual locations of outlet boxes and distribution frames.
2. Show as-installed color coding, pair assignment, polarization, and cross-connect layout.
3. Identify distribution frames and equipment rooms by room number on drawings.

1.6 QUALITY ASSURANCE

A.  Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

B.  Installer Qualifications: A company having at least 3 years experience in the installation and
testing of the type of system specified, and:
1. Employing a BICSI Registered Communications Distribution Designer (RCDD).
2. Supervisors and installers factory certified by manufacturers of products to be installed.
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1.7

1.8

A.
B.

Product Listing Organization Qualifications: An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

DELIVERY, STORAGE, AND HANDLING

Store products in manufacturer's unopened packaging until ready for installation.

Keep stored products clean and dry.

WARRANTY
See Section 01 7800 - Closeout Submittals, for additional warranty requirements.

Correct defective Work within a 2 year period after Date of Substantial Completion.

PART 2 PRODUCTS

2.1

A.

2.2

SYSTEM DESIGN

Provide a complete permanent system of cabling and pathways for voice and data

communications, including cables, conduits and wireways, pull wires, support structures,

enclosures and cabinets, and outlets.

1. Comply with TIA-570 (residential standard).

2. Provide fixed cables and pathways that comply with NFPA 70 and TIA-607 and are UL
listed or third party independent testing laboratory certified.

3. Provide connection devices that are rated for operation under conditions of 32 to 140
degrees F at relative humidity of 0 to 95 percent, noncondensing.

4.  In this project, the term plenum is defined as return air spaces above ceilings, inside ducts,
under raised floors, and other air-handling spaces.

Main Distribution Frame (MDF): Centrally located support structure for terminating horizontal
cables that extend to telecommunications outlets, functioning as point of presence to external
service provider.

1. Locate main distribution frame as indicated on the drawings.

Cabling to Outlets: Specified horizontal cabling, wired in star topology to distribution frame
located at center hub of star; also referred to as "links".

COPPER CABLE AND TERMINATIONS

Manufacturers:
1. CommScope: www.commscope.com/#sle.
2. General Cable Technologies Corporation: www.generalcable.com/#sle.

Copper Horizontal Cable:

1. Description: 100 ohm, balanced twisted pair cable complying with TIA-568.2 and listed
and labeled as complying with UL 444.

2. Cable Type - Voice and Data: TIA-568.2 Category 6 UTP (unshielded twisted pair); 23
AWG.
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3. Cable Capacity: 4-pair.
4. Cable Applications: Use listed NFPA 70 Type CMP plenum cable unless otherwise
indicated.
5. Product(s):
a. CommScope; SYSTIMAX Twisted Pair Cables; GigaSPEED XL Category 6 U/UTP
Cable: www.commscope.com/#sle.
b. CommScope; Uniprise Twisted Pair Cables; CS34 Series Category 6 U/UTP Cable:
www.commscope.com/#sle.
C. General Cable Technologies Corporation; GenSPEED Cables:
www.generalcable.com/#sle.

Copper Cable Terminations: Insulation displacement connection (IDC) type using appropriate
tool; use screw connections only where specifically indicated.

Jacks and Connectors: Modular RJ-45, non-keyed, terminated with 110-style insulation
displacement connectors (IDC); high impact thermoplastic housing; suitable for and complying
with same standard as specified horizontal cable; UL 1863 listed.
1. Performance: 500 mating cycles.
2. Voice and Data Jacks: 8-position modular jack, color-coded for both TS68A and T568B
wiring configurations.
3. Product(s):
a. CommScope; SYSTIMAX RJ45 Jacks; MGS400 Series Category 6 U/UTP Modular
Jacks: www.commscope.com/#sle.

COMMUNICATIONS OUTLETS

Manufacturers:
1. CommScope: www.commscope.com/#sle.
2. Siemon Company: www.siemon.com/#sle.

Outlet Boxes: Comply with Section 26 0533.16.
1. Provide depth as required to accommodate cable manufacturer's recommended minimum
conductor bend radius.
2. Minimum Size, Unless Otherwise Indicated:
a. Data or Combination Voice/Data Outlets: 4 inch square by 2-1/8 inch deep (100 by
54 mm) trade size.

Wall Plates:

1. Comply with system design standards and UL 514C.

2. Accepts modular jacks/inserts.

3. Capacity:
a. Data or Combination Voice/Data Outlets: 8 ports.

4. Wall Plate Material/Finish - Flush-Mounted Outlets: Match wiring device and wall plate
finishes specified in Section 26 2726.

GROUNDING AND BONDING COMPONENTS
Comply with TIA-607.

Comply with Section 26 0526.

EAPC Project 20245211 STRUCTURED CABLING 271000 - 4



2.5 IDENTIFICATION PRODUCTS
A.  Comply with TIA-606.
Comply with Section 26 0553.

2.6 SOURCE QUALITY CONTROL
A.  See Section 01 4000 - Quality Requirements, for additional requirements.

Factory test cables according to TIA-568 (SET).
PART 3 EXECUTION

3.1 INSTALLATION - GENERAL

A.  Comply with latest editions and addenda of TIA-568 (SET) (cabling), TIA-569 (pathways),
TIA-607 (grounding and bonding), BICSI N1, NFPA 70, and SYSTEM DESIGN as specified in
PART 2.

B. Comply with Communication Service Provider requirements.
Grounding and Bonding: Perform in accordance with TIA-607 and NFPA 70.

D. Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in Section 07 8400.

3.2 INSTALLATION OF PATHWAYS

A.  Install pathways with the following minimum clearances:
1. 48 inches from motors, generators, frequency converters, transformers, x-ray equipment,
and uninterruptible power systems.
2. 12 inches from power conduits and cables and panelboards.
3. 5inches from fluorescent and high frequency lighting fixtures.
4. 6 inches from flues, hot water pipes, and steam pipes.

B.  Outlet Boxes:
1. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for
installation of telecommunications outlets provided under this section.
a. Mounting Heights: Unless otherwise indicated, as follows:
1)  Telephone and Data Outlets: 18 inches above finished floor.
2) Telephone Outlets for Side-Reach Wall-Mounted Telephones: 54 inches
above finished floor to top of telephone.
3)  Telephone Outlets for Forward-Reach Wall-Mounted Telephones: 48 inches
above finished floor to top of telephone.

33 INSTALLATION OF EQUIPMENT AND CABLING

A.  Cabling:
1. Do not bend cable at radius less than manufacturer's recommended bend radius; for
unshielded twisted pair use bend radius of not less than 4 times cable diameter.
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2. Do not over-cinch or crush cables.

Do not exceed manufacturer's recommended cable pull tension.

4.  When installing in conduit, use only lubricants approved by cable manufacturer and do not
chafe or damage outer jacket.

W

Service Loops (Slack or Excess Length): Provide the following minimum extra length of cable,
looped neatly:

1. At Distribution Frames: 120 inches.

2. At QOutlets - Copper: 12 inches.

Copper Cabling:

1. Category 5e and Above: Maintain cable geometry; do not untwist more than 1/2 inch from
point of termination.

2. For 4-pair cables in conduit, do not exceed 25 pounds pull tension.

3. Use T568B wiring configuration.

Identification:

1. Use wire and cable markers to identify cables at each end.

2. Use manufacturer-furnished label inserts, identification labels, or engraved wallplate to
identify each jack at communications outlets with unique identifier.

FIELD QUALITY CONTROL
See Section 01 4000 - Quality Requirements, for additional requirements.
Comply with inspection and testing requirements of specified installation standards.

Visual Inspection:

1. Inspect cable jackets for certification markings.

2. Inspect cable terminations for color coded labels of proper type.
3. Inspect outlet plates and patch panels for complete labels.

Testing - Copper Cabling and Associated Equipment:

1. Test backbone cables after termination but before cross-connection.

2. Test backbone cables for DC loop resistance, shorts, opens, intermittent faults, and polarity
between connectors and between conductors and shield, if cable has overall shield.

3. Test operation of shorting bars in connection blocks.

4. Category Se and Above Links: Perform tests for wire map, length, attenuation, NEXT, and
propagation delay.

Final Testing: After all work is complete, including installation of telecommunications outlets,
and telephone dial tone service is active, test each voice jack for dial tone.

END OF SECTION 27 1000
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SECTION 28 1300 - ACCESS CONTROL

1.1

1.2

1.3

A.

SUMMARY

Section Includes:

1. Section Includes: Security access central-control station.

2. One or more security access networked workstations.

3. Security access operating system and application software.

4.  Security access controllers connected to high-speed electronic-data transmission network.

Access control system shall be as furnished by New Vision Security, Fargo, ND and the cost
shall be included in the electrical bid. Contact: Bill Short 701-367-9996

DEFINITIONS
Credential: Data assigned to an entity and used to identify that entity.

DTS: Digital Termination Service. A microwave-based, line-of-sight communication provided
directly to the end user.

Identifier: A credential card, keypad personal identification number or code, biometric
characteristic, or other unique identification entered as data into the entry-control database for
the purpose of identifying an individual. Where this term is presented with an initial capital
letter, this definition applies.

Location: A Location on the network having a PC-to-controller communications link, with
additional Controllers at the Location connected to the PC-to-controller link with TIA 485-A
communications loop. Where this term is presented with an initial capital letter, this definition
applies.

PCI Bus: Peripheral Component Interconnect. A peripheral bus providing a high-speed data
path between the CPU and peripheral devices such as monitor, disk drive, or network.

RAS: Remote access services.

TWAIN: Technology without an Interesting Name. A programming interface that lets a
graphics application, such as an image editing program or desktop publishing program, activate
a scanner, frame grabber, or other image-capturing device.

ACTION SUBMITTALS
Product Data: For each type of product indicated. Comply with SIA BIO-01.

Shop Drawings:

1. Diagrams for cable management system.
2. System labeling schedules.

3.  Wiring diagrams.
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1.4 INFORMATIONAL SUBMITTALS

A.  Field quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A.  Operation and maintenance data include the following:

1.  Software documentation.

2. PC installation and operating documentation, manuals, and software for the PC and all
installed peripherals. Software shall include system restore, emergency boot diskettes, and
drivers for all installed hardware. Provide separately for each PC.

3. Hard copies of manufacturer's specification sheets, operating specifications, design guides,
user's guides for software and hardware, and PDF files on CD-ROM of the hard-copy
submittal.

4. System installation and setup guides with data forms to plan and record options and setup
decisions.

1.6 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 NFPA 70, "National Electrical Code."

C.  Comply with SIA DC-01.

1.7 PROJECT CONDITIONS

A.  Environmental Conditions: System shall be capable of withstanding the following
environmental conditions without mechanical or electrical damage or degradation of operating
capability:

B.  Retain and revise conditions in three subparagraphs below and specify features required to
provide satisfactory service. See Evaluations for discussion of service conditions.
1. Control Station: Rated for continuous operation in ambient conditions of 60 to 85 deg F
(16 to 30 deg C) and a relative humidity of 20 to 80 percent, noncondensing.

PART 2 PRODUCTS

2.1 MANUFACTURERS

A.  Keri Systems

2.2 DESCRIPTION

A.  Security Access System: PC-based central station field-installed controllers, connected by a
high-speed electronic-data transmission network.
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23 OPERATION

A.  Security access system shall use a single database for access-control and credential-creation
functions.

B.  Distributed Processing: A fully distributed processing system.

1. Access-control information, including time, date, valid codes, access levels, and similar
data, shall be downloaded to controllers so each controller can make access-control
decisions.

2. Intermediate controllers for access control are prohibited.

3. In the event that communications with the central controller are lost, controllers shall
automatically buffer event transactions until communications are restored, at which time
buffered events shall be uploaded to the central station.

C. Central station shall provide operator interface, interaction, display, control, and dynamic and
real-time monitoring. Central station shall control system networks to interconnect all system
components, including workstations and field-installed controllers.

D.  Field equipment shall include controllers, sensors, and controls.
1. Controllers shall serve as an interface between the central station and sensors and controls.

E. Door Hardware Interface:

F. Coordinate with existing conditions.

24 APPLICATION SOFTWARE
A.  System Software: Door.net event management software.

B.  Proximity fobs shall Keri Systems, #NXT-K Key ring tag. Provide 200.

2.5 CENTRAL-STATION HARDWARE

A.  Central-Station Computer: Standard unmodified PC of modular design. The CPU word size
shall be 32 bytes or larger; the CPU operating speed shall be at least 66GHz.

2.6 CARD READERS

A.  Card-Reader: Kerri Systems, NXT-5R Proximity reader.

2.7 CABLES

A.  General Cable Requirements: See drawings.
PART 3 EXECUTION

3.1 PREPARATION

A.  Comply with recommendations in SIA CP-01.

EAPC Project 20245211 ACCESS CONTROL 28 1300 -3



B.  Comply with TIA/EIA 606-A, "Administration Standard for Commercial Telecommunications
Infrastructure."

C.  Obtain detailed Project planning forms from manufacturer of access-control system; develop
custom forms to suit Project. Fill in all data available from Project plans and specifications and
publish as Project planning documents for review and approval.

1. Record setup data for control station and workstations.

2. For each Location, record setup of controller features and access requirements.

3. Propose start and stop times for time zones and holidays, and match up access levels for
doors.

4.  Set up groups, facility codes, linking, and list inputs and outputs for each controller.

Assign action message names and compose messages.

6. Setup alarms. Establish interlocks between alarms, intruder detection, and video

surveillance features.

7.  Prepare and install alarm graphic maps.

8. Develop user-defined fields.

9. Develop screen layout formats.

9]

D.  Inmeetings with Architect and Owner, present Project planning documents and review, adjust,
and prepare final setup documents. Use final documents to set up system software.

3.2 CABLING
A.  Comply with NECA 1, "Good Workmanship in Electrical Construction."

B.  Install cables and wiring according to requirements in Section 280513 "Conductors and Cables
for Electronic Safety and Security."

C.  Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets,
desks, and counters. Conceal raceway and wiring except in unfinished spaces.

D.  Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets,
desks, and counters and except in accessible ceiling spaces and in gypsum board partitions
where unenclosed wiring method may be used. Use NRTL-listed plenum cable in
environmental airspaces, including plenum ceilings. Conceal raceway and cables except in
unfinished spaces.

E. Install LAN cables using techniques, practices, and methods that are consistent with
Category 5E rating of components and fiber-optic rating of components, and that ensure
Category 6 and fiber-optic performance of completed and linked signal paths, end to end.

F. Boxes and enclosures containing security-system components or cabling, and which are easily
accessible to employees or to the public, shall be provided with a lock. Boxes above ceiling
level in occupied areas of the building shall not be considered accessible. Junction boxes and
small device enclosures below ceiling level and easily accessible to employees or the public
shall be covered with a suitable cover plate and secured with tamperproof screws.

G. Install end-of-line resistors at the field device location and not at the controller or panel
location.
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33

34

3.5

CABLE APPLICATION

Comply with TIA 569-B, "Commercial Building Standard for Telecommunications Pathways
and Spaces."

Cable application requirements are minimum requirements and shall be exceeded if
recommended or required by manufacturer of system hardware.

TIA 485-A Cabling: Install at a maximum distance of 4000 feet.

Card Readers and Keypads:

1.  Install number of conductor pairs recommended by manufacturer for the functions
specified.

2. Unless manufacturer recommends larger conductors, install No. 22 AWG wire if maximum
distance from controller to the reader is 250 feet, and install No. 20 AWG wire if
maximum distance is 500 feet.

3. For greater distances, install "extender" or "repeater" modules recommended by
manufacturer of the controller.

4. Install minimum No. 18 AWG shielded cable to readers and keypads that draw 50 mA or
more.

Install minimum No. 16 AWG cable from controller to electrically powered locks. Do not
exceed 250 feet.

Install minimum No. 18 AWG ac power wire from transformer to controller, with a maximum
distance of 25 feet.

GROUNDING

Comply with IEEE 1100, "Recommended Practice for Power and Grounding Electronic
Equipment."

Ground cable shields, drain conductors, and equipment to eliminate shock hazard and to
minimize ground loops, common-mode returns, noise pickup, cross talk, and other impairments.

Bond shields and drain conductors to ground at only one point in each circuit.

Signal Ground:

1. Terminal: Locate in each equipment room and wiring closet; isolate from power system
and equipment grounding.

2. Bus: Mount on wall of main equipment room with standoff insulators.

3. Backbone Cable: Extend from signal ground bus to signal ground terminal in each
equipment room and wiring closet.

INSTALLATION

Push Buttons: Where multiple push buttons are housed within a single switch enclosure, they
shall be stacked vertically with each push-button switch labeled with 1/4-inch- (6.4-mm-) high
text and symbols as required. Push-button switches shall be connected to the controller
associated with the portal to which they are applied, and shall operate the appropriate electric
strike, electric bolt, or other facility release device.

Install card readers, keypads, push buttons, and biometric readers.
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3.6 IDENTIFICATION

A.  Using software specified in "Cable and Asset Management Software" Article, develop cable
administration drawings for system identification, testing, and management. Use unique,
alphanumeric designation for each cable, and label cable and jacks, connectors, and terminals to
which it connects with the same designation. Use logical and systematic designations for
facility's architectural arrangement.

B.  Label each terminal strip and screw terminal in each cabinet, rack, or panel.

1. All wiring conductors connected to terminal strips shall be individually numbered, and
each cable or wiring group being extended from a panel or cabinet to a building-mounted
device shall be identified with the name and number of the particular device as shown.

2. Each wire connected to building-mounted devices is not required to be numbered at the
device if the color of the wire is consistent with the associated wire connected and
numbered within the panel or cabinet.

C. At completion, cable and asset management software shall reflect as-built conditions.

3.7 SYSTEM SOFTWARE AND HARDWARE

A.  Develop, install, and test software and hardware, and perform databases tests for the complete
and proper operation of systems involved. Assign software license to Owner.

3.8 FIELD QUALITY CONTROL

A.  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.

B.  Tests and Inspections:

1. LAN Cable Procedures: Inspect for physical damage and test each conductor signal path
for continuity and shorts. Use Class 2, bidirectional, Category 5 tester. Test for faulty
connectors, splices, and terminations. Test according to TIA/EIA 568-B.1, "Commercial
Building Telecommunications Cabling Standards - Part 1: General Requirements." Link
performance for UTP cables must comply with minimum criteria in TIA/EIA 568-B.1.

2. Test each circuit and component of each system. Tests shall include, but are not limited to,
measurements of power-supply output under maximum load, signal loop resistance, and
leakage to ground where applicable. System components with battery backup shall be
operated on battery power for a period of not less than 10 percent of the calculated battery
operating time. Provide special equipment and software if testing requires special or
dedicated equipment.

3. Operational Test: After installation of cables and connectors, demonstrate product
capability and compliance with requirements. Test each signal path for end-to-end
performance from each end of all pairs installed. Remove temporary connections when
tests have been satisfactorily completed.

Devices and circuits will be considered defective if they do not pass tests and inspections.

D.  Prepare test and inspection reports.
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3.9 STARTUP SERVICE

A.  Engage a factory-authorized service representative to supervise and assist with startup service.

1.

2.

Complete installation and startup checks according to approved procedures that were
developed in "Preparation" Article and with manufacturer's written instructions.
Enroll and prepare badges and access cards for Owner's operators, management, and
security personnel.

3.10 PROTECTION

A.  Maintain strict security during the installation of equipment and software. Rooms housing the
control station, and workstations that have been powered up shall be locked and secured with an
activated burglar alarm and access-control system reporting to a central station complying with
UL 1610, "Central-Station Burglar-Alarm Units," during periods when a qualified operator in
the employ of Contractor is not present.

3.11 DEMONSTRATION

A.  Train Owner's maintenance personnel to adjust, operate, and maintain security access system.

B.  Develop separate training modules for the following:

1. Computer system administration personnel to manage and repair the LAN and databases
and to update and maintain software.

2. Operators who prepare and input credentials to man the control station and workstations
and to enroll personnel.

3. Security personnel.

4. Hardware maintenance personnel.

5. Corporate management.

END OF SECTION 28 1300
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SECTION 28 2300 - VIDEO SURVEILLANCE

1.1

1.2

1.3

1.4

A.

SUMMARY

Section includes a surveillance system consisting of digital cameras, digital video recorder, and
data transmission wiring. All work shall be completed & system shall be left in first class
operating condition.

Video surveillance system and controls shall be based on equipment specified and detailed,
which constitutes the type and quality of equipment to be used.

Video surveillance system shall be as furnished by New Vision Security, Fargo, ND and the
cost shall be included in the electrical bid. Contact: Bill Short 701-367-9996

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include dimensions and data on features,
performance, electrical characteristics, ratings, and finishes.

Shop Drawings: For video surveillance. Include plans, elevations, sections, details, and

attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances,
method of field assembly, components, and location and size of each field connection.

2. Functional Block Diagram: Show single-line interconnections between components for
signal transmission and control. Show cable types and sizes.

3. Dimensioned plan and elevations of equipment racks, control panels, and consoles. Show
access and workspace requirements.

4.  Wiring Diagrams: For power, signal, and control wiring.

Equipment List: Include every piece of equipment by model number, manufacturer, serial
number, location, and date of original installation.

INFORMATIONAL SUBMITTALS

Seismic Qualification Certificates: For video surveillance, cameras, camera-supporting

equipment, accessories, and components, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate
and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based
and their installation requirements.

Field quality-control reports.

CLOSEOUT SUBMITTALS

Operation and maintenance data.
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1.5

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 NECA 1.
C.  Comply with NFPA 70.
1.6 WARRANTY
A.  Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace components of cameras, equipment related to camera operation, and control-station
equipment that fail in materials or workmanship within specified warranty period.
1. Warranty Period: One year from date of Substantial Completion.
PART 2 PRODUCTS
2.1 SYSTEM REQUIREMENTS
A.  Tamper Protection: Tamper switches on enclosures, control units, pull boxes, junction boxes,
cabinets, and other system components shall initiate a tamper-alarm signal when unit is opened
or partially disassembled. Control-station, control-unit alarm display shall identify tamper
alarms and indicate locations.
22 INDOOR CAMERAS
A.  Avycon #AVC-VT92VLT-1080HD-TV1 IR Vandal camera.
2.3 CAMERA-SUPPORTING EQUIPMENT
A.  Mounting Brackets for Cameras: Type matched to items supported and mounting conditions.
24 DIGITAL VIDEO RECORDERS
A.  Avycon #AVR-TH916H with 3TB hard drive.
2.5 CABLE
A.  The CCTV cable shall have on CAT 6, 4 pam.
1. MONITOR
a. Monitor shall be 20” HD.
PART 3
3.1 WIRING
A.  Wiring Method: Install cables in raceways where subject to damage.

1. Raceways are not required in accessible indoor ceiling spaces and attics.
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2. Raceways are not required in hollow gypsum board partitions.
3. Raceways and wiring except in unfinished spaces.

B. Wiring within Enclosures: Bundle, lace, and train conductors to terminal points with no excess
and without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars
and distribution spools.

C.  Splices, Taps, and Terminations: For power and control wiring, use numbered terminal strips in
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. Tighten electrical
connectors and terminals according to manufacturer's published torque-tightening values. If
manufacturer's torque values are not indicated, use those specified in UL 486A-486B.

D.  Grounding: Provide independent-signal circuit grounding recommended in writing by
manufacturer.

3.2 VIDEO SURVEILLANCE SYSTEM INSTALLATION

A.  Install cameras with 84-inch- (2134-mm-) minimum clear space below cameras and their
mountings. Change type of mounting to achieve required clearance.

B.  Set pan-and-tilt unit stops to suit final camera position and to obtain the field of view required
for camera. Connect all controls and alarms, and adjust.

C.  Avoid ground loops by making ground connections only at the control station.
1. For 12- and 24-V dc cameras, connect the coaxial cable shields only at the monitor end.

3.3 FIELD QUALITY CONTROL

A.  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.

B.  Tests and Inspections:

1. Inspection: Verify that units and controls are properly installed, connected, and labeled,
and that interconnecting wires and terminals are identified.

2. Pretesting: Align and adjust system and pretest components, wiring, and functions to
verify that they comply with specified requirements. Conduct tests at varying lighting
levels, including day and night scenes as applicable. Prepare video-surveillance equipment
for acceptance and operational testing as follows:

a. Verify operation of auto-iris lenses.

b. Set back-focus of fixed focal length lenses. At focus set to infinity, simulate
nighttime lighting conditions by using a dark glass filter of a density that produces a
clear image. Adjust until image is in focus with and without the filter.

c. Set back-focus of zoom lenses. At focus set to infinity, simulate nighttime lighting
conditions by using a dark glass filter of a density that produces a clear image.
Additionally, set zoom to full wide angle and aim camera at an object 50 to 75 feet
away. Adjust until image is in focus from full wide angle to full telephoto, with the
filter in place.

Set and name all preset positions; consult Owner's personnel.

e. Set sensitivity of motion detection.
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f. Connect and verify responses to alarms.
g. Verify operation of control-station equipment.

3. Test Schedule: Schedule tests after pretesting has been successfully completed and system
has been in normal functional operation for at least 14 days. Provide a minimum of 10
days' notice of test schedule.

4. Operational Tests: Perform operational system tests to verify that system complies with
Specifications. Include all modes of system operation.

Video surveillance system will be considered defective if it does not pass tests and inspections.

D.  Prepare test and inspection reports.

3.4 DEMONSTRATION
A.  Engage a factory-authorized service representative to train.

B. Owner's maintenance personnel to adjust, operate, and maintain video-surveillance equipment.

END OF SECTION 28 2300
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SECTION 28 3111 - DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM

1.1 RELATED DOCUMENTS

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

B.  Fire alarm system shall be as furnished by New Vision Security, West Fargo, ND and the cost
shall be included in the electrical bid. Contact: Bill Short 701-367-9996.

1.2 SUMMARY
A.  Section Includes:

1. Fire-alarm control unit.
2. Manual fire-alarm boxes.
3. System smoke detectors.
4. Nonsystem smoke detectors.
5. Heat detectors.
6. Notification appliances.
7. Device guards.
8.  Elecator capture

9. Magnetic door holders.

10. Remote annunciator.

11. Addressable interface device.

12. Digital alarm communicator transmitter.
13. Network communications.

1.3 DEFINITIONS
A.  EMT: Electrical Metallic Tubing.
FACP: Fire Alarm Control Panel.

C.  NICET: National Institute for Certification in Engineering Technologies.

1.4 ACTION SUBMITTALS

A.  Shop Drawings: For fire-alarm system.

1. Comply with recommendations and requirements in the "Documentation" section of the
"Fundamentals" chapter in NFPA 72.

2. Include plans, elevations, sections, details, and attachments to other work.

3. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and locations. Indicate conductor sizes,
indicate termination locations and requirements, and distinguish between factory and field
wiring.

4. Detail assembly and support requirements.

5. Include voltage drop calculations for notification-appliance circuits.

. DIGITAL, ADDRESSABLE FIRE-ALARM
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6. Include battery-size calculations.
7.  Include input/output matrix.
8. Include statement from manufacturer that all equipment and components have been tested
as a system and meet all requirements in this Specification and in NFPA 72.
. Include performance parameters and installation details for each detector.
10. Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts,
drawn to scale; coordinate location of duct smoke detectors and access to them.
a. Show critical dimensions that relate to placement and support of sampling tubes,
detector housing, and remote status and alarm indicators.
Show field wiring required for HVAC unit shutdown on alarm.

c. Show field wiring and equipment required for HVAC unit shutdown on alarm and
override by firefighters' control system.

d. Show field wiring and equipment required for HVAC unit shutdown on alarm and
override by firefighters' smoke-evacuation system.

e. Locate detectors according to manufacturer's written recommendations.

f. Show air-sampling detector pipe routing.

11. Include voice/alarm signaling-service equipment rack or console layout, grounding
schematic, amplifier power calculation, and single-line connection diagram.

12. Include floor plans to indicate final outlet locations showing address of each addressable
device. Show size and route of cable and conduits and point-to-point wiring diagrams.

B.  General Submittal Requirements:
1. Submittals shall be approved by authorities having jurisdiction prior to submitting them to
Architect.
2. Shop Drawings shall be prepared by persons with the following qualifications:
a. Trained and certified by manufacturer in fire-alarm system design.
b. NICET-certified, fire-alarm technician; Level III minimum.
c. Licensed or certified by authorities having jurisdiction.
C.  Delegated-Design Submittal: For notification appliances and smoke and heat detectors, in

addition to submittals listed above, indicate compliance with performance requirements and

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

responsible for their preparation.

1. Drawings showing the location of each notification appliance and smoke and heat detector,
ratings of each, and installation details as needed to comply with listing conditions of the
device.

2. Design Calculations: Calculate requirements for selecting the spacing and sensitivity of
detection, complying with NFPA 72. Calculate spacing and intensities for strobe signals
and sound-pressure levels for audible appliances.

3. Indicate audible appliances required to produce square wave signal per NFPA 72.

1.5 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For fire-alarm systems and components to include in
emergency, operation, and maintenance manuals.
1. In addition to items specified in Section 01 7823 "Operation and Maintenance Data,"
include the following:

a. Comply with the "Records" section of the "Inspection, Testing and Maintenance"
chapter in NFPA 72.
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b. Provide "Fire Alarm and Emergency Communications System Record of
Completion Documents" according to the "Completion Documents" Article in the
"Documentation" section of the "Fundamentals" chapter in NFPA 72.

c. Complete wiring diagrams showing connections between all devices and equipment.
Each conductor shall be numbered at every junction point with indication of
origination and termination points.

Riser diagram.

e. Device addresses.

f. Air-sampling system sample port locations and modeling program report showing
layout meets performance criteria.

g. Record copy of site-specific software.

h. Provide "Inspection and Testing Form" according to the "Inspection, Testing and

Maintenance" chapter in NFPA 72, and include the following:
1)  Equipment tested.
2) Frequency of testing of installed components.
3) Frequency of inspection of installed components.
4) Requirements and recommendations related to results of maintenance.
5) Manufacturer's user training manuals.
1. Manufacturer's required maintenance related to system warranty requirements.
] Abbreviated operating instructions for mounting at fire-alarm control unit and each
annunciator unit.

B. Software and Firmware Operational Documentation:
1. Software operating and upgrade manuals.
2. Program Software Backup: On magnetic media or compact disk, complete with data files.
3. Device address list.
4. Printout of software application and graphic screens.

1.6 QUALITY ASSURANCE

A.  Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm
Level III technician.

B.  NFPA Certification: Obtain certification according to NFPA 72 by an NRTL (nationally
recognized testing laboratory).

1.7 PROJECT CONDITIONS

A.  Perform a full test of the existing system prior to starting work. Document any equipment or
components not functioning as designed.

B.  Interruption of Existing Fire-Alarm Service: Do not interrupt fire-alarm service to facilities
occupied by Owner or others unless permitted under the following conditions and then only
after arranging to provide temporary guard service according to requirements indicated:

1. Notify Owner no fewer than seven days in advance of proposed interruption of fire-alarm
service.
2. Do not proceed with interruption of fire-alarm service without Owner's written permission.

C.  Use of Devices during Construction: Protect devices during construction unless devices are
placed in service to protect the facility during construction.

DIGITAL, ADDRESSABLE FIRE-ALARM
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1.8

1.9

SEQUENCING AND SCHEDULING

Existing Fire-Alarm Equipment: Maintain existing equipment fully operational until new
equipment has been tested and accepted. As new equipment is installed, label it "NOT IN
SERVICE" until it is accepted. Remove labels from new equipment when put into service, and
label existing fire-alarm equipment "NOT IN SERVICE" until removed from the building.

Equipment Removal: After acceptance of new fire-alarm system, remove existing disconnected
fire-alarm equipment and wiring.

WARRANTY

Special Warranty: Manufacturer agrees to repair or replace fire-alarm system equipment and

components that fail in materials or workmanship within specified warranty period.

1.  Warranty Extent: All equipment and components not covered in the Maintenance Service
Agreement.

2. Warranty Period: Two years from date of Substantial Completion.

PART 2 PRODUCTS

2.1

2.2

SYSTEM DESCRIPTION

Source Limitations for Fire-Alarm System and Components: Provide system manufacturer's
certification that all components provided have been tested as, and will operate as, a system.

Noncoded, addressable system, with multiplexed signal transmission and horn/strobe
evacuation.

Automatic sensitivity control of certain smoke detectors.
All components provided shall be listed for use with the selected system.

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.

SYSTEMS OPERATIONAL DESCRIPTION

Fire-alarm signal initiation shall be by one or more of the following devices:
1. Manual stations.

2. Heat detectors.

3. Smoke detectors.

4. Automatic sprinkler system water flow.

5. Fire standpipe system.

Fire-alarm signal shall initiate the following actions:

1. Continuously operate alarm notification appliances.

2. Identify alarm and specific initiating device at fire-alarm control unit and remote
annunciators.

3. Transmit an alarm signal to the remote alarm receiving station.
4. Unlock electric door locks in designated egress paths.
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Release fire and smoke doors held open by magnetic door holders.
Activate voice/alarm communication system.
Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode.

o N

panel.
9. Activate stairwell and elevator-shaft pressurization systems.
10. Close smoke dampers in air ducts of designated air-conditioning duct systems.
11. Recall elevators to primary or alternate recall floors.
12. Activate elevator power shunt trip.
13. Activate emergency lighting control.
14. Record events in the system memory.

Supervisory signal initiation shall be by one or more of the following devices and actions:
1. Valve supervisory switch.

2. Elevator shunt-trip supervision.

3. User disabling of zones or individual devices.

4. Loss of communication with any panel on the network.

System trouble signal initiation shall be by one or more of the following devices and actions:

1. Open circuits, shorts, and grounds in designated circuits.

2. Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating
devices.

3. Loss of communication with any addressable sensor, input module, relay, control module,

remote annunciator, printer interface, or Ethernet module.

Loss of primary power at fire-alarm control unit.

Ground or a single break in internal circuits of fire-alarm control unit.

Abnormal ac voltage at fire-alarm control unit.

Break in standby battery circuitry.

Failure of battery charging.

Abnormal position of any switch at fire-alarm control unit or annunciator.

0. Hose cabinet door open.

= 00N LA

System Supervisory Signal Actions:

1. Initiate notification appliances.

2. Identify specific device initiating the event at fire-alarm control unit and remote
annunciators.

3. Record the event on system printer.

4. After a time delay of 200 seconds, transmit a trouble or supervisory signal to the remote
alarm receiving station.

5. Transmit system status to building management system.

FIRE-ALARM CONTROL UNIT

Manufacturers: Subject to compliance with requirements and existing equipment, provide
products by the following:
1. Autocall

General Requirements for Fire-Alarm Control Unit:

DIGITAL, ADDRESSABLE FIRE-ALARM
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1. Field-programmable, microprocessor-based, modular, power-limited design with electronic
modules, complying with UL 864.
a. System software and programs shall be held in nonvolatile flash, electrically
erasable, programmable, read-only memory, retaining the information through
failure of primary and secondary power supplies.

b. Include a real-time clock for time annotation of events on the event recorder and
printer.

c. Provide communication between the FACP and remote circuit interface panels,
annunciators, and displays.

d. The FACP shall be listed for connection to a central-station signaling system
service.

e. Provide nonvolatile memory for system database, logic, and operating system and

event history. The system shall require no manual input to initialize in the event of a
complete power down condition. The FACP shall provide a minimum 500-event
history log.

2. Addressable Initiation Device Circuits: The FACP shall indicate which communication
zones have been silenced and shall provide selective silencing of alarm notification
appliance by building communication zone.

3. Addressable Control Circuits for Operation of Notification Appliances and Mechanical
Equipment: The FACP shall be listed for releasing service.

C.  Alphanumeric Display and System Controls: Arranged for interface between human operator at
fire-alarm control unit and addressable system components including annunciation and
supervision. Display alarm, supervisory, and component status messages and the programming
and control menu.

1. Annunciator and Display: Liquid-crystal type, 80 characters, minimum.
2. Keypad: Arranged to permit entry and execution of programming, display, and control

commands.
D. Smoke-Alarm Verification:
1. Initiate audible and visible indication of an "alarm-verification" signal at fire-alarm control
unit.

Activate an approved "alarm-verification" sequence at fire-alarm control unit and detector.
Record events by the system printer.

Sound general alarm if the alarm is verified.

Cancel fire-alarm control unit indication and system reset if the alarm is not verified.

ke

E.  Notification-Appliance Circuit:

1. Audible appliances shall sound in a three-pulse temporal pattern, as defined in NFPA 72.

2. Where notification appliances provide signals to sleeping areas, the alarm signal shall be a
520-Hz square wave with an intensity 15 dB above the average ambient sound level or 5
dB above the maximum sound level, or at least 75 dBA, whichever is greater, measured at
the pillow.

3. Visual alarm appliances shall flash in synchronization where multiple appliances are in the
same field of view, as defined in NFPA 72.

F. Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, supervisory,
and trouble signals to a remote alarm station.

DIGITAL, ADDRESSABLE FIRE-ALARM
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Primary Power: 24-V dc obtained from 120-V ac service and a power-supply module. Initiating

devices, notification appliances, signaling lines, trouble signals, and supervisory signals shall be

powered by 24-V dc source.

1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent of the power-
supply module rating.

Secondary Power: 24-V dc supply system with batteries, automatic battery charger, and
automatic transfer switch.
1. Batteries: Sealed lead calcium.

Instructions: Computer printout or typewritten instruction card mounted behind a plastic or
glass cover in a stainless-steel or aluminum frame. Include interpretation and describe
appropriate response for displays and signals. Briefly describe the functional operation of the
system under normal, alarm, and trouble conditions.

MANUAL FIRE-ALARM BOXES

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

General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38. Boxes shall be
finished in red with molded, raised-letter operating instructions in contrasting color; shall show
visible indication of operation; and shall be mounted on recessed outlet box. If indicated as
surface mounted, provide manufacturer's surface back box.

1. Single-action mechanism, breaking-glass or plastic-rod pull-lever type; with integral
addressable module arranged to communicate manual-station status (normal, alarm, or
trouble) to fire-alarm control unit.

2. Station Reset: Key- or wrench-operated switch.

3. Indoor Protective Shield: Factory-fabricated, clear plastic enclosure hinged at the top to
permit lifting for access to initiate an alarm. Lifting the cover actuates an integral battery-
powered audible horn intended to discourage false-alarm operation.

4.  Weatherproof Protective Shield: Factory-fabricated, clear plastic enclosure hinged at the
top to permit lifting for access to initiate an alarm.

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

General Requirements for System Smoke Detectors:

1.  Comply with UL 268; operating at 24-V dc, nominal.

2. Detectors shall be two-wire type.

3. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or
trouble) to fire-alarm control unit.

4. Base Mounting: Detector and associated electronic components shall be mounted in a
twist-lock module that connects to a fixed base. Provide terminals in the fixed base for
connection to building wiring.

5. Self-Restoring: Detectors do not require resetting or readjustment after actuation to restore
them to normal operation.

6. Integral Visual-Indicating Light: LED type, indicating detector has operated.

DIGITAL, ADDRESSABLE FIRE-ALARM
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C. Photoelectric Smoke Detectors:

1.

2.

Detector address shall be accessible from fire-alarm control unit and shall be able to
identify the detector's location within the system and its sensitivity setting.

An operator at fire-alarm control unit, having the designated access level, shall be able to
manually access the following for each detector:

Primary status.

Device type.

Present average value.

Present sensitivity selected.

Sensor range (normal, dirty, etc.).

oo o

D. Tonization Smoke Detector:

1.

2.

Detector address shall be accessible from fire-alarm control unit and shall be able to
identify the detector's location within the system and its sensitivity setting.

An operator at fire-alarm control unit, having the designated access level, shall be able to
manually access the following for each detector:

Primary status.

Device type.

Present average value.

Present sensitivity selected.

Sensor range (normal, dirty, etc.).

oo o

E. Duct Smoke Detectors: Photoelectric type complying with UL 268A.

1.

2.

Detector address shall be accessible from fire-alarm control unit and shall be able to
identify the detector's location within the system and its sensitivity setting.

An operator at fire-alarm control unit, having the designated access level, shall be able to
manually access the following for each detector:

a. Primary status.

b. Device type.

c Present average value.

d Present sensitivity selected.

e. Sensor range (normal, dirty, etc.).

Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; NRTL listed for use with
the supplied detector for smoke detection in HVAC system ducts.

Each sensor shall have multiple levels of detection sensitivity.

Sampling Tubes: Design and dimensions as recommended by manufacturer for specific
duct size, air velocity, and installation conditions where applied.

Relay Fan Shutdown: Fully programmable relay rated to interrupt fan motor-control
circuit.

2.6 NONSYSTEM SMOKE DETECTORS

A.  General Requirements for Nonsystem Smoke Detectors:

1.

2.

Nonsystem smoke detectors shall be listed as compatible with the fire-alarm equipment
installed or shall have a contact closure interface listed for the connected load.

Nonsystem smoke detectors shall meet the monitoring for integrity requirements in
NFPA 72.

B.  Single-Station Duct Smoke Detectors:

EAPC Project 20245211
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2.8

1. Comply with UL 268A; operating at 120-V ac.

2. Sensor: LED or infrared light source with matching silicon-cell receiver.

a. Detector Sensitivity: Smoke obscuration between 2.5 and 3.5 percent/foot (0.008
and 0.011 percent/mm) when tested according to UL 268A.

3. Base Mounting: Detector and associated electronic components shall be mounted in a
twist-lock module that connects to a fixed base. The fixed base shall be designed for
mounting directly to air duct. Provide terminals in the fixed base for connection to building
wiring.

a. Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; listed for use with
the supplied detector.

4. Sampling Tubes: Design and dimensions as recommended by manufacturer for specific
duct size, air velocity, and installation conditions where applied.

5. Relay Fan Shutdown: Rated to interrupt fan motor-control circuit.

HEAT DETECTORS

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

General Requirements for Heat Detectors: Comply with UL 521.
1. Temperature sensors shall test for and communicate the sensitivity range of the device.

Heat Detector, Combination Type: Actuated by either a fixed temperature of 135 deg F (57

deg C) or a rate of rise that exceeds 15 deg F (8 deg C) per minute unless otherwise indicated.

1.  Mounting: Twist-lock base interchangeable with smoke-detector bases.

2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or
trouble) to fire-alarm control unit.

Heat Detector, Fixed-Temperature Type: Actuated by temperature that exceeds a fixed

temperature of 190 deg F (88 deg C).

1.  Mounting: Twist-lock base interchangeable with smoke-detector bases.

2. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or
trouble) to fire-alarm control unit.

NOTIFICATION APPLIANCES

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

General Requirements for Notification Appliances: Individually addressed, connected to a
signaling-line circuit, equipped for mounting as indicated, and with screw terminals for system
connections.

General Requirements for Notification Appliances: Connected to notification-appliance signal

circuits, zoned as indicated, equipped for mounting as indicated, and with screw terminals for

system connections.

1. Combination Devices: Factory-integrated audible and visible devices in a single-mounting
assembly, equipped for mounting as indicated, and with screw terminals for system
connections.

DIGITAL, ADDRESSABLE FIRE-ALARM
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D.  Horns: Electric-vibrating-polarized type, 24-V dc; with provision for housing the operating
mechanism behind a grille. Comply with UL 464. Horns shall produce a sound-pressure level of
90 dBA, measured 10 feet from the horn, using the coded signal prescribed in UL 464 test
protocol.

E. Visible Notification Appliances: Xenon strobe lights complying with UL 1971, with clear or
nominal white polycarbonate lens mounted on an aluminum faceplate. The word "FIRE" is
engraved in minimum 1-inch- (25-mm-) high letters on the lens.

1. Rated Light Output:
a. 15/30/75/110 cd, selectable in the field.

2. Mounting: Wall mounted unless otherwise indicated.

3. For units with guards to prevent physical damage, light output ratings shall be determined
with guards in place.

4. Flashing shall be in a temporal pattern, synchronized with other units.

5. Strobe Leads: Factory connected to screw terminals.

6. Mounting Faceplate: Factory finished, red.

2.9 MAGNETIC DOOR HOLDERS

A.  Description: Units are equipped for wall or floor mounting as indicated and are complete with
matching doorplate.
1. Electromagnets: Require no more than 3 W to develop 25-1bf (111-N) holding force.
2. Wall-Mounted Units: Flush mounted unless otherwise indicated.
3. Rating: 24-V ac or dc.
4. Rating: 120-V ac.

B. Material and Finish: Match door hardware.

2.10 ADDRESSABLE INTERFACE DEVICE
A. General:

1.

Include address-setting means on the module.

2. Store an internal identifying code for control panel use to identify the module type.
3. Listed for controlling HVAC fan motor controllers.
B.  Monitor Module: Microelectronic module providing a system address for alarm-initiating

devices for wired applications with normally open contacts.

C.  Integral Relay: Capable of providing a direct signal to circuit-breaker shunt trip for power
shutdown.

1.
2.

Allow the control panel to switch the relay contacts on command.
Have a minimum of two normally open and two normally closed contacts available for
field wiring.

D. Control Module:

1. Operate notification devices.
2. Operate solenoids for use in sprinkler service.
DIGITAL, ADDRESSABLE FIRE-ALARM
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DIGITAL ALARM COMMUNICATOR TRANSMITTER

A.  Digital alarm communicator transmitter shall be acceptable to the remote central station and
shall comply with UL 632.

B.  Functional Performance: Unit shall receive an alarm, supervisory, or trouble signal from fire-
alarm control unit and automatically capture one telephone line(s) and dial a preset number for a
remote central station. When contact is made with central station(s), signals shall be transmitted.
If service on either line is interrupted for longer than 45 seconds, transmitter shall initiate a local
trouble signal and transmit the signal indicating loss of telephone line to the remote alarm
receiving station over the remaining line. Transmitter shall automatically report telephone
service restoration to the central station. If service is lost on both telephone lines, transmitter
shall initiate the local trouble signal.

C.  Local functions and display at the digital alarm communicator transmitter shall include the
following:

1. Verification that both telephone lines are available.

2.  Programming device.

3. LED display.

4. Manual test report function and manual transmission clear indication.

5. Communications failure with the central station or fire-alarm control unit.

D.  Digital data transmission shall include the following:

1. Address of the alarm-initiating device.

2. Address of the supervisory signal.

3. Address of the trouble-initiating device.

4. Loss of ac supply.

5. Loss of power.

6. Low battery.

7.  Abnormal test signal.

8. Communication bus failure.
E. Secondary Power: Integral rechargeable battery and automatic charger.
F. Self-Test: Conducted automatically every 24 hours with report transmitted to central station.

2.12 NETWORK COMMUNICATIONS

A.  Provide network communications for fire-alarm system according to fire-alarm manufacturer's
written requirements.

B.  Provide network communications pathway per manufacturer's written requirements and
requirements in NFPA 72 and NFPA 70.

C.  Provide integration gateway using Modbus for connection to building automation system.

2.13 DEVICE GUARDS
A.  Description: Welded wire mesh of size and shape for the manual station, smoke detector, gong,
or other device requiring protection.
1. Factory fabricated and furnished by device manufacturer.
DIGITAL, ADDRESSABLE FIRE-ALARM
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2. Finish: Paint of color to match the protected device.

PART 3 EXECUTION

3.1 EXAMINATION
A.  Examine areas and conditions for compliance with requirements for ventilation, temperature,
humidity, and other conditions affecting performance of the Work.

1. Verify that manufacturer's written instructions for environmental conditions have been
permanently established in spaces where equipment and wiring are installed, before
installation begins.

B.  Examine roughing-in for electrical connections to verify actual locations of connections before
installation.
C.  Proceed with installation only after unsatisfactory conditions have been corrected.
32 EQUIPMENT INSTALLATION
A.  Comply with NFPA 72, NFPA 101, and requirements of authorities having jurisdiction for
installation and testing of fire-alarm equipment. Install all electrical wiring to comply with
requirements in NFPA 70 including, but not limited to, Article 760, "Fire Alarm Systems."

1. Devices placed in service before all other trades have completed cleanup shall be replaced.

2. Devices installed but not yet placed in service shall be protected from construction dust,
debris, dirt, moisture, and damage according to manufacturer's written storage instructions.

B.  Install wall-mounted equipment, with tops of cabinets not more than 78 inches above the
finished floor.

1. Comply with requirements for seismic-restraint devices specified in Section 26 0548.16
"Seismic Controls for Electrical Systems."

C.  Manual Fire-Alarm Boxes:

1. Install manual fire-alarm box in the normal path of egress within 60 inches of the exit
doorway.

2. Mount manual fire-alarm box on a background of a contrasting color.

3. The operable part of manual fire-alarm box shall be between 42 inches and 48 inches
above floor level. All devices shall be mounted at the same height unless otherwise
indicated.

D.  Smoke- or Heat-Detector Spacing:

1. Comply with the "Smoke-Sensing Fire Detectors" section in the "Initiating Devices"
chapter in NFPA 72, for smoke-detector spacing.

2. Comply with the "Heat-Sensing Fire Detectors" section in the "Initiating Devices" chapter
in NFPA 72, for heat-detector spacing.

3. Smooth ceiling spacing shall not exceed 30 feet.

4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for high
ceiling areas shall be determined according to Annex A in NFPA 72.

5. HVAC: Locate detectors not closer than 36 inches from air-supply diffuser or return-air
opening.

EAPC Project 20245211 DIGITAL, ADDRESSABLE FIRE-ALARM 283111 - 12

SYSTEM



33

34

6. Lighting Fixtures: Locate detectors not closer than 12 inches from any part of a lighting
fixture and not directly above pendant mounted or indirect lighting.

Install a cover on each smoke detector that is not placed in service during construction. Cover
shall remain in place except during system testing. Remove cover prior to system turnover.

Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they

extend the full width of duct. Tubes more than 36 inches long shall be supported at both ends.

1. Do not install smoke detector in duct smoke-detector housing during construction. Install
detector only during system testing and prior to system turnover.

Single-Station Smoke Detectors: Where more than one smoke alarm is installed within a
dwelling or suite, they shall be connected so that the operation of any smoke alarm causes the
alarm in all smoke alarms to sound.

Remote Status and Alarm Indicators: Install in a visible location near each smoke detector,
sprinkler water-flow switch, and valve-tamper switch that is not readily visible from normal
viewing position.

Audible Alarm-Indicating Devices: Install not less than 6 inches below the ceiling. Install bells
and horns on flush-mounted back boxes with the device-operating mechanism concealed behind
a grille. Install all devices at the same height unless otherwise indicated.

Visible Alarm-Indicating Devices: Install adjacent to each alarm bell or alarm horn and at least
6 inches below the ceiling. Install all devices at the same height unless otherwise indicated.

Device Location-Indicating Lights: Locate in public space near the device they monitor.

PATHWAYS
Pathways shall be installed in EMT.

Exposed EMT shall be painted red enamel.

CONNECTIONS

For fire-protection systems related to doors in fire-rated walls and partitions and to doors in

smoke partitions, comply with requirements in Section 08 7100 "Door Hardware." Connect

hardware and devices to fire-alarm system.

1. Verify that hardware and devices are listed for use with installed fire-alarm system before
making connections.

Make addressable connections with a supervised interface device to the following devices and

systems. Install the interface device less than 36 inches from the device controlled. Make an

addressable confirmation connection when such feedback is available at the device or system

being controlled.

1.  Alarm-initiating connection to smoke-control system (smoke management) at firefighters'
smoke-control system panel.

2. Alarm-initiating connection to stairwell and elevator-shaft pressurization systems.
3. Smoke dampers in air ducts of designated HVAC duct systems.
4. Magnetically held-open doors.
5. Alarm-initiating connection to elevator recall system and components.
DIGITAL, ADDRESSABLE FIRE-ALARM
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3.6

3.7
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6. Alarm-initiating connection to activate emergency lighting control.

7.  Alarm-initiating connection to activate emergency shutoffs for gas and fuel supplies.
8.  Supervisory connections at valve supervisory switches.

9. Supervisory connections at low-air-pressure switch of each dry-pipe sprinkler system.
10. Data communication circuits for connection to building management system.

11. Data communication circuits for connection to mass notification system.

12. Supervisory connections at fire-extinguisher locations.

IDENTIFICATION

Identify system components, wiring, cabling, and terminals. Comply with requirements for
identification specified in Section 26 0553 "Identification for Electrical Systems."

Install framed instructions in a location visible from fire-alarm control unit.

GROUNDING

Ground fire-alarm control unit and associated circuits; comply with IEEE 1100. Install a ground
wire from main service ground to fire-alarm control unit.

Ground shielded cables at the control panel location only. Insulate shield at device location.

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 the following tests and inspections with the assistance of a factory-authorized service

representative:

1. Visual Inspection: Conduct visual inspection prior to testing.

a. Inspection shall be based on completed record Drawings and system documentation
that is required by the "Completion Documents, Preparation” table in the
"Documentation" section of the "Fundamentals" chapter in NFPA 72.

b. Comply with the "Visual Inspection Frequencies" table in the "Inspection" section of
the "Inspection, Testing and Maintenance" chapter in NFPA 72; retain the
"Initial/Reacceptance” column and list only the installed components.

2. System Testing: Comply with the "Test Methods" table in the "Testing" section of the
"Inspection, Testing and Maintenance" chapter in NFPA 72.

3. Test audible appliances for the public operating mode according to manufacturer's written
instructions. Perform the test using a portable sound-level meter complying with Type 2
requirements in ANSI S1.4.

4. Test audible appliances for the private operating mode according to manufacturer's written
instructions.

5. Test visible appliances for the public operating mode according to manufacturer's written
instructions.

6. Factory-authorized service representative shall prepare the "Fire Alarm System Record of
Completion" in the "Documentation” section of the "Fundamentals" chapter in NFPA 72
and the "Inspection and Testing Form" in the "Records" section of the "Inspection, Testing
and Maintenance" chapter in NFPA 72.

DIGITAL, ADDRESSABLE FIRE-ALARM
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C.  Reacceptance Testing: Perform reacceptance testing to verify the proper operation of added or
replaced devices and appliances.

D.  Fire-alarm system will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.

F. Annual Test and Inspection: One year after date of Substantial Completion, test fire-alarm
system complying with visual and testing inspection requirements in NFPA 72. Use forms
developed for initial tests and inspections.

3.8 MAINTENANCE SERVICE

A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance service shall
include 12 months' full maintenance by skilled employees of manufacturer's designated service
organization. Include preventive maintenance, repair or replacement of worn or defective
components, lubrication, cleaning, and adjusting as required for proper operation. Parts and
supplies shall be manufacturer's authorized replacement parts and supplies.

1. Include visual inspections according to the "Visual Inspection Frequencies" table in the
"Testing" paragraph of the "Inspection, Testing and Maintenance" chapter in NFPA 72.

2. Perform tests in the "Test Methods" table in the "Testing" paragraph of the "Inspection,
Testing and Maintenance" chapter in NFPA 72.

3. Perform tests per the "Testing Frequencies" table in the "Testing" paragraph of the
"Inspection, Testing and Maintenance" chapter in NFPA 72.

3.9 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain fire-alarm system.

END OF SECTION 28 3111
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