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SECTION 220523
GENERAL-DUTY VALVES FOR PLUMBING PIPING

PART 2  PRODUCTS
1.01 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, butterfly, gate or plug.
2. Swing Check (Pump Outlet):

a. 2 inch (50 mm, DN) and Smaller:  Bronze swing check valves with bronze or
nonmetallic disc.

D. Domestic, Hot and Cold Water Valves:
1. 2 inch (50 mm, DN) and Smaller:

a. Ball:  One piece, full port, brass with brass trim.
b. Bronze Swing Check:  Class 125, bronze disc.

1.02 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. Hand Lever:  Quarter-turn valves 6 inch (150 mm, DN) and smaller except plug valves.
D. Valve-End Connections:

1. Threaded End Valves:  ASME B1.20.1.
2. Solder Joint Connections:  ASME B16.18.

E. General ASME Compliance:
1. Solder-joint Connections:  ASME B16.18.

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

1.03 BRASS, BALL VALVES
A. One Piece, Full Port with Brass Trim and Push-to-fit or Threaded Connections:

1. Comply with MSS SP-110.
2. CWP Rating:  200 psi (1379 kPa).
3. Body:  Forged brass.
4. Seats:  PTFE.
5. Stem:  Brass.
6. Ball:  Chrome-plated brass.
7. Operator:  Handle.

1.04 BRONZE, BALL VALVES
A. General:

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

B. One Piece, Reduced Port with Bronze Trim:
1. Comply with MSS SP-110.
2. WSP Rating:  400 psi (2760 kPa).
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3. CWP Rating:  600 psi (4140 kPa).
4. Body:  Bronze.
5. End Connections:  Pipe press.
6. Seats:  PTFE.

1.05 BRONZE, LIFT 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:
1. Comply with MSS SP-80, Type 1, Metal Disc to Metal Seat and Type 2, Nonmetallic Disc

to Metal Seat.
2. CWP Rating:  200 psi (1380 kPa).
3. Design:  Vertical flow.
4. Body:  Comply with ASTM B61 or ASTM B62, bronze.
5. End Connections:  Threaded.
6. Disc (Type 1):  Bronze.

1.06 BRASS, INLINE CHECK VALVES
A. Class 150:

1. Maximum Service Temperature:  250 degrees F (121.1 degrees C).
2. Body:  Forged brass.
3. Disc:  Forged brass.
4. Seal:  PTFE, bubble-tight.
5. End Connections:  Press.

1.07 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:
1. Pressure and Temperature Rating:  MSS SP-80, Type 3.
2. Design:  Y-pattern, horizontal or vertical flow.
3. WOG Rating:  200 psi (1380 kPa).
4. Body:  Bronze, ASTM B62.
5. End Connections:  Threaded.
6. Disc:  Bronze.

PART 3  EXECUTION
2.01 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.

2.02 INSTALLATION
A. Provide unions or flanges with valves to facilitate equipment removal and maintenance while

maintaining system operation and full accessibility for servicing.
B. Provide separate valve support as required and locate valve with stem at or above center of

piping, maintaining unimpeded stem movement.
C. Install check valves where necessary to maintain direction of flow as follows:
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1. Lift Check:  Install with stem plumb and vertical.
2. Swing Check:  Install horizontal maintaining hinge pin level.

END OF SECTION
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SECTION 220553
IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Stencils.
B. Pipe markers.

1.02 RELATED REQUIREMENTS
A. Section 099123 - Interior Painting:  Identification painting.

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

PART 2  PRODUCTS
2.01 PLUMBING COMPONENT IDENTIFICATION GUIDELINE

A. Stencil:
1. Piping:  3/4 inch (20 mm) diameter and higher.

B. Pipe Markers:  3/4 inch (20 mm) diameter and higher.
2.02 STENCILS

A. Manufacturers:
1. Brady Corporation; ______:  www.bradycorp.com/#sle.
2. Craftmark Pipe Markers; ______:  www.craftmarkid.com/#sle.
3. Seton Identification Products; ______:  www.seton.com/#sle.

B. Fluid Service Identification Scheme, ASME A13.1:
1. Water;  Potable, Cooling, Boiler Feed and Other:  White text on green background.

2.03 PIPE MARKERS
A. Manufacturers:

1. Brady Corporation; ______:  www.bradycorp.com/#sle.
2. Craftmark Pipe Markers; ______:  www.craftmarkid.com/#sle.
3. Seton Identification Products; ______:  www.seton.com/#sle.

PART 3  EXECUTION
3.01 PREPARATION

A. Degrease and clean surfaces to receive identification products.
B. Prepare surfaces for stencil painting, see Section 099123.

3.02 INSTALLATION
A. Apply stencil painted identification in compliance with Section 099123 requirements.  Identify

unit with assigned id-number and area being served using pipe marking rules.
B. Install plastic tape pipe marker around pipe in accordance with manufacturer's instructions.

END OF SECTION
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SECTION 220719
PLUMBING PIPING INSULATION

PART 2  PRODUCTS
1.01 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.

END OF SECTION
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SECTION 221005
PLUMBING PIPING

PART 2  PRODUCTS
1.01 GENERAL REQUIREMENTS

A. Potable Water Supply Systems:  Provide piping, pipe fittings, and solder and flux (if used), that
comply with NSF 61 and NSF 372 for maximum lead content; label pipe and fittings.

B. Plenum-Installed Acid Waste Piping:  Flame-spread index equal or below 25 and smoke-spread
index equal or below 50 according to ASTM E84 or UL 723 tests.

1.02 DOMESTIC WATER PIPING, ABOVE GRADE
A. Copper Pipe:  ASTM B88 (ASTM B88M), Type K (A), Drawn (H).

1. Fittings:  ASME B16.18, cast copper alloy or ASME B16.22, wrought copper and bronze.
2. Joints:  ASTM B32, alloy Sn95 solder.

1.03 NATURAL GAS PIPING, ABOVE GRADE
A. Steel Pipe:  ASTM A53/A53M 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.

B. Flexible Gas Piping:
1. Corrugated Stainless Steel Tubing:  Comply with ANSI LC 1/CSA 6.26.
2. Comply with ASTM E84.
3. Fittings:  Provided by piping system manufacturer.

1.04 PIPE FLANGES, UNIONS, AND COUPLINGS
A. Unions for Pipe Sizes 3 inch (80 mm, DN) and Under:

1. Ferrous Pipe:  Class 150 malleable iron threaded unions.
2. Copper Tube and Pipe:  Class 150 bronze unions with soldered joints.

B. Flanges for Pipe Sizes Over 1 inch (25 mm, DN):
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.

1.05 PIPE HANGERS AND SUPPORTS
A. Provide hangers and supports that comply with MSS SP-58.

1. If type 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.

B. Plumbing Piping - Water:
1. Hangers for Pipe Sizes 1/2 to 1-1/2 inch (15 to 40 mm, DN):  Malleable iron, adjustable

swivel, split ring.
C. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows:

1. Concrete Wedge Expansion Anchors:  Comply with ICC-ES AC193.
2. Masonry Wedge Expansion Anchors:  Comply with ICC-ES AC01.
3. Concrete Screw Type Anchors:  Comply with ICC-ES AC193.
4. Masonry Screw Type Anchors:  Comply with ICC-ES AC106.
5. Concrete Adhesive Type Anchors:  Comply with ICC-ES AC308.
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1.06 BALL VALVES
A. Construction, 4 inch (100 mm, DN) and Smaller:  MSS SP-110, Class 150, 400 psi (2760 kPa)

CWP, bronze or ductile iron body, 304 stainless steel or chrome plated brass ball, regular port,
teflon seats and stuffing box ring, blow-out proof stem, lever handle with balancing stops,
threaded or grooved ends with union.

PART 3  EXECUTION
2.01 PREPARATION

A. Ream pipe and tube ends. Remove burrs. Bevel plain end ferrous pipe.
B. Remove scale and dirt, on inside and outside, before assembly.
C. Prepare piping connections to equipment with flanges or unions.

2.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Provide non-conducting dielectric connections wherever jointing dissimilar metals.
C. Install piping to maintain headroom, conserve space, and not interfere with use of space.
D. Provide clearance in hangers and from structure and other equipment for installation of

insulation and access to valves and fittings.
E. Install valves with stems upright or horizontal, not inverted. See Section 220523.
F. 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.

G. Pipe Hangers and Supports:
1. Install hangers to provide minimum 1/2 inch (15 mm) space between finished covering

and adjacent work.
2. Place hangers within 12 inches (300 mm) of each horizontal elbow.
3. Provide copper plated hangers and supports for copper piping.

2.03 APPLICATION
A. Install brass male adapters each side of valves in copper piped system. Solder adapters to

pipe.
2.04 FIELD TESTS AND INSPECTIONS

A. 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.

B. 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 (345 kPa) above service
pressure. Minimum static head of 50 to 150 psi (345 to 1,034 kPa). As an exception,
certain codes allow a maximum static pressure of 80 psi (551.6 kPa).

C. Gas Distribution Systems:
1. Test Preparation:  Close each appliance valve or disconnect and cap each connected

appliance.
2. General Systems:

a. Inject a minimum of 10 psi (68.9 kPa) of compressed air into the piping system for a
duration of 15 minutes and verify with a gauge that no perceptible pressure drop is
measured.

b. Ensure test pressure gauge has a range of twice the specific pressure rate selected
with an accuracy of 1/10 of 1 pound (0.45 kg).
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D. Test Results:  Document and certify successful results, otherwise repair, document, and retest.
2.05 SCHEDULES

A. Pipe Hanger Spacing:
1. Metal Piping:

a. Pipe Size:  1/2 inch (15 mm, DN) to 1-1/4 inch (32 mm, DN):
1) Maximum Hanger Spacing:  6.5 ft (2 m).
2) Hanger Rod Diameter:  3/8 inches (9 mm).

b. Pipe Size:  1-1/2 inch (40 mm, DN) to 2 inch (50 mm, DN):
1) Maximum Hanger Spacing:  10 ft (3 m).
2) Hanger Rod Diameter:  3/8 inch (9 mm).

END OF SECTION
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SECTION 221123
DOMESTIC WATER PUMPS - DAB PUMPS

PART 2  PRODUCTS
END OF SECTION
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SECTION 230513
COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. General construction and requirements.
B. Applications.
C. Single phase electric motors.
D. Three phase electric motors.
E. Electronically Commutated Motors (ECM).

1.02 RELATED REQUIREMENTS
A. Section 260583 - Wiring Connections:  Electrical characteristics and wiring connections.
B. Section 262913 - Enclosed Controllers.

1.03 REFERENCE STANDARDS
A. IEEE 112 - IEEE Standard Test Procedure for Polyphase Induction Motors and Generators;

2017.
B. NEMA MG 1 - Motors and Generators; 2021.
C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide wiring diagrams with electrical characteristics and connection

requirements.
C. Test Reports:  Indicate test results verifying nominal efficiency and power factor for three phase

motors larger than 1/2 horsepower.
D. Manufacturer's Installation Instructions:  Indicate setting, mechanical connections, lubrication,

and wiring instructions.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Protect motors stored on site from weather and moisture by maintaining factory covers and
suitable weather-proof covering. For extended outdoor storage, remove motors from equipment
and store separately.

PART 2  PRODUCTS
2.01 GENERAL CONSTRUCTION AND REQUIREMENTS

A. Electrical Service:  Refer to Section 260583 for required electrical characteristics.
B. Electrical Service:

1. Motors 1/2 HP and Smaller:  115 volts, single phase, 60 Hz.
2. Motors Larger than 1/2  Horsepower:  scheduled  volts, three phase, 60 Hz.

C. Construction:
1. Open drip-proof type except where specifically noted otherwise.
2. Design for continuous operation in 104 degrees F (40 degrees C) environment.
3. Design for temperature rise in accordance with NEMA MG 1 limits for insulation class,

service factor, and motor enclosure type.
D. Visible Nameplate:  Indicating motor horsepower, voltage, phase, cycles, RPM, full load amps,

locked rotor amps, frame size, manufacturer's name and model number, service factor, power
factor, efficiency.

E. Wiring Terminations:
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1. Provide terminal lugs to match branch circuit conductor quantities, sizes, and materials
indicated.  Enclose terminal lugs in terminal box sized to NFPA 70, threaded for conduit.

2. For fractional horsepower motors where connection is made directly, provide threaded
conduit connection in end frame.

2.02 APPLICATIONS
A. Exception:  Motors less than 250 watts, for intermittent service may be the equipment

manufacturer's standard and need not comply with these specifications.
PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Install securely on firm foundation.  Mount ball bearing motors with shaft in any position.
C. Check line voltage and phase and ensure agreement with nameplate.

END OF SECTION
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SECTION 230519
METERS AND GAUGES FOR HVAC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Pressure gauges and pressure gauge taps.
B. Thermometers and thermometer wells.
C. Static pressure gauges.

1.02 REFERENCE STANDARDS
A. ASME B40.100 - Pressure Gauges and Gauge Attachments; 2022.
B. ASTM E1 - Standard Specification for ASTM Liquid-in-Glass Thermometers; 2014 (Reapproved

2020).
C. ASTM E77 - Standard Test Method for Inspection and Verification of Thermometers; 2014

(Reapproved 2021).
D. UL 393 - Indicating Pressure Gauges for Fire-Protection Service; Current Edition, Including All

Revisions.
PART 2  PRODUCTS
2.01 PRESSURE GAUGES

A. 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:  Steel with brass bourdon tube.
2. Size:  4-1/2 inch (115 mm) diameter.
3. Mid-Scale Accuracy:  One percent.
4. Scale:  Psi and KPa.

2.02 PRESSURE GAUGE TAPPINGS
A. Gauge Cock:  Tee or lever handle, brass for maximum 150 psi (1034 kPa).
B. Needle Valve:  Brass, 1/4 inch (6 mm) NPT for minimum 150 psi (1034 kPa).

2.03 STEM TYPE THERMOMETERS
A. Thermometers - Fixed Mounting:  Red- or blue-appearing non-toxic liquid in glass; ASTM E1;

 lens front tube, cast aluminum case with enamel finish.
1. Size:  9 inch (225 mm) scale.
2. Window:  Clear Lexan.
3. Accuracy:  2 percent, per ASTM E77.
4. Calibration:  Degrees F.

2.04 TEST PLUGS
A. Test Plug:  1/4 inch (6 mm) or 1/2 inch (13 mm) brass fitting and cap for receiving 1/8 inch (3

mm) outside diameter pressure or temperature probe with neoprene core for temperatures up
to 200 degrees F (93 degrees C).

B. Test Plug:  1/4 inch (6 mm) or 1/2 inch (13 mm) brass fitting and cap for receiving 1/8 inch (3
mm) outside diameter pressure or temperature probe with Nordel core for temperatures up to
350 degrees F (176 degrees C).

C. Test Plug:  1/4 inch (6 mm) or 1/2 inch (13 mm) brass fitting and cap for receiving 1/8 inch (3
mm) outside diameter pressure or temperature probe with Viton core for temperatures up to
400 degrees F (204 degrees C).
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2.05 STATIC PRESSURE GAUGES
A. 3-1/2 inch (90 mm) diameter dial in metal case, diaphragm actuated, black figures on white

background, front recalibration adjustment, 2 percent of full scale accuracy.
B. Inclined manometer, red liquid on white background with black figures, front recalibration

adjustment, 3 percent of full scale accuracy.
PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Provide one pressure gauge per pump, installing taps before strainers and on suction and

discharge of pump.  Pipe to gauge.
C. Install thermometers in piping systems in sockets in short couplings.  Enlarge pipes smaller

than 2-1/2 inch (60 mm) for installation of thermometer sockets.  Ensure sockets allow
clearance from insulation.

D. Install thermometers in air duct systems on flanges.
E. Install thermometer sockets adjacent to controls system thermostat, transmitter, or sensor

sockets.  Refer to Section 230943. Where thermometers are provided on local panels, duct or
pipe mounted thermometers are not required.

F. Locate duct mounted thermometers minimum 10 feet (3 m) downstream of mixing dampers,
coils, or other devices causing air turbulence.

G. Provide instruments with scale ranges selected according to service with largest appropriate
scale.

END OF SECTION
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SECTION 230523
GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Angle valves.
B. Globe valves.
C. Ball valves.
D. Butterfly valves.
E. Check valves.

1.02 REFERENCE STANDARDS
A. ASME B1.20.1 - Pipe Threads, General Purpose, Inch; 2013 (Reaffirmed 2018).
B. ASME B16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch

Standard; 2020.
C. ASME B31.9 - Building Services Piping; 2020.
D. ASTM A126 - Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe

Fittings; 2004 (Reapproved 2023).
E. ASTM B62 - Standard Specification for Composition Bronze or Ounce Metal Castings; 2017.
F. MSS SP-71 - Gray Iron Swing Check Valves, Flanged and Threaded Ends; 2018.
G. MSS SP-72 - Ball Valves with Flanged or Butt-Welding Ends for General Service; 2010a.
H. MSS SP-80 - Bronze Gate, Globe, Angle, and Check Valves; 2019.

1.03 SUBMITTALS
A. See Section 013000 - 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. Warranty:  Submit manufacturer warranty and ensure that forms have been completed in

Owner's name and registered with manufacturer.
D. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating

instructions, maintenance and repair data, and parts listings.
1.04 QUALITY ASSURANCE

A. Manufacturer:
1. Obtain valves for each valve type from single manufacturer.

1.05 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. Secure check valves in either the closed position or open position.

B. 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 in dry environment.
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PART 2  PRODUCTS
2.01 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. Throttling (Hydronic):  Butterfly, Ball, Globe, and Angle.
2. Isolation (Shutoff):  Butterfly, Gate, Ball, and Plug.

D. Required Valve End Connections for Non-Wafer Types:
1. Steel Pipe:

a. Size 2 inch (50 mm, DN) and Smaller:  Threaded ends.
b. Size 2-1/2 inch (65 mm, DN) and Larger:  Grooved ends.

E. Chilled Water Valves:
1. Size 2 inch (50 mm, DN) and Smaller, Brass and Bronze Valves:

a. Threaded ends.
b. Ball:  Full port, one piece, brass trim.
c. Swing Check:  Bronze disc, Class.
d. Globe:  Bronze disc, Class 125.

F. Heating Hot Water Valves:
1. Size 2 inch (50 mm, DN) and Smaller, Brass and Bronze Valves:

a. Threaded ends.
b. Ball:  Full port, one piece, brass trim.
c. Swing Check:  Bronze disc, Class 125.

2. Size 2-1/2 inch (65 mm, DN) and Larger, Iron Valves:
a. 2-1/2 inch (65 mm, DN) to 4 inch (100 mm, DN):  Threaded ends.
b. Ball:  2-1/2 inch (65 mm, DN) to 10 inch (250 mm, DN), Class 150.
c. Swing Check:  Metal seats, Class 125.
d. Swing Check:  2-1/2 inch (65 mm, DN) to 12 inch (300 mm, DN), lever and spring

closure control, Class 125.
2.02 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. Handwheel:  Valves other than quarter-turn types.
2. Hand Lever:  Quarter-turn valves 6 inch (150 mm, DN) and smaller.

D. Valve-End Connections:
1. Threaded End Valves:  ASME B1.20.1.
2. Pipe Flanges and Flanged Fittings 1/2 inch (15 mm, DN) through 24 inch (600 mm, DN):

 ASME B16.5.
E. General ASME Compliance:

1. Building Services Piping Valves:  ASME B31.9.
2.03 BRONZE, GLOBE VALVES

A. CWP Rating:  Class 125:  200 psi (1,380 kPa):
1. Comply with MSS SP-80, Type 1.
2. Body:  Bronze; ASTM B62, with integral seat and screw in bonnet.
3. Ends:  Threaded or solder joint.
4. Stem and Disc:  Bronze or PTFE.
5. Packing:  Asbestos free.
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6. Handwheel:  Malleable iron.
2.04 IRON, BALL VALVES

A. Split Body, Full Port:
1. Comply with MSS SP-72.
2. CWP Rating:  200 psi (1380 kPa).
3. Body:  ASTM A126, gray iron.
4. Ends:  Flanged.
5. Seats:  PTFE.
6. Stem:  Stainless steel.
7. Ball:  Stainless steel.

2.05 BRONZE, SWING CHECK VALVES
A. Class 125:

1. Pressure and Temperature Rating:  MSS SP-80, Type 3.
2. Design:  Y-pattern, horizontal or vertical flow.
3. WSP Rating:  200 psi (1,380 kPa).
4. Body:  Bronze, ASTM B62.
5. End Connections:  Threaded or soldered.
6. Disc:  Bronze.

2.06 IRON, FLANGED END SWING CHECK VALVES
A. Class 125:

1. 150 psi (1,035 kPa) with metal seats.
2. 200 psi (1,380 kPa) with metal seats and nonmetallic-to-metal seats.

2.07 IRON, SWING CHECK VALVES WITH CLOSURE CONTROL
A. Class 125:

1. Comply with MSS SP-71, Type I.
2. Body Design:  Clear or full waterway.
3. Body Material:  ASTM A126, gray iron with bolted bonnet.
4. Ends:  Flanged.
5. Trim:  Bronze.
6. Gasket:  Asbestos free.
7. Closer Control:  Factory installed, exterior lever, and spring or weight.

PART 3  EXECUTION
3.01 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.

3.02 INSTALLATION
A. Provide unions or flanges with valves to facilitate equipment removal and maintenance while

maintaining system operation and full accessibility for servicing.
B. Provide separate valve support as required and locate valve with stem at or above center of

piping, maintaining unimpeded stem movement.
C. 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.
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3. Orient plate-type and center-guided into horizontal or vertical position, between flanges.
END OF SECTION
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SECTION 230529
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Support and attachment components.
1.02 REFERENCE STANDARDS

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2017.

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.

PART 2  PRODUCTS
2.01 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. Strut Channel or Bracket Material:
2. Accessories:  Provide bracket covers, cable basket clips, cable tray clips, clamps, conduit

clamps, fire-retarding brackets, j-hooks, protectors, and vibration dampeners.
C. Hanger Rods:

1. Threaded zinc-plated steel unless otherwise indicated.
D. Anchors and Fasteners:

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

END OF SECTION
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SECTION 230553
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Nameplates.
B. Tags.
C. Adhesive-backed duct markers.
D. Stencils.
E. Pipe markers.

1.02 REFERENCE STANDARDS
A. ASTM D709 - Standard Specification for Laminated Thermosetting Materials; 2017.

PART 2  PRODUCTS
2.01 IDENTIFICATION APPLICATIONS

A. Air Handling Units:  Nameplates.
B. Ductwork:  Nameplates.
C. Pumps:  Nameplates.
D. Small-sized Equipment:  Tags.
E. Tanks:  Nameplates.

2.02 NAMEPLATES
A. Manufacturers:

1. Advanced Graphic Engraving, LLC :  www.advancedgraphicengraving.com/#sle.
2. Craftmark Pipe Markers :  www.craftmarkid.com/#sle.
3. Seton Identification Products, a Tricor Direct Company :  www.seton.com/#sle.

B. Letter Color:  White.
C. Letter Height:  1/4 inch (6 mm).
D. Background Color:  Black.
E. Plastic:  Comply with ASTM D709.

2.03 STENCILS
A. Stencils:  With clean cut symbols and letters of following size:

1. 3/4 to 1-1/4 inch (20-30 mm) Outside Diameter of Insulation or Pipe:  8 inch (200 mm)
long color field, 1/2 inch (15 mm) high letters.

2. 1-1/2 to 2 inch (40-50 mm) Outside Diameter of Insulation or Pipe:  8 inch (200 mm) long
color field, 3/4 inch (20 mm) high letters.

3. 2-1/2 to 6 inch (65-150 mm) Outside Diameter of Insulation or Pipe:  12 inch (300 mm)
long color field, 1-1/4 inch (30 mm) high letters.

2.04 PIPE MARKERS
A. Manufacturers:

1. Brady Corporation :  www.bradycorp.com/#sle.
2. Craftmark Pipe Markers :  www.craftmarkid.com/#sle.
3. Seton Identification Products, a Tricor Company; ______:  www.seton.com/#sle.

B. Plastic Pipe Markers:  Factory fabricated, flexible, semi- rigid plastic, preformed to fit around
pipe or pipe covering; minimum information indicating flow direction arrow and identification of
fluid being conveyed.
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C. Plastic Tape Pipe Markers:  Flexible, vinyl film tape with pressure-sensitive adhesive backing
and printed markings.

PART 3  EXECUTION
3.01 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.
3.02 INSTALLATION

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

B. Install plastic tape pipe markers complete around pipe in accordance with manufacturer's
instructions.

END OF SECTION
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SECTION 230593
TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Testing, adjustment, and balancing of air systems.
B. Commissioning activities.

1.02 RELATED REQUIREMENTS
A. Section 019113 - General Commissioning Requirements:  Commissioning requirements that

apply to all types of work.
B. Section 230800 - Commissioning of HVAC.

1.03 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; 2024.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Installer Qualifications:  Submit name of adjusting and balancing agency and TAB supervisor

for approval within 30 days after award of Contract.
C. 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, sound level, 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. Discussion of what notations and markings will be made on the duct and piping
drawings during the process.

d. Final test report forms to be used.
e. Procedures for formal deficiency reports, including scope, frequency and distribution.

D. 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 both I-P (inch-pound) and SI (metric) units.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 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.
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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. Certified by one of the following:

a. AABC, Associated Air Balance Council:  www.aabc.com/#sle; upon completion
submit AABC National Performance Guaranty.

b. NEBB, National Environmental Balancing Bureau:  www.nebb.org/#sle.
D. TAB Supervisor and Technician Qualifications:  Certified by same organization as TAB agency.

3.02 AIR SYSTEM PROCEDURE
A. Adjust air handling and distribution systems to provide required or design supply, return, and

exhaust air quantities at site altitude.
B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of

duct.
3.03 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.
E. 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.
3.04 COMMISSIONING

A. See Sections 019113 - General Commissioning Requirements and 230800 for additional
requirements.

B. Perform prerequisites prior to starting commissioning activities.
C. Fill out Prefunctional Checklists for:

1. Air side systems.
2. Water side systems.

D. Furnish to the Commissioning Authority, upon request, any data gathered but not shown in the
final TAB report.

E. Re-check  a random sample equivalent to  percent of the final TAB report data as directed by
Commissioning Authority.
1. Original TAB agency shall execute the re-checks, witnessed by the Commissioning

Authority.  
2. Use the same test instruments as used in the original TAB work.
3. Failure of more than 10 percent of the re-checked items of a given system shall result in

the rejection of the system TAB report; rebalance the system, provide a new system TAB
report, and repeat random re-checks.

4. For purposes of re-check, failure is defined as follows:  
a. Air Flow of Supply and Return:  Deviation of more than 10 percent of instrument

reading.
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b. Temperatures:  Deviation of more than one degree F (0.5 degree C).
c. Air and Water Pressures:  Deviation of more than 10 percent of full scale of test

instrument reading.
d. Sound Pressures:  Deviation of more than 3 decibels, with consideration for

variations in background noise.
5. For purposes of re-check, a whole system is defined as one in which inaccuracies will

have little or no impact on connected systems; for example, the air distribution system
served by one air handler or the hydronic chilled water supply system served by a chiller
or the condenser water system.

F. In the presence of the Commissioning Authority, verify that:
1. Final settings of all valves, splitters, dampers and other adjustment devices have been

permanently marked.
2. The air system is being controlled to the lowest possible static pressure while still meeting

design loads, less diversity; this shall include a review of TAB methods, established
control setpoints, and physical verification of at least one leg from fan to diffuser having all
balancing dampers wide open and that during full cooling of all terminal units taking off
downstream of the static pressure sensor, the terminal unit on the critical leg has its
damper 90 percent or more open.

3. The water system is being controlled to the lowest possible pressure while still meeting
design loads, less diversity; this shall include a review of TAB methods, established
control setpoints, and physical verification of at least one leg from the pump to the coil
having all balancing valves wide open and that during full cooling the cooling coil valve of
that leg is 90 percent or more open.

END OF SECTION
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SECTION 230713
DUCT INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Duct insulation.
B. Jacketing and accessories.

1.02 REFERENCE STANDARDS
A. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by

Means of the Heat Flow Meter Apparatus; 2021.
B. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for

Commercial and Industrial Applications; 2013 (Reapproved 2019).
C. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation;

2014 (Reapproved 2019).
D. ASTM C1423 - Standard Guide for Selecting Jacketing Materials for Thermal Insulation; 2021.
E. ASTM C1775 - Standard Specification for Laminate Protective Jacket and Tape for Use Over

Thermal Insulation for Outdoor Applications; 2022.
F. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;

2023c.
G. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor

Transmission Rate of Materials; 2023.
H. SAE AMS3779 - Tape, Adhesive, Pressure-Sensitive Thermal Radiation Resistant, Aluminum

Coated Glass Cloth; 2016b.
I. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current

Edition, Including All Revisions.
1.03 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for each service, and locations.
1.04 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site in original factory packaging, labelled 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.

1.05 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.

PART 2  PRODUCTS
2.01 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.

2.02 GLASS FIBER, FLEXIBLE
A. Manufacturer:

1. CertainTeed Corporation :  www.certainteed.com/#sle.
2. Johns Manville :  www.jm.com/#sle.
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3. Knauf Insulation:  www.knaufinsulation.com/#sle.
4. Owens Corning Corporation :  www.ocbuildingspec.com/#sle.

B. Insulation:  ASTM C553; flexible, noncombustible blanket.
1. K (Ksi) value:  0.36 at 75 degrees F (0.052 at 24 degrees C), when tested in accordance

with ASTM C518.
2. Maximum Service Temperature:  1,200 degrees F (649 degrees C).
3. Maximum Water Vapor Absorption:  5.0 percent by weight.

C. Vapor Barrier Jacket:
1. Moisture Vapor Permeability:  0.02 perm inch (0.029 ng/(Pa s m)), when tested in

accordance with ASTM E96/E96M.
2. Secure with pressure-sensitive tape.

D. Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure-

sensitive rubber-based adhesive.
2.03 GLASS FIBER, RIGID

A. Manufacturer:
1. CertainTeed Corporation :  www.certainteed.com/#sle.
2. Johns Manville :  www.jm.com/#sle.
3. Knauf Insulation :  www.knaufinsulation.com/#sle.
4. Owens Corning Corporation; 700 Series FIBERGLAS Insulation:

 www.ocbuildingspec.com/#sle.
B. Insulation:  ASTM C612; rigid, noncombustible blanket.

1. K (Ksi) Value:  0.24 at 75 degrees F (0.036 at 24 degrees C), when tested in accordance
with ASTM C518.

2. Maximum Service Temperature:  450 degrees F (232 degrees C).
3. Maximum Water Vapor Absorption:  5.0 percent.
4. Maximum Density:  8.0 pcf (128 kg/cu m).

C. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture Vapor Permeability:  0.02 perm inch (0.029 ng/(Pa s m)), when tested in

accordance with ASTM E96/E96M.
3. Secure with pressure-sensitive tape.

D. Indoor Vapor Barrier Finish:
1. Cloth:  Untreated; 9 oz/sq yd (305 g/sq m) weight, glass fabric.

2.04 JACKETING AND ACCESSORIES
A. Canvas Jacket:  UL listed 6 oz/sq yd (220 g/sq m) plain weave cotton fabric treated with dilute

fire-retardant lagging adhesive.
1. Lagging Adhesive:

a. Compatible with insulation.
B. Aluminum-Foil Laminate Jacket:

1. Factory-applied, pressure sensitive adhesive jacketing on paper release liner.
2. Finish:  Aluminum smooth.
3. Comply with ASTM C1775.

C. Reinforced Tape:
1. FSK tape suitable for sealing seams between insulation, insulated elbows, 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 (0.00 ng/(Pa s m)), when tested in

accordance with ASTM E96/E96M.
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PART 3  EXECUTION
3.01 EXAMINATION

A. Test ductwork for design pressure prior to applying insulation materials.
B. Verify that surfaces are clean, foreign material removed, and dry.

3.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. 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.
C. Ducts Exposed in Mechanical Equipment Rooms or Finished Spaces (below 10 feet above

finished floor) ((below 3 meters above finished floor)):  Finish with canvas jacket sized for finish
painting.

END OF SECTION
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SECTION 230716
HVAC EQUIPMENT INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Equipment insulation.
B. Flexible removable and reusable blanket insulation.
C. Jacketing and accessories.

1.02 REFERENCE STANDARDS
A. 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).

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

C. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular
Thermal Insulation in Sheet and Tubular Form; 2023.

D. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for
Commercial and Industrial Applications; 2013 (Reapproved 2019).

E. ASTM C1423 - Standard Guide for Selecting Jacketing Materials for Thermal Insulation; 2021.
F. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;

2023c.
G. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor

Transmission Rate of Materials; 2023.
H. SAE AMS3779 - Tape, Adhesive, Pressure-Sensitive Thermal Radiation Resistant, Aluminum

Coated Glass Cloth; 2016b.
I. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current

Edition, Including All Revisions.
1.03 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for equipment scheduled.
1.04 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.

1.05 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.

PART 2  PRODUCTS
2.01 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.

2.02 GLASS FIBER, FLEXIBLE
A. Manufacturers:
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1. CertainTeed Corporation :  www.certainteed.com/#sle.
2. Johns Manville Corporation :  www.jm.com/#sle.
3. Owens Corning Corporation :  www.ocbuildingspec.com/#sle.

B. Insulation:  ASTM C553; flexible, noncombustible.
1. K (Ksi) Value:  0.36 at 75 degrees F (0.052 at 24 degrees C), when tested in accordance

with ASTM C177 or ASTM C518.
2. Maximum Service Temperature:  1,000 degrees F (538 degrees C).
3. Maximum Water Vapor Absorption:  5.0 percent by weight.

C. Vapor Barrier Jacket:  Kraft paper reinforced with glass fiber yarn and bonded to aluminized
film.
1. Moisture Vapor Permeability:  0.02 perm inch (0.029 ng/(Pa s m)), when tested in

accordance with ASTM E96/E96M.
2. Secure with self-sealing longitudinal laps and butt strips.

D. Vapor Barrier Lap Adhesive:  Compatible with insulation.
2.03 FLEXIBLE ELASTOMERIC CELLULAR INSULATION

A. 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 (Minus 40 degrees C).
2. Maximum Service Temperature:  220 degrees F (104 degrees C).
3. Connection:  Waterproof vapor barrier adhesive.

B. Elastomeric Foam Adhesive:  Air dried, contact adhesive, compatible with insulation.
2.04 JACKETING AND ACCESSORIES

A. Canvas Jacket:  UL listed 6 oz/sq yd (220 g/sq m) plain weave cotton fabric treated with dilute
fire-retardant lagging adhesive.
1. Lagging Adhesive:  Compatible with insulation.

B. 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 (0.00 ng/(Pa s m)), when tested in

accordance with ASTM E96/E96M.
4. Finish:  Match insulation.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that equipment has been tested before applying insulation materials.
B. Verify that surfaces are clean and dry, with foreign material removed.

3.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Factory Insulated Equipment:  Do not insulate.
C. Apply insulation close to equipment by grooving, scoring, and beveling insulation.  Fasten

insulation to equipment with studs, pins, clips, adhesive, wires, or bands.
D. Fill joints, cracks, seams, and depressions with bedding compound to form smooth surface.  On

cold equipment, use vapor barrier cement.
E. Insulated equipment containing fluids below ambient temperature; insulate entire system.
F. 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.
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G. For hot equipment containing fluids over 140 degrees F (60 degrees C), insulate flanges and
unions with removable sections and jackets.

H. Finish insulation at supports, protrusions, and interruptions.
I. Equipment in Mechanical Equipment Rooms or Finished Spaces:  Finish with canvas jacket

sized for finish painting.
J. Cover glass fiber insulation with metal mesh and finish with heavy coat of insulating cement.
K. Nameplates and ASME Stamps:  Bevel and seal insulation around; do not insulate over.
L. Equipment Requiring Access for Maintenance, Repair, or Cleaning:  Install insulation so it can

be easily removed and replaced without damage.
END OF SECTION
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SECTION 230719
HVAC PIPING INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Piping insulation.
B. Flexible removable and reusable blanket insulation.
C. Jacketing and accessories.

1.02 REFERENCE STANDARDS
A. ASTM B117 - Standard Practice for Operating Salt Spray (Fog) Apparatus; 2019.
B. 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).

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

D. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation; 2022a.
E. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for

Commercial and Industrial Applications; 2013 (Reapproved 2019).
F. ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic

Stainless Steel; 2008 (Reapproved 2023).
G. ASTM D610 - Standard Practice for Evaluating Degree of Rusting on Painted Steel Surfaces;

2008 (Reapproved 2019).
H. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;

2023c.
I. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor

Transmission Rate of Materials; 2023.
J. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current

Edition, Including All Revisions.
1.03 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for each service, and locations.
1.04 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site, labeled with manufacturer's identification, product density, and
thickness.

1.05 FIELD CONDITIONS
A. Maintain ambient conditions required by manufacturers of each product.
B. Maintain temperature before, during, and after installation for minimum of 24 hours.

PART 2  PRODUCTS
2.01 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.

2.02 GLASS FIBER, FLEXIBLE
A. Manufacturers:
B. Insulation:  ASTM C553; flexible, noncombustible blanket.
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1. K (Ksi) Value:  0.36 at 75 degrees F (0.052 at 24 degrees C), when tested in accordance
with ASTM C518.

2. Maximum Service Temperature:  1,200 degrees F (649 degrees C).
3. Maximum Water Vapor Absorption:  5.0 percent by weight.

C. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture Vapor Permeability:  0.02 perm inch (0.029 ng/(Pa s m)), when tested in

accordance with ASTM E96/E96M.
3. Secure with pressure-sensitive tape.

2.03 GLASS FIBER, RIGID
A. 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.
B. Insulation:  ASTM C547 and ASTM C795; rigid molded, noncombustible.

1. K (Ksi) Value:  ASTM C177, 0.24 at 75 degrees F (0.035 at 24 degrees C).
2. Maximum Service Temperature:  850 degrees F (454 degrees C).
3. Maximum Moisture Absorption:  0.2 percent by volume.

2.04 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 (minus 18 degrees C).
b. Maximum Service Temperature:  150 degrees F (66 degrees C).
c. Moisture Vapor Permeability:  0.002 perm inch (0.0029 ng/(Pa s m)), maximum, when

tested in accordance with ASTM E96/E96M.
d. Thickness:  10 mil, 0.010 inch (0.25 mm).
e. Connections:  Brush on welding adhesive.

2. Covering Adhesive Mastic:  Compatible with insulation.
B. Canvas Jacket:  UL listed 6 oz/sq yd (220 g/sq m) plain weave cotton fabric treated with dilute

fire-retardant lagging adhesive.
1. Lagging Adhesive:  Compatible with insulation.

2.05 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
3.01 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.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Exposed Piping:  Locate insulation and cover seams in least visible locations.
C. Insulated Pipes Conveying Fluids Below Ambient Temperature:

1. Insulate entire system, including fittings, valves, unions, flanges, strainers, flexible
connections, pump bodies, and expansion joints.

D. 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.

E. For hot piping conveying fluids over 140 degrees F (60 degrees C), insulate flanges and unions
at equipment.

F. Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 10 feet (3
meters) above finished floor):  Finish with canvas jacket sized for finish painting.

G. 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.

END OF SECTION
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SECTION 232113
HYDRONIC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Hydronic system requirements.
B. Heating water piping, above grade.
C. Heating water and glycol piping, above grade.
D. Chilled water piping, above grade.
E. Equipment drains and overflows.
F. Pipe hangers and supports.
G. Unions, flanges, mechanical couplings, and dielectric connections.
H. Valves:

1.02 RELATED REQUIREMENTS
A. Section 232500 - HVAC Water Treatment:  Pipe cleaning.

1.03 REFERENCE STANDARDS
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; 2023.

B. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300; 2021.
C. 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.
E. ASME B31.9 - Building Services Piping; 2020.
F. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,

Welded and Seamless; 2022.
G. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and

Alloy Steel for Moderate and High Temperature Service; 2023a.
H. ASTM B32 - Standard Specification for Solder Metal; 2020.
I. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2022.
J. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2020.
K. ASTM D1785 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules

40, 80, and 120; 2021a.
L. ASTM D2241 - Standard Specification for Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe

(SDR Series); 2020.
M. ASTM D2466 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings,

Schedule 40; 2023.
N. ASTM D2467 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings,

Schedule 80; 2020.
O. 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.

P. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers; 2024.
Q. ASTM F1476 - Standard Specification for Performance of Gasketed Mechanical Couplings for

Use in Piping Applications; 2007 (Reapproved 2019).
R. AWS D1.1/D1.1M - Structural Welding Code - Steel; 2020, with Errata (2023).
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S. AWWA C606 - Grooved and Shouldered Joints; 2022.
T. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,

Application, and Installation; 2018, with Amendment (2019).
1.04 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting:  Conduct a preinstallation meeting one week prior to the start of the
work of this section; require attendance by all affected installers.

1.05 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Welders Certificate:  Include welders certification of compliance with ASME BPVC-IX.
C. Product Data:

1. Include data on pipe materials, pipe fittings, valves, and accessories.
2. Provide manufacturers catalog information.
3. Indicate valve data and ratings.

PART 2  PRODUCTS
2.01 HYDRONIC SYSTEM REQUIREMENTS

A. Comply with ASME B31.9 and applicable federal, state, and local regulations.
B. 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. Use rigid joints unless otherwise indicated.
4. Provide pipe hangers and supports in accordance with ASME B31.9 or MSS SP-58 unless

indicated otherwise.
C. 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.

D. 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 (20 mm)
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 throttling and isolation service in chilled and condenser water systems, use only

butterfly valves.
4. In heating water, chilled water, or condenser water systems, butterfly valves may be used

interchangeably with gate and globe valves.
5. For shut-off and to isolate parts of systems or vertical risers, use gate, ball, or butterfly

valves.
2.02 HEATING WATER PIPING, ABOVE GRADE

A. 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 D1.1/D1.1M

welded.
2. Threaded Joints:  ASME B16.3, malleable iron fittings.

2.03 CHILLED WATER PIPING, ABOVE GRADE
A. Steel Pipe:  ASTM A53/A53M, Schedule 40, black; using one of the following joint types:
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1. Welded Joints:  ASTM A234/A234M, wrought steel welding type fittings; AWS D1.1/D1.1M
welded.

2. Threaded Joints:  ASME B16.3, malleable iron fittings.
3. Grooved Joints:  AWWA C606 grooved pipe, fittings of same material, and mechanical

couplings.
2.04 EQUIPMENT DRAINS AND OVERFLOWS

A. Steel Pipe:  ASTM A53/A53M, Schedule 40 galvanized; using one of the following joint types:
1. Threaded Joints:  Galvanized cast iron, or ASME B16.3 malleable iron fittings.

B. Copper Tube:  ASTM B88 (ASTM B88M), Type K (A), 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; ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
C. PVC Pipe:  ASTM D1785, Schedule 40, or ASTM D2241, SDR 21 or 26.

1. Fittings:  ASTM D2466 or D2467, PVC.
2. Joints:  Solvent welded in accordance with ASTM D2855.

2.05 PIPE HANGERS AND SUPPORTS
A. Provide hangers and supports that comply with MSS SP-58.

1. 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 Inches (13 to 38 mm):  Malleable iron, adjustable
swivel, split ring.

3. Hangers for Cold Pipe Sizes 2 Inches (50 mm) and Greater:  Carbon steel, adjustable,
clevis.

4. Hangers for Hot Pipe Sizes 2 to 4 Inches (50 to 100 mm):  Carbon steel, adjustable,
clevis.

5. Vertical Support:  Steel riser clamp.
6. Floor Support for Cold Pipe:  Cast iron adjustable pipe saddle, lock nut, nipple, floor

flange, and concrete pier or steel support.
7. Floor Support for Hot Pipe Sizes to 4 Inches (100 mm):  Cast iron adjustable pipe saddle,

lock nut, nipple, floor flange, and concrete pier or steel support.
8. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated.
9. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded.
10. 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.

B. 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.

2.06 UNIONS, FLANGES, MECHANICAL COUPLINGS, AND DIELECTRIC CONNECTIONS
A. Unions for Pipe of 2 Inches (50 mm, DN) and Less:

1. Ferrous Piping:  150 psi (1034 kPa) brass or malleable iron, threaded.
2. Copper Pipe:  Bronze, soldered joints.

B. Flanges for Pipe 2 Inches (50 mm, DN) and Greater:
1. Ferrous Piping:  150 psig (1034 kPa) forged steel, slip-on.
2. Copper Piping:  Bronze.
3. Gaskets:  1/16 inch (1.6 mm) thick, preformed neoprene.

C. 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.
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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.

PART 3  EXECUTION
3.01 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Prepare pipe for grooved mechanical joints as required by coupling manufacturer.
C. Remove scale and dirt on inside and outside before assembly.
D. Prepare piping connections to equipment using jointing system specified.
E. 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 232500 for additional

requirements.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Install heating water, glycol, chilled water, condenser water, and engine exhaust piping to

ASME B31.9 requirements.
C. PVC Pipe:  Make solvent-welded joints in accordance with ASTM D2855.
D. Route piping in orderly manner, parallel to building structure, and maintain gradient.
E. Install piping to conserve building space and to avoid interference with use of space.
F. Group piping whenever practical at common elevations.
G. Sleeve pipe passing through partitions, walls, and floors.
H. Install firestopping to preserve fire resistance rating of partitions and other elements, using

materials and methods specified .
I. Slope piping and arrange to drain at low points.
J. 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 (13 mm) space between finished covering

and adjacent work.
3. Place hangers within 12 inches (300 mm) of each horizontal elbow.
4. Use hangers with 1-1/2 inches (38 mm) minimum vertical adjustment.  Design hangers for

pipe movement without disengagement of supported pipe.
5. Where several pipes can be installed in parallel and at same elevation, provide multiple or

trapeze hangers.
6. Provide copper plated hangers and supports for copper piping.

K. Use eccentric reducers to maintain top of pipe level.
L. Install valves with stems upright or horizontal, not inverted.

3.03 SCHEDULES
A. Hanger Spacing for Steel Piping.

1. 1/2 Inch (15 mm), 3/4 Inch (20 mm), and 1 Inch (25 mm):  Maximum span, 7 feet (2100
mm); minimum rod size, 1/4 inch (6 mm).

2. 1-1/4 Inches (32 mm):  Maximum span, 8 feet (2400 mm); minimum rod size, 3/8 inch (9
mm).

3. 1-1/2 Inches (40 mm):  Maximum span, 9 feet (2700 mm); minimum rod size, 3/8 inch (9
mm).

4. 2 Inches (50 mm):  Maximum span, 10 feet (3.0 m); minimum rod size, 3/8 inch (9 mm).
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5. 2-1/2 Inches (65 mm):  Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch (9
mm).

6. 3 Inches (80 mm):  Maximum span, 12 feet (3.6 m); minimum rod size, 3/8 inch (9 mm).
7. 4 Inches (100 mm):  Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 mm).

END OF SECTION
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SECTION 232114
HYDRONIC SPECIALTIES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Expansion tanks.
B. Air vents.
C. Air separators.
D. Hydraulic separators.
E. Strainers.
F. Suction diffusers.
G. Pump connectors.
H. Pressure-temperature test plugs.
I. Relief valves.

1.02 REFERENCE STANDARDS
A. ASME BPVC-VIII-1 - Boiler and Pressure Vessel Code, Section VIII, Division 1: Rules for

Construction of Pressure Vessels; 2023.
1.03 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. 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.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.
B. Provide temporary protective coating on cast iron and steel valves.
C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until

installation.
D. 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
2.01 EXPANSION TANKS

A. Manufacturers:
1. Amtrol Inc:  www.amtrol.com/#sle.
2. Bell & Gossett, a brand of Xylem, Inc:  www.bellgossett.com/#sle.
3. Taco, Inc:  www.taco-hvac.com/#sle.

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 (80 kPa), and steel support stand.

C. Automatic Cold Water Fill Assembly:  Pressure reducing valve, reduced pressure double check
backflow preventer, test cocks, strainer, vacuum breaker, and valved by-pass.

2.02 AIR VENTS
A. Manufacturers:

1. Armstrong International, Inc:  www.armstronginternational.com/#sle.
2. Bell & Gossett, a brand of Xylem, Inc:  www.bellgossett.com/#sle.
3. Taco, Inc:  www.taco-hvac.com/#sle.
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B. Manual Air Vent:  Short vertical sections of 2-inch (50 mm, DN) diameter pipe to form air
chamber, with 1/8 inch (6 mm, DN) brass needle valve at top of chamber.

C. Float Air Vent:
1. Brass or semi-steel body, copper, polypropylene, or solid non-metallic float, stainless steel

valve and valve seat; suitable for system operating temperature and pressure; with
isolating valve.

D. Maximum Fluid Pressure:  150 psi (1,034 kPa).
E. Maximum Fluid Temperature:  250 degrees F (121.1 degrees C).

2.03 AIR SEPARATORS
A. Centrifugal Air Separators/Strainers:

1. Manufacturers:
a. Armstrong International, Inc:  www.armstronginternational.com/#sle.
b. Bell & Gossett, a brand of Xylem, Inc:  www.bellgossett.com/#sle.
c. Taco, Inc:  www.taco-hvac.com/#sle.

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 (60.6 Lpm) at 125 psi (860 kPa).
2.04 HYDRAULIC SEPARATORS

A. Hydraulic Separator/Buffer Tank:
1. Carbon-steel based, primer-base coated vertical-mounted buffer tank with flanged inlet-

outlet pipe connections, and ASME BPVC-VIII-1 tested and stamped for maximum
allowed operating pressure of 150 psi (1,034 kPa).

2. Flow Rate Capacity and Pipe Connections:  40 gpm (151.4 Lpm) and 2 inch (50 mm, DN).
3. Threaded Connections:  Aquastat, drain, and air vent.  Provide aquastat, ball type drain

valve, and air vent for field installation.
2.05 STRAINERS

A. Manufacturers:
1. American Wheatley, a company of Global Flow Products, LLC :

 www.wheatleyhvac.com/#sle.
2. Armstrong International, Inc:  www.armstronginternational.com/#sle.
3. Grinnell Products :  www.grinnell.com/#sle.
4. Nexus Valve, Inc:  www.nexusvalve.com/#sle.
5. The Metraflex Company; LPD Y Strainer:  www.metraflex.com/#sle.

B. Size 2 inch (50 mm, DN) and Under:
1. Provide threaded, grooved, or sweat brass or iron body for up to 175 psi (1,200 kPa)

working pressure, Y-pattern strainer with 1/32 inch (0.8 mm) stainless steel perforated
screen.

C. Size 2-1/2 inch (65 mm, DN) to 4 inch (100 mm, DN):
1. Provide flanged or grooved iron body for up to 175 psi (1,200 kPa) working pressure, up to

250 degrees F (121.1 degrees C) working temperature, Y-pattern strainer with 1/16 inch
(1.6 mm) or 3/64 inch (1.2 mm) stainless steel perforated screen.

2.06 SUCTION DIFFUSERS
A. Fitting:  Angle pattern, cast-iron body, threaded for 2 inch (50 mm) and smaller, flanged for 2-

1/2 inch (65 mm, DN) and larger, rated for 175 psi (1200 kPa) working pressure, with inlet
vanes, cylinder strainer with 3/16 inch (5 mm) diameter openings, disposable 5/32 inch (4 mm)
mesh strainer to fit over cylinder strainer, 20 mesh startup screen, and permanent magnet
located in flow stream and removable for cleaning.

B. Class 125:



Florence Recreation Center  232114 - 3  Hydronic Specialties 

1. Horizontally or vertically mounted angle-pattern fitting with integral-cast vanes, fine particle
mesh screen and magnetic drain plugs for particle removal without disassembly.

2. Maximum Operating Service:  175 psi (1,200 kPa) and 300 degrees F (148.9 degrees C).
3. Sizes, Material, and Connection:

2.07 PUMP CONNECTORS
A. Flexible Connectors:  Flanged, braided type with wetted components of stainless steel, sized to

match piping.
1. Maximum Operating Service:  150 psi (1030 kPa) at 120 degrees F (49 degrees C).
2. Accommodate the Following:

a. Angular Rotation:  15 degrees.
b. Force developed by 1.5 times specified maximum allowable operating pressure.

3. End Connections:  Same as specified for pipe jointing.
4. Provide necessary accessories including, but not limited to, swivel joints.

2.08 PRESSURE-TEMPERATURE TEST PLUGS
A. Construction:  Brass body designed to receive temperature or pressure probe with removable

protective cap, and Neoprene rated for minimum 200 degrees F (93 degrees C).
B. Application:  Use extended length plugs to clear insulated piping.

2.09 RELIEF VALVES
A. Bronze body, teflon seat, stainless steel stem and springs, automatic, direct pressure actuated,

capacities ASME certified and labelled.
B. Steam Relief at Maximum Vessel Pressure:  30 psi (206.8 kPa).

PART 3  EXECUTION
3.01 INSTALLATION

A. Install specialties in accordance with manufacturer's instructions.
B. Provide manual air vents at system high points and as indicated.
C. Provide air separator on suction side of system circulation pump and connect to expansion

tank.
D. Provide valved drain and hose connection on strainer blowdown connection.
E. Provide relief valves on pressure tanks, low-pressure side of reducing valves, heat exchangers,

and expansion tanks.
F. 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.
G. Pipe relief valve outlet to nearest floor drain.

END OF SECTION
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SECTION 233100
HVAC DUCTS AND CASINGS

PART 2  PRODUCTS
1.01 GENERAL REQUIREMENTS

A. Provide UL Class 1 ductwork, fittings, hangers, supports, and appurtenances in accordance
with NFPA 90A and SMACNA (DCS) guidelines unless stated otherwise.

B. Provide metal duct unless otherwise indicated. Fibrous glass duct can be substituted at the
Contractor's option.

C. Acoustical Treatment:  Provide sound-absorbing liners and sectional silencers for metal-based
ducts in compliance with Section 233319.

D. Duct Shape and Material in accordance with Allowed Static Pressure Range:
E. Duct Sealing and Leakage in accordance with Static Pressure Class:
F. Duct Fabrication Requirements:

1. Duct and Fitting Fabrication and Support:  SMACNA (DCS) including specifics for
continuously welded round and oval duct fittings.

2. Use reinforced and sealed sheet-metal materials at recommended gauges for indicated
operating pressures or pressure class.

3. Construct tees, bends, and elbows with radius of not less than 1-1/2 times width of duct on
centerline. Where not possible and where rectangular elbows must be used, provide airfoil
turning vanes of perforated metal with glass fiber insulation.

4. Provide turning vanes of perforated metal with glass fiber insulation when acoustical lining
is indicated.

5. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible;
maximum 30 degrees divergence upstream of equipment and 45 degrees convergence
downstream.

6. Provide turning vanes of perforated metal with glass fiber insulation when an acoustical
lining is required.

7. Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver
frame, provide blank-out panels sealing louver area around duct. Use same material as
duct, painted black on exterior side; seal to louver frame and duct.

1.02 METAL DUCTS
A. Material Requirements:

1. Galvanized Steel:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B,
with G60/Z180 coating.

END OF SECTION



Florence Recreation Center  233300 - 1  Air Duct Accessories 

SECTION 233300
AIR DUCT ACCESSORIES

END OF SECTION
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SECTION 235216
CONDENSING BOILERS

PART 1  GENERAL
1.01 REFERENCE STANDARDS

A. AHRI Directory of Certified Product Performance - Air-Conditioning, Heating, and Refrigeration
Institute (AHRI); Current Edition.

B. ANSI Z21.13 - American National Standard for Gas-Fired Low-Pressure Steam and Hot Water
Boilers; 2022.

C. 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.

D. ASME BPVC-IV - Boiler and Pressure Vessel Code, Section IV - Rules for Construction of
Heating Boilers; 2023.

E. NBBI Manufacturer and Repair Directory - The National Board of Boiler and Pressure Vessel
Inspectors (NBBI); Current Edition.

F. SCAQMD 1146.1 - Emissions of Oxides of Nitrogen from Small Industrial, Institutional, and
Commercial Boilers, Steam Generators, and Process Heaters; 1990, with Amendment (2018).

1.02 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittals procedures.
B. Product Data:  Provide data indicating general assembly, components, controls, safety controls,

and wiring diagrams with electrical characteristics and connection requirements, and service
connections.

C. Manufacturer's Installation Instructions:  Indicate assembly, support details, connection
requirements, and include start up instructions.

PART 2  PRODUCTS
2.01 MANUFACTURED UNITS

A. Factory assembled, factory fire-tested, self-contained, readily transported unit ready for
automatic operation except for connection of  water,  fuel, electrical, and vent services.

B. 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.

2.02 BOILER CONSTRUCTION
A. Comply with the minimum requirements of ASME BPVC-IV and ANSI Z21.13 for construction of

boilers.
B. Assembly to bear the ASME "H" stamp and comply with the efficiency requirements of the

latest edition of ASHRAE Std 90.1 I-P.
C. 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.

D. Heat Exchanger:  Construct with materials that are impervious to corrosion where subject to
contact with corrosive condensables.

E. Provide adequate tappings, observation ports, removable panels, and access doors for entry,
cleaning, and inspection.

F. Insulate casing with insulation material, protected and covered by heavy-gauge metal jacket.
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G. Factory apply boiler base and other components, that are subject to corrosion, with durable,
acrylic, powder coated, painted, or weather-proofed finish.

2.03 BOILER TRIM
A. ASME rated pressure relief valve.
B. Flow switch.
C. 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.
D. Temperature and pressure gauge.
E. Pressure Switches:

1. High gas pressure.
2. Low gas pressure.
3. Air pressure.

F. Manual reset high limit.
G. Boiler Pump (where required by boiler design):

1. Primary pump, factory supplied and sized for field installation to ensure minimum,
continuous circulation through boiler.

2. Where pump is not provided by boiler manufacturer, provide pump in accordance with
boiler manufacturer's recommendations.

3. Pump time delay.
2.04 FUEL BURNING SYSTEM

A. Provide forced draft automatic burner or pulse combustion, integral to boiler, designed to burn
natural gas, propane, and No. 2 fuel oil, 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. Pulse Combustion Design:  Self-aspirating, not requiring blower for combustion.
4. Combustion Air Filter:  Protects fuel burning system from debris.

B. Gas Train:  Plug valve, safety gas valve, gas-air ratio control valve, and pressure regulator
controls air and gas mixture.

C. Emission of Oxides of Nitrogen Requirements:  Comply with SCAQMD 1146.1 for natural gas
fired system, as applicable.

D. Intakes:  Combustion air intake capable of accepting free mechanical room air or direct outside
air through a sealed intake pipe.

2.05 FACTORY INSTALLED CONTROLS
A. Option for internal or external (0-10) VDC control.
B. 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.
C. Electronic PI setpoint/modulation control system.
D. Microprocessor-based, fuel/air mixing controls.

END OF SECTION
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SECTION 236423
SCROLL WATER CHILLERS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Air-cooled scroll water chillers.
1.02 RELATED REQUIREMENTS

A. Section 033000 - Cast-in-Place Concrete:  Concrete housekeeping pads.
B. Section 232113 - Hydronic Piping.
C. Section 232114 - Hydronic Specialties.
D. Section 260583 - Wiring Connections.

1.03 ADMINISTRATIVE REQUIREMENTS
A. Coordination:  Coordinate physical size, weight and location of major pieces of equipment to be

installed. Notify Architect of any major deviations from the equipment originally specified prior to
ordering equipment.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide rated capacities, weights, specialties and accessories, electrical

requirements and wiring diagrams.
C. Shop Drawings:  Indicate components, assembly, dimensions, weights and loadings, required

clearances, and location and size of field connections. Indicate equipment, piping and
connections, valves, strainers, and thermostatic valves required for complete system.

D. Manufacturer's Instructions:  Submit manufacturer's complete installation instructions.
E. Warranty:  Submit manufacturer's warranty and ensure forms have been filled out in Owner's

name and registered with manufacturer.
1.05 WARRANTY

A. See Section 017800 - Closeout Submittals for additional warranty requirements.
B. Manufacturer's Warranty:  Provide minimum five year warranty to include coverage for

materials and labor for compressor.
PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Trane Technologies, PLC :  www.trane.com/#sle.
B. Substitutions:  See Section 016000 - Product Requirements.

1. The chilled water system has been designed based on specific capacities, features,
options, and characteristics of equipment scheduled on the drawings and specified in this
section and other sections.

2. When substitution of a different manufacturer or model number is desired, submit
sufficient information to demonstrate to Architect that the substitute will have the same or
better performance as that specified AND that the related equipment in the system will
perform acceptably with the substitute.

3. If the related equipment must be modified to perform acceptably with the substitute, the
entity proposing the substitution is responsible for all additional costs due to re-design and
provision of different related equipment.

2.02 SCROLL-WATER CHILLER PERFORMANCE REQUIREMENTS
A. Packaged Water-Cooled Chiller, CH-1:

1. Evaporator:
a. Fouling Factor:  0.00010 sq ft-hr-degrees F/Btu (0.000018 sq m-hr-degrees C/W).
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2. Packaged Water-Cooled Condenser:
a. Fouling Factor:  0.00025 sq ft-hr-degrees F/Btu (0.000044 sq m-hr-degrees C/W).

PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Align chiller package on steel or concrete foundations.
C. Install units on vibration isolators.
D. Connect to electrical service.
E. Connect to chilled water piping.
F. Arrange piping for easy dismantling to permit tube cleaning and removal.

3.02 CLOSEOUT ACTIVITIES
A. See Section 017800 - Closeout Submittals for closeout submittals.
B. See Section 017900 - Demonstration and Training for additional requirements.
C. Demonstrate proper operation of equipment to Owner's designated representative.
D. 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.
END OF SECTION
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SECTION 237313
MODULAR INDOOR CENTRAL-STATION AIR-HANDLING UNITS

PART 1  GENERAL
1.01 RELATED REQUIREMENTS

A. Section 233413 - Axial HVAC Fans.
1.02 REFERENCE STANDARDS

A. ABMA STD 9 - Load Ratings and Fatigue Life for Ball Bearings; 2015 (Reaffirmed 2020).
B. AHRI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils; 2001, with Addenda (2011).
C. AMCA (DIR) - (Directory of) Products Licensed Under AMCA International Certified Ratings

Program; 2015.
D. AMCA 99 - Standards Handbook; 2016.
E. AMCA 210 - Laboratory Methods of Testing Fans for Certified Aerodynamic Performance

Rating; 2016, with Errata (2018).
F. AMCA 300 - Reverberation Room Methods of Sound Testing of Fans; 2024.
G. AMCA 301 - Methods for Calculating Fan Sound Ratings from Laboratory Test Data; 2022.
H. AMCA 500-D - Laboratory Methods of Testing Dampers for Rating; 2018.
I. AMCA 500-L - Laboratory Methods of Testing Louvers for Rating; 2023.
J. ASHRAE Std 62.1 - Ventilation for Acceptable Indoor Air Quality; Most Recent Edition Adopted

by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements.
K. 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.

L. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.
M. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

1.03 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:

1. Published Literature:  Indicate dimensions, weights, capacities, ratings, gauges and
finishes of materials, and electrical characteristics and connection requirements.

2. Filters:  Data for filter media, filter performance data, filter assembly, and filter frames.
3. Fans:  Performance and fan curves with specified operating point clearly plotted, power,

RPM.
4. Sound Power Level Data:  Fan outlet and casing radiation at rated capacity.
5. Electrical Requirements:  Power supply wiring including wiring diagrams for interlock and

control wiring, clearly indicating factory-installed and field-installed wiring.
PART 2  PRODUCTS
2.01 CASING CONSTRUCTION

A. Full Perimeter Base Rail:
1. Construct of galvanized steel.
2. Provide base rail of sufficient height to raise unit for external trapping of condensate drain

pans.
B. Casing:

1. Construct of one piece, insulated, double wall panels.
2. Provide mid-span, no through metal, internal thermal break.
3. Construct outer panels of galvanized steel and inner panels of galvanized steel.
4. Casing Air Pressure Performance Requirements:
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a. Able to withstand up to 8 in-wc (2 kPa) positive or negative static pressure.
b. Not to exceed 0.0042 inches per inch (0.000165 mm per mm) deflection at 1.5 times

design static pressure up to a maximum of plus 8 in-wc (2 kPa) in positive pressure
sections and minus 8 in-wc (2 kPa) in negative pressure sections.

C. Access Doors:
1. Construction, thermal and air pressure performance same as casing.
2. Provide surface mounted handles on hinged, swing doors.

D. Outside Air and Exhaust Air Weather Hood:
1. Fabricate from same material as casing outer panel.
2. Extend hood past perimeter of unit casing opening so as not to instruct airflow path.
3. Paint hoods with same finish as external surface of outdoor units.
4. Provide inlet hood for each fresh air damper with a sine wave moisture eliminator to

prevent entrainment of water into the unit from outside air.
5. Provide exhaust hoods for each exhaust air opening.
6. Size each hood for 100 percent of nominal fresh air damper capacities.
7. Protect each hood with bird screen to prevent nesting at intake or exhaust airflow paths.

E. Unit Flooring:  Construct with sufficient strength to support expected people and equipment
loads associated with maintenance activities.

F. Casing Leakage:  Seal joints and provide airtight access doors so that air leakage does not
exceed one percent of design flow at the specified casing pressure.

G. Insulation:
1. Provide minimum thermal thickness of 12 R (2.29 RSI) throughout.
2. Completely fill panel cavities in each direction to prevent voids and settling.
3. Comply with NFPA 90A.

H. Drain Pan Construction:
1. Provide cooling coil and humidifier sections with an insulated, double wall, galvanized

steel drain pan complying with ASHRAE Std 62.1 for indoor air quality and sufficiently
sized to collect all condensate.

2. Slope in two planes to promote positive drainage and eliminate stagnate water conditions.
3. Locate outlet of sufficient diameter at lowest point of pan to prevent overflow at normal

operating conditions.
4. Provide threaded drain connections constructed of drain pan material, extended sufficient

distance beyond the base to accommodate field installed, condensate drain trapping.
I. Louvers:  Stationary, of galvanized steel, 4 inches (100 mm) deep with plenum, nylon bearings,

1/2-inch (13 mm) mesh, 0.04-inch (1.0 mm) galvanized wire bird screen in aluminum frame,
and bearing AMCA Certified Ratings Seal in accordance with AMCA 500-L.  Furnish adjustable
louvers with hollow vinyl bulb edging on blades and foam side stops to limit leakage to
maximum 2 percent at 4 in-wc (1 kPa) differential pressure when sized for 2000 fpm (10 m/s)
face velocity.

J. Finish:
2.02 FAN SECTION

A. Type:  Forward curved, single width, single inlet, centrifugal plug fan, in accordance with AMCA
99. See Section 233413

B. Performance Ratings:  Determined in accordance with AMCA 210 and labeled with AMCA
Certified Rating Seal.

C. Sound Ratings:  AMCA 301; tested to AMCA 300 and label with AMCA Certified Sound Rating
Seal.

D. Bearings:  Self-aligning, grease lubricated, with lubrication fittings extended to exterior of casing
with plastic tube and grease fitting rigidly attached to casing.
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E. External Motor Junction Box:  Factory mount NEMA 4 external junction box and connect to
extended motor leads from internally mounted motors.

F. Motor Wiring Conduit:  Factory wire fan motor wiring to the unit mounted starter-disconnect,
variable frequency drive, and external motor junction box.

G. Fan Accessories:
H. Flexible Duct Connections:

1. For separating fan, coil, and adjacent sections.
I. Drives:

1. Comply with AMCA 99.
2. Bearings:  Heavy duty pillow block type, ball bearings, with ABMA STD 9 L-10 life at

50,000 hours.
3. Shafts:  Solid, hot rolled steel, ground and polished, with key-way, and protectively coated

with lubricating oil.
4. V-Belt Drive:  Cast iron or steel sheaves, dynamically balanced, bored to fit shafts, and

keyed.  Variable and adjustable pitch sheaves for motors 15 hp (11.2 kW) and under
selected so required rpm is obtained with sheaves set at mid-position; fixed sheave for 20
hp (15 kW) and over, matched belts, and drive rated as recommended by manufacturer or
minimum 1.5 times nameplate rating of the motor.

5. Belt Guard:  Fabricate to SMACNA (DCS); 0.106 inch (2.6 mm) thick, 3/4 inch (20 mm)
diamond mesh wire screen welded to steel angle frame or equivalent, prime coated.
 Secure to fan or fan supports without short circuiting vibration isolation, with provision for
adjustment of belt tension, lubrication, and use of tachometer with guard in place.

2.03 COIL SECTION
A. Casing:  Provide access to both sides of coils.  Enclose coils with headers and return bends

exposed outside casing.  Slide coils into casing through removable end panel with blank off
sheets and sealing collars at connection penetrations.

B. Drain Pans:  24 inch (600 mm) downstream of coil and down spouts for cooling coil banks more
than one coil high.

C. Eliminators:  Three break of galvanized steel, mounted over drain pan.
D. Air Coils:

1. Certify capacities, pressure drops, and selection procedures in accordance with AHRI
410.

E. Fabrication:
1. Tubes:  5/8 inch (16 mm) OD seamless copper expanded into fins, brazed joints.
2. Fins:  Aluminum.
3. Casing:  Die formed channel frame of galvanized steel.

2.04 FILTER AND AIR CLEANER SECTION
A. General: Provide filter sections with filter racks, minimum of one access door for filter removal,

and filter block-offs to prevent air bypass.
B. Differential Pressure Gauge:

1. Provide factory installed dial type differential pressure gauge, flush mounted with casing
outer wall, and fully piped to both sides of each filter to indicate status.

2. Maintain plus/minus 5 percent accuracy within operating limits of 20 degrees F (minus 6.7
degrees C) to 120 degrees F (48.9 degrees C).

2.05 DAMPER SECTION
A. Mixing Section:  Provide a functional section to support the damper assembly for modulating

the volume of outdoor, return, and exhaust air.
B. Damper Blades:



Florence Recreation Center  237313 - 4  Modular Indoor Central-Station Air-
Handling Units 

1. Double-skin airfoil design with metal, compressible jamb seals and extruded-vinyl blade-
edge seals on each blade.

2. Self-lubricating stainless steel or synthetic sleeve bearings.
3. Comply with ASHRAE Std 90.1 I-P for rated maximum leakage rate.
4. Provide leakage testing and pressure ratings in compliance with AMCA 500-D test

methods.
5. Arrange in parallel or opposed-blade configuration.

C. Barometric Relief Dampers:
1. Frame:  Roll formed galvanized steel.
2. Blades:  Roll formed galvanized steel.
3. Blade Seals:  Extruded vinyl, mechanically attached to the blade edge.
4. Material:

PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Bolt sections together with gaskets.
C. Make connections to coils with unions or flanges.

3.02 SYSTEM STARTUP
A. Prepare and start equipment and systems in accordance with manufacturers' instructions and

recommendations.
B. Adjust for proper operation within manufacturer's published tolerances.

3.03 CLOSEOUT ACTIVITIES
A. See Section 017800 - Closeout Submittals for closeout submittals.

END OF SECTION
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SECTION 260000
BASIC ELECTRICAL REQUIREMENTS

PART 1   GENERAL
1.01 RELATED REQUIREMENTS

A. The General Provisions, Supplemental General Provisions, Special Provisions, Division 1
Specification Sections and all relevant documents shall form a part of this Division of the
Specifications and shall be incorporated in this Section and each Division 26 Section
hereinafter as if repeated verbatim herein.  All conditions imposed by these documents shall be
applicable to all portions of the work under this Division.  Certain specific paragraphs of said
references may be referred to hereinafter in this Division.  These references are intended to
point out specific items to the Contractor, but in no way relieve him of the responsibility of
reading and complying with all relevant parts of the entire Specification.

B. The Contractor shall examine and coordinate with all Contract Drawings and Specifications,
and all Addenda issued.  Failure to comply shall not relieve him of responsibility.  The omission
of details of other portions of the work from this Division shall not be used as a basis for a
request for additional compensation.

C. The specific features and details for other portions of the work related to the construction in
progress or to the existing building(s) shall be determined by examination at the site.

1.02 SCOPE OF WORK
A. The requirements contained in this Section apply to all work performed under Division 26 of

these Specifications.
B. The work covered by this Division of the Specifications comprises the furnishing of labor,

material, equipment, transportation, tools and services, and performing operations required for,
and reasonably incidental to, the installation of the work in accordance with the applicable
Contract Documents, and subject to the terms and conditions of the Contract.

C. Refer to other Divisions of the Specifications for related work.
1.03 DEFINITION OF "CONTRACTOR"

A. Where the word "Contractor" is used under any Section of this Division of the Specifications, it
shall mean the Contractor engaged to execute the work included under that Section.

1.04 RESPONSIBILITY OF THE CONTRACTOR
A. The Contractor shall be responsible for all work of every description in connection with this

Division of the Specifications.  The Contractor shall specifically and distinctly assume, and does
so assume, all risk for damage or injury from whatever cause to property or person used or
employed on or in connection with this work and of all damages or injury to any person or
property wherever located, resulting from an action or operation under the Contract in
connection with the work, and undertake the responsibility to defend the Owner against all
claims on account of any such damage or injury.

B. The Contractor will be held responsible for the satisfactory execution and completion of the
work in accordance with the true intent of the Contract Documents.  The Contractor shall
provide without extra charge all incidental items required as part of the work, even though it
may not be specifically indicated.  If the Contractor has reason for objecting to the use of any
material, equipment, device or method of construction as indicated, he shall make report of
such objections to the Owner's Representative, obtain proper approval and adjustment to the
Contract, and shall proceed with the work.

1.05 TERMINOLOGY
A. Whenever the words "furnish", "provide", "furnish and install", "provide and install", and similar

phrases occur, it is the intent that the materials, equipment and devices described be furnished,
installed and connected under this Division, complete for operation, unless specifically noted to
the contrary.
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B. It is also the intent, unless specifically noted to the contrary, that all materials, equipment and
devices described and specified under this Division of the Specifications be similarly furnished,
installed and connected under this Division, whether or not a phrase as described in the
preceding paragraph has been actually included.

1.06 ORDINANCES, PERMITS AND CODES
A. It shall be the Contractor's duty to perform the work and provide the materials covered by these

specifications in conformance with all ordinances and regulations of all authorities having
jurisdiction.

B. All work herein shall conform to all applicable laws, ordinances and regulations of the local
utility companies.

C. The Contractor shall obtain and pay for all permit and connection fees as required for the
complete installation of the specified systems, equipment, devices and materials.

D. The Contractor shall obtain permits, plan checks, inspections and approvals applicable to the
work as required by the regulatory authorities.  Fees and costs of any nature whatsoever
incidental to these permits, inspections and approvals shall be assumed and paid by the
Contractor.  The pro-rata costs, if any, for utilities serving this property will be paid for by the
Owner and shall not be included as part of this Contract.

E. The work shall be in accordance with, but shall not be limited to, the requirements of:
1. National Fire Protection Association
2. National Electrical Code
3. National Safety Code
4. State of Texas Safety Code
5. Applicable City Building Codes
6. State of Texas Building Codes

F. Codes and standards referred to are minimum standards.  Where the requirements of the
Drawings or Specifications exceed those of the codes and regulations, the Drawings and
Specifications govern.

1.07 MATERIALS, EQUIPMENT AND DEVICE DESCRIPTION
A. Materials, equipment and devices shall be of the best quality customarily applied in quality

commercial practice, and shall be the products of reputable manufacturers.  Each major
component shall bear a nameplate giving the name and address of the manufacturer, and the
catalog number or designation of the component.

B. Materials, equipment and devices furnished under this Division of the Specifications shall be
essentially the standard product of the specified manufacturer, or where allowed, an alternate
manufacturer.  Where two or more units of the same kind or class of a specific item are
required, these shall be the products of a single manufacturer; however, the component parts
of the item need not be the products of one manufacturer.

C. In describing the various materials, equipment and devices, in general each item will be
described singularly, even though there may be a multiplicity of identical items.  Also, where the
description is only general in nature, exact sizes, duties, space arrangements, horsepower
requirements and other data shall be determined by reference to the Contract Documents.

D. Space allocations for materials, equipment and devices have been made on the basis of
present and known future requirements and the dimensions of items of equipment or devices of
a particular manufacturer whether indicated or not.  The Contractor shall verify that all
materials, equipment and devices proposed for use on this project are within the constraints of
the allocated space.

1.08 QUALITY ASSURANCE
A. Materials, equipment and devices shall be new and of the quality specified, and shall be free

from defects at the time of installation.  Materials, equipment and devices damaged in shipment
or otherwise damaged or found defective prior to acceptance by the Owner shall not be
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repaired at the job site, but shall be replaced with new materials, equipment or devices identical
with those damaged, unless specifically approved otherwise by the Owner's Representative.

B. Wherever a UL standard has been established for a particular type of material, equipment or
device, each item of such material, equipment or device provided on this project shall meet the
requirements of the UL standard in every way, and shall be UL listed and labeled.

1.09 REFERENCE STANDARDS
A. Materials, equipment, devices and workmanship shall comply with applicable local, county,

state and national codes, laws and ordinances, utility company regulations and industry
standards.

B. In case of differences between building codes, state laws, local ordinances, industry standards,
utility company regulations and the Contract Documents, the most stringent shall govern.  The
Contractor shall promptly notify the Owner's Representative in writing of any such difference.
 Should the Contractor perform any work that does not comply with local codes, laws and
ordinances, industry standards or other governing regulations, the work shall be corrected of
noncompliance deficiencies with the Contractor bearing all costs.

C. In addition to the aforementioned ordinances, industry standards published by the following
organizations shall apply:

AABM - American Association of Battery Manufacturers
AIA - American Institute of Architects
ANSI - American National Standards Institute
ASTM - American Society for Testing and Materials
CBM - Certified Ballast Manufacturers Association
ETL - Electrical Testing Laboratories
FM - Factory Mutual
ICEA - Insulated Cable Engineers Associated
IEEE - Institute of Electrical and Electronic Engineers
IES - Illuminating Engineering Society
IRI - Industrial Risk Insurance
NBS - National Bureau of Standards
NEC - National Electrical Code
NECA - National Electrical Contractors Association
NEMA - National Electrical Manufacturers Association
NESC - National Electrical Safety Code
NETA - National Electrical Testing Association
NFPA - National Fire Protection Association
UL - Underwriters Laboratories

D. Where the Contract Documents exceed the above requirements, the Contract Documents shall
govern.  In no case shall work be installed contrary to or below the minimum legal standards.

1.10 DRAWINGS AND SPECIFICATIONS
A. The interrelation of the Drawings (including the schedules) and the Specifications are as

follows:
1. The Drawings establish quantities, locations, dimensions and details of materials,

equipment and devices. The schedules on the Drawings indicate the capacities,
characteristics and components.

2. The Specifications provide written requirements for the quality, standard and nature of the
materials, equipment, devices and construction systems.

B. The Drawings and Specifications shall be considered as being compatible; therefore, the work
called for by one and not by the other shall be furnished and installed as though called for by
both.  Resolution of conflicts between Drawings and Specifications shall be as follows:
1. If the Drawings and Specifications disagree in themselves, or with each other, the

Contractor's pricing shall be based on furnishing and installing the most expensive
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combination of quality and quantity of work indicated. In the event of this type of
disagreement, the resolution shall be determined by the Architect/Engineer.

2. The Contractor shall be responsible for bringing any conflicts in the Drawings and the
Specifications to the attention of the Architect/Engineer prior to any work being performed.

3. In general, if there is conflict between the Drawings and Specifications, the Drawings shall
govern the Specifications.

4. Where the Specifications do not fully agree with schedules on the Drawings, the
schedules shall govern. Actual numerical dimensions indicated on the Drawings govern
scale measurements and large scale details govern small scale drawings.

5. Materials, equipment and devices called for on the Drawings and not indicated herein,
shall be completely provided and installed as though it were fully described herein.

6. Materials, equipment and devices called for herein shall be completely provided and
installed, whether or not it is fully detailed, scheduled or indicated on the Drawings.

C. The Contractor shall examine the Drawings and Specifications of the other portions of the work
for fixtures and finishes in connection with this work.  The Contractor shall carefully examine the
Drawings to determine the general construction conditions, and shall familiarize himself with all
limitations caused by such conditions.

D. When discrepancies exist between scale and dimension, or between the Drawings of the
various portions of the work, they shall be called to the attention of the Architect/Engineer  for
further instruction, whose instructions shall be final and binding and work promptly resumed
without any additional cost to the Owner.

E. Review the construction details of the building(s) as illustrated on the Drawings of the various
portions of the work and be guided thereby.  Route conduits and set all boxes as required by
the pace of the general construction.

F. The Drawings diagrammatically show the sizes and locations of the various equipment and
devices, and the sizes of the major interconnecting wires, without showing exact details as to
elevations, offsets, control wiring and other installation requirements.  Carefully layout the work
at the site to conform to the architectural and structural conditions, to avoid obstructions and to
permit proper grading of pipe associated with other portions of the work.  Determine the exact
location of equipment and devices and connections thereto by reference to the submittals and
rough-in drawings, and by measurements at the site.  Make minor relocations necessitated by
the conditions at the site, or directed by the Architect/Engineer, without additional cost to the
Owner.

G. The Drawings and Specifications are intended to describe and illustrate systems which will not
interfere with the structure of the building(s), fit into the available spaces, and insure complete
and satisfactory operating installations.  Prepare installation drawings for all critical areas
illustrating the installation of the work in this Division as related to the work of all other Divisions
and correct all interferences with the other portions of the work or with the building structures
before the work proceeds.

H. The Drawings do not indicate the existing electrical installations other than to identify
modifications or extensions thereto. Visit the site and ascertain the conditions to be met and the
work to be accomplished in removing and modifying the existing work, and in installing the new
work. Failure to comply with this shall not constitute grounds for any additional payment in
connection with removing or modifying any part of the existing installation or installing any new
or temporary work under this Division.

I. It is the intent of these specifications that the entire electrical power, lighting controls, and low
voltage systems be complete and operable. Provide all necessary material and labor for the
complete system from source of power to final utilization equipment, including all connections,
testing, calibration of equipment furnished by others as well as equipment furnished by the
Contractor, whether or not specifically mentioned but which are necessary for successful
operation.

J. Provide all Electrical work, including conduit, field wiring, and connections by the electrical
subcontractor under the provisions of the Electrical Specifications for all aspects of the work,
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including heating, ventilating, air conditioning, and plumbing equipment.
K. Demolition:

1. Provide all trenching, forming, rebar, concrete, back filling, hard surface removal and
replacement, for all items associated with the Electrical Work and installation:

1.11 SHOP DRAWINGS AND SUBMITTAL DATA
A. Process shop drawings and submittal data to insure that the proposed materials, equipment

and devices conform to the requirements of the Contract Documents, and that there are no
omissions or duplications.  Provide layouts, fabrication information and data for systems,
materials, equipment and devices proposed for the project.

B. Shop drawings shall be drawn on a scale not less than 1/4 inch equals 1 foot showing actual
dimensions.  Shop drawings shall include, but not be limited to:
1. Switchboards
2. Distribution Panelboards
3. Lighting/Appliance Panelboards

C. Submittal data (manufacturer's catalog data) shall include, but not be limited to:
1. Equipment: switchboard, panelboards, transformers, disconnect switches, circuit breakers,

fuses, etc.
2. Materials: conduit, conductors, connectors, supports, etc.
3. Lighting fixtures and lamps.
4. Wiring devices.

D. The submittal data shall not consist of manufacturer's catalogs or cut sheets that contain no
indication of the exact item offered.  The submission on individual items shall designate the
exact item offered.

E. Do not submit detailed quantitative listings of materials, equipment and devices.  It is the
Contractor's responsibility to provide proper sizes and quantities to conform with Contract
Documents.

F. Assemble submittals on related items procured from a single manufacturer in brochures or
other suitable package form, rather than submitting a multiplicity of loose sheets.

G. The Contractor shall submit shop drawings whenever equipment proposed varies in physical
size and arrangement from that indicated thus causing rearrangement of equipment space,
where tight spaces require extreme coordination between this work and other work, where
called for elsewhere in these Specifications and where specifically requested by the Architect/
Engineer.  Shop drawings shall be prepared at a scale of not less than 1/4 inch equals 1 foot.

1.12 SUBSTITUTIONS
A. Where a single manufacturer is mentioned by trade name or manufacturer's name, unless

specifically noted otherwise, it is the only manufacturer that will be accepted.
B. Where multiple manufacturers are listed, none other than those manufacturers will be accepted.
C. It shall be understood that space allocations have been made on the basis of present and

known future requirements and the dimensions of items of equipment or devices of a particular
manufacturer whether indicated or not.  If any item of equipment or device is offered in
substitution which differs substantially in dimension or configuration from that indicated on the
Drawings or specifications, provide as part of the submittal 1/4 inch equals 1 foot scaled
drawings showing that the substitute can be installed in the space available without interfering
with other portions of the work or with access for operations and maintenance in the completed
project.

D. Where substitute equipment or devices requiring different arrangement or connections from that
indicated is accepted by the Architect/Engineer, install the equipment or devices to operate
properly and in harmony with the intent of the Contract Documents, making all incidental
changes in piping, ductwork or wiring resulting from the equipment or device selection without
any additional cost to the Owner.  The Contractor shall pay all additional costs incurred by other
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portions of the work in connection with the substituted equipment or device.
E. The Architect/Engineer reserves the right to call for samples of any item of material, equipment

or device offered in substitution, together with a sample of the specific item when, in their
opinion, the quality of the item and/or the appearance is involved, and it is deemed that an
evaluation of the item may be better made by visual inspection.

F. When any request for a substitution of material, equipment or device is submitted and rejected,
the item named in the Contract Documents shall be furnished.  Repetitive submittal of
substitutions for the same item will not be considered.

1.13 INSTALLATION DRAWINGS
A. Prepare installation drawings for coordinating the work of this Division with the work of other

Divisions, to illustrate its concealment in finished spaces, to avoid obstructions, and to
demonstrate the adaptability of any item of material, equipment or device in the space upon
which the Contract Documents are based.

B. Use these drawings in the field for the actual installation of this work.  Provide three (3) copies,
not for approval, to the Architect/Engineer for his information,  review and record.

1.14 WORKMANSHIP AND INSTALLATION
A. In no case shall the Contractor provide a class of material, equipment, device or workmanship

less than that required by the Contract Documents or applicable codes, regulations, ordinances
or standards.  All modifications which may be required by a local authority having legal
jurisdiction over all or any part of the work shall be made by the Contractor without any
additional charge.  In all cases where such authority requires deviations from the requirements
of the Drawings or Specifications, the Contractor shall report same to the Owner's
Representative and shall secure his approval before the work is started.

B. The work shall be performed by properly licensed technicians skilled in their respective trades.
 All materials, equipment and devices shall be installed in accordance with the
recommendations of the manufacturer and in the best standard practice to bring about results
of a first class condition.

C. The NECA "Standards of Installation" as published by the National Electrical Contractors
Association shall be considered a part of these Specifications, except as specifically modified
by other provisions contained in these Specifications.

1.15 WARRANTY
A. All materials, equipment, devices and workmanship shall be warranted for a period of one year

from the date of acceptance by the Architect/Engineer for beneficial use by the Owner, except
that where specific equipment is noted to have extended warranties.  The warranty shall be in
accordance with AIA Document A201.  The Contractor shall be responsible for the proper
registration of these warranties so that the Owner can make all proper claims should future
need develop.

B. The Contractor shall furnish to the Architect/Engineer for transmittal to the Owner, the name,
address and telephone number of those persons responsible for service on systems and
equipment covered by the warranty.

1.16 OPERATION PRIOR TO ACCEPTANCE
A. When any equipment is operable, and it is to the advantage of the Contractor to operate the

equipment, the Contractor may do so provided that he properly supervises the operation, and
retains full responsibility for the equipment operated.  Regardless of whether or not the
equipment has or has not been operated, the Contractor shall clean the equipment properly,
make required adjustments and complete punch list items before final acceptance by the
Owner.

1.17 INSTRUCTION OF OWNER'S PERSONNEL
A. Provide the services of competent engineers and/or technicians acceptable to the Architect/

Engineer to instruct other representatives of the Owner in the complete and detailed operation
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of each item of equipment or device of all the various electrical systems.  These instructions
shall be provided for whatever periods may be necessary to accomplish the desired results.
 Upon completion of these instructions, the Contractor shall obtain a letter of release,
acknowledged by the Owner or his authorized representative, stating the dates on which the
various kinds of instruction were given, and the personnel to whom the instructions were given.

B. The Contractor shall be fully responsible for proper maintenance of equipment and systems
until the instructions have been given to the Owner's personnel and the letter of release
acknowledged.

C. In providing the instructions to the Owner's personnel, the written operating and maintenance
manuals shall be followed in all instances, and the Owner's personnel shall be familiarized with
such manuals.  Operating and maintenance manuals used for instructions shall include wiring
diagrams, manufacturer's operating and maintenance instructions, parts lists (with sources
identified), and other data as appropriate for each system.

1.18 SCHEDULE AND SEQUENCE OF WORK
A. The Contractor shall meet and cooperate with the Owner and Architect/Engineer to schedule

and sequence this work so as to insure meeting scheduled completion dates and avoid
delaying other portions of the work.  Work requiring special sequencing shall be at no additional
cost to the Owner and shall have no impact on the schedule.

1.19 INSPECTIONS AND CERTIFICATIONS
A. Obtain timely inspections of the installation by the regulatory authorities.  Remedy any

deficiencies to the satisfaction of the inspecting official.
B. Upon final completion of the work, obtain certificates of acceptance from the regulatory

authorities.  Deliver the certificates to the Architect/Engineer for transmission to the Owner.
1.20 EQUIPMENT INSTALLATION

A. Install equipment and devices in a manner to permit access to all surfaces or components,
requiring such access, without the need to disassemble other unrelated parts of the work.

B. Equipment specified to be factory assembled and tested prior to shipment shall not be
disassembled at the job site and reassembled at its final location.  Apparatus not so specified
may be disassembled and reassembled in the proper location.

C. Furnish all scaffolding, rigging and hoisting required for the installation of all the work.
D. Large equipment assemblies and components which will be installed in the building, and which

are too large to permit access through doorways, stairways or shafts, shall be brought to the
site and placed in the appropriate spaces before the enclosing structure is complete.

1.21 EQUIPMENT FOUNDATIONS
A. Where indicated on the Drawings, provide foundations for electrical equipment.  This shall

consist of concrete housekeeping pads constructed in accordance with the details on the
Drawings, these Specifications, manufacturer's recommendations and Division 3.

B. All pads shall be 4" high and extend a maximum 2" beyond the actual equipment size.
 Coordinate the proper size of the pad with the equipment furnished.  Furnish all anchor bolts
and other accessories required for casting the concrete pad.  After the equipment is set on the
pad, the equipment shall be fully grouted to the pad and all void spaces shall be filled with a
non-shrinking grout.

1.22 SLEEVES
A. Each conduit, regardless of material, which passes through a concrete slab, masonry wall, or

roof or portion of the building structure shall be free from the structure and shall pass through a
sleeve.

B. All sleeves shall be constructed from electrical-metallic tubing or equivalent weight galvanized
steel tubing and shall be flush on both sides of the surface penetrated, unless noted otherwise.
 All sleeves penetrating the roof areas shall extend a minimum 10 inches above the roof with
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approved weatherproof counterflashing attached to the conduit above the roof.  All sleeves
penetrating floors shall extend a minimum of 6 inches above the finished floors.  The sleeves
shall be sized to allow free passage of the conduit to be inserted.

C. Sleeves passing through walls or floors on or below grade or in moist areas shall be
constructed of galvanized rigid steel and shall be designed with a suitable flange in the center
to form a waterproof passage.  After the conduit has been installed in the sleeves, the void
space around the conduit shall be caulked with jute twine and filled with an asphalt-base
compound to insure a waterproof penetration.

1.23 ESCUTCHEONS
A. In each finished space, provided a chromium plated, sectional escutcheon on each conduit, or

hanger rod penetrating a wall, floor or ceiling.
B. Size escutcheons and collars to fit snugly around conduit and rods.
C. Where required, provide escutcheons with set screws so that they fit snugly against the finished

surface.
1.24 ACCESS PANELS

A. Provide wall and ceiling access panels for unrestricted access to all concealed electrical
equipment items and devices installed behind furrings, chases or non-removable suspended
ceilings.

B. Access panels shall be UL listed and labeled as required to suit the fire rating of the surface in
which installed, with mounting straps, concealed hinges, screwdriver locks, 180 degree open
door design, 16 gauge steel construction and door and frame finished in prime coat finish.
 Panels shall be 12-inch by 12-inch minimum size, but shall be larger as the access
requirement of the concealed electrical equipment item or device increases.

1.25 EXCAVATION, TRENCHING AND BACKFILLING
A. All excavating, trenching and backfilling shall generally be performed in accordance with the

procedures and using the materials as described in Division 2.  Provide all excavation required
in connection with the installation of the work under this Division.  After the work has been
installed, tested and approved, backfill all excavations with suitable material.

B. Bottoms of trenches shall be cut to grade.   Should rock be encountered, same shall be
excavated to a depth of six (6) inches below bottom of conduit and space shall be filled and
tamped as specified hereinafter.  Should it be required to lay conduit on fill, fill shall first be
compacted.

C. All conduit shall be installed promptly after excavation has been done so as to keep
excavations open as short a time as possible.

D. Trenches shall be excavated to the required depths.  Depth of cover shall be as required by the
NEC or as indicated on Drawings.  Keep banks of trenches as nearly vertical as possible, and
provide adequate shoring where required.

E. When excavation is below the shale or subgrade level, backfill with granular fill or approved
backfill material from the site to a depth of 12 inches above top of conduit, but in no case less
than 1'-0" below the subgrade surface.  The remainder of backfill to the shale or subgrade
surface shall be an impervious material and shall be compacted at not less than 95 percent of
the maximum dry density as defined by ASTM D-698.  At all times, the top of the subgrade shall
be kept in such condition that it will drain readily and effectively.  A mud slab shall be placed
over excavation where required by the Drawings or Specifications.  Backfill above the
subsurface shall be granular fill or approved select backfill from site.

F. Beyond building walls or above the shale or subgrade level, backfill with sand or granular fill to
a depth of 12 inches above top of conduit and remainder of trench filled with approved select
backfill material from the site.

G. Bottoms of trenches shall be tamped hard and graded to secure the maximum fall.  Where rock
is excavated below the bottom of the conduit, and before laying the conduit, fill the space
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between the bottom of the conduit and the rock surface with sand, thoroughly tamped.
H. Trenches dug in fill shall have the conduit supported down to load-bearing soil.  After conduits

have been inspected and approved by the Owner's Representative, trenches shall be filled with
approved backfill material which shall be firmly compacted, flooded if necessary and thoroughly
tamped.  Do not backfill with any fill containing rocks, frozen earth or debris.

I. Include the cutting of all sidewalks, streets and other pavements and repairing the openings in
them to return the surface to approximately its original condition.

1.26 CUTTING AND PATCHING
A. Cut all openings required to install the work or to repair any defective work.  This cutting shall

be performed under the Architect's/Engineer's direction and due diligence exercised to avoid
cutting openings larger than required or in the wrong locations.

B. No cutting or drilling of any sort will be permitted in the webs of prestressed, precast concrete
structural elements.  Use core drills or power driven saws to cut openings in the flanges of other
such elements; the use of reciprocating drills will not be permitted.  The cutting of structural
members without first having received written permission from the Architect/ Engineer is
prohibited.

C. Where openings are cut in fire-rated walls or floors, seal the annular space between the work
installed and the fire-rated construction.  Sealant, as applied, shall be fire rated to maintain the
fire rating of the construction penetrated.  Sealant shall be re-enterable (before fire) to alter
penetrations.  Apply in strict accordance with manufacturer's instructions.

1.27 SEALING OF PENETRATIONS
A. All penetrations in horizontal or vertical fire-rated construction shall be sealed using approved

fire-rated sealing materials equivalent to the following:
1. Foam: Dow Corning 3-6548 RTV silicone foam, liquid component Part 4 (black) and liquid

component Part B (off-white).
2. Sealant: Dow Corning 96-081 RTV silicone adhesive sealant.
3. Damming Materials: Mineral fiberboard, mineral fiber matting, mineral fiber putty, plywood

or particle board, as selected by applicator.
B. Preparation:  Remove combustible materials and loose impediments from penetration opening

and involved surfaces.  Remove free liquid and oil from penetration surfaces.
C. Installation:  In accordance with manufacturer's instructions, install damming materials and

sealant to cover and seal penetration openings; inject foam mixtures into openings.
1.28 PROTECTION OF APPARATUS

A. At all times take every precaution to properly protect apparatus from damage due to dust, dirt,
water, etc. or from damage due to physical forces.  Include the erection of temporary shelters
as required, to adequately protect any apparatus stored at the site, the cribbing of any
apparatus directly above the construction, and the covering of apparatus in the incomplete
building with tarpaulins or other protective covering.  Failure on the part of the Contractor to
comply with the above to the entire satisfaction of the Architect/Engineer will be sufficient cause
for the rejection of the pieces of apparatus in question.

B. Responsibility for the protection of apparatus extend also to existing apparatus involved in this
Division of the work, whether such apparatus is designated to be used temporarily and later
removed, or is to be reused as a part of the permanent installation.  Erect temporary sheltering
structures, provide temporary bracing and supports, or cover equipment as required or directed
to afford proper protection for that equipment.

C. The Contractor shall protect this work and the work of all other Contractors from damage by his
work or workmen and shall make good any damage thus caused.  He shall also be responsible
for the proper protection of his equipment, machinery, materials and accessories delivered and
installed on the job.
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1.29 INSTALLATION AND CONNECTION OF OTHER DIVISION'S EQUIPMENT
A. Verify the electrical requirements of all equipment furnished under other Divisions, separate

contracts, or by the Owner.  Install conduit, power wiring, control wiring, devices, etc. as
required for complete operation of all equipment.

1.30 OPTION TO RELOCATE OUTLETS AND RELATED DEVICES
A. The location of power, data and telephone outlets, wall switches and other related devices may

be relocated at the Owner's option, at no additional cost to the Owner, to a point within 10 feet
of their present location provided the Contractor is notified prior to installation.

1.31 COOPERATION AND CLEAN-UP
A. It shall be the responsibility of the Contractor to cooperate fully to keep the job site in a clean

and safe condition.  Upon the completion of the job, the Contractor shall immediately remove all
of his tools, equipment, surplus materials and debris.

B. After the installation is complete, and before the equipment is energized, clean the interior and
exterior of all equipment thoroughly.  Clean equipment, removing all debris, rubbish and foreign
materials.  Each component shall be cleaned and all dust and other foreign material removed.
 Components shall be cleaned of oxidation.  The inside and outside of all switchgear shall also
be wiped clean with a lemon-oil rag after all other cleaning is complete.

C. Any portion of the work requiring touch-up finishing shall be so finished to equal the specified
finish on the product.

1.32 RECORD DRAWINGS AND DOCUMENTATION FOR OWNER
A. The Contractor shall obtain at his own expense a complete set of blueline prints on which to

keep an accurate record of the installation of all materials, equipment and devices covered by
the Contract.  The record drawings shall indicate the location of all equipment and devices, and
the routing of all systems.  All piping and conduit buried in concrete slabs, walls and below
grade shall be located by dimension; both horizontally and by vertical elevation, unless a
surface mounted device in each space indicates the exact location.  Obtain one complete
reproducible set of the original drawings on which to neatly, legibly and accurately transfer all
project related notations and deliver these drawings to the Architect/Engineer at job completion
before final payment and delivery to the Owner.  The above data, with the exception of the
record drawings, shall be delivered prior to final acceptance.

B. The Contractor shall accumulate in duplicate during the job progress, the following data
prepared in indexed 3-ring loose leaf, hard-back binders sized for 8-1/2 inch by 11 inch sheets.
 No binder shall exceed 3-1/2 inches thick.  This data shall be turned over to the
Architect/Engineer for review and subsequent delivery to the Owner prior to final acceptance.
1. Warranties, guarantees and manufacturer's directions on material, equipment and devices

covered by the Contract.
2. Approved lighting fixture brochures, wiring diagrams and control diagrams.
3. Copies of approved submittals and shop drawings.
4. Operating instructions for major apparatus and recommended maintenance procedures.
5. Copies of all other data and/or drawings required during construction.
6. Repair parts list of major apparatus, including name, address and telephone number of

local supplier or representative.
7. Tag charts and diagrams hereinbefore specified.

1.33 FINAL OBSERVATION
A. The purpose of the final observation is to determine whether the Contractor has completed the

construction in accordance with the Contract Documents and that in the Owner
Representative's opinion the installation is satisfactory for final acceptance

B. It shall be the responsibility of the Contractor to assure that the installation is ready for final
acceptance prior to calling upon the Architect/Engineer to make a final observation.
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PART 2  PRODUCTS  (NOT USED)
PART 3  EXECUTION (NOT USED)

END OF SECTION
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SECTION 260001
COMMON WORK RESULTS FOR ELECTRICAL

COMMON WORK RESULTS FOR ELECTRICAL
PART 1 GENERAL
1.01 SUMMARY

Section Includes:
1. Electrical equipment coordination and installation.
2. Sleeves for raceways and cables.

Sleeve seals.
3. Grout.
4. Common electrical installation requirements.

1.02 DEFINITIONS
A. EPDM: Ethylene-propylene-diene terpolymer rubber.
B. NBR: Acrylonitrile-butadiene rubber.

1.03 SUBMITTALS
A. Product Data:  For sleeve seals.

1.04 COORDINATION
A. Coordinate arrangement, mounting, and support of electrical equipment:

1. To allow maximum possible headroom unless specific mounting heights that reduce
headroom are indicated.

2. To provide for ease of disconnecting the equipment with minimum interference to other
installations.

3. To allow right of way for piping and conduit installed at required slope.
4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of

obstructions and of the working and access space of other equipment.
B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete,

masonry walls, and other structural components as they are constructed.
C. Coordinate location of access panels and doors for electrical items that are behind finished

surfaces or otherwise concealed.  Access doors and panels are specified in Division 8 Section
"Access Doors and Frames."

D. Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 7 Section "Through-Penetration Firestop Systems."

PART 2 PRODUCTS
2.01 SLEEVES FOR RACEWAYS AND CABLES

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

B. Sleeves for Rectangular Openings:  Galvanized sheet steel.
1. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no
side more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches (1270
mm) and 1 or more sides equal to, or more than, 16 inches (400 mm), thickness shall
be 0.138 inch (3.5 mm).

2.02 SLEEVE SEALS
A. Description:  Modular sealing device, designed for field assembly, to fill annular space between

sleeve and raceway or cable.
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1. Basis-of-Design Product:  Subject to compliance with requirements, provide comparable
product by one of the following:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.
 Include type and number required for material and size of raceway or cable.

3. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to
sealing elements.  Include one for each sealing element.

2.03 GROUT
A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic

aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for
application and a 30-minute working time.

PART 3 EXECUTION
3.01 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION

A. Comply with NECA 1 – Standard for Good Workmanship in Electrical Construction.
B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit

for wall-mounting items.
C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated,

arrange and install components and equipment to provide maximum possible headroom
consistent with these requirements.

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components
of both electrical equipment and other nearby installations.  Connect in such a way as to
facilitate future disconnecting with minimum interference with other items in the vicinity.

E. Right of Way:  Give to piping systems installed at a required slope.
3.02 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways
penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed
openings are used.  Install sleeves during erection of slabs and walls.

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies

unless openings compatible with firestop system used are fabricated during construction of
floor or wall.

E. Cut sleeves to length for mounting flush with both surfaces of walls.
F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.
G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and

raceway or cable, unless indicated otherwise.
H. Seal space outside of sleeves with grout for penetrations of concrete and masonry

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed
surfaces smooth; protect grout while curing.

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve
and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.
 Comply with requirements in Division 7 Section "Joint Sealants."

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings,
and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable
penetration sleeves with firestop materials.  Comply with requirements in Division 7 Section
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"Through-Penetration Firestop Systems."
K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible

boot-type flashing units applied in coordination with roofing work.
L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and

mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

3.03 SLEEVE-SEAL INSTALLATION
A. Install to seal exterior wall penetrations.
B. Use type and number of sealing elements recommended by manufacturer for raceway or cable

material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve
seals and install in annular space between raceway or cable and sleeve.  Tighten bolts against
pressure plates that cause sealing elements to expand and make watertight seal.

3.04 FIRESTOPPING
A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical

installations to restore original fire-resistance rating of assembly.  Firestopping materials and
installation requirements are specified in Spec Section 260002 "Through Penetrations
Firestopping for Electrical Systems."

END OF SECTION
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SECTION 260100
ELECTRICAL SUBMITTAL PROCEDURES

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. Section includes requirements for the submittal schedule and administrative and procedural

requirements for submitting Shop Drawings, Product Data, Samples, and other submittals.
1.03 DEFINITIONS

A. Action Submittals:  Written and graphic information and physical samples that require
Engineer’s responsive action.  Action submittals are those submittals indicated in individual
Specification Sections as "action submittals."

B. Informational Submittals:  Written and graphic information and physical samples that do not
require Engineer's responsive action.  Submittals may be rejected for not complying with
requirements.  Informational submittals are those submittals indicated in individual Specification
Division Section as "informational submittals."

C. File Transfer Protocol (FTP):  Communications protocol that enables transfer of files to and
from another computer over a network and that serves as the basis for standard Internet
protocols.  An FTP site is a portion of a network located outside of network firewalls within
which internal and external users are able to access files.

D. Portable Document Format (PDF):  An open standard file format licensed by Adobe Systems
used for representing documents in a device-independent and display resolution-independent
fixed-layout document format.

1.04 ACTION SUBMITTALS
A. Submittal Schedule:  Submit a schedule of Division 26/28 submittals, arranged in chronological

order by dates required by construction schedule.  Include time required for review, ordering,
manufacturing, fabrication, and delivery when establishing dates.  Include additional time
required for making corrections or revisions to submittals noted by Engineer’s and additional
time for handling and reviewing submittals required by those corrections.
1. Coordinate submittal schedule with list of subcontracts, the schedule of values, and

Contractor's construction schedule.
2. Initial Submittal:  Submit concurrently with startup construction schedule.  Include

submittals required during the first 60 days of construction.  List those submittals required
to maintain orderly progress of the Work and those required early because of long lead
time for manufacture or fabrication.

3. Final Submittal:  Submit concurrently with the first complete submittal of Contractor's
construction schedule.

4. Format:  Arrange the following information in a tabular format:
a. Scheduled date for first submittal.
b. Specification Section number and title.
c. Submittal category:  Action; informational.
d. Name of subcontractor.
e. Description of the Work covered.
f. Scheduled date for Engineer’s final release or approval.
g. Scheduled date of fabrication.
h. Scheduled dates for delivery.
i. Scheduled dates for installation.
j. Activity or event number.
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1.05 SUBMITTAL ADMINISTRATIVE REQUIREMENTS
A. Engineer’s Digital Data Files: Electronic digital data files of the Contract Drawings will be

provided by Engineer for Contractor's use in preparing submittals.
1. Engineer will furnish Contractor one set of digital data drawing files of the Contract

Drawings for use in preparing and Project record drawings.
a. Engineer makes no representations as to the accuracy or completeness of digital

data drawing files as they relate to the Contract Drawings.
b. Contractor shall execute a data licensing agreement in the form of Halff Associates’

Standard form.
B. Coordination: Coordinate preparation and processing of submittals with performance of

construction activities.
1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals,

and related activities that require sequential activity.
2. Submit all submittal items required for each Specification Section within a Construction

Division concurrently unless partial submittals for portions of the Work are indicated on
approved submittal schedule. *
a. This submittal package shall be comprehensive document by Division and not

piecemealed by specification section.
3. Submit action submittals and informational submittals required by the same Specification

Section concurrent.
4. Coordinate transmittal of different types of submittals for related parts of the Work so

processing will not be delayed because of need to review submittals concurrently for
coordination. For example, HVAC Equipment must be submitted and approved prior to
approval of Electrical gear.
a. Engineer reserves the right to withhold action on a submittal requiring coordination

with other submittals until related submittals are received.
C. Processing Time:  Allow time for submittal review, including time for resubmittals, as follows.

 Time for review shall commence on Engineer’s receipt of submittal.  No extension of the
Contract Time will be authorized because of failure to transmit submittals enough in advance of
the Work to permit processing, including resubmittals.
1. Initial Review:  Allow 15 working days for initial review of each submittal.  Allow additional

time if coordination with subsequent submittals is required.  Engineer will advise
Contractor when a submittal being processed must be delayed for coordination.

2. Intermediate Review:  If intermediate submittal is necessary, process it in same manner
as initial submittal.

3. Resubmittal Review:  Allow 10 working days for review of each resubmittal.
4. Sequential Review:  Where sequential review of submittals is indicated, allow 15 working

days for initial review of each submittal.
D. Paper Submittals: Place a permanent label or title block on each submittal item for

identification.
1. Indicate name of firm or entity that prepared each submittal on label or title block.
2. Provide a space approximately 6 by 8 inches on label or beside title block to record

Contractor's review and approval markings and action taken by Engineer.
3. Include the following information for processing and recording action taken:

a. Project name.
b. Date.
c. Name of Engineer.
d. Name of Construction Manager, where applicable.
e. Name of Contractor.
f. Name of subcontractor.
g. Name of supplier.
h. Name of manufacturer.
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i. Submittal number or other unique identifier, including revision identifier.
1) Submittal number shall use Specification Division Section or number followed by

a decimal point and then a sequential number (e.g., 061000.01).  Resubmittals
shall include an alphabetic suffix after another decimal point (e.g., 061000.01.A).

j. Number and title of appropriate Specification.
k. Drawing number and detail references, as appropriate.
l. Location(s) where product is to be installed, as appropriate.
m. Other necessary identification.

4. Additional Paper Copies:  Unless additional copies are required for final submittal, initial
submittal may serve as final submittal.
a. When paper copies are required, submit one copy of submittal.

5. Transmittal for Paper Submittals:  Assemble each submittal individually and appropriately
for transmittal and handling.  Transmit each submittal using a transmittal form.  Engineer
will return without review submittals received from sources other than Contractor.
a. Transmittal Form for Paper Submittals:  Provide locations on form for the following

information:
1) Project name.
2) Date.
3) Destination (To:).
4) Source (From:).
5) Name and address of Engineer.
6) Name of Construction Manager, where applicable.
7) Name of Contractor.
8) Name of firm or entity that prepared submittal.
9) Names of subcontractor, manufacturer, and supplier.
10) Category and type of submittal.
11) Submittal purpose and description.
12) Specification Section number and title.
13) Specification paragraph number or drawing designation and generic name for

each of multiple items.
14) Drawing number and detail references, as appropriate.
15) Indication of full or partial submittal.
16) Transmittal number, numbered consecutively.
17) Submittal and transmittal distribution record.
18) Remarks.
19) Signature of transmitter.

E. Electronic Submittals: Identify and incorporate information in each electronic submittal file as
follows:
1. Assemble complete submittal package into a single indexed file incorporating submittal

requirements of a single Specification Section and transmittal form with links enabling
navigation to each item. Alternately, submit package as a comprehensive .pdf document
by Division with each Specification Section tabbed.

2. Name file with submittal number or other unique identifier, including revision identifier.
a. File name shall use project identifier and Specification Section number followed by a

decimal point and then a sequential number (e.g., LNHS-061000.01).  Resubmittals
shall include an alphabetic suffix after another decimal point (e.g., LNHS-
061000.01.A).

3. Transmittal Form for Electronic Submittals:  Use electronic form acceptable to Owner,
containing the following information:
a. Project name.
b. Date.
c. Name and address of Engineer.
d. Name of Construction Manager, where applicable.
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e. Name of Contractor.
f. Name of firm or entity that prepared submittal.
g. Names of subcontractor, manufacturer, and supplier.
h. Category and type of submittal.
i. Submittal purpose and description.
j. Specification Section number and title.
k. Specification paragraph number or drawing designation and generic name for each of

multiple items.
l. Drawing number and detail references, as appropriate.
m. Location(s) where product is to be installed, as appropriate.
n. Related physical samples submitted directly.
o. Indication of full or partial submittal.
p. Transmittal number, numbered consecutively.
q. Submittal and transmittal distribution record.
r. Other necessary identification.
s. Remarks.

F. Options:  Identify options requiring selection by Engineer.
G. Deviations and Additional Information:  On an attached separate sheet, prepared on

Contractor's letterhead, record relevant information, requests for data, revisions other than
those requested by Engineer on previous submittals, and deviations from requirements in the
Contract Documents, including minor variations and limitations.  Include same identification
information as related submittal.

H. Resubmittals:  Make resubmittals in same form and number of copies as initial submittal.
1. Note date and content of previous submittal.
2. Note date and content of revision in label or title block and clearly indicate extent of

revision.
3. Resubmit submittals until they are marked with approval notation from Engineer’s action

stamp.
I. Distribution:  Furnish copies of final submittals to manufacturers, subcontractors, suppliers,

fabricators, installers, authorities having jurisdiction, and others as necessary for performance
of construction activities.  Show distribution on transmittal forms.

J. Use for Construction:  Retain complete copies of submittals on Project site.  Use only final
action submittals that are marked with approval notation from Engineer’s action stamp.

PART 2 PRODUCTS
2.01 SUBMITTAL PROCEDURES

A. General Submittal Procedure Requirements: Prepare and submit submittals required by
individual Specification Sections. Types of submittals are indicated in individual Specification
Sections.
1. Post electronic submittals as PDF electronic files directly to Project Web site or FTP site

specifically established for Project.
a. Engineer will return annotated file.  Annotate and retain one copy of file as an

electronic Project record document file.
2. Action Submittals:  For submittal formats 11 x 17 and larger, submit two paper copies of

each submittal unless otherwise indicated in addition to the electronically posted submittal.
 Engineer will return one copy of paper submittal.

3. Certificates and Certifications Submittals:  Provide a statement that includes signature of
entity responsible for preparing certification.  Certificates and certifications shall be signed
by an officer or other individual authorized to sign documents on behalf of that entity.
a. Provide a digital signature with digital certificate on electronically submitted

certificates and certifications where indicated.
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b. Provide a notarized statement on original paper copy certificates and certifications
where indicated.

B. Product Data: Collect information into a single submittal for each construction Division and type
of product or equipment.
1. If information must be specially prepared for submittal because standard published data

are not suitable for use, submit as Shop Drawings, not as Product Data.
2. Mark each copy of each submittal to show which products and options are applicable.
3. Include the following information, as applicable:

a. Manufacturer's catalog cuts.
b. Manufacturer's product specifications.
c. Standard color charts.
d. Statement of compliance with specified referenced standards.
e. Testing by recognized testing agency.
f. Application of testing agency labels and seals.
g. Notation of coordination requirements.
h. Availability and delivery time information.

4. For equipment, include the following in addition to the above, as applicable:
a. Wiring diagrams showing factory-installed wiring.
b. Printed performance curves.
c. Operational range diagrams.
d. Clearances required to other construction, if not indicated on accompanying Shop

Drawings.
5. Submit Product Data before or concurrent with Samples.
6. Submit Product Data (8-1/2 x 11 format only) in the following format:

a. PDF electronic file.
C. Shop Drawings: Prepare Project-specific information, drawn accurately to scale. Do not base

Shop Drawings on reproductions of the Contract Documents or standard printed data.
1. Preparation:  Fully illustrate requirements in the Contract Documents.  Include the

following information, as applicable:
a. Identification of products.
b. Schedules.
c. Compliance with specified standards.
d. Notation of coordination requirements.
e. Notation of dimensions established by field measurement.
f. Relationship and attachment to adjoining construction clearly indicated.
g. Seal and signature of professional engineer, if specified.

2. Sheet Size:  Except for templates, patterns, and similar full-size drawings, submit Shop
Drawings on sheets at least 11 x 17 but no larger than 30 by 42 inches.

3. Submit Shop Drawings in the following format:
a. Two opaque (bond) copies of each submittal.  Engineer will return one copy.

Engineer will return one copy. Submit also one electronic file for record keeping.
4. BIM File Incorporation:  Develop and incorporate Shop Drawing files into Building

Information Model established for Project.
a. Prepare Shop Drawings in the following format:  Same digital data software program,

version, and operating system as the original Drawings.
b. Refer to Section 01 31 00 "Project Management and Coordination" for requirements

for coordination drawings.
D. Samples: Submit Samples for review of kind, color, pattern, and texture for a check of these

characteristics with other elements and for a comparison of these characteristics between
submittal and actual component as delivered and installed.
1. Transmit Samples that contain multiple, related components such as accessories together

in one submittal package.
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2. Identification:  Attach label on unexposed side of Samples that includes the following:
a. Generic description of Sample.
b. Product name and name of manufacturer.
c. Sample source.
d. Number and title of applicable Specification Section.
e. Specification paragraph number and generic name of each item.

3. For projects where electronic submittals are required, provide corresponding electronic
submittal of Sample transmittal, digital image file illustrating Sample characteristics, and
identification information for record.

4. Disposition:  Maintain sets of approved Samples at Project site, available for quality-
control comparisons throughout the course of construction activity.  Sample sets may be
used to determine final acceptance of construction associated with each set.
a. Samples that may be incorporated into the Work are indicated in individual

Specification Sections.  Such Samples must be in an undamaged condition at time of
use.

b. Samples not incorporated into the Work, or otherwise designated as Owner's
property, are the property of Contractor.

5. Samples for Initial Selection:  Submit manufacturer's color charts consisting of units or
sections of units showing the full range of colors, textures, and patterns available.
a. Number of Samples:  Submit one full set of available choices where color, pattern,

texture, or similar characteristics are required to be selected from manufacturer's
product line.  "Samples for Verification" Subparagraph below can be used with or
without Samples for initial selection.  Revise to suit Project.

E. Welding Certificates: Prepare written certification that welding procedures and personnel
comply with requirements in the Contract Documents. Submit record of Welding Procedure
Specification and Procedure Qualification Record on AWS forms. Include names of firms and
personnel certified.

F. Installer Certificates: Submit written statements on manufacturer's letterhead certifying that
Installer complies with requirements in the Contract Documents and, where required, is
authorized by manufacturer for this specific Project.

G. Manufacturer Certificates: Submit written statements on manufacturer's letterhead certifying
that manufacturer complies with requirements in the Contract Documents. Include evidence of
manufacturing experience where required.

H. Product Certificates: Submit written statements on manufacturer's letterhead certifying that
product complies with requirements in the Contract Documents.

I. Material Certificates: Submit written statements on manufacturer's letterhead certifying that
material complies with requirements in the Contract Documents.

2.02 DELEGATED-DESIGN SERVICES
A. Performance and Design Criteria: Where professional design services or certifications by a

design professional are specifically required of Contractor by the Contract Documents, provide
products and systems complying with specific performance and design criteria indicated.
1. If criteria indicated are not sufficient to perform services or certification required, submit a

written request for additional information to Engineer.
B. Delegated-Design Services Certification: In addition to Shop Drawings, Product Data, and other

required submittals, submit digitally signed PDF electronic file of certificate, signed and sealed
by the responsible design professional, for each product and system specifically assigned to
Contractor to be designed or certified by a design professional.
1. Indicate that products and systems comply with performance and design criteria in the

Contract Documents.  Include list of codes, loads, and other factors used in performing
these services.

C. BIM File Incorporation: Incorporate delegated-design drawing and data files into Building
Information Model established for Project.
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1. Prepare delegated-design drawings in the following format:  Same digital data software
program, version, and operating system as the original Drawings.

PART 3 EXECUTION
3.01 CONTRACTOR'S REVIEW

A. Action and Informational Submittals: Review each submittal and check for coordination with
other Work of the Contract and for compliance with the Contract Documents. Note corrections
and field dimensions. Mark with approval stamp before submitting to Engineer.

B. Approval Stamp: Stamp each submittal with a uniform, approval stamp. Include Project name
and location, submittal number, Specification Section title and number, name of reviewer, date
of Contractor's approval, and statement certifying that submittal has been reviewed, checked,
and approved for compliance with the Contract Documents.

3.02 ENGINEER'S ACTION
A. Action Submittals: Engineer will review each submittal, make marks to indicate corrections or

revisions required, and return it. Engineer will stamp each submittal with an action stamp and
will mark stamp appropriately to indicate action.

B. Partial submittals prepared for a portion of the Work will be reviewed when use of partial
submittals has received prior approval from Engineer.

C. Incomplete submittals are unacceptable, will be considered nonresponsive, and will be returned
for resubmittal without review.

D. Submittals not required by the Contract Documents may be returned by the Engineer without
action.

END OF SECTION
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SECTION 260519
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. This Section includes the following:

1. Building wires and cables rated 600 V and less.
2. Connectors, splices, and terminations rated 600 V and less.

1.03 DEFINITIONS
A. EPDM:  Ethylene-propylene-diene terpolymer rubber.
B. NBR:  Acrylonitrile-butadiene rubber.

1.04 ACTION SUBMITTALS
A. Product Data:  For each type of product indicated.

1.05 INFORMATIONAL SUBMITTALS
A. Field quality-control test reports.

1.06 QUALITY ASSURANCE
A. 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.

B. Comply with NFPA 70.
PART 2 PRODUCTS
2.01 CONDUCTORS AND CABLES

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

B. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Alcan Products Corporation; Alcan Cable Division.
2. American Insulated Wire Corp.; a Leviton Company.
3. General Cable Corporation.
4. Senator Wire & Cable Company.
5. Southwire Company.
6. Encore.

C. Copper Conductors:  Comply with NEMA WC 70.
D. Conductor Insulation:  Comply with NEMA WC 70 for Types THW THHN-THWN and SO.

2.02 CONNECTORS AND SPLICES
A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering

products that may be incorporated into the Work include, but are not limited to, the following:
B. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
1. AFC Cable Systems, Inc.
2. Hubbell Power Systems, Inc.
3. O-Z/Gedney; EGS Electrical Group LLC.
4. 3M; Electrical Products Division.
5. Tyco Electronics Corp.
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C. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type,
and class for application and service indicated.

PART 3 EXECUTION
3.01 CONDUCTOR MATERIAL APPLICATIONS

A. Feeders:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and

larger.
3.02 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING

METHODS
A. Service Entrance:  Type THHN-THWN, single conductors in raceway.
B. Exposed Feeders:  Type THHN-THWN, single conductors in raceway.
C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, single

conductors in raceway.
D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-

THWN, single conductors in raceway.
E. Feeders Installed below Raised Flooring:  Type THHN-THWN, single conductors in raceway.
F. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in

raceway.
G. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN-THWN, single

conductors in raceway.
H. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:

 Type THHN-THWN, single conductors in raceway.
I. Branch Circuits Installed below Raised Flooring: Type THHN-THWN, single conductors in

raceway.
J. Branch Circuits in raceway installed above roof tops: Type XHHW-2, rated for 90 degrees.
K. Class 1 Control Circuits:  Type THHN-THWN, in raceway.

3.03 INSTALLATION OF CONDUCTORS AND CABLES
A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
B. Use manufacturer-approved pulling compound or lubricant where necessary; compound used

must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended
maximum pulling tensions and sidewall pressure values.

C. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will
not damage cables or raceway.

D. Install exposed cables parallel and perpendicular to surfaces of exposed structural members
and follow surface contours where possible.

E. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."
F. Identify and color-code conductors and cables according to Section 260553 "Identification for

Electrical Systems."
3.04 CONNECTIONS

A. 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.

B. Make splices and taps that are compatible with conductor material and that possess equivalent
or better mechanical strength and insulation ratings than unspliced conductors.

C. Wiring at Outlets:  Install conductor at each outlet, with at least 6 inches of slack.
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3.05 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply

with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and
Cabling."

3.06 FIRESTOPPING
A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore

original fire-resistance rating of assembly according to Section 078413 "Penetration
Firestopping."

3.07 FIELD QUALITY CONTROL
A. Torque test conductor connections and terminations to manufacturer's recommended values.

END OF SECTION
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SECTION 260526
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. Section Includes:  Grounding systems and equipment.
B. Section includes grounding systems and equipment, plus the following special applications:

1. Underground distribution grounding.
1.03 SUBMITTALS

A. Product Data:  For each type of product indicated.
B. Informational Submittals:  Plans showing dimensioned as-built locations of grounding features

specified in "Field Quality Control" Article, including the following:
1. Test wells.
2. Ground rods.
3. Grounding arrangements and connections for separately derived systems.
4. Grounding for sensitive electronic equipment.

C. Qualification Data:  For qualified testing agency and testing agency's field supervisor.
D. Field quality-control reports.
E. Operation and Maintenance Data:  For grounding to include in emergency, operation, and

maintenance manuals. In addition to items specified in Division 01 Section "Operation and
Maintenance Data," include the following:
1. Instructions for periodic testing and inspection of grounding features at test wells

grounding connections for separately derived systems.
a. Tests shall determine if ground-resistance or impedance values remain within

specified maximums, and instructions shall recommend corrective action if values do
not.

b. Include recommended testing intervals.
1.04 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 UL 467 for grounding and bonding materials and equipment.
PART 2 PRODUCTS
2.01 CONDUCTORS

A. Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V unless
otherwise required by applicable Code or authorities having jurisdiction.

B. Bare Copper Conductors:
1. Solid Conductors:  ASTM B 3.
2. Stranded Conductors:  ASTM B 8.
3. Tinned Conductors:  ASTM B 33.
4. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in

diameter.
5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor.
6. Bonding Jumper:  Copper tape, braided conductors terminated with copper ferrules; 1-5/8

inches (41 mm) wide and 1/16 inch (1.6 mm) thick.
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7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper
ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

C. Grounding Bus:  Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in cross
section, with 9/32-inch holes spaced 1-1/8 inches.  Stand-off insulators for mounting shall
comply with UL 891 for use in switchboards, 600 V.  Lexan or PVC, impulse tested at 5000 V.

2.02 GROUNDING BUS CONNECTORS
A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in

which used and for specific types, sizes, and combinations of conductors and other items
connected.

B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy, pressure type with at
least two bolts.
1. Pipe Connectors:  Clamp type, sized for pipe.

C. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for
materials being joined and installation conditions.

D. Bus-bar Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire
terminals, and long-barrel, two-bolt connection to ground bus bar.

2.03 GROUNDING ELECTRODES
A. Ground Rods:  Copper-clad steel, 3/4 inch by 10 feet (19 mm by 3 m) in diameter.

PART 3 EXECUTION
3.01 APPLICATIONS

A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for
No. 6 AWG and larger unless otherwise indicated.

B. Underground Grounding Conductors:  Install bare tinned-copper conductor, No. 2/0 AWG
minimum.
1. Bury at least 24 inches (600 mm) below grade.
2. Duct-Bank Grounding Conductor:  Bury 12 inches (300 mm) above duct bank when

indicated as part of duct-bank installation.
C. Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On

feeders with isolated ground, identify grounding conductor where visible to normal inspection,
with alternating bands of green and yellow tape, with at least three bands of green and two
bands of yellow.

D. Grounding Bus:  Install in electrical and telephone equipment rooms, in rooms housing service
equipment, and elsewhere as indicated.
1. Install bus on insulated spacers 2 inches (50 mm) minimum from wall, 6 inches (150 mm)

above finished floor unless otherwise indicated.
2. Where indicated on both sides of doorways, route bus up to top of door frame, across top

of doorway, and down to specified height above floor; connect to horizontal bus.
E. Conductor Terminations and Connections:

1. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.
2. Underground Connections:  Welded connectors except at test wells and as otherwise

indicated.
3. Connections to Ground Rods at Test Wells:  Bolted connectors.
4. Connections to Structural Steel:  Welded connectors.

3.02 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
A. Comply with IEEE C2 grounding requirements.
B. Grounding Manholes and Handholes:  Install a driven ground rod through manhole or handhole

floor, close to wall, and set rod depth so 4 inches will extend above finished floor.  If necessary,
install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-copper
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conductor from ground rod into manhole through a waterproof sleeve in manhole wall.  Protect
ground rods passing through concrete floor with a double wrapping of pressure-sensitive
insulating tape or heat-shrunk insulating sleeve from 2 inches (50 mm) above to 6 inches (150
mm) below concrete.  Seal floor opening with waterproof, nonshrink grout.

C. Grounding Connections to Manhole Components:  Bond exposed-metal parts such as inserts,
cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to
ground rod or grounding conductor.  Make connections with No. 4 AWG minimum, stranded,
hard-drawn copper bonding conductor.  Train conductors level or plumb around corners and
fasten to manhole walls.  Connect to cable armor and cable shields according to written
instructions by manufacturer of splicing and termination kits.

3.03 EQUIPMENT GROUNDING
A. Install insulated equipment grounding conductors with all feeders and branch circuits.
B. Install insulated equipment grounding conductors with the following items, in addition to those

required by NFPA 70:
1. Feeders and branch circuits.
2. Lighting circuits.
3. Receptacle circuits.
4. Single-phase motor and appliance branch circuits.
5. Three-phase motor and appliance branch circuits.
6. Flexible raceway runs.
7. Armored and metal-clad cable runs.
8. Busway Supply Circuits:  Install insulated equipment grounding conductor from grounding

bus in the switchgear, switchboard, or distribution panel to equipment grounding bar
terminal on busway.

9. Computer and Rack-Mounted Electronic Equipment Circuits:  Install insulated equipment
grounding conductor in branch-circuit runs from equipment-area power panels and power-
distribution units.

C. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted
electrical devices operating at 120 V and more, including air cleaners, heaters, dampers,
humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct
and connected metallic piping.

D. Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate insulated
equipment grounding conductor to each electric water heater and heat-tracing cable.  Bond
conductor to heater units, piping, connected equipment, and components.

E. Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor
connected to the receptacle grounding terminal.  Isolate conductor from raceway and from
panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of the
applicable derived system or service unless otherwise indicated.

F. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit
or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway
fitting listed for the purpose.  Install fitting where raceway enters enclosure, and install a
separate insulated equipment grounding conductor.  Isolate conductor from raceway and from
panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of the
applicable derived system or service unless otherwise indicated.

G. Signal and Communication Equipment:  In addition to grounding and bonding required by
NFPA 70, provide a separate grounding system complying with requirements in TIA/ATIS J-
STD-607-A.
1. For telephone, alarm, voice and data, and other communication equipment, provide

No. 4 AWG minimum insulated grounding conductor in raceway from grounding electrode
system to each service location, terminal cabinet, wiring closet, and central equipment
location.
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2. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding
conductor on a 1/4-by-4-by-12-inch (6.3-by-100-by-300-mm) grounding bus.

3. Terminal Cabinets: Terminate grounding conductor on cabinet grounding terminal.
H. Metal Poles Supporting Outdoor Lighting Fixtures:  Install grounding electrode and a separate

insulated equipment grounding conductor in addition to grounding conductor installed with
branch-circuit conductors.

3.04 INSTALLATION
A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise

indicated or required by Code. Avoid obstructing access or placing conductors where they may
be subjected to strain, impact, or damage.

B. Ground Rods:  Drive rods until tops are 2 inches (50 mm) below finished floor or final grade
unless otherwise indicated.
1. Interconnect ground rods with grounding electrode conductor below grade and as

otherwise indicated.  Make connections without exposing steel or damaging coating if any.
2. For grounding electrode system, install at least three rods spaced at least one-rod length

from each other and located at least the same distance from other grounding electrodes,
and connect to the service grounding electrode conductor.

C. Test Wells: Ground rod driven through drilled hole in bottom of handhole.  Handholes are
specified in Division 26 Section "Underground Ducts and Raceways for Electrical Systems,"
and shall be at least 12 inches (300 mm) deep, with cover.
1. Test Wells:  Install at least one test well for each service unless otherwise indicated.

 Install at the ground rod electrically closest to service entrance.  Set top of test well flush
with finished grade or floor.

D. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance
except where routed through short lengths of conduit.
1. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate

any adjacent parts.
2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install

bonding so vibration is not transmitted to rigidly mounted equipment.
3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection

is required, use a bolted clamp.
E. Grounding and Bonding for Piping:

1. Metal Water Service Pipe:  Install insulated copper grounding conductors, in conduit, from
building's main service equipment, or grounding bus, to main metal water service
entrances to building.  Connect grounding conductors to main metal water service pipes;
use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of
the lug bolts of the flange.  Where a dielectric main water fitting is installed, connect
grounding conductor on street side of fitting.  Bond metal grounding conductor conduit or
sleeve to conductor at each end.

2. Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water
meters.  Connect to pipe with a bolted connector.

3. Bond each aboveground portion of gas piping system downstream from equipment shutoff
valve.

F. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of
associated fans, blowers, electric heaters, and air cleaners. Install tinned bonding jumper to
bond across flexible duct connections to achieve continuity.

G. Grounding for Steel Building Structure:  Install a driven ground rod at base of each corner
column and at intermediate exterior columns at distances not more than 60 feet apart.

H. Ground Ring:  Install a grounding conductor, electrically connected to each building structure
ground rod and to each steel column, extending around the perimeter of building.
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1. Install tinned-copper conductor not less than No. 2/0 AWG for ground ring and for taps to
building steel.

2. Bury ground ring not less than 24 inches from building's foundation.
3.05 LABELING

A. Comply with requirements in Division 26 Section "Identification for Electrical Systems" Article
for instruction signs.  The label or its text shall be green.

B. Install labels at the telecommunications bonding conductor and grounding equalizer and at the
grounding electrode conductor where exposed.
1. Label Text:  "If this connector or cable is loose or if it must be removed for any reason,

notify the facility manager."
3.06 FIELD QUALITY CONTROL

A. Tests and Inspections:
1. After installing grounding system but before permanent electrical circuits have been

energized, test for compliance with requirements.
2. Inspect physical and mechanical condition.  Verify tightness of accessible, bolted,

electrical connections with a calibrated torque wrench according to manufacturer's written
instructions.

3. Test completed grounding system at each location where a maximum ground-resistance
level is specified, at service disconnect enclosure grounding terminal, at ground test
wells, and at individual ground rods.  Make tests at ground rods before any conductors are
connected.
a. Measure ground resistance no fewer than two full days after last trace of precipitation

and without soil being moistened by any means other than natural drainage or
seepage and without chemical treatment or other artificial means of reducing natural
ground resistance.

b. Perform tests by fall-of-potential method according to IEEE 81.
4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod

assembly, and other grounding electrodes.  Identify each by letter in alphabetical order,
and key to the record of tests and observations.  Include the number of rods driven and
their depth at each location, and include observations of weather and other phenomena
that may affect test results.  Describe measures taken to improve test results.

B. Grounding system will be considered defective if it does not pass tests and inspections.
C. Prepare test and inspection reports.
D. Report measured ground resistances that exceed the following values:

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  10 ohms.
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 ohms.
3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 ohms.
4. Power Distribution Units or Panelboards Serving Electronic Equipment 3 ohm(s).

E. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect
promptly and include recommendations to reduce ground resistance.

END OF SECTION
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SECTION 260529
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. This Section includes the following:

1. Hangers and supports for electrical equipment and systems.
2. Construction requirements for concrete bases.

1.03 DEFINITIONS
A. EMT:  Electrical metallic tubing.
B. RMC:  Rigid metal conduit.

1.04 PERFORMANCE REQUIREMENTS
A. Design supports for multiple raceways capable of supporting combined weight of supported

systems and its contents.
B. Design equipment supports capable of supporting combined operating weight of supported

equipment and connected systems and components.
C. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads

calculated or imposed for this Project, with a minimum structural safety factor of five times the
applied force.

1.05 SUBMITTALS
A. Product Data:  For the following:

1. Steel slotted support systems.
B. Shop Drawings: Show fabrication and installation details and include calculations for the

following:
1. Trapeze hangers.  Include Product Data for components.
2. Steel slotted channel systems.  Include Product Data for components.
3. Equipment supports.

1.06 QUALITY ASSURANCE
A. Comply with NFPA 70.

1.07 COORDINATION
A. Coordinate size and location of concrete basis.  Cast anchor built inserts into basis. Concrete

are specified in Division 07 Section “roof Accessories.
PART 2 -  PRODUCTS
2.01 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field
assembly.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
a. Allied Tube & Conduit.
b. Cooper B-Line, Inc.; a division of Cooper Industries.
c. ERICO International Corporation.
d. GS Metals Corp.
e. Thomas & Betts Corporation.
f. Unistrut; Tyco International, Ltd.
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2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.
3. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-4.
4. Channel Dimensions:  Selected for applicable load criteria.

B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101.
C. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and

associated fittings, designed for types and sizes of raceway or cable to be supported.
D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded

body and insulating wedging plug or plugs for non-armored electrical conductors or cables in
riser conduits.  Plugs shall have number, size, and shape of conductor gripping pieces as
required to suit individual conductors or cables supported.  Body shall be malleable iron.

E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates,
shapes, and bars; black and galvanized.

F. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or their
supports to building surfaces include the following:
1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement

concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for
supported loads and building materials where used.
a. Available Manufacturers:  Subject to compliance with requirements, manufacturers

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

b. Manufacturers:  Subject to compliance with requirements, provide products by one of
the following:
1) Hilti Inc.
2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.

2. Mechanical-Expansion Anchors:  Insert-wedge-type, steel, for use in hardened portland
cement concrete with tension, shear, and pullout capacities appropriate for supported
loads and building materials in which used.
a. Available Manufacturers:  Subject to compliance with requirements, manufacturers

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

b. Manufacturers:  Subject to compliance with requirements, provide products by one of
the following:
1) Cooper B-Line, Inc.; a division of Cooper Industries.
2) Hilti Inc.
3) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.

3. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS
Type 18; complying with MFMA-4 or MSS SP-58.

4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for
attached structural element.

5. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325.
6. Toggle Bolts:  All-steel springhead type.
7. Hanger Rods:  Threaded steel.

2.02 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES
A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions

of supported equipment.
PART 3 EXECUTION
3.01 APPLICATION

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical
equipment and systems except if requirements in this Section are stricter.

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for
EMT, IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch (6 mm) in



Florence Recreation Center  260529 - 3  Hangers and Supports for
Electrical Systems 

diameter.
C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted or

other support system, sized so capacity can be increased by at least 25 percent in future
without exceeding specified design load limits.
1. Secure raceways and cables to these supports with single-bolt conduit clamps using

spring friction action for retention in support channel.
D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-

1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems
above suspended ceilings and for fastening raceways to trapeze supports.

3.02 SUPPORT INSTALLATION
A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this

Article.
B. Raceway Support Methods:  In addition to methods described in NECA 1, EMT, IMC, and RMC

may be supported by openings through structure members, as permitted in NFPA 70.
C. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength

will be adequate to carry present and future static loads within specified loading limits.
 Minimum static design load used for strength determination shall be weight of supported
components plus 200 lb (90 kg).

D. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten
electrical items and their supports to building structural elements by the following methods
unless otherwise indicated by code:
1. To Wood:  Fasten with lag screws or through bolts.
2. To New Concrete:  Bolt to concrete inserts.
3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor

fasteners on solid masonry units.
4. To Existing Concrete:  Expansion anchor fasteners or threaded through wall.
5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock

washers and nuts may be used in existing standard-weight concrete 4 inches (100 mm)
thick or greater.  Do not use for anchorage to lightweight-aggregate concrete or for slabs
less than 4 inches (100 mm) thick.

6. To Steel:  Beam clamps complying with MSS SP-69.
7. To Light Steel:  Sheet metal screws.
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets,

panelboards, disconnect switches, control enclosures, pull and junction boxes,
transformers, and other devices on slotted-channel racks attached to substrate.

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing
bars.

3.03 INSTALLATION OF FABRICATED METAL SUPPORTS
A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation

to support and anchor electrical materials and equipment.
B. Field Welding:  Comply with AWS D1.1/D1.1M.

3.04 CONCRETE BASES
A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in

both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from
edge of the base.

B. Use 3000-psi, 28-day compressive-strength concrete.  Concrete materials, reinforcement, and
placement requirements are specified in Division 03 Section "Cast-in-Place Concrete."

C. Anchor equipment to concrete base.
1. Place and secure anchorage devices.  Use supported equipment manufacturer's setting

drawings, templates, diagrams, instructions, and directions furnished with items to be
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embedded.
2. Install anchor bolts to elevations required for proper attachment to supported equipment.
3. Install anchor bolts according to anchor-bolt manufacturer's written instructions.

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

B. Touchup:  Comply with requirements in Division 09 for cleaning and touchup painting of field
welds, bolted connections, and abraded areas of shop paint on miscellaneous metal.

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

END OF SECTION
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SECTION 260533
RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
B. Related Sections include the following:

1. Division 26 Section "Underground Ducts and Raceways for Electrical Systems" for exterior
ductbanks, manholes, and underground utility construction.

1.03 DEFINITIONS
A. EMT:  Electrical metallic tubing.
B. EPDM:  Ethylene-propylene-diene terpolymer rubber.
C. FMC:  Flexible metal conduit.
D. LFMC:  Liquidtight flexible metal conduit.
E. NBR:  Acrylonitrile-butadiene rubber.
F. RNC:  Rigid nonmetallic conduit.

1.04 SUBMITTALS
A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover

enclosures, and cabinets.
B. Shop Drawings: For the following raceway components. Include plans, elevations, sections,

details, and attachments to other work.
1. Custom enclosures and cabinets.
2. For handholes and boxes for underground wiring, including the following:

a. Conduit entry provisions, including locations and conduit sizes.
b. Frame and cover design.
c. Grounding details.
d. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.
e. Joint details.

C. Coordination Drawings: Conduit routing plans, drawn to scale, on which the following items are
shown and coordinated with each other, based on input from installers of the items involved:
1. Structural members in the paths of conduit groups with common supports.
2. HVAC and plumbing items and architectural features in the paths of conduit groups with

common supports.
1.05 QUALITY ASSURANCE

A. Electrical Components, Devices, and Accessories:
1. Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to

authorities having jurisdiction, and marked for intended use.
B. Comply with NFPA 70.

PART 2 PRODUCTS
2.01 METAL CONDUIT AND TUBING

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

B. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
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1. AFC Cable Systems, Inc.
2. Alflex Inc.
3. Allied Tube & Conduit; a Tyco International Ltd. Co.
4. Anamet Electrical, Inc.; Anaconda Metal Hose.
5. Electri-Flex Co.

C. Rigid Steel Conduit:  ANSI C80.1.
D. EMT:  ANSI C80.3.
E. FMC:  Zinc-coated steel
F. LFMC:  Flexible steel conduit with PVC jacket.
G. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT:  NEMA FB 1; listed

for type and size raceway with which used, and for application and environment in which
installed.
1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886.
2. Fittings for EMT: Steel -screw or compression type.
3. Coating for Fittings for PVC Coated Conduit: Minimum thickness, 0.040 inch (1mm) with

overlapping sleeves protecting threaded joints.
H. Joint Compound for Rigid Steel Conduit or IMC:  Listed for use in cable connector assemblies,

and compounded for use to lubricate and protect threaded raceway joints from corrosion and
enhance their conductivity.

2.02 NONMETALLIC CONDUIT AND TUBING
A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering

products that may be incorporated into the Work include, but are not limited to, the following:
B. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
1. AFC Cable Systems, Inc.
2. Anamet Electrical, Inc.; Anaconda Metal Hose.
3. CANTEX Inc.
4. CertainTeed Corp.; Pipe & Plastics Group.
5. Lamson & Sessions; Carlon Electrical Products.
6. RACO; a Hubbell Company.
7. Thomas & Betts Corporation.

C. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.
D. LFNC:  UL 1660.
E. Fittings for RNC:  NEMA TC 3; match to conduit or tubing type and material.
F. Fittings for LFNC:  UL 514B.

2.03 OPTICAL FIBER/COMMUNICATIONS CABLE RACEWAY AND FITTINGS
A. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1. Arnco Corporation.
2. Endot Industries Inc.
3. IPEX Inc.
4. Lamson & Sessions; Carlon Electrical Products.

B. Description:  Comply with UL 2024; flexible type, approved for plenum installation.
2.04 METAL WIREWAYS

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

B. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
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1. Cooper B-Line, Inc.
2. Hoffman.
3. Square D; Schneider Electric.
4. Wiremolp.
5. Cabolafil.

C. Description: Sheet metal sized and shaped as indicated, NEMA 250, Type 1 or 3R, unless
otherwise indicated.

D. Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-
down straps, end caps, and other fittings to match and mate with wireways as required for
complete system.

E. Wireway Covers:  As indicated.
F. Finish:  Manufacturer's standard enamel finish.

2.05 SURFACE RACEWAYS
A. Surface Metal Raceways:  Galvanized steel with snap-on covers.  Manufacturer's standard

enamel finish in color selected by Architect.
1. Available Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be incorporated into the Work include, but are not limited to, the
following:
a. Thomas & Betts Corporation.
b. Walker Systems, Inc.; Wiremold Company (The).
c. Wiremold Company (The); Electrical Sales Division.

B. Surface Nonmetallic Raceways:  Two-piece construction, manufactured of rigid PVC with
texture and color selected by Architect from manufacturer's standard colors.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
a. Butler Manufacturing Company; Walker Division.
b. Hubbell Incorporated; Wiring Device-Kellems Division.
c. Lamson & Sessions; Carlon Electrical Products.
d. Panduit Corp.
e. Walker Systems, Inc.; Wiremold Company (The).
f. Wiremold Company (The); Electrical Sales Division.

2.06 BOXES, ENCLOSURES, AND CABINETS
A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering

products that may be incorporated into the Work include, but are not limited to, the following:
1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc.
2. Erickson Electrical Equipment Company.
3. Hoffman.
4. Hubbell Incorporated; Killark Electric Manufacturing Co. Division.
5. RACO; a Hubbell Company.
6. Robroy Industries, Inc.; Enclosure Division.
7. Spring City Electrical Manufacturing Company.
8. Thomas & Betts Corporation.
9. Walker Systems, Inc.; Wiremold Company (The).

B. Sheet Metal Outlet and Device Boxes:  NEMA OS 1.
C. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
D. Nonmetallic Outlet and Device Boxes:  NEMA OS 2.
E. Metal Floor Boxes:  Cast or sheet metal, fully adjustable, rectangular. (As indicated on

drawings)
F. Nonmetallic Floor Boxes:  Nonadjustable, round.
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G. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.
H. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, galvanized, cast iron with gasketed

cover.
I. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous-hinge cover with flush latch,

unless otherwise indicated.
1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
2. Nonmetallic Enclosures:  Plastic or fiberglass.

J. Cabinets:
1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable

front, finished inside and out with manufacturer's standard enamel.
2. Hinged door in front cover with flush latch and concealed hinge.
3. Key latch to match panelboards.
4. Metal barriers to separate wiring of different systems and voltage.
5. Accessory feet where required for freestanding equipment.

2.07 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING
A. Description:  Comply with SCTE 77.

1. Color of Frame and Cover:  Gray.
2. Configuration:  Units shall be designed for flush burial and have open bottom, unless

otherwise indicated.
3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural

load rating consistent with enclosure.
4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
5. Cover Legend:  Molded lettering, "ELECTRIC."  or "Data/Comm"
6. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts

for secure, fixed installation in enclosure wall.
7. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger

shall have inserts for cable racks and pulling-in irons installed.
B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:  Molded of sand and

aggregate, bound together with polymer resin, and reinforced with steel or fiberglass or a
combination of the two.
1. Basis-of-Design Product:  Subject to compliance with requirements, provide the product

indicated on Drawings or a comparable product by one of the following:
a. Armorcast Products Company.
b. Carson Industries LLC.
c. CDR Systems Corporation.
d. NewBasis.
e. Highline

2.08 SLEEVES FOR RACEWAYS
A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain

ends.
B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe,

with plain ends and integral waterstop, unless otherwise indicated.
C. Sleeves for Rectangular Openings:  Galvanized sheet steel with minimum 0.052- or 0.138-inch

thickness as indicated and of length to suit application.
D. Coordinate sleeve selection and application with selection and application of firestopping

specified in Division 07 Section "Penetration Firestopping."
2.09 SLEEVE SEALS

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:
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1. Advance Products & Systems, Inc.
2. Calpico, Inc.
3. Metraflex Co.
4. Pipeline Seal and Insulator, Inc.

B. Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and cable.
1. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.

 Include type and number required for material and size of raceway or cable.
2. Pressure Plates:  Carbon steel Include two for each sealing element.
3. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating of length

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

PART 3 EXECUTION
3.01 RACEWAY APPLICATION

A. Outdoors:  Apply raceway products as specified below, unless otherwise indicated:
1. Exposed Conduit:  Rigid steel conduit.
2. Concealed Conduit, Aboveground:  EMT
3. Underground Conduit:  RNC, Type EPC-40-PVC, direct buried.
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,

Electric Solenoid, or Motor-Driven Equipment):  LFMC.
5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R.

B. Comply with the following indoor applications, unless otherwise indicated:
1. Exposed, Not Subject to Physical Damage:  EMT.
2. Exposed, Not Subject to Severe Physical Damage:  EMT.
3. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit.  Includes

raceways in the following locations:
a. Loading dock.
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
c. Mechanical rooms.

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT.
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,

Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet
locations.

6. Damp or Wet Locations:  Rigid steel conduit.
7. Raceways for Optical Fiber or Communications Cable in Spaces Used for Environmental

Air:  EMT or cable tray.  All conduits shall have plastic bushing at the ends.
8. Raceways for Optical Fiber or Communications Cable Risers in Vertical Shafts:  EMT
9. Raceways for Concealed General Purpose Distribution of Optical Fiber or

Communications Cable EMT.
10. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, stainless

steel in damp or wet locations. HUBS to match conduit.
C. Minimum Raceway Size:  3/4-inch.
D. Raceway Fittings:  Compatible with raceways and suitable for use and location.

1. Rigid Steel Conduit:  Use threaded rigid steel conduit fittings, unless otherwise indicated.
2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with that

material.  Patch and seal all joints, nicks, and scrapes in PVC coating after installing
conduits and fittings.  Use sealant recommended by fitting manufacturer.

3.02 INSTALLATION
A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2

except where requirements on Drawings or in this Article are stricter.
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B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.
 Install horizontal raceway runs above water and steam piping.

C. Complete raceway installation before starting conductor installation. Use conduit caps to
protect installed conduit against entrance of dirt and moisture before area is dryed in and cable
or wire are not immediately installed.  Tape covering of conduit ends is not acceptable.

D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical
Systems."

E. Arrange stub-ups so curved portions of bends are not visible above the finished slab.
F. Install no more than the equivalent of three 90-degree bends in any conduit run except for

communications conduits, for which fewer bends are allowed.
G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated.
H. Raceways Embedded in Slabs:

1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement.
 Where at right angles to reinforcement, place conduit close to slab support.

2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
3. Change from Type EPC-40-PVC to rigid steel conduit, before rising above the floor.
4. Elbows larger than 1/2" or on runs longer than 50' shall be rigid steel.
5. Tape all GRC with 2" overlapping tape where underground or where in contact with

concrete.
I. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply

listed compound to threads of raceway and fittings before making up joints.  Follow compound
manufacturer's written instructions.

J. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings
to protect conductors, including conductors smaller than No. 4 AWG.

K. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not
less than 200-lb tensile strength.  Leave at least 12 inches of slack at each end of pull wire.

L. Raceways for Optical Fiber and Communications Cable:  Install raceways, metallic and
nonmetallic, rigid and flexible, as follows:
1. 3/4-Inch Trade Size and Smaller:  Install raceways in maximum lengths of 50 feet.
2. 1-Inch Trade Size and Larger:  Install raceways in maximum lengths of 75 feet.
3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway

unless Drawings show stricter requirements.  Separate lengths with pull or junction boxes
or terminations at distribution frames or cabinets where necessary to comply with these
requirements.

M. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with
listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a
blank cover plate having a finish similar to that of adjacent plates or surfaces.  Install raceway
sealing fittings at the following points:
1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated

spaces.
2. Where otherwise required by NFPA 70.

N. Expansion-Joint Fittings:  Install in each run of aboveground conduit that is located where
environmental temperature change may exceed 30 deg F, and that has straight-run length that
exceeds 25 feet.
1. Install expansion-joint fittings for each of the following locations, and provide type and

quantity of fittings that accommodate temperature change listed for location:
a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F temperature change.
b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature change.
c. Indoor Spaces:  Connected with the Outdoors without Physical Separation:  [125

deg F temperature change.
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d. Attics:  135 deg F temperature change.
2. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of

length of straight run per deg F of temperature change.
3. Install each expansion-joint fitting with position, mounting, and piston setting selected

according to manufacturer's written instructions for conditions at specific location at the
time of installation.

4. Unless expansion fitting has internal bonding braid, a green insulated grounding conductor
shall be pulled in conduit.

O. Flexible Conduit Connections:  Use maximum of 72 inches of flexible conduit for recessed and
semirecessed lighting fixtures, equipment subject to vibration, noise transmission, or
movement; and for transformers and motors.
1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC in damp or wet locations not subject to severe physical damage.

P. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry block,
and install box flush with surface of wall.

Q. Set metal floor boxes level and flush with finished floor surface.
R. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface.

3.03 INSTALLATION OF UNDERGROUND CONDUIT
A. Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench
bottom as specified in Division 31 Section "Earth Moving" for pipe less than 6 inches in
nominal diameter.

2. Install backfill as specified in Division 31 Section "Earth Moving."
3. After installing conduit, backfill and compact.  Start at tie-in point, and work toward end of

conduit run, leaving conduit at end of run free to move with expansion and contraction as
temperature changes during this process.  Firmly hand tamp backfill around conduit to
provide maximum supporting strength.  After placing controlled backfill to within 12 inches
of finished grade, make final conduit connection at end of run and complete backfilling
with normal compaction as specified in Division 31 Section "Earth Moving."

4. Install manufactured elbows for stub-ups at poles and equipment and at building
entrances through the floor, unless otherwise indicated.  Encase elbows for stub-up ducts
throughout the length of the elbow.

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at
building entrances through the floor.
a. Couple steel conduits to ducts with adapters designed for this purpose, and encase

coupling with 3 inches of concrete.
b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit

horizontally a minimum of 60 inches from edge of equipment pad or foundation.
 Install insulated grounding bushings on terminations at equipment.

3.04 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES
A. Install handholes and boxes level and plumb and with orientation and depth coordinated with

connecting conduits to minimize bends and deflections required for proper entrances.
B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded

from 1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed
earth.

C. Elevation:  In paved areas, set so cover surface will be flush with finished grade.  Set covers of
other enclosures 1 inch above finished grade.

D. Install handholes and boxes with bottom below the frost line, below grade.
E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and

insulators, as required for installation and support of cables and conductors and as indicated.
 Select arm lengths to be long enough to provide spare space for future cables, but short
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enough to preserve adequate working clearances in the enclosure.
F. Field-cut openings for conduits according to enclosure manufacturer's written instructions.  Cut

wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings
to be used, and seal around penetrations after fittings are installed.

3.05 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
A. Coordinate sleeve selection and application with selection and application of firestopping

specified in Division 07 Section "Penetration Firestopping."
B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed

openings are used.  Install sleeves during erection of slabs and walls.
C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
D. Rectangular Sleeve Minimum Metal Thickness:

1. For sleeve cross-section rectangle perimeter less than 50 inches and no side greater than
16 inches, thickness shall be 0.052 inch.

2. For sleeve cross-section rectangle perimeter equal to, or greater than, 50 inches and 1 or
more sides equal to, or greater than, 16 inches, thickness shall be 0.138 inch.

E. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of
floor or wall.

F. Cut sleeves to length for mounting flush with both surfaces of walls.
G. Extend sleeves installed in floors 2 inches above finished floor level.
H. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway unless

sleeve seal is to be installed.
I. Seal space outside of sleeves with grout for penetrations of concrete and masonry.
J. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve

and raceway, using joint sealant appropriate for size, depth, and location of joint.  Refer to
Division 07 Section "Joint Sealants" for materials and installation.

K. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings,
and floors at raceway penetrations.  Install sleeves and seal with firestop materials.  Comply
with Division 07 Section "Penetration Firestopping."

L. Roof-Penetration Sleeves:  Seal penetration of individual raceways with flexible, boot-type
flashing units applied in coordination with roofing work.

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

N. Underground, Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size
sleeves to allow for 1-inch annular clear space between raceway and sleeve for installing
mechanical sleeve seals.

3.06 SLEEVE-SEAL INSTALLATION
A. Install to seal underground, exterior wall penetrations.
B. Use type and number of sealing elements recommended by manufacturer for raceway material

and size.  Position raceway in center of sleeve.  Assemble mechanical sleeve seals and install
in annular space between raceway and sleeve.  Tighten bolts against pressure plates that
cause sealing elements to expand and make watertight seal.

3.07 FIRESTOPPING
A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore

original fire-resistance rating of assembly. Firestopping materials and installation requirements
are specified in Spec Section 260002 "Through Penetrations Firestopping for Electrical
Systems."
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3.08 PROTECTION
A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are

without damage or deterioration at time of Substantial Completion.
1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
2. Repair damage to PVC or paint finishes with matching touchup coating recommended by

manufacturer.
END OF SECTION
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SECTION 260544
SLEEVES AND SEALS FOR ELECTRICAL RACEWAYS AND CABLING

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. Section Includes:

1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
2. Sleeve-seal systems.
3. Sleeve-seal fittings.
4. Grout.
5. Silicone sealants.

B. Related Requirements:
1. Division 07 Section "Penetration Firestopping" for penetration firestopping installed in fire-

resistance-rated walls, horizontal assemblies, and smoke barriers, with and without
penetrating items.

1.03 ACTION SUBMITTALS
A. Product Data:  For each type of product.

PART 2 PRODUCTS
2.01 SLEEVES

A. Wall Sleeves:
1. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain

ends.
B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:  Galvanized-

steel sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint,
with tabs for screw-fastening the sleeve to the board.

2.02 GROUT
A. Description:  Nonshrink; recommended for interior and exterior sealing openings in non-fire-

rated walls or floors.
B. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,

hydraulic-cement grout.
C. Design Mix:  5000-psi, 28-day compressive strength.
D. Packaging:  Premixed and factory packaged.

2.03 SILICONE SEALANTS
A. Silicone Sealants:  Single-component, silicone-based, neutral-curing elastomeric sealants of

grade indicated below.
1. Grade:  Pourable (self-leveling) formulation for openings in floors and other horizontal

surfaces that are not fire rated.
B. Silicone Foams:  Multicomponent, silicone-based liquid elastomers that, when mixed, expand

and cure in place to produce a flexible, nonshrinking foam.
PART 3 EXECUTION
3.01 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS

A. Comply with NECA 1.
B. Comply with NEMA VE 2 for cable tray and cable penetrations.
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C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit
Floors and Walls:
1. Interior Penetrations of Non-Fire-Rated Walls and Floors:

a. Seal annular space between sleeve and raceway or cable, using joint sealant
appropriate for size, depth, and location of joint.  Comply with requirements in
Division 07 Section "Joint Sealants."

b. Seal space outside of sleeves with mortar or grout.  Pack sealing material solidly
between sleeve and wall so no voids remain.  Tool exposed surfaces smooth; protect
material while curing.

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or

cable unless sleeve seal is to be installed.
4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used.

 Install sleeves during erection of walls.  Cut sleeves to length for mounting flush with both
surfaces of walls.  Deburr after cutting.

5. Install sleeves for floor penetrations.  Extend sleeves installed in floors 2 inches above
finished floor level.  Install sleeves during erection of floors.

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved

opening.
2. Seal space outside of sleeves with approved joint compound for gypsum board

assemblies.
E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible

boot-type flashing units applied in coordination with roofing work.
F. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and

mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular clear space between
pipe and sleeve for installing mechanical sleeve seals.

3.02 SLEEVE-SEAL-SYSTEM INSTALLATION
A. Install type and number of sealing elements recommended by manufacturer for raceway or

cable material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical
sleeve seals and install in annular space between raceway or cable and sleeve.  Tighten bolts
against pressure plates that cause sealing elements to expand and make watertight seal.

3.03 SLEEVE-SEAL-FITTING INSTALLATION
A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and

walls.  Position water stop flange to be centered in concrete slab or wall.
C. Secure nailing flanges to concrete forms.
D. Using grout, seal the space around outside of sleeve-seal fittings.

END OF SECTION
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SECTION 260553
IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. Section Includes:

1. Identification for raceways.
2. Identification of power and control cables.
3. Identification for conductors.
4. Underground-line warning tape.
5. Warning labels and signs.
6. Instruction signs.
7. Equipment identification labels.
8. Miscellaneous identification products.

1.03 SUBMITTALS
A. Product Data:  For each electrical identification product indicated.

1.04 QUALITY ASSURANCE
A. Comply with NFPA 70.
B. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.

1.05 COORDINATION
A. Coordinate identification names, abbreviations, colors, and other features with requirements in

other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's
wiring diagrams, and the Operation and Maintenance Manual; and with those required by
codes, standards, and 29 CFR 1910.145.  Use consistent designations throughout Project.

B. Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

C. Coordinate installation of identifying devices with location of access panels and doors.
D. Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 PRODUCTS
2.01 CONDUCTOR IDENTIFICATION MATERIALS

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils thick by 1
to 2 inches wide.

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend
label.

C. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping
action.

D. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2
inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in
place by gripping action.

E. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification
legend machine printed by thermal transfer or equivalent process.
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2.02 UNDERGROUND-LINE WARNING TAPE
A. Tape:

1. 3.5 mils and 6” wide.
2. Printing on tape shall be permanent and shall not be damaged by burial operations.
3. Polyethylene tape material and ink shall be chemically inert, and not subject to degrading

when exposed to acids, alkalis, and other destructive substances commonly found in soils.
B. Color and Printing:

1. Inscriptions for Red-Colored Tapes:  BURIED ELECTRIC LINE, CAUTION.
2. Inscriptions for Orange-Colored Tapes:  TELEPHONE CABLE, CATV CABLE,

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.
2.03 WARNING LABELS AND SIGNS

A. Comply with NFPA 70 and 29 CFR 1910.145.
B. Baked-Enamel Warning Signs:

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size
required for application.

2. 1/4-inch grommets in corners for mounting.
3. Nominal size, 7 by 10 inches.

C. Warning label and sign shall include, but are not limited to, the following legends:
1. Workspace Clearance Warning:  "WARNING - OSHA REGULATION - AREA IN FRONT

OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."
2. Location of multiple main disconnects are at defined locations. Approved by Authority

Having Jurisdiction.
2.04 INSTRUCTION SIGNS

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 sq.
inches and 1/8 inch thick for larger sizes.
1. Engraved legend with black letters on white face .
2. Punched or drilled for mechanical fasteners.
3. Framed with mitered acrylic molding and arranged for attachment at applicable

equipment.
2.05 EQUIPMENT IDENTIFICATION LABELS

A. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with white
letters on a dark-gray background.  Minimum letter height shall be 3/8 inch.

2.06 CABLE TIES
A. UV-Stabilized Cable Ties:  Fungus inert, designed for continuous exposure to exterior sunlight,

self extinguishing, one piece, self locking, Type 6/6 nylon.
1. Minimum Width:  3/16 inch.
2. Tensile Strength at 73 deg F, According to ASTM D 638:  12,000 psi.
3. Temperature Range:  Minus 40 to plus 185 deg F.
4. Color:  Black.

B. Plenum-Rated Cable Ties:  Self extinguishing, UV stabilized, one piece, self locking.
1. Minimum Width:  3/16 inch.
2. Tensile Strength at 73 deg F, According to ASTM D 638:  7000 psi.
3. UL 94 Flame Rating:  94V-0.
4. Temperature Range:  Minus 50 to plus 284 deg F.
5. Color:  Black.

2.07 MISCELLANEOUS IDENTIFICATION PRODUCTS
A. Paint:  Comply with requirements in Division 09 painting Sections for paint materials and

application requirements.  Select paint system applicable for surface material and location
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(exterior or interior).
B. Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel machine

screws with nuts and flat and lock washers.
PART 3 EXECUTION
3.01 INSTALLATION

A. Verify identity of each item before installing identification products.
B. Location:  Install identification materials and devices at locations for most convenient viewing

without interference with operation and maintenance of equipment.
C. Apply identification devices to surfaces that require finish after completing finish work.
D. Secure plastic name plates to equipment fronts using screws or rivets.  Use of adhesive shall

be per owner’s approval only.
E. System Identification Color-Coding Bands for Raceways and Cables:  Each color-coding band

shall completely encircle cable or conduit.  Place adjacent bands of two-color markings in
contact, side by side.  Locate bands at changes in direction, at penetrations of walls and floors,
at 50-foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested
areas.

F. Cable Ties:  For attaching tags.  Use general-purpose type, except as listed below:
1. Outdoors:  UV-stabilized nylon.
2. In Spaces Handling Environmental Air:  Plenum rated.

G. Underground-Line Warning Tape:  During backfilling of trenches install continuous
underground-line warning tape directly above line at 6 to 8 inches below finished grade.  Use
multiple tapes where width of multiple lines installed in a common trench exceeds 16 inches
overall.

3.02 IDENTIFICATION SCHEDULE
A. Accessible Raceways and 600 V or Less, for Service, Feeder, and Branch Circuits, and 120 V

to ground:  Identify with self-adhesive vinyl tape applied in bands.  Install labels at 10-foot
 maximum intervals.

B. Accessible Raceways and Cables within Buildings:  Identify the covers of each junction and pull
box of the following systems with self-adhesive vinyl labels with the wiring system legend and
system voltage.  System legends shall be as follows:
1. Normal Power – White letters on Black background.
2. Generator Power – White letters on Red background.

C. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in vaults, pull and
junction boxes, and handholes, use color-coding conductor tape to identify the phase.
1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less:  Use colors listed

below for ungrounded service feeder and branch-circuit conductors.
a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if

authorities having jurisdiction permit.
b. Colors for 208/120-V Circuits:

1) Phase A:  Black.
2) Phase B:  Red.
3) Phase C:  Blue.
4) Neutral:  White.

c. Colors for 480/277-V Circuits:
1) Phase A:  Brown.
2) Phase B:  Orange. (Purple)
3) Phase C:  Yellow.
4) Neutral:  Gray.

d. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a
minimum distance of 6 inches from terminal points and in boxes where splices or taps
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are made.  Apply last two turns of tape with no tension to prevent possible unwinding.
 Locate bands to avoid obscuring factory cable markings.

D. Conductors to Be Extended in the Future:  Attach write-on tags to conductors and list source.
E. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, and

signal connections.
1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and

pull points.  Identify by system and circuit designation.
2. Use system of marker tape designations that is uniform and consistent with system used

by manufacturer for factory-installed connections.
3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the

Operation and Maintenance Manual.
F. Locations of Underground Lines:  Identify with underground-line warning tape for power,

lighting, communication, and control wiring and optical fiber cable.
1. Limit use of underground-line warning tape to direct-buried cables.
2. Install underground-line warning tape for both direct-buried cables and cables in raceway.

G. Workspace Indication:  Install floor marking tape to show working clearances in the direction of
access to live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless
otherwise indicated.  Do not install at flush-mounted panelboards and similar equipment in
finished spaces.

H. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Baked-
enamel warning signs.
1. Comply with 29 CFR 1910.145.
2. Identify system voltage with black letters on an orange background.
3. Apply to exterior of door, cover, or other access.
4. For equipment with multiple power or control sources, apply to door or cover of equipment

including, but not limited to, the following:
a. Power transfer switches.
b. Controls with external control power connections.

I. Operating Instruction Signs:  Install instruction signs to facilitate proper operation and
maintenance of electrical systems and items to which they connect.  Install instruction signs
with approved legend where instructions are needed for system or equipment operation.

J. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red
background with minimum 3/8-inch- high letters for emergency instructions at equipment used
for power transfer.

K. Equipment Identification Labels:  On each unit of equipment, install unique designation label
that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.
 Apply labels to disconnect switches and protection equipment, central or master units, control
panels, control stations, terminal cabinets, and racks of each system.  Systems include power,
lighting, control, communication, signal, monitoring, and alarm systems unless equipment is
provided with its own identification.
1. Labeling Instructions:

a. Indoor Equipment:  Engraved, laminated acrylic or melamine label.  Unless otherwise
indicated, provide a single line of text with 1/2-inch- high letters on 1-1/2-inch- high
label; where two lines of text are required, use labels 2 inches high.

b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label.
c. Elevated Components:  Increase sizes of labels and letters to those appropriate for

viewing from the floor.
d. Unless provided with self-adhesive means of attachment, fasten labels with

appropriate mechanical fasteners that do not change the NEMA or NRTL rating of the
enclosure.

2. Equipment to Be Labeled:



Florence Recreation Center  260553 - 5  Identification for Electrical
Systems 

a. Panelboards:  Typewritten directory of circuits in the location provided by panelboard
manufacturer.  Panelboard identification shall be engraved, laminated acrylic or
melamine label.

b. Enclosures and electrical cabinets.
c. Access doors and panels for concealed electrical items.
d. Switchgear.
e. Switchboards.
f. Transformers:  Label that includes tag designation shown on Drawings for the

transformer, feeder, and panelboards or equipment supplied by the secondary.
g. Emergency system boxes and enclosures.
h. Motor-control centers.
i. Enclosed switches.
j. Enclosed circuit breakers.
k. Enclosed controllers.
l. Variable-speed controllers.
m. Push-button stations.
n. Power transfer equipment.
o. Contactors.
p. Remote-controlled switches, dimmer modules, and control devices.
q. Battery-inverter units.
r. Battery racks.
s. Power-generating units.
t. Monitoring and control equipment.
u. UPS equipment.

3. Nameplate Detail:
a. For circuit breakers, panelboards, switchboards, disconnect switches, motor starters,

and contactors: ¼-inch letters, identify source to and device load serves, including
location.

4. Enclosure Color Coding:
a. The following systems shall have each junction and pull box cover completely painted

per the following:
System Color of Box Cover

Ethernet Backbone Blue
Telecommunications Brown
FCMS Green
Emergency Power Red
Security** White
Fire Alarm Yellow
Clock Fluorescent Violet
U.P.S. Fluorescent Pink

1) **Security shall include, but not be limited to, the following systems:
(a) Card Access\Proximity
(b) Duress Alarms
(c) Perimeter Door Alarms
(d) CCTV

END OF SECTION
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SECTION 260574
OVERCURRENT PROTECTIVE DEVICE ARC FLASH STUDY

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance

and the incident energy to which personnel could be exposed during work on or near electrical
equipment. Submittals of switchboard and panelboards will NOT be reviewed without the
submittals for this section. After award of contract, contact serving utility and request the
impedance of transformer to be installed at this location.

1.03 DEFINITIONS
A. Existing to Remain: Existing items of construction that are not to be removed and that are not

otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.
B. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols, the

course of an electric circuit or system of circuits and the component devices or parts used
therein.

C. Protective Device: A device that senses when an abnormal current flow exists and then
removes the affected portion from the system.

D. SCCR: Short-circuit current rating.
E. Service: The conductors and equipment for delivering electric energy from the serving utility to

the wiring system of the premises served.
1.04 ACTION SUBMITTALS

A. Product Data: For computer software program to be used for studies.
B. Other Action Submittals: Submit the following submittals after the approval of system protective

devices submittals. Submittals shall be in digital form.
1. Arc-flash study input data, including completed computer program input data sheets.
2. Arc-flash study report; signed, dated, and sealed by a qualified professional engineer.

a. Submit study report for action prior to receiving final approval of the distribution
equipment submittals. If formal completion of studies will cause delay in equipment
manufacturing, obtain approval from Architect for preliminary submittal of sufficient
study data to ensure that the selection of devices and associated characteristics is
satisfactory.

b. Professional engineer shall be an employee of the electrical gear manufacturer
submitting on this project.

1.05 INFORMATIONAL SUBMITTALS
A. Qualification Data: Field Adjusting Agency.
B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with

IEEE 1584 and NFPA 70E.
1.06 CLOSEOUT SUBMITTALS

A. Maintenance procedures according to requirements in NFPA 70E shall be provided in the
equipment manuals.

B. Operation and Maintenance Procedures: In addition to items specified in Section 01 78 23
"Operation and Maintenance Data," provide maintenance procedures for use by Owner's
personnel that comply with requirements in NFPA 70E.
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1.07 QUALITY ASSURANCE
A. Studies shall use computer programs that are distributed nationally and are in wide use.

Software algorithms shall comply with requirements of standards and guides specified in this
Section. Manual calculations are unacceptable.

B. Arc-Flash Study Software Developer Qualifications: An entity that owns and markets computer
software used for studies, having performed successful studies of similar magnitude on
electrical distribution systems using similar devices.
1. The computer program shall be developed under the charge of a licensed professional

engineer who holds IEEE Computer Society's Certified Software Development
Professional certification.

C. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing the
study, analyzing the arc flash, and documenting recommendations, licensed in the state where
Project is located. All elements of the study shall be performed under the direct supervision and
control of this professional engineer.

D. Field Adjusting Agency Qualifications: An independent agency, with the experience and
capability to adjust overcurrent devices and to conduct the testing indicated, that is a member
company of the International Electrical Testing Association or is a nationally recognized testing
laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities
having jurisdiction.

PART 2 PRODUCTS
2.01 COMPUTER SOFTWARE DEVELOPERS

A. Software Developers:
1. SKM Systems Analysis, Inc.  
2. CGI CYME.  
3. EDSA Micro Corporation.  
4. ESA Inc.  
5. Operation Technology, Inc.

B. Comply with IEEE 1584 and NFPA 70E.
C. Analytical features of device coordination study computer software program shall have the

capability to calculate "mandatory," "very desirable," and "desirable" features as listed in
IEEE 399.

2.02 ARC-FLASH STUDY REPORT CONTENT
A. Executive summary.
B. Study descriptions, purpose, basis and scope.
C. One-line diagram, showing the following:

1. Protective device designations and ampere ratings.
2. Cable size and lengths.
3. Transformer kilovolt ampere (kVA) and voltage ratings.
4. Motor and generator designations and kVA ratings.
5. Switchgear, switchboard, motor-control center and panelboard designations.

D. Study Input Data: As described in "Power System Data" Article.
E. Short-Circuit Study Output: As specified in "Short Circuit Study Output" Paragraph in "Short-

Circuit Study Report Contents" Article in Section 26 05 72 "Overcurrent Protective Device
Short-Circuit Study."

F. Protective Device Coordination Study Report Contents: As specified in "Protective Device
Coordination Study Report Contents" Article in Section 26 05 73 "Overcurrent Protective Device
Coordination Study."

G. Arc-Flash Study Output:
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1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the
following for each overcurrent device location:
a. Voltage.
b. Calculated symmetrical fault-current magnitude and angle.
c. Fault-point X/R ratio.
d. No AC Decrement (NACD) ratio.
e. Equivalent impedance.
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical

basis.
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.

H. Incident Energy and Flash Protection Boundary Calculations:
1. Arcing fault magnitude.
2. Protective device clearing time.
3. Duration of arc.
4. Arc-flash boundary.
5. Working distance.
6. Incident energy.
7. Hazard risk category.
8. Recommendations for arc-flash energy reduction.

I. Fault study input data, case descriptions, and fault-current calculations including a definition of
terms and guide for interpretation of the computer printout.

2.03 ARC-FLASH WARNING LABELS
A. Comply with requirements in Section 26 05 53 "Identification for Electrical Systems." Produce a

3.5-by-5-inch thermal transfer label of high-adhesion polyester for each work location included
in the analysis.

B. The label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD,"
and shall include the following information taken directly from the arc-flash hazard analysis:
1. Location designation.
2. Nominal voltage.
3. Flash protection boundary.
4. Hazard risk category.
5. Incident energy.
6. Working distance.
7. Engineering report number, revision number, and issue date.

C. Labels shall be machine printed, with no field-applied markings.
PART 3 EXECUTION
3.01 EXAMINATION

A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only
after relevant equipment submittals have been assembled. Overcurrent protective devices that
have not been submitted and approved prior to arc-flash study may not be used in study.

3.02 ARC-FLASH HAZARD ANALYSIS
A. Comply with NFPA 70E and its Annex D for hazard analysis study.
B. Preparatory Studies:

1. Short-Circuit Study Output: As specified in "Short-Circuit Study Output" Paragraph in
"Short-Circuit Study Report Contents" Article in Section 26 05 72 "Overcurrent Protective
Device Short-Circuit Study."

2. Protective Device Coordination Study Report Contents: As specified in "Protective Device
Coordination Study Report Contents" Article in Section 26 05 73 "Overcurrent Protective
Device Coordination Study."



Florence Recreation Center  260574 - 4  Overcurrent Protective Device Arc
Flash Study 

C. Calculate maximum and minimum contributions of fault-current size.
1. The minimum calculation shall assume that the utility contribution is at a minimum and

shall assume no motor load.
2. The maximum calculation shall assume a maximum contribution from the utility and shall

assume motors to be operating under full-load conditions.
D. Calculate the arc-flash protection boundary and incident energy at locations in the electrical

distribution system where personnel could perform work on energized parts.
E. Include medium- and low-voltage equipment locations, except equipment rated 240-V ac or

less fed from transformers less than 125 kVA.
F. Safe working distances shall be specified for calculated fault locations based on the calculated

arc-flash boundary, considering incident energy of 1.2 cal/sq.cm.
G. Incident energy calculations shall consider the accumulation of energy over time when

performing arc-flash calculations on buses with multiple sources. Iterative calculations shall
take into account the changing current contributions, as the sources are interrupted or
decremented with time. Fault contribution from motors and generators shall be decremented as
follows:
1. Fault contribution from induction motors should not be considered beyond three to five

cycles.
2. Fault contribution from synchronous motors and generators should be decayed to match

the actual decrement of each as closely as possible (e.g., contributions from permanent
magnet generators will typically decay from 10 per unit to three per unit after 10 cycles).

H. Arc-flash computation shall include both line and load side of a circuit breaker as follows:
1. When the circuit breaker is in a separate enclosure.
2. When the line terminals of the circuit breaker are separate from the work location.

I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum
clearing time at two seconds based on IEEE 1584, Section B.1.2.

3.03 POWER SYSTEM DATA
A. Obtain all data necessary for the conduct of the arc-flash hazard analysis.

1. Verify completeness of data supplied on the one-line diagram on Drawings and under
"Preparatory Studies" Paragraph in "Arc-Flash Hazard Analysis" Article. Call
discrepancies to the attention of Architect.

2. For new equipment, use characteristics submitted under the provisions of action
submittals and information submittals for this Project.

3. For existing equipment, whether or not relocated, obtain required electrical distribution
system data by field investigation and surveys, conducted by qualified technicians and
engineers.

B. Electrical Survey Data: Gather and tabulate the following input data to support study. Comply
with recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that is required
to be acquired in the field. Field data gathering shall be under the direct supervision and control
of the engineer in charge of performing the study and shall be by the engineer or its
representative who holds NETA ETT Level III certification or NICET Electrical Power Testing
Level III certification.
1. Product Data for overcurrent protective devices specified in other Sections and involved in

overcurrent protective device coordination studies. Use equipment designation tags that
are consistent with electrical distribution system diagrams, overcurrent protective device
submittals, input and output data, and recommended device settings.

2. Obtain electrical power utility impedance at the service.
3. Power sources and ties.
4. Short-circuit current at each system bus, three phase and line-to-ground.
5. Full-load current of all loads.
6. Voltage level at each bus.
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7. For transformers, include kVA, primary and secondary voltages, connection type,
impedance, X/R ratio, taps measured in per cent, and phase shift.

8. For reactors, provide manufacturer and model designation, voltage rating and impedance.
9. For circuit breakers and fuses, provide manufacturer and model designation. List type of

breaker, type of trip and available range of settings, SCCR, current rating, and breaker
settings.

10. Generator short-circuit current contribution data, including short-circuit reactance, rated
kVA, rated voltage, and X/R ratio.

11. For relays, provide manufacturer and model designation, current transformer ratios,
potential transformer ratios, and relay settings.

12. Busway manufacturer and model designation, current rating, impedance, lengths, and
conductor material.

13. Motor horsepower and NEMA MG 1 code letter designation.
14. Low-voltage cable sizes, lengths, number, conductor material and conduit material

(magnetic or nonmagnetic).
15. Medium-voltage cable sizes, lengths, conductor material, and cable construction and

metallic shield performance parameters.
3.04 LABELING

A. Apply one arc-flash label for 600-V ac, 480-V ac, and applicable 208-V ac panelboards and
disconnects and for each of the following locations:
1. Motor-control center.
2. Low-voltage switchboard.
3. Switchgear.
4. Medium-voltage switch.
5. Control panel.

3.05 APPLICATION OF WARNING LABELS
A. Install the arc-fault warning labels under the direct supervision and control of the Arc-Flash

Study Specialist.
3.06 DEMONSTRATION

A. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in the potential
arc-flash hazards associated with working on energized equipment and the significance of the
arc-flash warning labels.

END OF SECTION
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SECTION 260900
FIELD ELECTRICAL ACCEPTANCE TEST

PART 1 - GENERAL
1.01 SUMMARY

A. Section includes:
1. Responsibilities for testing the electrical installation.
2. Routine tests during installation.
3. Adjusting and calibration.
4. Acceptance tests.
5. Demonstration of electrical equipment.
6. Commissioning and plant start-up.

B. Copyright information:
1. Some portions of this Section are copyrighted by the InterNational Electrical Testing

Association, Inc. (NETA). See NETA publication ATS for details.
1.02 REFERENCES

A. American National Standards Institute (ANSI).
B. ASTM International (ASTM):

1. D 877 – Standard Test Method for Dielectric Breakdown Voltage of Insulating Liquids
Using Disk Electrodes.

2. D 923 – Standard Practices for Sampling Electrical Insulating Liquids.
3. D 924 – Standard Test Method for Dissipation Factor (or Power Factor) and Relative

Permittivity (Dielectric Constant) of Electrical Insulating Liquids.
4. D 971 – Standard Test Method for Interfacial Tension of Oil Against Water by the Ring

Method.
5. D 1298 – Standard Test Method for Density, Relative Density, or API Gravity of Crude

Petroleum and Liquid Petroleum Products by Hydrometer Method.
6. D 1500 – Standard Test Method for ASTM Color of Petroleum Products (ASTM Color

Scale).
7. D 1524 – Standard Test Method for Visual Examination of Used Electrical Insulating Oils

of Petroleum Origin in the Field.
8. D 1533 – Standard Test Method for Water in Insulating Liquids by Coulometric Karl

Fischer Titration.
9. D 1816 – Standard Test Method for Dielectric Breakdown Voltage of Insulating Liquids

Using VDE Electrodes.
10. D 3612 – Standard Test Method for Analysis of Gases Dissolved in Electrical Insulating

Oil by Gas Chromatography.
C. Institute of Electrical and Electronics Engineers (IEEE):

1. 43 – IEEE Recommended Practice for Testing Insulation Resistance of Rotating
Machinery.

2. 81 – IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface
Potentials of a Grounding System.

3. 95 – IEEE Recommended Practice for Insulation Testing of AC Electric Machinery (2300
V and Above) With High Direct Voltage.

4. 450 – IEEE Recommended Practice for Maintenance, Testing, and Replacement of
Vented Lead-Acid Batteries for Stationary Applications.

5. C57.13 – IEEE Standard Requirements for Instrument Transformers.
6. C57.13.1 – IEEE Guide for Field Testing of Relaying Current Transformers.
7. C57.13.3 – IEEE Guide for Grounding of Instrument Transformer Secondary Circuits and

Cases.
8. C57.104 – IEEE Guide for the Interpretation of Gases Generated in Oil-Immersed

Transformers.
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D. Insulated Cable Engineer’s Association (ICEA).
E. InterNational Electrical Testing Association (NETA).

1. ATS-2009 Standard for Standard for Acceptance Testing Specifications for Electrical
Power Equipment and Systems.

F. International Electrotechnical Commission (IEC).
G. Manufacturer’s testing recommendations and instruction manuals.
H. National Fire Protection Association (NFPA):

1. 70 – National Electrical Code (NEC).
2. 110 – Standard for Emergency and Standby Power Systems.

I. National Institute of Standards and Technology (NIST).
J. The American Society for Nondestructive Testing (ASNT)
K. Specification sections for the electrical equipment being tested.
L. Shop drawings.

1.03 DEFINITIONS
A. Specific definitions:

1. Testing laboratory: The organization performing acceptance tests.
1.04 SYSTEM DESCRIPTION

A. Testing of all electrical equipment installed under this Contract in accordance with the
Manufacturer’s requirements and as specified in this Section.

B. The testing and inspections shall verify that the equipment is operational within the tolerances
required and expected by the Manufacturer, and these Specifications. The results of the tests
shall determine the suitability for continued reliable operation.

C. Responsibilities:
1. CONTRACTOR responsibilities:

a. Ensure that all resources are made available for testing, and that all testing
requirements are met.

2. Electrical subcontractor responsibilities:
a. Perform routine tests during installation.
b. Demonstrate operation of electrical equipment.
c. Commission the electrical installation.
d. Provide the necessary services during testing, and provide these services to the

testing laboratory, CONTRACTOR, and other subcontractors, including but not
limited to:
1) Providing electrical power as required.
2) Operating of electrical equipment in conjunction with testing of other equipment.
3) Activating and shutting down electrical circuits.
4) Making and recording electrical measurements.
5) Replacing blown fuses.
6) Installing temporary jumpers.

3. Testing laboratory responsibilities:
a. Perform all acceptance tests as defined in this Section.
b. Provide all required equipment, materials, labor, and technical support during

acceptance tests.
D. Upon completion of testing or calibration, attach a label to all serviced devices:

1. The label shall indicate the date serviced and the company that performed the service.
1.05 SUBMITTALS

A. Test report:
1. Include the following:
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a. Summary of Project.
b. Description of equipment tested.
c. Description of tests performed.
d. Test results.
e. Conclusions and recommendations.
f. Completed test forms.
g. List of test equipment used and calibration dates.
h. LAN cable test reports.

B. Testing laboratory qualifications:
1. Submit a complete resume and statement of qualifications from the proposed testing

laboratory detailing their experiences in performing the tests specified:
a. This statement will be used to determine whether the laboratory is acceptable, and

shall include:
1) Corporate history and references.
2) Resume of individual performing test.
3) Equipment list and test calibration data.

C. Division of responsibilities:
1. Submit a list identifying who is responsible for performing each portion of the testing.

D. Manufacturers’ testing procedures:
1. Submit Manufacturers’ recommended testing procedures and acceptable test results for

review by the ENGINEER.
1.06 QUALITY ASSURANCE

A. Testing laboratory qualifications:
1. The testing laboratory may be qualified testing personnel from the electrical NETA

certified independent testing company.
2. Selection of the testing laboratory and testing personnel is subject to approval by the

ENGINEER based on testing experience and certifications of the individuals and testing
capabilities of the organization.

1.07 SEQUENCING
A. Perform testing in the following sequence:

1. Perform routine tests as the equipment is installed including:
a. Insulation resistance tests.
b. Continuity tests.
c. Rotational tests.

2. Adjusting and preliminary calibration.
3. Acceptance tests.
4. Demonstration.
5. Commissioning and building start-up.

1.08 WARRANTY
A. Provide with 1 year after substantial completion.

PART 2 - PRODUCTS
2.01 SOURCE QUALITY CONTROL

A. General:
1. Test instrument calibration:

a. Utilize a testing laboratory with a calibration program which maintains all applicable
test instrumentation within rated accuracy.

b. The accuracy shall be traceable to the NIST in an unbroken chain.
c. Calibrate instruments in accordance with the following frequency schedule:

1) Field instruments: 6 months maximum.
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2) Laboratory instruments: 12 months maximum.
3) Leased specialty equipment where the accuracy is guaranteed by the lessor

(such as Doble): 12 months maximum.
d. Dated calibration labels shall be visible on all test equipment.
e. Maintain an up-to-date instrument calibration record for each test instrument:

1) The records shall show the date and results of each calibration or test.
f. Maintain an up-to-date instrument calibration instruction and procedure for each test

instrument.
PART 3 - EXECUTION
3.01 PREPARATION

A. Do not begin testing until the following conditions have been met:
1. All instruments required are available and in proper operating condition.
2. All required dispensable materials such as solvents, rags, and brushes are available.
3. All equipment handling devices such as cranes, vehicles, chain falls and other lifting

equipment are available or scheduled.
4. All instruction books, calibration curves, or other printed material to cover the electrical

devices are available.
5. Data sheets to record all test results are available.

3.02 FIELD QUALITY CONTROL
A. Cables, 600 volts and less:

1. Visual and mechanical inspection:
a. Compare cable data with that indicated on the Drawings and specified in the

Specifications.
b. Inspect exposed sections of cables for physical damage and correct connection as

indicated on the Drawings.
c. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low resistance ohmmeter.
2) Verify tightness of accessible bolted electrical connections by the calibrated

torque wrench method:
(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
3) Thermographic survey.

d. Inspect compression-applied connectors for correct cable match and indentation.
e. Inspect for correct identification and arrangements.
f. Inspect jacket insulation and condition.

2. Electrical tests:
a. Perform resistance measurements through bolted connections with low-resistance

ohmmeter.
b. Perform insulation-resistance tests on each conductor with respect to ground and

adjacent conductors:
1) Applied voltage shall be:

(a) 500 VDC for 300-volt rated cable.
(b) 1,000 VDC for 600-volt rated cable.

2) Test duration shall be 1 minute.
c. Perform continuity tests to ensure correct cable connection.
d. Verify uniform resistance of parallel conductors.

3. Test values:
a. Compare bolted connection resistance values to values of similar connections:

1) Investigate values which deviate from those of similar bolted connections by
more than 50 percent of the lowest value.

b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:
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1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
c. Results of the thermographic survey shall be in accordance with NETA ATS

requirements.
d. Insulation resistance values shall be in accordance with Manufacturer’s published

data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
2) Investigate values of insulation resistance less than the allowable minimum.

e. Cables shall exhibit continuity.
f. Investigate deviations in resistance between parallel conductors.

B. Low voltage molded case and insulated case circuit breakers (Panelboards):
1. Visual and mechanical inspection:

a. Compare equipment nameplate data with that indicated on the Drawings and
specified in the Specifications.

b. Inspect physical and mechanical condition.
c. Inspect anchorage and alignment.
d. Verify the unit is clean.
e. Operate circuit breaker to ensure smooth operation.
f. Inspect bolted electrical connections for high resistance by one of the following

methods:
1) Use of low resistance ohmmeter.
2) Verify tightness of accessible bolted electrical connections by the calibrated

torque wrench method:
(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
3) Thermographic survey per Thermal Imaging requirements in this section.

g. Inspect operating mechanism, contacts, and arc chutes in unsealed units.
h. Perform adjustments for final protective device settings in accordance with the

coordination study.
2. Electrical tests:

a. Perform resistance measurements through bolted connections with a low resistance
ohmmeter.

b. Perform insulation resistance tests for 1 minute on each pole, phase-to-phase and
phase-to-ground with the circuit breaker closed and across each open pole:
1) Apply voltage in accordance with Manufacturer’s published data.
2) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Perform a contact/pole-resistance test.
d. Perform insulation-resistance tests on control wiring with respect to ground. Applied

potential shall be 500 VDC for 300-volt rated cable and 1,000 VDC for 600-volt rated
cable. Apply the test voltage for 1 minute:
1) For solid state devices that can not tolerate the applied voltage, follow the

Manufacturer’s recommendation.
2) For breakers 400amp and larger:

e. Determine long-time pickup and delay by primary current injection.
f. Determine short-time pickup and delay by primary current injection.
g. Determine ground-fault pickup and delay by primary current injection.
h. Determine instantaneous pickup value by primary current injection.
i. Test functions of the trip unit by means of secondary injection.
j. Perform minimum pickup voltage tests on shunt trip and close coils in accordance

with Manufacturer’s published data.
k. Verify correct operation of any auxiliary features such as trip and pickup indicators,

zone interlocking, electrical close and trip operation, trip-free, antipump function and
trip unit battery condition:
1) Reset all trip logs and indicators.
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l. Verify operation of charging mechanism.
3. Test values:

a. Compare bolted connection resistance values to values of similar connections:
1) Investigate values which deviate from those of similar bolted connections by

more than 50 percent of the lowest value.
b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:

1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
c. Results of the thermographic survey shall be in accordance with NETA ATS

requirements.
d. Insulation resistance values shall be in accordance with Manufacturer’s published

data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
2) Investigate values of insulation resistance less than the allowable minimum.

e. Microhm or dc millivolt drop values shall not exceed the high levels of the normal
range as indicated in the Manufacturer’s published data:
1) If Manufacturer’s data is not available, investigate any values which deviate from

adjacent poles or similar breakers by more than 50 percent of the lowest value.
f. Insulation resistance values of control wiring shall not be less than 2 megohms.
g. Long-time pickup values shall be as specified, and the trip characteristic shall not

exceed Manufacturer’s published time-current characteristic tolerance band including
adjustment factors:
1) If Manufacturer’s curves are not available, trip times shall not exceed the value

shown in NETA ATS tables.
h. Short-time pickup values shall be as specified, and the trip characteristic shall not

exceed Manufacturer’s published time-current tolerance band.
i. Ground fault pickup values shall be as specified, and the trip characteristic shall not

exceed Manufacturer’s published time-current tolerance band.
j. Instantaneous pickup values shall be as specified and within Manufacturer’s

published tolerances:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

k. Pickup values and trip characteristics shall be within Manufacturer’s published
tolerances.

l. Minimum pickup voltage of the shunt trip and close coils shall conform to the
Manufacturer’s published data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

m. Breaker open, close, trip, trip-free, antipump, and auxiliary features shall function as
designed.

n. The charging mechanism shall operate in accordance with Manufacturer’s published
data.

C. Switchgear and switchboard:
1. Visual and mechanical inspection:

a. Compare equipment nameplate data with that indicated on the Drawings and
specified in the Specifications.

b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, grounding and required area clearances.
d. Inspect equipment for cleanliness.
e. Verify that circuit breaker/fuse sizes and types correspond to the approved submittals

and the coordination study.
f. Verify that current and voltage transformer ratios correspond to that indicated on the

Drawings.
g. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low resistance ohmmeter.
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2) Verify tightness of accessible bolted electrical connections by the calibrated
torque wrench method:
(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
3) Thermographic survey.

(a) Temperature gradients for lug connections, bus connections, circuit
breakers, transformers, panels, and switchboards.

(b) Testing agent shall be ITC certified.
h. Mechanical and electrical interlocks:

1) Attempt closure on locked-open devices.
2) Attempt to open locked-closed devices.
3) Make/attempt key-exchanges in all positions.

i. Lubrication requirements:
1) Verify appropriate lubrication on moving current-carrying parts.
2) Verify appropriate lubrication on moving and sliding surfaces.

j. Inspect insulators for evidence of physical damage or contaminated surfaces.
k. Verify correct barrier and shutter installation and operation.
l. Exercise all active components.
m. Inspect all indicating devices for correct operation.
n. Verify that filters are in place and/or vents are clear.
o. Perform visual and mechanical inspection of instrument transformers as specified in

this Section.
p. Inspect control power transformers:

1) Inspect for physical damage, cracked insulation, broken leads, tightness of
connections, defective wiring, and overall general condition.

2) Verify that primary and secondary fuse/circuit breaker ratings match the
submittal drawings.

3) Verify correct functioning of drawout disconnecting and grounding contacts and
interlocks.

2. Electrical tests:
a. Perform resistance measurements through bolted connections with a low-resistance

ohmmeter if applicable.
b. Perform insulation-resistance tests on each bus section, phase-to-phase and phase-

to-ground for 1 minute.
1) Perform test in accordance with NETA ATS tables.

c. Perform a dielectric withstand voltage test on each bus section, each phase to
ground with phases not under test grounded, in accordance with Manufacturer’s
published data or NETA ATS tables. Apply the test voltage for 1 minute.

d. Perform insulation-resistance tests on control wiring with respect to ground. Applied
potential shall be 500 VDC for 300-volt rated cable and 1,000 VDC for 600-volt rated
cable. Apply the test voltage for 1 minute:
1) For solid state devices that cannot tolerate the applied voltage, follow the

Manufacturer’s recommendation.
e. Perform electrical tests on instrument transformers as specified in this Section.
f. Perform ground-resistance tests:

1) Perform point-to-point tests to determine the resistance between the main
grounding system and all major electrical equipment frames, system neutral and
derived neutral points.

g. Determine the accuracy of all meters.
h. Control power transformers:

1) Perform insulation resistance tests. Perform measurements from winding-to-
winding and each winding-to-ground:
(a) Test voltages shall be in accordance with NETA ATS tables or as specified

by the Manufacturer.
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2) Perform secondary wiring integrity test:
(a) Disconnect transformer at secondary terminals and connect secondary

wiring to a rated secondary voltage source:
(1) Verify correct potential at all devices.

3) Verify correct secondary voltage by energizing primary winding with system
voltage:
(a) Measure secondary voltage with the secondary wiring disconnected.

4) Verify correct function of control power transfer relays located in switchgear with
multiple control power sources.

i. Voltage transformers:
1) Perform secondary wiring integrity test:

(a) Verify correct potential at all devices.
2) Verify correct secondary voltage by energizing primary winding with system

voltage.
j. Perform current injection tests on the entire current circuit of each switchgear or

switchboard:
1) Perform current tests by secondary injection with magnitudes such that a

minimum current of 1.0 ampere flows in the secondary circuit:
(a) Verify the correct magnitude of current at each device in the circuit.

2) Perform current tests by primary injection with magnitudes such that a minimum
current of 1.0 ampere flows in the secondary circuit:
(a) Verify the correct magnitude of current at each device in the circuit.

k. Perform system function tests.
l. Verify operation of space heaters.

3. Test values:
a. Compare bolted connection resistance values to values of similar connections:

1) Investigate values which deviate from those of similar bolted connections by
more than 50 percent of the lowest value.

b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Results of the thermographic survey shall be in accordance with NETA ATS
requirements.

d. Compare bus connection resistances to values of similar connections.
1) Investigate values which deviate from those of similar bolted connections by

more than 50 percent of the lowest value.
2) Insulation-resistance values of bus insulation shall be in accordance with

Manufacturer’s published data:
(a) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
(b) Investigate insulation values less than the allowable minimum.
(c) Do not proceed with dielectric withstand voltage tests until insulation-

resistance values are above minimum values.
e. If no evidence of distress or insulation failure is observed by the end of the total time

of voltage application during the dielectric withstand test, the test specimen is
considered to have passed the test.

f. Insulation-resistance values for control wiring shall not be less than 2 megohms.
g. Instrument transformer test values as specified in this Section.
h. Investigate grounding system resistance values that exceed 0.5 ohm.
i. Meter accuracy shall be in accordance with Manufacturer’s published data.
j. Control power transformers:

1) Insulation resistance values of control power transformers shall be in
accordance with Manufacturer’s published data:
(a) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
(b) Investigate insulation values less than the allowable minimum.
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(c) Do not proceed with dielectric withstand voltage tests until insulation-
resistance values are above minimum values.

2) Secondary wiring shall be as indicated on the Drawings and specified in the
Specifications.

3) Secondary voltage shall be as indicated on the Drawings.
4) Control transfer relays shall perform as designed.

k. Voltage transformers:
1) Secondary wiring shall be as indicated on the Drawings and specified in the

Specifications.
2) Secondary voltage shall be as indicated on the Drawings.

l. Current-injection tests shall prove current wiring is as indicated on the Drawings and
specified in the Specifications.

m. Results of system function tests shall match the Drawings and Specifications.
n. Heaters shall be operational.
o. Phasing checks shall prove the switchgear or switchboard phasing is correct and as

indicated on the Drawings and specified in the Specifications.
D. Dry type transformers:

1. Visual and mechanical inspection:
a. Compare equipment nameplate data with that indicated on the Drawings and

specified in the Specifications.
b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, and grounding.
d. Verify that resilient mounts are free and that any shipping brackets have been

removed.
e. Inspect equipment for cleanliness.
f. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low resistance ohmmeter.
2) Verify tightness of accessible bolted electrical connections by the calibrated

torque wrench method:
(a)

3) Thermographic survey.
g. Verify that as-left tap connections are as specified.

2. Electrical tests:
a. Perform resistance measurements through bolted connections with a low-resistance

ohmmeter.
b. Perform insulation-resistance tests winding-to-winding and each winding-to-ground:

1) Apply voltage in accordance with Manufacturer’s published data.
(a) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Calculate dielectric absorption ration or polarization index.
d. Verify correct secondary voltage, phase-to-phase and phase-to-neutral after

energization and before loading.
3. Test values:

a. Compare bolted connection resistance values to values of similar connections:
1) Investigate values which deviate from those of similar bolted connections by

more than 50 percent of the lowest value.
b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:

1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
c. Results of the thermographic survey shall be in accordance with NETA ATS

requirements.
d. Tap connections are left as found unless otherwise specified.
e. Minimum insulation resistance values of transformer insulation shall be in accordance

with Manufacturer’s published data:
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1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
2) Investigate insulation values less than the allowable minimum.

f. The dielectric absorption ratio or polarization index shall not be less than 1.0.
g. Turns-ratio results should not deviate more than 1/2 percent from either the adjacent

coils or calculated ratio.
h. Phase-to-phase and phase-to-neutral secondary voltages shall be in agreement with

nameplate data.
E. Metering devices:

1. Visual and mechanical inspection:
a. Compare equipment nameplate data with that indicated on the Drawings and

specified in the Specifications.
b. Inspect physical and mechanical condition.
c. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low resistance ohmmeter.
2) Verify tightness of accessible bolted electrical connections by calibrated torque

wrench method:
(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
d. Thermographic survey.
e. Inspect cover gasket, cover glass, condition of spiral spring, disk clearance, contacts,

and case shorting contacts as applicable.
f. Verify the unit is clean.
g. Verify freedom of movement, endplay, and alignment of rotating disk(s).

2. Electrical tests:
a. Perform resistance measurements through bolted connections with a low-resistance

ohmmeter.
b. Verify accuracy of meter at all cardinal points.
c. Calibrate meters in accordance with Manufacturer’s published data.
d. Verify all instrument multipliers.
e. Verify that current transformer, and voltage transformer secondary circuits are intact.

3. Test values:
a. Compare bolted connection resistance values to values of similar connections:

1) Investigate values which deviate from those of similar bolted connections by
more than 50 percent of the lowest value.

b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Results of the thermographic survey shall be in accordance with NETA ATS
requirements.

d. Meter accuracy shall be in accordance with Manufacturer’s published data.
e. Calibration results shall be within Manufacturer’s published tolerances.
f. Instrument multipliers shall be in accordance with system design specifications.
g. Test results shall confirm the integrity of the secondary circuits of current and voltage

transformers.
F. Grounding systems:

1. Visual and mechanical inspection:
a. Inspect ground system for compliance with that indicated on the Drawings, specified

in Specifications, and in the National Electrical Code.
b. Inspect physical and mechanical condition.
c. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low resistance ohmmeter.
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2) Verify tightness of accessible bolted electrical connections by calibrated torque
wrench method:
(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
d. Inspect anchorage.

2. Electrical tests:
a. Perform resistance measurements through bolted connections with a low-resistance

ohmmeter.
b. Perform fall of potential test or alternative test in accordance with IEEE 81 on the

main grounding electrode or system.
c. Perform point-to-point tests to determine the resistance between the main grounding

system and all major electrical equipment frames, the system neutral and any derived
neutral points.

3. Test values:
a. Grounding system electrical and mechanical connections shall be free of corrosion.
b. Compare bolted connection resistance values to values of similar connections:

1) Investigate values which deviate from those of similar bolted connections by
more than 50 percent of the lowest value.

c. Bolt torque levels shall be in accordance with Manufacturer’s published data:
1) 1. Refer to NETA ATS tables in the absence of Manufacturer’s published data.

d. The resistance between the main grounding electrode and ground shall be as
specified in Section 16 06 0. Investigate point-to-point resistance values that exceed
0.5 ohm.

G. Variable frequency drive systems:
1. Visual and mechanical inspection:

a. Compare equipment nameplate data with that indicated on the Drawings and
specified in the Specifications.

b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, and grounding.
d. Verify the unit is clean.
e. Ensure vent path openings are free from debris and that heat transfer surfaces are

clean.
f. Verify correct connections of circuit boards, wiring, disconnects, and ribbon cables.
g. Motor running protection:

1) Verify drive overcurrent setpoints are correct for their application.
2) If drive is used to operate multiple motors, verify individual overload element

ratings are correct for their application.
3) Apply minimum and maximum speed setpoints. Verify setpoints are within

limitations of the load coupled to the motor.
h. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low resistance ohmmeter.
2) Verify tightness of accessible bolted electrical connections by the calibrated

torque wrench method:
(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
3) Thermographic survey.

i. Verify correct fuse sizing in accordance with Manufacturer’s published data.
j. Perform visual and mechanical inspection of input circuit breaker as specified in this

Section.
2. Electrical tests:

a. Perform resistance measurements through bolted connections with low-resistance
ohmmeter.
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b. Test the motor overload relay elements by injecting primary current through the
overload circuit and monitoring trip time of the overload element.

c. Perform insulation-resistance tests on control wiring with respect to ground. Applied
potential shall be 500 VDC for 300-volt rated cable and 1,000 VDC for 600-volt rated
cable. Apply the test voltage for 1 minute:
1) For solid state devices that can not tolerate the applied voltage, follow the

Manufacturer’s recommendation.
d. Test for the following parameters in accordance with relay calibration procedures

specified in this Section or as recommended by the Manufacturer:
1) Input phase loss protection.
2) Input overvoltage protection.
3) Output phase rotation.
4) Overtemperature protection.
5) Direct current overvoltage protection.
6) Overfrequency protection.
7) Drive overload protection.
8) Fault alarm outputs.

e. Perform continuity tests on bonding conductors as specified in this Section.
f. Perform start-up of drive in accordance with Manufacturer’s published data. Calibrate

drive to the system’s minimum and maximum speed control signals.
g. Perform operational tests by initiating control devices:

1) Slowly vary drive speed between minimum and maximum. Observe motor and
load for unusual noise or vibration.

2) Verify operation of drive from remote start/stop and speed control signals.
h. Perform electrical tests of input circuit breaker as specified in this Section.

3. Test values:
a. Compare bolted connection resistances to values of similar connections:

1) Investigate values which deviate from those of similar bolted connections by
more than 50 percent of the lowest value.

b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Results of the thermographic survey shall be in accordance with NETA ATS
requirements.

d. Overload test trip times at 300 percent of overload element rating shall be in
accordance with Manufacturer’s published time-current curve.

e. Test values for input circuit breaker shall be as specified in this Section.
f. Insulation-resistance values for control wiring shall not be less than 2.0 megohms.
g. Relay calibration results shall be as specified in this Section.
h. Continuity of bonding conductors shall be as specified in this Section.
i. Control devices shall perform in accordance with system requirements.
j. Operational tests shall conform to system design requirements.

H. Engine generator:
1. Visual and mechanical inspection:

a. Compare equipment nameplate data with that indicated on the Drawings and
specified in the Specifications.

b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, and grounding.
d. Verify the unit is clean.

2. Electrical and mechanical tests:
a. Perform insulation-resistance tests in accordance with IEEE 43:

1) Machines larger than 150 kilowatts: Test duration shall be 10 minutes. Calculate
polarization index.
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2) Machines 150 kilowatts and less: Test duration shall be 1 minute. Calculate the
dielectric-absorption rate.

b. Test protective relay devices as specified in this Section.
c. Verify phase rotation, phasing, and synchronized operation as required by the

application.
d. Functionally test engine shutdown for low oil pressure, overtemperature, overspeed,

and other protection features as applicable.
e. Perform vibration test for each main bearing cap.
f. Conduct performance test in accordance with NFPA 110.
g. Verify correct functioning of governor and regulator.

3. Test values:
a. Anchorage, alignment, and grounding should be in accordance with Manufacturer’s

published data and system design.
b. The dielectric absorption ratio or polarization index shall be compared to previously

obtained results and should not be less than 1.0. The recommended minimum
insulation (IR1 min) test results in megohms shall be corrected to 40 degrees Celsius
and read as follows:
1) IR1 min equals kilovolt + 1 for most windings made before 1970, all field

windings, and others not described below.
(a) kilovolt is the rated machine terminal-to-terminal voltage in rms kilovolt.

2) IR1 min equals 100 megohms for most dc armature and ac windings built after
1970 (form-wound coils).

3) IR1 min equals 5 megohms for most machines and random-wound stator coils
and form-wound coils rated below 1 kilovolt.
(a) Dielectric withstand voltage and surge comparison tests shall not be

performed on machines having lower values than those indicated above.
c. Protective relay device test results shall be as specified in this Section.
d. Phase rotation, phasing, and synchronizing shall be in accordance with system

design requirements.
e. Low oil pressure, overtemperature, overspeed, and other protection features shall

operate in accordance with Manufacturer’s published data and system design
requirements.

f. Vibration levels shall be in accordance with Manufacturer’s published data and shall
be compared to baseline data.

g. Performance tests shall conform to Manufacturer’s published data and NFPA 110.
h. Governor and regulator shall operate in accordance with Manufacturer’s published

data and system design requirements.
I. Uninterruptible power systems:

1. Visual and mechanical inspection:
a. Compare equipment nameplate data with that indicated on the Drawings and

specified in the Specifications.
b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, grounding, and required clearances.
d. Verify that fuse sizes and types correspond to that indicated on the Drawings.
e. Verify the unit is clean.
f. Test all electrical and mechanical interlock systems for correct operation and

sequencing.
g. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low-resistance ohmmeter.
2) Verify tightness of accessible bolted electrical connections by calibrated torque-

wrench method:
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(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA
ATS tables.

3) Thermographic survey.
h. Verify operation of forced ventilation.
i. Verify that filters are in place and/or vents are clear.

2. Electrical tests:
a. Perform resistance measurements through bolted connections with a low-resistance

ohmmeter.
b. Test static transfer from inverter to bypass and back. Use normal load, if possible.
c. Set free running frequency of oscillator.
d. Test dc undervoltage trip level on inverter input breaker. Set according to

Manufacturer’s published data.
e. Test alarm circuits.
f. Verify synchronizing indicators for static switch and bypass switches.
g. Perform electrical tests for UPS system breakers as specified in this Section.
h. Perform electrical tests for UPS system automatic transfer switches as specified in

this Section.
i. Perform electrical tests for UPS system batteries as specified in this Section.
j. Perform electrical tests for UPS rotating machinery as specified in this Section.

3. Test values:
a. Electrical and mechanical interlock systems shall operate in accordance with system

design requirements.
b. Compare bolted connection resistance values to values of similar connections:

1) Investigate values which deviate from those of similar bolted connections by
more than 50 percent of the lowest value.

c. Bolt-torque levels shall be in accordance with Manufacturer’s published data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

d. Results of the thermographic survey shall be in accordance with NETA ATS
requirements.

e. Static transfer shall function in accordance with Manufacturer’s published data.
f. Oscillator free running frequency shall be within Manufacturer’s published tolerances.
g. Direct current undervoltage shall trip inverter input breaker.
h. Alarm circuits shall operate in accordance with design requirements.
i. Synchronizing indicators shall operate in accordance with design requirements.
j. Breaker performance shall be as specified in this Section.
k. Automatic transfer switch performance shall be as specified in this Section.
l. Battery test results shall be as specified in this Section.
m. Rotating machinery performance shall be as specified in this Section.

J. Automatic transfer switches:
1. Visual and mechanical inspection:

a. Compare equipment nameplate data with that indicated on the Drawings and
specified in the Specifications.

b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, grounding, and required clearances.
d. Verify the unit is clean.
e. Lubrication requirements:

1) Verify appropriate lubrication on moving current-carrying parts.
2) Verify appropriate lubrication on moving and sliding surfaces.

f. Verify that manual transfer warnings are attached and visible.
g. Verify tightness of all control connections.
h. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low-resistance ohmmeter.
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2) Verify tightness of accessible bolted electrical connections by calibrated torque-
wrench:
(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
3) Thermographic survey.

i. Perform manual transfer operation.
j. Verify positive mechanical interlocking between normal and alternate sources.

2. Electrical tests:
a. Perform resistance measurements through bolted connections with a low-resistance

ohmmeter, if applicable, in accordance with ATS-2009 Section 7.22.3.1.
b. Perform insulation resistance tests on all control wiring with respect to ground.

Applied potential shall be 500 VDC for 300-volt rated cable and 1,000 VDC for 600-
volt rated cable. Test duration shall be 1 minute:
1) For units with solid-state components or for control devices that cannot tolerate

the applied voltage, follow Manufacturer’s recommendation.
c. Perform a contact/pole-resistance test.
d. Verify settings and operation of control devices.
e. Calibrate and set all relays and timers as specified in this Section.
f. Verify phase rotation, phasing, and synchronized operation as required by the

application.
g. Perform automatic transfer tests:

1) Simulate loss of normal power.
2) Return to normal power.
3) Simulate loss of emergency power.
4) Simulate all forms of single-phase conditions.

h. Verify correct operation and timing of the following functions:
1) Normal source voltage-sensing relays.
2) Engine start sequence.
3) Time delay upon transfer.
4) Alternate source voltage-sensing relays.
5) Automatic transfer operation.
6) Interlocks and limit switch function.
7) Time delay and retransfer upon normal power restoration.
8) Engine cool down and shutdown feature.

3. Test values:
a. Compare bolted connection resistance values to values of similar connections:

1) Investigate values which deviate from those of similar bolted connections by
more than 50 percent of the lowest value.

b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Results of the thermographic survey shall be in accordance with NETA ATS
requirements.

d. Insulation-resistance values of control wiring shall not be less than 2 megohms.
e. Microhm or dc millivolt drop values shall not exceed the high levels of the normal

range as indicated in the Manufacturer’s published data. If Manufacturer’s published
data is not available, investigate values that deviate from adjacent poles or similar
switches by more than 50 percent of the lowest value.

f. Control devices shall operate in accordance with Manufacturer’s published data.
g. Relay test results shall be as specified in this Section.
h. Phase rotation, phasing, and synchronization shall be as specified in the system

design specifications.
i. Automatic transfers shall operate in accordance with Manufacturer’s design.
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j. Operation and timing shall be in accordance with Manufacturer’s and system design
requirements.

K. Motor starters, low voltage:
1. Visual and mechanical inspection:

a. Compare equipment nameplate information with that indicated on the Drawings and
specified in the Specifications.

b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, and grounding.
d. Verify the unit is clean.
e. Inspect contactors:

1) Verify mechanical operation.
2) Verify contact gap, wipe, alignment, and pressure are in accordance with

manufacturer’s published data.
f. Motor-running protection:

1) Verify overload element rating is correct for its application.
2) If motor running protection is provided by fuses, verify correct fuse rating.

g. Inspect bolted electrical connections for high resistance using one of the following
methods:
1) Use of low resistance ohmmeter.
2) Verify tightness of accessible bolted electrical connections by calibrated torque

wrench method:
(a) Refer to manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
3) Thermographic survey.

h. Lubrication requirements:
1) Verify appropriate lubrication on moving current-carrying parts.
2) Verify appropriate lubrication on moving and sliding surfaces.

2. Electrical tests:
a. Perform resistance measurements through bolted connections with a low-resistance

ohmmeter.
b. Perform insulation resistance tests for 1 minute on each pole, phase-to-phase and

phase to ground with the starter closed, and across each open pole for 1 minute:
1) Test voltage shall be in accordance with manufacturer’s published data.
2) Refer to NETA ATS tables in the absence of manufacturer’s published data.

c. Perform insulation-resistance tests on control wiring with respect to ground. Applied
potential shall be 500 VDC for 300-volt rated cable and 1,000 VDC for 600-volt rated
cable. Apply the test voltage for 1 minute:
1) For solid state devices that cannot tolerate the applied voltage, follow the

manufacturer’s recommendation.
d. Test motor protection devices in accordance with manufacturer’s published data.
e. Test circuit breakers as specified in this Section.
f. Perform operational tests by initiating control devices.

3. Test values:
a. Compare bolted connection resistance values to values of similar connections:

1) Investigate values which deviate from those of similar bolted connections by
more than 50 percent of the lowest value.

b. Bolt-torque levels shall be in accordance with manufacturer’s published data:
1) Refer to NETA ATS tables in the absence of manufacturer’s published data.

c. Results of the thermographic survey shall be in accordance with NETA ATS
requirements.

d. Insulation resistance values shall be in accordance with manufacturer’s published
data:
1) Refer to NETA ATS tables in the absence of manufacturer’s published data.
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2) Investigate values of insulation resistance less than the allowable minimum.
e. Insulation resistance values of control wiring shall not be less than 2 megohms.
f. Motor protection parameters shall be in accordance with manufacturer’s published

data.
g. Circuit breaker test results shall as specified in this Section.
h. Control devices shall perform in accordance with system design requirements.

L. Surge arresters, low-voltage:
1. Visual and mechanical inspection:

a. Compare equipment nameplate data with that indicated on the Drawings and
specified in the Specifications.

b. Inspect physical and mechanical condition.
c. Inspect anchorage, alignment, grounding, and clearances.
d. Verify the arresters are clean.
e. Inspect bolted electrical connections for high resistance using one of the following

methods:
1) Use of low resistance ohmmeter.
2) Verify tightness of accessible bolted electrical connections by the calibrated

torque wrench method:
(a) Refer to Manufacturer’s instructions for proper foot-pound levels or NETA

ATS tables.
f. Verify that the ground lead on each device is individually attached to a ground bus or

ground electrode.
g. Verify that stroke counter is correctly mounted and electrically connected, if

applicable.
h. Record stroke counter reading.

2. Electrical tests:
a. Perform resistance measurements through bolted connections with a low resistance

ohmmeter.
b. Perform an insulation-resistance test on each arrester, phase terminal to ground:

1) Apply voltage in accordance with Manufacturer's published data.
2) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Test grounding connection as specified in this Section.
3. Test values:

a. Compare bolted connection resistances to values of similar connections:
1) Investigate values which deviate from those of similar bolted connections by

more than 50 percent of the lowest value.
b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:

1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
c. Insulation resistance values shall be in accordance with Manufacturer’s published

data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.
2) Investigate insulation values less than the allowable minimum.

d. Resistance between the arrester ground terminal and the ground system shall be less
than 0.5 ohm.

4. Electrical tests:
a. Perform resistance measurements through bolted connections with a low-resistance

ohmmeter.
b. Measure insulation resistance of each bus, phase to ground with other phases

grounded:
1) Apply voltage in accordance with Manufacturer’s published data.
2) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Perform dielectric withstand voltage test on each bus phase, phase to ground with
other phases grounded. Potential application shall be for 1 minute.
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5. Test values:
a. Compare bolted connection resistances to values of similar connections:

1) Investigate values which deviate from those of similar connections by more than
50 percent of the lowest value.

b. Bolt-torque levels shall be in accordance with Manufacturer’s published data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

c. Results of the thermographic survey shall be in accordance with NETA ATS
requirements.

d. Insulation resistance values shall be in accordance with Manufacturer’s published
data:
1) Refer to NETA ATS tables in the absence of Manufacturer’s published data.

e. If no evidence of distress or insulation failure is observed at the end of the total time
of voltage application during the dielectric withstand test, the test specimen is
considered to have passed the test.

M. Fiber-optic cables:
1. Visual and mechanical inspection:

a. Compare cable, connector, and splice data with that indicated on the Drawings and
specified in the Specifications:

b. Inspect cable and connections for physical and mechanical damage.
c. Verify that all connectors and splices are correctly installed.

2. Electrical tests:
a. Perform cable length measurement, fiber fracture inspection, and construction defect

inspection using an optical time domain reflectometer (OTDR): Optical time roman
reflectometer.
1) OTDR test performed on fiber cables less than 100 meters shall be performed

with the aid of a launch cable.
2) Adjust OTDR pulse width settings to a maximum setting of 1/1000th of the cable

length or 10 nanoseconds.
b. Perform connector and splice integrity test using an optical time domain

reflectometer.
c. Perform cable attenuation loss measurement with an optical power loss test set:

1) Perform attenuation tests with an Optical Loss Test Set capable and calibrated
to show anomalies of 0.1 dB as a minimum.

2) Test multimode fibers at 850 nanometer and 1,300 nanometer.
3) Test single mode fibers at 1,310 nanometer and 1,550 nanometer.

d. Perform connector and splice attenuation loss measurement from both ends of the
optical cable with an optical power loss test set:
1) At the conclusion of all outdoor splices at one location, and before they are

enclosed and sealed, all splices shall be tested with OTDR at the optimal
wavelengths (850 and 1,300 for multimode, 1,310 and 1,550 for single mode), in
both directions. The splices shall be tested for integrity as well as attenuation.

e. Perform fiber links integrity and attenuation tests using each link shall be an OTDR
and an Optical Loss Test Set:
1) OTDR traces shall be from both directions on each fiber at the 2 optimal

wavelengths, 1,310 nanometer and 1,550 nanometer for multimode fibers.
2) Optical loss testing shall be done with handheld test sets in 1 direction at the 2

optimal wavelengths for the appropriate fiber type. Test equipment shall equal or
exceed the accuracy and resolution of Agilent/HP 8147 high performance OTDR
or as specified in spec 271000.

3. Test values:
a. Cable and connections shall not have been subjected to physical or mechanical

damage.
b. Connectors and splices shall be installed in accordance with industry standards.
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c. The optical time domain reflectometer signal should be analyzed for excessive
connection, splice, or cable backscatter by viewing the reflected power/distance
graph.

d. Attenuation loss measurement shall be expressed in dB/km. Losses shall be within
the manufacturer’s recommendations when no local site specifications are available.

e. Individual fusion splice losses shall not exceed 0.1 dB. Measurement results shall be
recorded, validated by trace, and filed with the records of the respective cable runs.

N. LAN cable testing:
1. Visual and mechanical inspections:

a. Compare cable type and connections with that indicated on the Drawings and
specified in the Specifications.

b. Inspect cable and connectors for physical and mechanical damage.
c. Verify that all connectors are correctly installed.

2. Pre-testing:
a. Test individual cables before installation:

1) Before physical placement of the cable, test each cable while on the spool with a
LAN certification test device.

2) Before the cable is installed, verify that the cable conforms to the Manufacturer’s
attenuation specification and that no damage has been done to the cable during
shipping or handling.

3) The test shall be fully documented and the results submitted to the ENGINEER,
including a hard copy of all traces, before placement of the cable.

4) The ENGINEER shall be notified if a cable fails to meet specification and the
cable shall not be installed unless otherwise directed by the ENGINEER.

3. Electrical tests:
a. Perform cable end-to-end testing on all installed cables after installation of

connectors from both ends of the cable.
b. Test shall include cable system performance tests and confirm the absence of wiring

errors.
4. Test results:

a. Cables shall meet or exceed TIA standards for a Category 6 installation.
5. Test equipment:

a. LAN certification equipment used for the testing shall be capable of testing Category
6 cable installation to TIA proposed Level III accuracy. Tests performed shall include:
1) Near end cross talk.
2) Attenuation.
3) Equal level far end cross talk.
4) Return loss.
5) Ambient noise.
6) Effective cable length.
7) Propagation delay.
8) Continuity/loop resistance.

b. LAN certification test equipment shall be able to store and produce plots of the test
results.

c. Acceptable manufacturers: As specified in spec 271000:
O. Thermal Imaging Test:

1. Perform the following infrared scan tests, inspections and prepare reports by a third party
ITC/ASNT Certified Thermographer:
a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days

after Final Acceptance, perform an infrared scan of each equipment as listed below.
Remove front panels so joints and connections are accessible to portable scanner.

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each
equipment listed 11 months after date of Substantial Completion.
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c. Instruments and Equipment:
1) Use an infrared scanning device designed to measure temperature or to detect

significant deviations from normal values. The imaging equipment shall be
capable of detecting temperature difference of 1°C at 30°C ambient. Provide
calibration record for device.

2) The infrared scan shall include but not be limited to:
(a) Take a temperature reading of the non-hot surface of the

terminals/conductors of the equipment.
(b) Take a temperature reading of the hot surface of the terminals/conductors

of the equipment.
(c) Record the temperature difference as ΔT.
(d) The infrared scan test shall contain the following repair criteria and shall be

provided in the report for engineers review. Adjustments and/or
replacement parts of equipment shall be made at no extra cost to owner.

INFRARED CORRECTION CRITERIA FOR ELECTRICAL EQUIPMENT TABLE

EQUIPMENT DESCRIPTION ΔT CORRECTIVE ACTION (By
contractor)

Equipment NAME TAG <10°F None Required
Equipment NAME TAG 10°F - 30°F None Required

Equipment NAME TAG 30°F - 100°F Excessive Heating. Repair
ASAP

Equipment NAME TAG >100°F Excessive Heating. Repair
Immediately

                (e)    Infrared Report shall include but not be limited to the following:
                  (1)    Third party Thermographer’s certification.

(2)     An Infrared Correction Criteria for Electrical Equipment Table for
         each of the following equipment:

             a.     Disconnect Switches
                     b.     Motor Starters
                     c.     Lighting contactor
                     d.     Panelboards
                     e.     Switchboard
                     f.      Transformers
                     g.     Automatic Transfer Switches
                     h.     Generator terminal lugs

     (3)     Infrared photographs showing the equipment’s temperature
               readings. Both temperature readings utilized to compute ΔT shall
               be shown for engineers review. Photographs shall be in color.
     (4)     Action taken to repair electrical connection problem if required.
     (5)     Provide report in a three ring binder with third party
               thermographer’s and contractor’s contact information.

3.03 ADJUSTING
A. Adjust limit switches and level switches to their operating points before testing.
B. Set pressure switches, flow switches, and timing relays to anticipated values before testing:

1. Final settings shall be as dictated by operating results during testing.
3.04 CLEANING

A. As specified in Section 26 00 00.
B. After the acceptance tests have been completed, dispose of all testing expendables, vacuum

all cabinets, and sweep clean all surrounding areas.
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3.05 DEMONSTRATION AND TRAINING
A. As specified in Section 26 00 00.
B. Subsystem demonstration:

1. Subsystem, as used in this Section, means individual and groups of pumps, conveyor
systems, chemical feeders, air conditioning units, ventilation fans, air compressors,
blowers, lighting control systems and other electrically operated or controlled equipment.

2. Before demonstrating any subsystem:
a. Demonstrate proper operation of all alarm and status contacts.
b. Adjust and calibrate all process and control devices as accurately as possible.

3. Operate each subsystem in its manual mode:
a. Demonstrate compliance with all Contract requirements.

4. After each subsystem has operated successfully in its manual mode, perform automatic
and remote operation demonstrations:
a. Verify that all features are fully operational and meet all Contract requirements.
b. Demonstrate all operating modes and sequences, including proper start and stop

sequence of pumps, proper operation of valves and proper speed control.
3.06 SCHEDULES

A. At least 30 days before commencement of the acceptance tests, submit the Manufacturer’s
complete field-testing procedures to the ENGINEER and to the testing laboratory, complete
with expected test results and tolerances for all equipment to be tested.

END OF SECTION
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SECTION 262416
PANELBOARDS

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. Section Includes:

1. Distribution panelboards.
2. Lighting and appliance branch-circuit panelboards.
3. Electronic-grade panelboards.

1.03 DEFINITIONS
A. SVR:  Suppressed voltage rating.
B. TVSS:  Transient voltage surge suppressor.

1.04 ACTION SUBMITTALS
A. Product Data:  For each type of panelboard, switching and overcurrent protective device,

transient voltage suppression device, accessory, and component indicated.  Include
dimensions and manufacturers' technical data on features, performance, electrical
characteristics, ratings, and finishes.

B. Shop Drawings:  For each panelboard and related equipment.
1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of

installed devices, equipment features, and ratings.
2. Detail enclosure types and details for types other than NEMA 250, Type 1.
3. Detail bus configuration, current, and voltage ratings.
4. Short-circuit current rating of panelboards and overcurrent protective devices.
5. Include evidence of NRTL listing for series rating of installed devices.
6. Detail features, characteristics, ratings, and factory settings of individual overcurrent

protective devices and auxiliary components.
7. Include wiring diagrams for power, signal, and control wiring.
8. Include time-current coordination curves for each type and rating of overcurrent protective

device included in panelboards.  Submit on  log-log graph paper; include selectable
ranges for each type of overcurrent protective device.

C. Submitted will only be reviewed if overcurrent protective device coordination study and
overcurrent protective device are-flash study, specifications 26 05 73 and 26 05 74
respectively, studies are submitted concurrently with the panelboard submitted.

1.05 INFORMATIONAL SUBMITTALS
A. Field Quality-Control Reports:

1. Test procedures used.
2. Test results that comply with requirements.
3. Results of failed tests and corrective action taken to achieve test results that comply with

requirements.
B. Panelboard Schedules:  For installation in panelboards.  Submit final versions after load

balancing.
1.06 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data:  For panelboards and components to include in emergency,
operation, and maintenance manuals.  In addition to items specified in Division 01 Section
"Operation and Maintenance Data," include the following:
1. Manufacturer's written instructions for testing and adjusting overcurrent protective devices.
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2. Time-current curves, including selectable ranges for each type of overcurrent protective
device that allows adjustments.

1.07 MAINTENANCE MATERIAL SUBMITTALS
A. Furnish extra materials that match products installed and that are packaged with protective

covering for storage and identified with labels describing contents.
1. Keys:  Two spares for each type of panelboard cabinet lock.
2. Circuit Breakers Including GFCI and Ground Fault Equipment Protection (GFEP) Types:

 Fuses for Fused Switches:  Equal to 10 percent of quantity installed for each size and
type, but no fewer than three of each size and type.

3. Fuses for Fused Power-Circuit Devices:  Equal to 10 percent of quantity installed for each
size and type, but no fewer than three of each size and type.

1.08 QUALITY ASSURANCE
A. Source Limitations:  Obtain panelboards, overcurrent protective devices, components, and

accessories from single source from single manufacturer.
B. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for

panelboards including clearances between panelboards and adjacent surfaces and other items.
 Comply with indicated maximum dimensions.

C. 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.

D. Comply with NEMA PB 1.
E. Comply with NFPA 70.

1.09 DELIVERY, STORAGE, AND HANDLING
A. Remove loose packing and flammable materials from inside panelboards; install temporary

electric heating (250 W per panelboard) to prevent condensation.
B. Handle and prepare panelboards for installation according to NEMA PB 1.

1.10 PROJECT CONDITIONS
A. Environmental Limitations:

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet work
in spaces is complete and dry, work above panelboards is complete, and temporary
HVAC system is operating and maintaining ambient temperature and humidity conditions
at occupancy levels during the remainder of the construction period.

2. Rate equipment for continuous operation under the following conditions unless otherwise
indicated:
a. Ambient Temperature:  Not exceeding 23 deg F to plus 104 deg F.
b. Altitude:  Not exceeding 6600 feet.

B. Service Conditions:  NEMA PB 1, usual service conditions, as follows:
1. Ambient temperatures within limits specified.
2. Altitude not exceeding 6600 feet.

C. Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied by
Owner or others unless permitted under the following conditions and then only after arranging
to provide temporary electric service according to requirements indicated:
1. Notify Owner no fewer than two days in advance of proposed interruption of electric

service.
2. Comply with NFPA 70E.

1.11 COORDINATION
A. Coordinate layout and installation of panelboards and components with other construction that

penetrates walls or is supported by them, including electrical and other types of equipment,
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces.
 Maintain required workspace clearances and required clearances for equipment access doors
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and panels.
B. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast

anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are
specified in Division 03.

1.12 WARRANTY
A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or

replace transient voltage suppression devices that fail in materials or workmanship within
specified warranty period.
1. Warranty Period:  Five years from date of Substantial Completion.

PART 2 PRODUCTS
2.01 GENERAL REQUIREMENTS FOR PANELBOARDS

A. Enclosures:  Flush- and surface-mounted cabinets.
1. Rated for environmental conditions at installed location.

a. Indoor Dry and Clean Locations:  NEMA 250, Type 1.
b. Outdoor Locations: NEMA 250, Type 3R.
c. Other Wet or Damp Indoor Locations: NEMA 250,Type 4.
d. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrive Liquids:

NEMA 250, Type12.
2. Hinged Front Cover:  Entire front trim hinged to box and with standard door within hinged

trim cover.  Panel front shall be fabricated so that the panel may be opened to access the
breakers and also to allow access to breaker wiring without removal of the front.

3. Gutter Extension and Barrier:  Same gage and finish as panelboard enclosure; integral
with enclosure body.  Arrange to isolate individual panel sections.

4. Finishes:
a. Panels and Trim:  Steel and galvanized steel, factory finished immediately after

cleaning and pretreating with manufacturer's standard two-coat, baked-on finish
consisting of prime coat and thermosetting topcoat.

b. Back Boxes:  Galvanized steel.
5. Directory Card:  Inside panelboard door, mounted in metal frame with transparent

protective cover.
B. Incoming Mains Location:  As required and as shown on plans.
C. Phase, Neutral, and Ground Buses:

1. Material:  Hard-drawn copper, 98 percent conductivity.
2. Equipment Ground Bus:  Adequate for feeder and branch-circuit equipment grounding

conductors; bonded to box.
3. Extra-Capacity Neutral Bus: Neutral bus rated 200 percent of phase bus and UL listed as

suitable for nonlinear load. Where shown on plans.
D. Conductor Connectors:  Suitable for use with conductor material and sizes.

1. Material:  Hard-drawn copper, 98 percent conductivity.
2. Main and Neutral Lugs:  Mechanical type.
3. Ground Lugs and Bus-Configured Terminators:  Mechanical type.
4. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material.  Locate at

opposite end of bus from incoming lugs or main device.
5. Subfeed (Double) Lugs:  Compression Mechanical type suitable for use with conductor

material.  Locate at same end of bus as incoming lugs or main device.
6. Extra-Capacity Neutral Lugs:  Rated 200 percent of phase lugs mounted on extra-capacity

neutral bus.
E. Service Equipment Label:  NRTL labeled for use as service equipment for panelboards or load

centers with one or more main service disconnecting and overcurrent protective devices.
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F. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary
appurtenances required for future installation of devices.

G. Panelboard Short-Circuit Current Rating:  Rated for series-connected system with integral or
remote upstream overcurrent protective devices and labeled by an NRTL.  Include size and
type of allowable upstream and branch devices, listed and labeled for series-connected short-
circuit rating by an NRTL.

H. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit
current available at terminals.

2.02 DISTRIBUTION PANELBOARDS
A. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. Panelboards:  NEMA PB 1, power and feeder distribution type.
C. Doors:  Secured with vault-type latch with tumbler lock; keyed alike.

1. For doors more than 36 inches high, provide two latches, keyed alike.
2. Door or doors shall allow access to breakers dead front and also to the breaker wiring

without removal of front.
D. Mains:  As indicated.
E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller:

 Bolt-on circuit breakers.
F. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A:

 Bolt-on circuit breakers.
2.03 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type.
C. Mains:  Circuit breaker or lugs only.
D. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing

adjacent units.
E. Doors:  Concealed hinges; secured with flush latch with tumbler lock; keyed alike.
F. Door shall be available to open over breaker lugs.

2.04 LOAD CENTERS
A. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. Mains:  As indicated. On drawings.
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C. Branch Overcurrent Protective Devices:  Plug-in circuit breakers, replaceable without disturbing
adjacent units.

D. Conductor Connectors: Mechanical type for main, neutral, and ground lugs and buses.
2.05 ELECTRONIC-GRADE PANELBOARDS  

A. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:  
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.  
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.  
3. Siemens Energy & Automation, Inc.  
4. Square D; a brand of Schneider Electric.

B. Panelboards: NEMA PB 1; with factory-installed, integral TVSS; labeled by an NRTL for
compliance with UL 67 after installing TVSS.

C. Doors: Secured with vault-type latch with tumbler lock; keyed alike.
D. Main Overcurrent Protective Devices: Bolt-on thermal-magnetic circuit breakers.
E. Branch Overcurrent Protective Devices: Bolt-on thermal-magnetic circuit breakers.
F. Buses:

1. Copper phase and neutral buses; 200 percent capacity neutral bus and lugs.  
2. Copper equipment and isolated ground buses.

G. Surge Protection Device: IEEE C62.41-compliant, integrally mounted, bolt-on, solid-state,
parallel-connected, type, with sine-wave tracking suppression and filtering modules, short-
circuit current rating complying with UL 1449, second edition, and matching or exceeding the
panelboard short-circuit rating, redundant suppression circuits, with individually fused metal-
oxide varistors.
1. Accessories:

a. Fuses rated at 200-kA interrupting capacity.  
b. Fabrication using bolted compression lugs for internal wiring.  
c. Integral disconnect switch.  
d. Redundant suppression circuits.  
e. Redundant replaceable modules.  
f. Arrangement with wire connections to phase buses, neutral bus, and ground bus.  
g. LED indicator lights for power and protection status.  
h. Audible alarm, with silencing switch, to indicate when protection has failed.
i. Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally

closed, for remote monitoring of system operation. Contacts shall reverse position on
failure of any surge diversion module or on opening of any current-limiting device.
Coordinate with building power monitoring and control system.

j. Four digit, transient-event counter set to totalize transient surges.
2. Peak Single-Impulse Surge Current Rating: 120 kA per mode/240 kA per phase.  
3. Minimum single-impulse current ratings, using 8-by-20-mic.sec. waveform described in

IEEE C62.41.2.
a. Line to Neutral: 70,000 A.
b. Line to Ground: 70,000 A.
c. Neutral to Ground: 50,000 A.

4. Withstand Capabilities: 12,000 IEEE C62.41, Category C3 (10 kA), 8-by-20-mic.sec.
surges with less than 5 percent change in clamping voltage.

5. Protection modes and UL 1449 SVR for grounded wye circuits with 480Y/277 208Y/120 -
V, three-phase, four-wire circuits shall be as follows:
a. Line to Neutral: 800 V for 480Y/277 400 V for 208Y/120.  
b. Line to Ground: 800 V for 480Y/277 400 V for 208Y/120.  
c. Neutral to Ground: 800 V for 480Y/277 400 V for 208Y/120.
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6. Protection modes and UL 1449 SVR for 240-, 480-, or 600-V, three-phase, three-wire,
delta circuits shall be as follows:
a. Line to Line: 2000 V for 480 V 1000 V for 240 V.
b. Line to Ground: 1500 V for 480 V 800 V for 240 V.

2.06 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
A. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.
5. Thor.

B. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet
available fault currents.
1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads,

and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip
setting for circuit-breaker frame sizes 250 A and larger.

2. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-
replicable electronic trip; 400 A and Larger and the following field-adjustable settings:
a. Instantaneous trip.
b. Long- and short-time pickup levels.
c. Long- and short-time time adjustments.

3. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:
a. Standard frame sizes, trip ratings, and number of poles.
b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor

materials.
c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent

lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID)
lighting circuits.

2.07 ACCESSORY COMPONENTS AND FEATURES
A. Accessory Set:  Include tools and miscellaneous items required for overcurrent protective

device test, inspection, maintenance, and operation.
PART 3 EXECUTION
3.01 EXAMINATION

A. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1.
B. Examine panelboards before installation.  Reject panelboards that are damaged or rusted or

have been subjected to water saturation.
C. Examine elements and surfaces to receive panelboards for compliance with installation

tolerances and other conditions affecting performance of the Work.
D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.02 INSTALLATION
A. Install panelboards and accessories according NEMA PB 1.1.
B. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and

temporary blocking of moving parts from panelboards.
C. Mount top of trim 90 inches above finished floor unless otherwise indicated.
D. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed

panelboards with fronts uniformly flush with wall finish and mating with back box.
E. Install overcurrent protective devices and controllers not already factory installed.
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1. Set field-adjustable, circuit-breaker trip ranges.
F. Install filler plates in unused spaces.
G. Stub four 1-inch  empty conduits from panelboard into accessible ceiling space or space

designated to be ceiling space in the future.  Retain option in first paragraph below if retaining
"Load Balancing" Paragraph in "Adjusting" Article.

H. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing
load balancing.

I. Comply with NECA 1.
3.03 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning
signs complying with Division 26 Section "Identification for Electrical Systems."

B. Create a directory to indicate installed circuit loads after balancing panelboard loads;
incorporate Owner's final room designations.  Obtain approval before installing.  Use a
computer or typewriter to create directory; handwritten directories are not acceptable.

C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with
requirements for identification specified in Division 26 Section "Identification for Electrical
Systems."

D. Device Nameplates:  For distribution panels label each branch circuit device in distribution
panelboards with a nameplate complying with requirements for identification specified in
Division 26 Section "Identification for Electrical Systems."

3.04 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 panelboard bus, component, connecting supply,

feeder, and control circuit.
2. Test continuity of each circuit.

D. Tests and Inspections:
1. Perform each visual and mechanical inspection and electrical test stated in NETA

Acceptance Testing Specification.  Certify compliance with test parameters.
2. Correct malfunctioning units on-site, where possible, and retest to demonstrate

compliance; otherwise, replace with new units and retest.
3. Perform the following infrared scan tests and inspections and prepare reports:

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days
after Final Acceptance, perform an infrared scan of each panelboard.  Remove front
panels so joints and connections are accessible to portable scanner.

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each
panelboard 11 months after date of Substantial Completion.

c. Instruments and Equipment:
1) Use an infrared scanning device designed to measure temperature or to detect

significant deviations from normal values.  Provide calibration record for device.
E. Panelboards will be considered defective if they do not pass tests and inspections.
F. Prepare test and inspection reports, including a certified report that identifies panelboards

included and that describes scanning results.  Include notation of deficiencies detected,
remedial action taken, and observations after remedial action.
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3.05 ADJUSTING
A. Adjust moving parts and operable component to function smoothly and lubricate as

recommended by manufacturer.
B. Set field-adjustable circuit-breaker trip ranges as specified in Division 26 Section "Overcurrent

Protective Device Coordination Study."
C. Load Balancing:  After Substantial Completion, but not more than 60 days after Final

Acceptance, measure load balancing and make circuit changes.
1. Measure as directed during period of normal system loading.
2. Perform load-balancing circuit changes outside normal occupancy/working schedule of the

facility and at time directed.  Avoid disrupting critical 24-hour services such as fax
machines and on-line data processing, computing, transmitting, and receiving equipment.

3. After circuit changes, recheck loads during normal load period.  Record all load readings
before and after changes and submit test records.

4. Tolerance:  Difference exceeding 20 percent between phase loads, within a panelboard, is
not acceptable.  Rebalance and recheck as necessary to meet this minimum requirement.

3.06 PROTECTION
A. Temporary Heating:  Apply temporary heat to maintain temperature according to

manufacturer's written instructions.
END OF SECTION



Florence Recreation Center  262726 - 1  Wiring Devices 

SECTION 262726
WIRING DEVICES

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. This Section includes the following:

1. Receptacles, receptacles with integral GFCI, and associated device plates.
2. Twist-locking receptacles.
3. Wall-switch and occupancy sensors.
4. Pendant cord-connector devices.  
5. Cord and plug sets.

B. Related Sections include the following:
1. Division 27 and 28 Sections

1.03 DEFINITIONS
A. EMI:  Electromagnetic interference.
B. GFCI:  Ground-fault circuit interrupter.
C. TVSS:  Transient voltage surge suppressor.

1.04 SUBMITTALS
A. Product Data:  For each type of product indicated.
B. Shop Drawings:  List of legends and description of materials and process used for premarking

wall plates.
C. Field quality-control test reports.  Submitted prior to final punch list.
D. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing

label warnings and instruction manuals that include labeling conditions.
E. Submit on digital wiring analyzer to be used to test voltage drop on receptacles.

1.05 QUALITY ASSURANCE
A. Source Limitations:  Obtain each type of wiring device and associated wall plate through one

source from a single manufacturer.  Insofar as they are available, obtain all wiring devices and
associated wall plates from a single manufacturer and one source.

B. 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.

C. Comply with NFPA 70.
1.06 COORDINATION

A. Receptacles for Owner-Furnished Equipment:  Match plug configurations.
1. Cord and Plug Sets:  Match equipment requirements.

PART 2 PRODUCTS
2.01 MANUFACTURERS

A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following
manufacturers' names are used in other Part 2 articles:
1. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper).
2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
3. Leviton Mfg. Company Inc. (Leviton).
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4. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour).
5. Hubbell Building Automation Systems.

2.02 STRAIGHT BLADE RECEPTACLES
A. Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 configuration

5-20R, and UL 498.
1. Available Products:  Subject to compliance with requirements, products that may be

incorporated into the Work include, but are not limited to, the following:
2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; 5351 (single), 5352 (duplex).
b. Hubbell; HBL5351 (single), CR5352 (duplex).
c. Leviton; 5891 (single), 5352 (duplex).
d. Pass & Seymour; 5381 (single), 5352 (duplex).

2.03 GFCI RECEPTACLES
A. General Description:  Straight blade, non-feed-through type.  Comply with NEMA WD 1,

NEMA WD 6, UL 498, and UL 943, Class A, and include indicator light that is lighted when
device is tripped.

B. Duplex GFCI Convenience Receptacles, 125 V, 20 A:
1. Available Products:  Subject to compliance with requirements, products that may be

incorporated into the Work include, but are not limited to, the following:
2. Products:  Subject to compliance with requirements, provide one of the following:

a. Cooper; GF20.
b. Pass & Seymour; 2084.

2.04 TWIST-LOCKING RECEPTACLES
A. Single Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6

configuration L5-20R, and UL 498.
1. Products: Subject to compliance with requirements, provide one of the following:

a. Cooper; L520R.  
b. Hubbell; HBL2310.  
c. Leviton; 2310.  
d. Pass & Seymour; L520-R.

2.05 PENDANT CORD-CONNECTOR DEVICES
A. Description: Matching, locking-type plug and receptacle body connector; NEMA WD 6

configurations L5-20P and L5-20R, heavy-duty grade.
1. Body: Nylon with screw-open cable-gripping jaws and provision for attaching external

cable grip.
2. External Cable Grip: Woven wire-mesh type made of high-strength galvanized-steel wire

strand, matched to cable diameter, and with attachment provision designed for
corresponding connector.

2.06 CORD AND PLUG SETS
A. Description: Match voltage and current ratings and number of conductors to requirements of

equipment being connected.
1. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with

green-insulated grounding conductor and equipment-rating ampacity plus a minimum of
30 percent.

2. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for
connection.

2.07 SNAP SWITCHES
A. Comply with NEMA WD 1 and UL 20.
B. Switches, 120/277 V, 20 A:
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1. Available Products:  Subject to compliance with requirements, products that may be
incorporated into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:
a. Cooper; 2221 (single pole), 2222 (two pole), 2223 (three way), 2224 (four way).
b. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224

(four way).
c. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four

way).
d. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 20AC4

(four way).
C. Key-Operated Switches, 120/277 V, 20 A:

1. Available Products:  Subject to compliance with requirements, products that may be
incorporated into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:
a. Cooper; 2221L.
b. Hubbell; HBL1221L.
c. Leviton; 1221-2L.
d. Pass & Seymour; PS20AC1-L.

3. Description:  Single pole, with factory-supplied key in lieu of switch handle.
2.08 WALL-BOX DIMMERS

A. Dimmer Switches:  Modular, full-wave, solid-state units with integral, quiet on-off switches, with
audible frequency and EMI/RFI suppression filters.

B. Control:  Continuously adjustable slider; with single-pole or three-way switching.  Comply with
UL 1472.

C. Incandescent Lamp Dimmers:  120 V; control shall follow square-law dimming curve.  On-off
switch positions shall bypass dimmer module.
1. 600 W; dimmers shall require no derating when ganged with other devices.
2. Dimmers greater than 600 watts shall have cooling fans with back box to match spacing.

D. Fluorescent Lamp Dimmer Switches:  Modular; compatible with dimmer ballasts; trim
potentiometer to adjust low-end dimming; dimmer-ballast combination capable of consistent
dimming with low end not greater than 20 percent of full brightness.

2.09 OCCUPANCY SENSORS
A. Wall-Switch Sensors:

1. Available Products:  Subject to compliance with requirements, products that may be
incorporated into the Work include, but are not limited to, the following:

2. Products:  Subject to compliance with requirements, provide one of the following:
a. Cooper; 6111 for 120 V, 6117 for 277 V.
b. Hubbell; WS1277.
c. Leviton; ODS 10-ID.
d. Pass & Seymour; WS3000.
e. Watt Stopper (The); WS-200.

3. Description:  Passive-infrared type, 120/277 V, adjustable time delay up to 30 minutes,
180-degree field of view, with a minimum coverage area of 900 sq. ft.

2.10 WALL PLATES
A. Single and combination types to match corresponding wiring devices.

1. Plate-Securing Screws:  Metal with head color to match plate finish.
2. Material for Finished Spaces:  Smooth, high-impact thermoplastic 0.035-inch- (1-mm-)

thick Material for Unfinished Spaces:  Galvanized steel.
B. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with type 3R weather-

resistant, die-cast aluminum with lockable cover.
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2.11 FINISHES
A. Color:  Wiring device catalog numbers in Section Text do not designate device color.

1. Wiring devices connected to normal power system as selected by Architect, unless
otherwise indicated or required by NFPA 70 or device listing.

2. Include with modification to the Essential Electrical System (EES) associated panelboard:
Red.

PART 3 EXECUTION
3.01 INSTALLATION

A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise
noted.

B. Coordination with Other Trades:
1. Take steps to insure that devices and their boxes are protected.  Do not place wall finish

materials over device boxes and do not cut holes for boxes with routers that are guided by
riding against outside of the boxes.

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust,
paint, and other material that may contaminate the raceway system, conductors, and
cables.

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint
unless the joint is troweled flush with the face of the wall.

4. Install wiring devices after all wall preparation, including painting, is complete.
C. Conductors:

1. Do not strip insulation from conductors until just before they are spliced or terminated on
devices.

2. Strip insulation evenly around the conductor using tools designed for the purpose.  Avoid
scoring or nicking of solid wire or cutting strands from stranded wire.

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70,
Article 300, without pigtails.

4. Existing Conductors:
a. Cut back and pigtail or replace all damaged conductors.
b. Straighten conductors that remain and remove corrosion and foreign matter.
c. Pigtailing existing conductors is permitted provided the outlet box is large enough.

D. Device Installation:
1. Replace all devices that have been in temporary use during construction or that show

signs that they were installed before building finishing operations were complete.
2. Keep each wiring device in its package or otherwise protected until it is time to connect

conductors.
3. Do not remove surface protection, such as plastic film and smudge covers, until the last

possible moment.
4. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm)

in length.
5. When there is a choice, use side wiring with binding-head screw terminals.  Wrap solid

conductor tightly clockwise, 2/3 to 3/4 of the way around terminal screw.
6. Use a torque screwdriver when a torque is recommended or required by the manufacturer.
7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice

No. 12 AWG pigtails for device connections.
8. Tighten unused terminal screws on the device.
9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device

mounting screws in yokes, allowing metal-to-metal contact.
E. Receptacle Orientation:

1. Install ground pin of vertically mounted receptacles up.
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F. Device Plates:  Do not use oversized or extra-deep plates.  Repair wall finishes and remount
outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.

G. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical
and with grounding terminal of receptacles on top.  Group adjacent switches under single,
multigang wall plates.

H. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and
furnishings.  Verify with Architect and Owner that all floor outlets and service poles are
coordinated with furniture to be installed.

3.02 IDENTIFICATION
A. Comply with Division 26 Section "Identification for Electrical Systems."

1. Receptacles:  Identify panelboard and circuit number from which served.  Use hot,
stamped or engraved machine printing with black-filled lettering on face of plate, and
durable wire markers or tags inside outlet boxes.

3.03 FIELD QUALITY CONTROL
A. Perform tests and inspections and prepare test reports.

1. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout
or illuminated LED indicators of measurement.

B. Tests for Convenience Receptacles:
1. Line Voltage:  Acceptable range is 105 to 132 V.
2. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is not acceptable.

 Report voltage drop on receptacle circuit as follows:  Receptacle circuit L-1 (Typical)
Voltage measured = 119V.  All receptacle circuits shall be reported. Final close out of
project will not be attained without report.

3. Ground Impedance:  Values of up to 2 ohms are acceptable.
4. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943.
5. Using the test plug, verify that the device and its outlet box are securely mounted.
6. The tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit

breaker, poor connections, inadequate fault current path, defective devices, or similar
problems.  Correct circuit conditions, remove malfunctioning units and replace with new
ones, and retest as specified above.

C. Test straight blade for the retention force of the grounding blade according to NFPA 99.
 Retention force shall be not less than 4 oz. (115 g).

END OF SECTION
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SECTION 262816
ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. Section Includes:

1. Fusible switches.
2. Nonfusible switches.
3. Molded-case circuit breakers (MCCBs).
4. Enclosures.

1.03 DEFINITIONS
A. NC:  Normally closed.
B. NO:  Normally open.
C. SPDT:  Single pole, double throw.

1.04 SUBMITTALS
A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component

indicated.  Include dimensioned elevations, sections, weights, and manufacturers' technical
data on features, performance, electrical characteristics, ratings, accessories, and finishes.
1. Enclosure types and details for types other than NEMA 250, Type 1.
2. Current and voltage ratings.
3. Short-circuit current ratings (interrupting and withstand, as appropriate).
4. Detail features, characteristics, ratings, and factory settings of individual overcurrent

protective devices, accessories, and auxiliary components.
5. Include time-current coordination curves (average melt) for each type and rating of

overcurrent protective device; include selectable ranges for each type of overcurrent
protective device.

B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations,
sections, details, and attachments to other work.
1. Wiring Diagrams:  For power, signal, and control wiring.

C. Operation and Maintenance Data:  For enclosed switches and circuit breakers to include in
emergency, operation, and maintenance manuals.  In addition to items specified in Division 01
Section "Operation and Maintenance Data," include the following:
1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit

breakers.
2. Time-current coordination curves (average melt) for each type and rating of overcurrent

protective device; include selectable ranges for each type of overcurrent protective device.
1.05 QUALITY ASSURANCE

A. Source Limitations:  Obtain enclosed switches and circuit breakers, overcurrent protective
devices, components, and accessories, within same product category, from single source from
single manufacturer.

B. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for enclosed
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces
and other items.  Comply with indicated maximum dimensions.

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

D. Comply with NFPA 70.
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1.06 PROJECT CONDITIONS
A. Environmental Limitations:  Rate equipment for continuous operation under the following

conditions unless otherwise indicated:
1. Ambient Temperature:  Not less than minus 22 deg F and not exceeding 104 deg F.
2. Altitude:  Not exceeding 6600 feet.

1.07 COORDINATION
A. Coordinate layout and installation of switches, circuit breakers, and components with

equipment served and adjacent surfaces.  Maintain required workspace clearances and
required clearances for equipment access doors and panels.

1.08 EXTRA MATERIALS
A. Furnish extra materials that match products installed and that are packaged with protective

covering for storage and identified with labels describing contents.
1. Fuses:  Equal to 10 percent of quantity installed for each size and type, but no fewer than

three of each size and type.
2. Fuse Pullers:  Two for each size and type.

PART 2 PRODUCTS
2.01 FUSIBLE SWITCHES

A. Basis-of-Design Product:  Subject to compliance with requirements, provide or product by one
of the following:
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. Type HD, Heavy Duty, Single Throw, 240 or 600-V ac, UL 98 and NEMA KS 1, horsepower
rated, with clips or bolt pads to accommodate fuses, lockable handle with capability to accept
three padlocks, and interlocked with cover in closed position.

C. Accessories:
1. Equipment Ground Kit:  Internally mounted and labeled for copper ground conductors.
2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded;

labeled for copper and aluminum neutral conductors.
3. Isolated Ground Kit:  Internally mounted; insulated, capable of being grounded and

bonded; labeled for copper and aluminum neutral conductors.
4. Class R Fuse Kit:  Provides rejection of other fuse types when Class R fuses are

specified.
5. Hookstick Handle:  Allows use of a hookstick to operate the handle.
6. Lugs:  Mechanical type, suitable for number, size, and conductor material.
7. Service-Rated Switches:  Labeled for use as service equipment.

2.02 NONFUSIBLE SWITCHES
A. Basis-of-Design Product:  Subject to compliance with requirements, provide product by one of

the following:
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.
4. Square D; a brand of Schneider Electric.

B. Type HD, Heavy Duty, Single Throw, 240 or 600-V ac:  UL 98 and NEMA KS 1, horsepower
rated, lockable handle with capability to accept three padlocks, and interlocked with cover in
closed position.

C. Accessories:
1. Equipment Ground Kit:  Internally mounted and labeled for copper ground conductors.
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2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded;
labeled for copper neutral conductors.

3. For isolated grounded systems Isolated Ground Kit:  Internally mounted; insulated,
capable of being grounded and bonded; labeled for copper and aluminum neutral
conductors.

4. Hookstick Handle:  Allows use of a hookstick to operate the handle.
5. Lugs:  Mechanical type, suitable for number, size, and conductor material.

2.03 MOLDED-CASE CIRCUIT BREAKERS
A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated

on Drawings or comparable product by one of the following:
1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.  
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.  
3. Siemens Energy & Automation, Inc.  
4. Square D; a brand of Schneider Electric.

B. General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting
capacity to comply with available fault currents.

C. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and
instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for
circuit-breaker frame sizes 250 A and larger.

D. Features and Accessories:
1. Standard frame sizes, trip ratings, and number of poles.  
2. Lugs: Mechanical type, suitable for number, size, trip ratings, and conductor material.
3. Application Listing: Appropriate for application; Type SWD for switching fluorescent

lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting
circuits.

2.04 ENCLOSURES
A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to

comply with environmental conditions at installed location.
1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1.
2. Outdoor Locations:  NEMA 250, Type 3R.
3. Kitchen Areas: NEMA 250, Type 4X, stainless steel.
4. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4.
5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: NEMA

250, Type 12.
PART 3 EXECUTION
3.01 EXAMINATION

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for
compliance with installation tolerances and other conditions affecting performance of the Work.

B. Proceed with installation only after unsatisfactory conditions have been corrected.
3.02 INSTALLATION

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless
otherwise indicated.

B. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and
temporary blocking of moving parts from enclosures and components.

C. Install fuses in fusible devices.
D. Comply with NECA 1.

3.03 IDENTIFICATION
A. Comply with requirements in Division 26 Section "Identification for Electrical Systems."
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1. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.

2. Label each enclosure with engraved metal or laminated-plastic nameplate.
3.04 FIELD QUALITY CONTROL

A. Acceptance Testing Preparation:
1. Test continuity of each circuit.

B. Tests and Inspections:
1. Perform each visual and mechanical inspection and electrical test stated in NETA

Acceptance Testing Specification.  Certify compliance with test parameters.
2. Correct malfunctioning units on-site, where possible, and retest to demonstrate

compliance; otherwise, replace with new units and retest.
C. Enclosed switches and circuit breakers will be considered defective if they do not pass tests

and inspections.
3.05 ADJUSTING

A. Adjust moving parts and operable components to function smoothly and lubricate as
recommended by manufacturer.

END OF SECTION
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SECTION 264313
SURGE PROTECTION FOR LOW-VOLTAGE ELECTRICAL POWER CIRCUITS

PART 1 - GENERAL
1.01 RELATED DOCUMENTS

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

1.02 SUMMARY
A. Section includes field-mounted SPDs for low-voltage (120 to 600 V) power distribution and

control equipment.
B. Related Requirements:

1. Section 26 24 16 "Panelboards" for factory-installed SPDs.
2. Section 26 24 13 "Switchboards" for factory-installed SPDs.

1.03 DEFINITIONS
A. Inominal: Nominal discharge current.
B. MCOV: Maximum continuous operating voltage.
C. Mode(s), also Modes of Protection: The pair of electrical connections where the VPR applies.
D. MOV: Metal-oxide varistor; an electronic component with a significant non-ohmic current-

voltage characteristic.
E. OCPD: Overcurrent protective device.
F. SCCR: Short-circuit current rating.
G. SPD: Surge protective device.
H. VPR: Voltage protection rating.

1.04 ACTION SUBMITTALS
A. Product Data: For each type of product.

1. Include rated capacities, operating characteristics, electrical characteristics, and furnished
specialties and accessories.

2. Copy of UL Category Code VZCA certification, as a minimum, listing the tested values for
VPR’s, Inominal ratings, MCOVs, type designations, OCPD requirements, model
numbers, system voltages, and modes of protection.

1.05 INFORMATIONAL SUBMITTALS
A. Field quality-control reports.
B. Sample Warranty: For manufacturer's special warranty.

1.06 CLOSEOUT SUBMITTALS
A. Maintenance Data: For SPDs to include in maintenance manuals.

1.07 WARRANTY
A. Manufacturer's Warranty: Manufacturer agrees to replace or replace SPDs that fail in materials

or workmanship within specified warranty period.
1. Warranty Period: Five years from date of Substantial Completion.

PART 2 - PRODUCTS
2.01 GENERAL SPD REQUIREMENTS

A. SPD with 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.
C. Comply with UL 1449.
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D. MCOV of the SPD shall be the nominal system voltage.
2.02 SERVICE ENTRANCE AND TRANSFER SWITCH SUPPRESSOR

A. SPDs: Comply with UL 1449, Type 1.
B. SPDs: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as

complying with UL 1449, Type 1.
C. SPDs with the following features and accessories:

1. Integral disconnect switch.
2. Internal thermal protection that disconnects the SPD before damaging internal suppressor

components.
3. Indicator light display for protection status.
4. Surge counter.

D. Comply with UL 1283.
E. Peak Surge Current Rating: The minimum single-pulse surge current withstand rating per

phase shall not be less than 320 kA. The peak surge current rating shall be the arithmetic sum
of the ratings of the individual MOVs in a given mode.

F. Protection modes and UL 1449 VPR for grounded wye circuits with 480Y/277 V and
208Y/120 V, three-phase, four-wire circuits shall not exceed the following:
1. Line to Neutral: 1200 V for 480Y/277 V and 700 V for 208Y/120 V.
2. Line to Ground: 1200 V for 480Y/277 V and 1200 V for 208Y/120 V.
3. Line to Line: 2000 V for 480Y/277 V and 1000 V for 208Y/120 V.

G. Protection modes and UL 1449 VPR for 240/120 V, single-phase, three-wire circuits shall not
exceed the following:
1. Line to Neutral: 700 V.
2. Line to Ground: 1000 V.
3. Line to Line: 1000 V.

H. SCCR: Equal or exceed 100 kA.
I. Nominal Rating: 20 kA.

2.03 PANEL SUPPRESSORS
A. SPDs: Comply with UL 1449, Type 2.

1. Include LED indicator lights for power and protection status.
2. Internal thermal protection that disconnects the SPD before damaging internal suppressor

components.
B. Peak Surge Current Rating: The minimum single-pulse surge current withstand rating per

phase shall not be less than 100 kA. The peak surge current rating shall be the arithmetic sum
of the ratings of the individual MOVs in a given mode.
1. Comply with UL 1283.

C. Protection modes and UL 1449 VPR for grounded wye circuits with 480Y/277 V and
208Y/120 V, three-phase, four-wire circuits shall not exceed the following:
1. Line to Neutral: 1200 V for 480Y/277 V and 700 V for 208Y/120 V.
2. Line to Ground: 1200 V for 480Y/277 V and 700 V for 208Y/120 V.
3. Neutral to Ground: 1200 V for 480Y/277 V and 700 V for 208Y/120 V.
4. Line to Line: 2000 V for 480Y/277 V and 1200 V for 208Y/120.

D. Protection modes and UL 1449 VPR for 240/120-V, single-phase, three-wire circuits shall not
exceed the following:
1. Line to Neutral: 700 V.
2. Line to Ground: 700 V.
3. Neutral to Ground: 700 V.
4. Line to Line: 1200 V.
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E. SCCR: Equal or exceed 100 kA.
F. Nominal Rating: 20 kA.

2.04 ENCLOSURES
A. Indoor Enclosures: NEMA 250, Type 1.
B. Outdoor Enclosures: NEMA 250, Type 3R.

2.05 CONDUCTORS AND CABLES
A. Power Wiring: Same size as SPD leads, complying with Section 26 05 19 "Low-Voltage

Electrical Power Conductors and Cables."
B. Class 2 Control Cables: Multiconductor cable with copper conductors not smaller than No. 18

AWG, complying with Section 26 05 19 "Low-Voltage Electrical Power Conductors and Cables."
C. Class 1 Control Cables: Multiconductor cable with copper conductors not smaller than No. 16

AWG, complying with Section 26 05 19 "Low-Voltage Electrical Power Conductors and Cables."
PART 3 - EXECUTION
3.01 INSTALLATION

A. Comply with NECA 1.
B. Install an OCPD or disconnect as required to comply with the UL listing of the SPD.
C. Install SPDs with conductors between suppressor and points of attachment as short and

straight as possible, and adjust circuit-breaker positions to achieve shortest and straightest
leads. Do not splice and extend SPD leads unless specifically permitted by manufacturer. Do
not exceed manufacturer's recommended lead length. Do not bond neutral and ground.

D. Use crimped connectors and splices only. Wire nuts are unacceptable.
E. Wiring:

1. Power Wiring: Comply with wiring methods in Section 26 05 19 "Low-Voltage Electrical
Power Conductors and Cables."

2. Controls: Comply with wiring methods in Section 26 05 19 "Low-Voltage Electrical Power
Conductors and Cables."

3.02 FIELD QUALITY CONTROL
A. Perform the following tests and inspections with the assistance of a factory-authorized service

representative.
1. Compare equipment nameplate data for compliance with Drawings and Specifications.
2. Inspect anchorage, alignment, grounding, and clearances.
3. Verify that electrical wiring installation complies with manufacturer's written installation

requirements.
B. An SPD will be considered defective if it does not pass tests and inspections.
C. Prepare test and inspection reports.

3.03 STARTUP SERVICE
A. Complete startup checks according to manufacturer's written instructions.
B. Do not perform insulation-resistance tests of the distribution wiring equipment with SPDs

installed. Disconnect SPDs before conducting insulation-resistance tests, and reconnect them
immediately after the testing is over.

C. Energize SPDs after power system has been energized, stabilized, and tested.
3.04 DEMONSTRATION

A. Train Owner's maintenance personnel to operate and maintain SPDs.
END OF SECTION
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