ReStl Engineers TX, LLC 26-DLS-035 Madison GA Fire Station

SECTION 26 05 00
COMMON WORK RESULTS FOR ELECTRICAL SYSTEMS

GENERAL
1.01 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.02 SUMMARY

A. Section Includes:

Electrical equipment coordination and installation.
Sleeves for raceways and cables.

Sleeve seals.

Grout.

Common electrical installation requirements.
Electrical demolition.

Cutting and patching for electrical construction.
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1.03 DEFINITIONS
A. EPDM: Ethylene-propylene-diene terpolymer rubber.
B. NBR: Acrylonitrile-butadiene rubber.

1.04 SUBMITTALS
A. Product Data: For sleeve seals.

1.05 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 in-
tended used.

B. Comply with NFPA 70.

C. Include in the Work, as a part of the Bid Proposal, labor, materials, services, apparatus, draw-
ings (in addition to the Contract Documents) as required to complete the intended work.

D. Work for the Project must be performed in accordance with Federal, State and Local Laws, Or-
dinances, Codes, Rules and Regulations, pertaining to the Work which are hereby made a part
of the Contract Documents by reference, the same as if repeated herein in their entirety. Where
Contract Documents exceed these requirements, the Contract Documents shall govern. In no
case shall Work be installed contrary to or below the minimum legal standards.

1.06 COORDINATION

A. Coordinate arrangement, mounting, and support of electrical equipment:
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1. To allow maximum possible headroom unless specific mounting heights that reduce head-
room 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 ob-
structions and of the working and access space of other equipment.

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

Coordinate location of access panels and doors for electrical items that are behind finished sur-
faces or otherwise concealed. Access doors and panels are specified in Division 8 Section "Ac-
cess Doors and Frames."

Coordinate sleeve selection and application with selection and application of firestopping speci-
fied in Division 7 Section "Firestopping.”

1.07 RECORD DRAWINGS

A

Contractor shall provide owner with a complete set of accurate Record Drawings for all work
performed under this contract.

1. Record Drawings shall include all approved change orders and pertinent RFI responses.

2. Include actual dimensions of equipment furnished under this contractor where shown on
the floor plans.

3. Record Drawings shall include work performed by all sub-contractors retained.

4. Record Drawings shall include the words “RECORD DRAWING” on each sheet.

Submission:

1. Submit one set of record Drawings for review by Engineer prior to submission of closeout
documents. Record Drawings shall be submitted using the established submittal process.

2. Upon satisfactory review of the Record Drawing submittals by Engineer, provide three (3)
copies in electronic format with closeout documents

3. Paper Record Drawings shall be printed full size using the same sheet size as the con-
struction documents issued to the contractor with the contractor’s title block.

4. Electronic Record Drawings shall include multi-sheet PDF files combined and named by
discipline].

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.

Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe,
with plain ends and integral waterstop, unless otherwise indicated.

Sleeves for Rectangular Openings: Galvanized sheet steel.

1. Minimum Metal Thickness:
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1.2

1.3

A

A

a. For sleeve cross-section rectangle perimeter less than 50 inches and no side more
than 16 inches, thickness shall be 0.052 inch.
b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches and

1 or more sides equal to, or more than, 16 inches, thickness shall be 0.138 inch.
SLEEVE SEALS

Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and raceway or cable.

1. Manufacturers: Subject to compliance with requirements, provide products 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.

Pressure Plates: Carbon steel. Include two for each sealing element.

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.
GROUT

Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107, factory-packaged, nonmetallic
aggregate grout, non-corrosive, non-staining, mixed with water to consistency suitable for
application and a 30-minute working time.

PART 2 - EXECUTION

2.1

22

E.

A

COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
Comply with NECA 1.

Measure indicated mounting heights to bottom of unit for suspended items and to center of unit
for wall-mounting items.

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.

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.

Right of Way: Give to piping systems installed at a required slope.

SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

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.

Common Work Results for Electrical — 26 -5 00 3

RFP 2027-3500-01



ReStl Engineers TX, LLC 26-DLS-035 Madison GA Fire Station

2.3

24

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.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
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.

Cut sleeves to length for mounting 2”-3” extending out of both surfaces of walls.

Extend sleeves installed in floors 2 inches above finished floor level.

Size pipe sleves to provide 1/4-inch annular clear space between sleeve and raceway or cable,
unless indicated otherwise.

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.

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 "Firestopping."

Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-
type flashing units applied in coordination with roofing work.

Above Ground, 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.

Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for
1-inch annular clear space between raceway or cable and sleeve for installing mechanical sleeve
seals.

SLEEVE-SEAL INSTALLATION

Install to seal exterior wall penetrations.

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.

CUTTING AND PATCHING

Refer to Division 2 for general cutting and patching requirements and procedures.

Cut, channel, chase and drill floors, walls, partitions, ceilings and other surfaces required to permit
electrical installations. Perform cutting by skilled mechanics of trades involved.
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2.5

26

Repair and refinish disturbed finish materials and other surfaces to match adjacent undisturbed
surfaces. Install new fireproofing where existing firestopping has been disturbed. Repair and
refinish materials and other surfaces by skilled mechanics of trades involved.

FIRESTOPPING

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 Division 7 Section "Firestopping.”

CLEANING AND PROTECTION

On completion of installation, including outlets, fittings and devices, inspect exposed finish.
Remove burrs, dirt, paint spots, and construction debris.

Protect equipment and installations and maintain conditions to ensure that coatings, finishes, and
cabinets are without damage or deterioration at time of Substantial Completion.

END OF SECTION 26 05 00
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SECTION 26 05 19
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1

A

1.2

A

B.

1.3

A

B.

1.4

A

B.

C.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes the following:

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

Related Sections include the following:

1. Division 27 Section "Communications Horizontal Cabling" for cabling used for voice and
data circuits.

SUBMITTALS

Product Data: For each type of product indicated.

Field quality-control test reports.

QUALITY ASSURANCE

Contractor with qualifications and minimum ten (10) years experience in installation, splicing and
testing of low voltage power conductors may be considered at discretion of Architect/Engineer,
as acceptable agency.

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.

Comply with NFPA 70.

PART 2 - PRODUCTS

2.1

A

CONDUCTORS AND CABLES

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

Low Voltage Electrical Power Conductors and Cables — 01 10 00 1
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22

2.3

Encore Wire.

Nexans.

Southwire Company.
United Copper Industries.

pPONM~

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

Multiconductor Cable: Comply with NEMA WC 70 for armored cable, Type AC, metal-clad cable,
Type HCF with green ground, Type SO and Type USE with ground wire.

VARIABLE FREQUENCY DRIVE CABLE

Conductors between a VFD and the motor shall be a Tray Cable rated assembly of 3 phase
conductors, 3 symmetrical full-size equipment ground conductors, and an overall spiral copper tape
shield providing 100% shielding.

Installation: VFD cable shall be installed in raceway. Proper cable bending radius requirements
must be followed to avoid damage to the cable. All cables must be installed and terminated per
manufacturer instructions.

Installation of 6’ or less: VFD cable runs of 6 feet or less can be run without raceway, if Armored
VFD cable is used, with UL listed termination fittings.

Listings. Cable shall meet the following standards:

1. 600V UL 1277 Type TC-ER per 2005 NEC Article 336; 1000V CSA AWM /Il A/B FT4; Bare
Copper Conductors; Class B Stranding per ASTM; XLPE Insulation XHHW-2 Rated Circuit
Conductors; 90°C Wet/Dry; Class | & II; Division 2 Hazardous Locations; UL 1685 Vertical Tray
Flame Test; IEEE 1202/383 Vertical Tray Flame Test; UL Direct Burial; RoHS Compliant; CE
Approved

2. Cables shall be:
a. Belden Basics® VFD Cable

b. Service Wire ServiceDrive® ASD/VFD Shielded Tray Drive Cable

CONNECTORS AND SPLICES

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

AFC Cable Systems, Inc.

Hubbell Power Systems, Inc.
0O-Z/Gedney; EGS Electrical Group LLC.
3M; Electrical Products Division.

Tyco Electronics Corp.

gD
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F.

Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type,
and class for application and service indicated.

PART 3 - EXECUTION

3.1

o

3.2

3.3

CONDUCTOR MATERIAL APPLICATIONS

Feeders: Copper solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
Branch Circuits: Copper solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
The minimum conductor size shall be #12 AWG.

Voltage Drop: Branch circuit conductors shall be sized for a maximum voltage drop of 3 percent
to comply with the requirements of ASHRAE Standard 90.1-2007. The following are minimum
allowable conductor sizes based on circuit length. The circuit length shall be measured from the
branch panelboard to the furthest device in that circuit. The phase and neutral conductors shall
be sized as indicated on the entire length of that circuit unless a larger size conductor is indicated
on the drawings.

1. Conductor sizes for 20A/1-Phase/120 volt circuits shall be as follows unless noted
otherwise:
a. Circuit length of 0 to 95 feet: #12 awg.
b. Circuit length of 96 to 150 feet: #10 awg.
C. Circuit length of 151 to 235 feet: #8 awg.
d. Circuit length of 236 to 380 feet: #6 awg.

CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING
METHODS

Feeders: Type THHN-THWN, single conductors in raceway.

Branch Circuits (minimum #12 AWG): Type THHN-THWN, single conductors in raceway Metal-
clad cable, Type HCF with green ground conductor.

Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-steel,
wire-mesh and strain relief device at terminations to suit application.

Class 1 Control Circuits: Type THHN-THWN, in raceway.

Class 2 Control Circuits: Type THHN-THWN, in raceway.

INSTALLATION OF CONDUCTORS AND CABLES
Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
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.

Low Voltage Electrical Power Conductors and Cables — 01 10 00 3
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3.4

3.5

C.

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

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

Support cables according to Division 26 Section "Hangers and Supports for Electrical Systems."

Identify and color-code conductors and cables according to Division 26 Section "ldentification for
Electrical Systems."

Each branch circuit shall be provided with a dedicated neutral conductor. Sharing of the neutral
conductor between multiple circuits will not be allowed.

A single raceway shall be limited to a maximum of six current carrying conductors.

CONNECTIONS

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.

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

1. Use oxide inhibitor in each splice and tap conductor for aluminum conductors.

Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack.

FIELD QUALITY CONTROL
Perform tests and inspections and prepare test reports.
Tests and Inspections:

1. After installing conductors and cables and before electrical circuitry has been energized,
test feeder conductors for compliance with requirements.

a. Megger Test for insulation integrity.

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each
splice 11 months after date of Substantial Completion.

C. Instrument: Use an infrared scanning device designed to measure temperature or
to detect significant deviations from normal values. Provide calibration record for
device.

d. Record of Infrared Scanning: Prepare a certified report that identifies splices

checked and that describes scanning results. Include notation of deficiencies
detected, remedial action taken, and observations after remedial action.

Test Reports: Prepare a written report to record the following:

1. Test procedures used.
2. Test results that comply with requirements.
Low Voltage Electrical Power Conductors and Cables — 01 10 00 4
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3. Test results that do not comply with requirements and corrective action taken to achieve
compliance with requirements.

D. Remove and replace malfunctioning units and retest as specified above.

END OF SECTION 26 05 19
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1.1

A

1.2

A

1.3

A

1.4

A

B.

SECTION 26 05 26
GROUNDING AND BONDING FOR ELECTRICAL SYSTEM

GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes methods and materials for grounding systems and equipment, plus the
following special applications:

1. Common ground bonding system.

SUBMITTALS

Product Data: For each type of product indicated.

1. Ground rods.

2. Grounding arrangements and connections for separately derived systems.
3. Grounding for sensitive electronic equipment.

QUALITY ASSURANCE

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.

Comply with UL 467 for grounding and bonding materials and equipment.

PART 2 - PRODUCTS

21

A

B.

CONDUCTORS

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

Bare Copper Conductors:

Solid Conductors: ASTM B 3.

Stranded Conductors: ASTM B 8.

Tinned Conductors: ASTM B 33.

Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter.
Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

Bonding Jumper: Copper tape, braided conductors, terminated with copper ferrules; 1-5/8
inches wide and 1/16 inch thick.

kA ON =
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C.

2.2

A

B.

C.

23

A

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

Grounding Bus: Rectangular bars of annealed copper, 1/4” thick X 6” high X 18” long with holes,
unless otherwise indicated; with insulators.

CONNECTORS

Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having
jurisdiction for applications in which used, and for specific types, sizes, and combinations of

conductors and other items connected.

Bolted Connectors for Conductors and Pipes: Copper or copper alloy, bolted pressure-type, with
at least two bolts.

1. Pipe Connectors: Clamp type, sized for pipe.

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

GROUNDING ELECTRODES

Ground Rods: Copper-clad steel, sectional type; 3/4 inch in diameter by 10 feet long.

PART 3 - EXECUTION

3.1

A

B.

C.

APPLICATIONS

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

Grounding Bus: Install in electrical and communication rooms, in rooms housing service
equipment, and elsewhere as indicated.

1. Install bus on insulated spacers 1 inch, minimum, from wall 6 inches above finished floor,
unless otherwise indicated.

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.

5. Water Service: Bolted connectors.

6. Fire Protection Service: Bolted connectors.

7. Natural Gas Service: Bolted connectors.

Grounding and Bonding for Electrical systems — 26 05 26 2
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3.2

3.3

A

EQUIPMENT GROUNDING

Install insulated equipment grounding conductors for all electrical distribution, in addition to those
required by NFPA 70 and as follows:

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.

10.  Telecommunication Room: Ground bus as per this section and as shown on contract

documents.
11.  Poles Supporting Outdoor Lighting Fixtures: Per pole manufacturer’s requirements.

INSTALLATION
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.

Ground Rods: Drive rods until tops are 2 inches 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.

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 so
vibration is not transmitted to rigidly mounted equipment.

3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type

connection is required, use a bolted clamp.
Grounding and Bonding for Piping:

1. Metal Water Service Pipe: Provide bonding as per NEC 250, 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, using a bolted clamp connector or by bolting a lug-type
connector to a pipe flange, 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 above ground portion of gas piping system downstream from equipment shutoff
valve.
Grounding and Bonding for Electrical systems — 26 05 26 3

RFP 2027-3500-01



ReStl Engineers TX, LLC 26-DLS-035 Madison GA Fire Station

3.4

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 (18 m) apart.

Pull Boxes:

1. Provide grounding type bushings on conduit entrance into pull boxes. The equipment
grounding conductor shall be bonded to the box via threaded, locking type ground bushing
at the conduit entrance.

Junction Boxes and Device Boxes:

1. Bond junction boxes and device boxes to the equipment grounding conductor within the
branch circuit serving the box via an approved method.

Panelboards:

1. Bond panelboards to the equipment grounding conductor within the feeder conduit by a
threaded grounding type insulated bushing at the conduit entrance into the tub. The
equipment grounding conductor shall continue from the bushing to the panelboard ground
bus and be bonded.

FIELD QUALITY CONTROL

Perform the following tests and inspections and prepare test reports:

1. After installing grounding system but before permanent electrical circuits have been
energized, test for compliance with requirements.
2. 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. Perform tests by fall-of-potential method according to IEEE 81 and submit test.

Report measured ground resistances that exceed the following values:
1. Power and Lighting Equipment or System with Capacity 500 kVA and Less: 10 ohms.

Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect
promptly and include recommendations to reduce ground resistance.

END OF SECTION 26 05 26
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SECTION 26 05 29
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.
1.2 SUMMARY
A. This Section includes the following:
1. Hangers and supports for electrical equipment and systems.
2. Construction requirements for concrete bases.
1.3 DEFINITIONS
A. EMT: Electrical metallic tubing.
B. IMC: Intermediate metal conduit.
C. RMC: Rigid metal conduit.
14 PERFORMANCE REQUIREMENTS
A. Delegated Design: Design supports for multiple raceways, including comprehensive engineering
analysis by a qualified professional engineer, using performance requirements and design criteria
indicated.
B. Design supports for multiple raceways capable of supporting combined weight of supported
systems and its contents.
C. Design equipment supports capable of supporting combined operating weight of supported
equipment and connected systems and components.
1.5 SUBMITTALS
A. Product Data: For the following:
1. Steel slotted support systems.
2. Nonmetallic 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.
Hangers and Supports for Electrical systems — 26 05 29 1
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1.6

1.7

C.

A

B.

C.

A

B.

3. Nonmetallic slotted channel systems. Include Product Data for components.
4. Equipment supports.

Welding certificates.

QUALITY ASSURANCE

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

Comply with NFPA 70

Comply with IBC and UBC.

COORDINATION

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified in Division 3.

Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items are
specified in Division 7 Section "Roof Accessories."

PART 2 - PRODUCTS

2.1

A

B.

C.

SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

Steel Slotted Support Systems: Comply with MFMA-4, factory-fabricated components for field
assembly.

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

Allied Tube & Conduit.

Cooper B-Line, Inc.; a division of Cooper Industries.
ERICO International Corporation.

GS Metals Corp.

Thomas & Betts Corporation.

Unistrut; Tyco International, Ltd.

g. Wesanco, Inc.

~0 Q0o

2. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4.

3 Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating
applied according to MFMA-4.

4. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-4.

5 Channel Dimensions: Selected for applicable load criteria.

Raceway and Cable Supports: As described in NECA 1 and NECA 101.

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.
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2.2

D.

E.

F.

A

B.

C.

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.

Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel plates, shapes,
and bars; black and galvanized.

Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their
supports to building surfaces include the following:

1. Mechanical-Expansion Anchors: Insert-wedge-type, stainless steel, for use in hardened
portland cement concrete with tension, shear, and pullout capacities appropriate for
supported loads and building materials in which used.

2. 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 B-Line, Inc.; a division of Cooper Industries.

2) Empire Tool and Manufacturing Co., Inc.

3) Hilti Inc.

4) ITW Ramset/Red Head; a division of lllinois Tool Works, Inc.
5) MKT Fastening, LLC.

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.

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES
Equipment supports in this Article require calculation of load and strength for each component
and detailing of each assembly. Coordinate specifications for each equipment support with

structural engineer and with Drawings.

Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions
of supported equipment.

Materials: Comply with requirements in Division 5 Section "Metal Fabrications" for steel shapes
and plates.

PART 3 - EXECUTION

3.1

A

APPLICATION

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.
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3.2

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 in diameter.
Support conduit within 10” from box and bend, maximum 10’ apart and minimum of one support
for conduit length.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted 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.

Single Conduits 1-1/2-Inch and Smaller: Conduit clamps for supporting single conduits shall be
bolt type clamps. The use of spring type clamps will not be permitted. They shall apply for
raceways serving branch circuits and low voltage systems above suspended ceilings and for
fastening raceways for trapeze supports.

The use of powder-actuated fasteners will not be permitted.

SUPPORT INSTALLATION

Comply with NECA 1 and NECA 101 for installation requirements except as specified in this
Article.

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.

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 Ib.

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 Steel: Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69.

5. To Light Steel: Sheet metal screws.

6 Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets,
panelboards, disconnect switches, control enclosures, pull and junction boxes,
transformers, and other devices on slotted-channel racks attached to substrate by means
that meet seismic-restraint strength and anchorage requirements.

Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing
bars.
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3.3

A

3.4

3.5

INSTALLATION OF FABRICATED METAL SUPPORTS

Comply with installation requirements in Division 5 Section "Metal Fabrications" for site-fabricated
metal supports.

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

Field Welding: Comply with AWS D1.1/D1.1M.

CONCRETE BASES

Construct concrete bases of dimensions indicated but not less than 4 inches larger in both
directions than supported unit, and so anchors shall be a minimum of 10 bolt diameters from edge
of the base. Chamfer concrete pad 3/4”.

Use 3000-psi, 28-day compressive-strength concrete. Concrete materials, reinforcement, and
placement requirements are specified in Division 3 Section "Cast-in-Place Concrete."

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
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.

PAINTING

Touchup: Comply with requirements in Division 9 painting sections for cleaning and touchup
painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous
metal.

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

END OF SECTION 26 05 29
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SECTION 26 05 33
RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

1. Raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
2. Surface raceway.
3. Conduit sleeve and firestop.
4. Core drill for electrical work.
B. Related Section includes the following:
1. Division 26 “Underground Ducts and Raceway for Electrical Systems.”
1.3 DEFINITIONS

A. EMT: Electrical metallic tubing.

B. ENT: Electrical nonmetallic tubing.

C. EPDM: Ethylene-propylene-diene terpolymer rubber.
D. FMC: Flexible metal conduit.

E. IMC: Intermediate metal conduit.

F. LFMC: Liquidtight flexible metal conduit.

G. LFNC: Liquidtight flexible nonmetallic conduit.

H. NBR: Acrylonitrile-butadiene rubber.

l. RNC: Rigid nonmetallic conduit.

1.4 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.
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1.5

C.

D.

o

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.

Source quality-control test reports.

QUALITY ASSURANCE

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.

Comply with NFPA 70, 79.

Product shall be UL approved.

Comply with ANSI C2.

PART 2 - PRODUCTS

2.1

A

m

m

METAL CONDUIT AND TUBING

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

AFC Cable Systems, Inc.

Alflex Inc., a unit of Southwire.

Allied Tube & Conduit; a Tyco International Ltd. Co.
Anamet Electrical, Inc.; Anaconda Metal Hose.
Electri-Flex Co.

Republic Conduit, a unit of Tenaris.

Western Tube and Conduit Corporation.
Wheatland Tube Company.

ONoOGOA LN =

Rigid Steel Conduit: ANSI C80.1.

Aluminum Rigid Conduit: ANSI C80.5.

IMC: ANSI C80.6.

PVC-Coated Steel Conduit: PVC-coated Rigid Steel Conduit.

1. Comply with NEMA RN 1.
2. Coating Thickness: 0.040-inch, minimum.

EMT: ANSI C80.3.

FMC: Zinc-coated steel.
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2.2

2.3

LFMC: Flexible steel conduit with PVC jacket and UL label.

Fittings for Conduit (Including all Types and Flexible and Liquidtight): 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 or die-cast, compression type.

3 Coating for Fittings for PVC-Coated Conduit: Minimum thickness, 0.040 inch, with
overlapping sleeves protecting threaded joints.

4, Fittings for Rigid and Intermediate Steel Conduit: Threaded rigid steel conduit.

5. 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.

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.

NONMETALLIC CONDUIT AND TUBING

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

AFC Cable Systems, Inc.

Anamet Electrical, Inc.; Anaconda Metal Hose.
CANTEX Inc.

Dura-Line.

Electri-Flex Co.
Lamson & Sessions; Carlon Electrical Products.
Thomas & Betts Corporation.

Nogokwh =

ENT: NEMA TC 13.

RNC: NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.

LFNC: UL 1660.

Fittings for ENT and RNC: NEMA TC 3; match to conduit or tubing type and material.

Fittings for LFNC: UL 514B.

OPTICAL FIBER/COMMUNICATIONS CABLE RACEWAY AND FITTINGS

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. Dura-Line.
2. Endot Industries Inc.
3. Lamson & Sessions; Carlon Electrical Products.

Description: Comply with UL 2024; flexible type, approved for plenum installation.
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24

A

2.5

2.6

METAL WIREWAYS

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 B-Line, Inc.
2. Hoffman.
3. Square D; Schneider Electric.

Description: Sheet metal sized and shaped as indicated, NEMA 250, Type 1, unless otherwise
indicated.

1. Indoor, JIC type, minimum 16 gage, 14 gage for 6” X 6” or larger, finish with gray enamel
finish.

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.

Wireway Covers: Screw-cover type.

Finish: Manufacturer's standard enamel finish.

NONMETALLIC WIREWAYS

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. Hoffman.
2. Lamson & Sessions; Carlon Electrical Products

Description: Fiberglass polyester, extruded and fabricated to size and shape indicated, with no
holes or knockouts. Cover is gasketed with oil-resistant gasket material and fastened with captive
screws treated for corrosion resistance. Connections are flanged, with stainless-steel screws and
oil-resistant gaskets.

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.

SURFACE RACEWAYS

Surface Metal Raceways: Galvanized steel with snap-on covers. Manufacturer's standard enamel
finish in color selected by Architect.

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

a. Thomas & Betts Corporation.
b. Walker Systems, Inc.; Wiremold Company (The).
C. Wiremold Company (The); Electrical Sales Division.
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B.

2.7

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:

Enduro Systems, Inc.; Composite Products Division.
Hubbell Incorporated; Wiring Device-Kellems Division.
Lamson & Sessions; Carlon Electrical Products.
Panduit Corp.

Walker Systems, Inc.; Wiremold Company (The).
Wiremold Company (The); Electrical Sales Division.

~0 Q0T

BOXES, ENCLOSURES, AND CABINETS

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

Cooper Crouse-Hinds; Div. of Cooper Industries, Inc.
EGS/Appleton Electric.

Erickson Electrical Equipment Company.

Hoffman.

Hubbell Incorporated; Killark Electric Manufacturing Co. Division.
0-Z/Gedney; a unit of General Signal.

RACO; a Hubbell Company.

Robroy Industries, Inc.; Enclosure Division.

. Spring City Electrical Manufacturing Company.

0. Thomas & Betts Corporation.

1. Walker Systems, Inc.; Wiremold Company (The).

S20oNooOR~WN =

Sheet Metal Outlet and Device Boxes: NEMA OS 1, minimum 4” X 4” X 2-1/8” deep. Provide with
single gang plaster ring unless two gang plaster ring is specifically noted elsewhere to be
provided.

Cast-Metal Outlet and Device Boxes: NEMA FB 1, Type FD, with gasketed cover. Minimum 4” X
4” X 2-1/8” deep. Provide with single gang plaster ring unless two gang plaster ring is specifically
noted elsewhere to be provided.

Nonmetallic Outlet and Device Boxes: NEMA OS 2.

Metal Floor Boxes: Sheet metal, fully adjustable, rectangular.

Nonmetallic Floor Boxes: Nonadjustable, round.

Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

Cast-Metal Access, Pull, and Junction Boxes: NEMA FB 1 gasketed cover.

The box support bracket shall be with support leg to eliminate movement of box in wall. The box
support shall be attached to metal stud by using screw gun. The box support shall have an offset

for drywall.

Device rough-in boxes shall be securely and rigidly attached and supported plumb, level and true
to the building lines using one of the following:
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Screw Gun Box Brackets: Preset for metal stud 16” or 24” on center, depth set for 2-1/2”
deep electrical box. Install using screw gun.

Box Mounting Bracket: Allow 4” or 4-11/16” boxes. Bendable leg serves as a bracket
stabilizer.

Extension Plate Bracket: Allow outlet boxes 12” or 18” offset from either metal stud track
or a stud. Allow 4” or 4-11/16” outlet boxes, 2-1/8” deep, bracket with bendable stabilizer
leg for use on 2-1/2” and 3-1/2” metal studs for bracket sterilizer.

Hinged-Cover Enclosures: Continuous hinged door in front cover with flush latch and concealed
hinge (door-in-door) unless otherwise indicated.

1.

aobrwd

Metal Enclosures: NEMA 250, Type 1, galvanized-steel box with removable interior panel
and removable front, finished inside and out with manufacturer's standard enamel.
Nonmetallic Enclosures: Plastic.

Key latch to match panelboards.

Metal barriers to separate wiring of different systems and voltage.

Accessory feet where required for freestanding equipment.

PART 3 - EXECUTION

3.1

A

B.

C.

D.

E.

RACEWAY APPLICATION

Outdoors: Apply raceway products as specified below, unless otherwise indicated:

1.
2.
3
4.

5.

Exposed Conduit: Rigid steel conduit.

Concealed Conduit, Aboveground: Rigid steel conduit.

Underground Conduit: RNC, Type EPC-PVC, direct buried for utility power system, RNC
Type EPC-40 in concrete encased for standby power system.

Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): LFMC.

Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.

Indoors: Apply raceway products as specified herein, unless otherwise indicated:

NGO ON =

9.

Exposed in Mechanical Room: EMT.

Below Grade: PVC Coated IMC.

Branch Circuit: EMT, HCF.

Concrete Wall/Column: GRC.

Refrigerated Area: GRC.

Panel Feeder: EMT.

Equipment Feeder, 2” and larger: EMT.

Connection to Vibrating Equipment (including transformers and hydraulic, pneumatic,
electric solenoid, or motor-driven equipment): LFMC.

Damp or Wet Locations: Rigid steel conduit.

Minimum Raceway Size: 3/4-inch trade size.

Install nonferrous conduit or tubing for circuits operating above 60 Hz. Where aluminum raceways
are installed for such circuits and pass through concrete, install in nonmetallic sleeve.

Do not install aluminum conduits in contact with concrete.
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3.2

INSTALLATION

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.

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.

Complete raceway installation before starting conductor installation.

Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical
System” and “Vibration and Seismic Controls for Electrical Work.”

Arrange stub-ups so curved portions of bends are not visible above the finished slab.

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.

Conceal conduit within finished walls and ceilings, unless otherwise indicated.

Raceways embedded in slabs or below slab inside the building envelope are not permitted unless
shown on Contract Documents.

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.

Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to
protect conductors, including bushing for size No. 6 AWG and larger conductors.

Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not less
than 200-Ib tensile strength. Leave at least 12 inches of slack at each end of pull wire.

Raceways for Optical Fiber and Communications Cable: Install raceways, metallic, 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.

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.

Flexible Conduit Connections: Use maximum of 72 inches of flexible conduit for recessed and

semi-recessed lighting fixtures, use LFMC for equipment subject to vibration, noise transmission,
or movement; transformers, motors and damp/wet location.
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0.

3.3

3.4

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.

Set metal floor boxes level and flush with finished floor surface.

Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.

DEVICE ROUGH-IN BOX

Finish plates shall not span different types of wall finishes either vertically or horizontally. Plates
shall cover mortar joints and cut openings completely.

Outlet, junction and pull boxes, and their covers shall have corrosion protection suitable for the
atmosphere in which they are installed. Provide gaskets for all boxes installed outside and other
wet or damp locations (tunnels, crawl spaces, pits, etc.).

Outlet boxes shall be protected to prevent entrance of plaster, and debris shall be thoroughly
cleaned from the box prior to installation of conductors.

Single gang opening outlet boxes shall be mounted with the long axis vertical unless otherwise
noted for horizontal mounting. Three or more gang boxes shall be mounted with the long axis
horizontal.

Finish plates shall be a type designed, intended, and appropriate for the use and location.

Existing outlet boxes are being reused, provide extension rings compatible with new wall surfaces
or finishes.

Provide outlet box with barrier for grouped or ganged light switched where voltage between
adjacent switches exceeds 300 volt AC per NEC Article 380.

Provide outlet box with barrier and separate conduit feed for switches grouped or ganged where
connected to utility power and standby power.
METAL RACEWAY

Metal raceway duct shall be installed level and true to building construction lines such that
removable or hinged covers can be operated to be fully accessible.

Routing shall be pre-planned by the Contractor to assure right-of-way and accessibility; routing
indicated by Contract Documents shall be considered schematic in nature and may require job
site alteration to avoid interference.

Metal raceway duct shall be adequately supported at not more than 5'-0" intervals. The support
accessories shall be of the same manufacturer as metal raceway.

Metal raceway duct penetrations of walls shall be unbroken lengths, scaled to the wall opening;
dead ends shall be closed with manufactured closures.

Metal raceway duct to be installed surface mounted; flush in wall or in floor as indicated by the
Contract Documents.
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F. Provide approved wall flanges and fully seal all penetrations of fire and smoke rated walls and
partitions, cutting and patching as needed.

G. Provide divider to compartment the metal raceway duct as indicated by Contract Documents.

3.5 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.

Install backfill as specified in Division 31 Section "Earth Moving."

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."

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.

Warning Tape: Bury warning tape approximately 12 inches above direct-buried conduits or
duct bank placing them 24 inches o.c. Align tape along the width and along the centerline
of conduit.

3.6 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 Division 7 Section "Firestopping.”

END OF SECTION 26 05 33
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SECTION 26 05 39
UNDERFLOOR RACEWAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

1.2

1.3

A

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY
This Section includes the following:

Flat-top, single-channel, underfloor raceways.
Flat-top, multichannel, underfloor raceways.
Flush, flat-top underfloor raceways.

Cellular metal underfloor raceways.
Trench-type underfloor raceways.

Service fittings.

oM =

DEFINITIONS

Flush Outlet: Underfloor raceway outlet installed so the top of the fixed portions of the
receptacles, jacks, and connector assemblies is located approximately at the surface of the floor
or floor covering, and with the bodies of connected plugs exposed above the surface of the
floor.

Flush Underfloor Raceway: Rectangular cross-section, flat-top raceway installed with the top of
the raceway flush with the surface of the concrete in which it is embedded.

Header Raceway: Rectangular cross-section, single-channel or multichannel, underfloor
raceway arranged as feeder raceway to bring wires and cables to service raceways from
panelboards and communication terminal components.

Recessed Outlet: Underfloor raceway outlet installed with the top of the fixed portion of the
connector assemblies located below the surface of the floor or floor covering and arranged to
receive plug connectors with the bodies of the plugs concealed below the floor level.

Service Raceway: Underfloor distribution raceway providing direct connection to service fittings
using preset or after-set inserts.

Trench Header: Trench-type raceway arranged as feeder raceway to bring wires and cables to
service raceways from panelboards and communication terminal equipment.

Underfloor Raceway: A conduit, duct, or cell assembly, or trench located within the floor
material or with its top at the floor surface.
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SUBMITTALS

Product Data: For underfloor raceway components, fittings, and accessories.

Shop Drawings: For underfloor raceways. Include floor plans, assembly drawings, sections,
and details.

1.

2.

Identify components and accessories such as expansion-joint assemblies, straight
raceway lengths, preset and after-set inserts, and service fittings.

Provide dimensions locating raceway header and distribution elements. Include spacing
between preset inserts and between preset inserts and ends of duct runs, walls, columns,
junction boxes, and header duct connections.

Show connections between raceway elements and relationships between components
and adjacent structural and architectural elements including slab reinforcement, floor
finish work, permanent partitions, architectural module lines, and pre-tensioning or post-
tensioning components.

Indicate height of preset inserts, junction boxes, and raceways coordinated with depth of
concrete slab and floor fill.

Indicate thickening of slabs where required for adequate encasement of raceway
components.

Document coordination of exposed components with floor-covering materials to ensure
that fittings and trim are suitable for indicated floor-covering material.

Revise locations from those indicated in the Contract Documents, as required to suit field
conditions and to ensure a functioning layout. Identify proposed deviations from the
Contract Documents.

Show details of connections and terminations of underfloor raceways at panelboards and
communication terminal equipment in equipment rooms, wire closets, and similar spaces.
Identify those cells of cellular floor deck that are to be connected and fitted for the
following underfloor distribution:

a. Power.

b. Voice.

C. Data.

d. Signal.

e. Communications.

Samples: For typical underfloor raceway products, in specified finish, including the following:

1.

3.

4.

5.
6.

Service fittings and flush and recessed outlet and junction-box covers.

A section of each service raceway configuration with specified preset insert and service
fitting installed.

A junction box of each size and type for use with underfloor raceway.

A section of each header raceway configuration, complete with provisions for connection
with service raceway.

A section of trench-type raceway, complete with cover and required trim.

A junction box of each size and type, complete with cover and trim.

Field quality-control test reports.

Operation and Maintenance Data: For underfloor raceways, to include in emergency, operation,
and maintenance manuals. In addition to items specified in Division 1 Section "Operation and
Maintenance Data," include the following:

1.

Manufacturer's written instructions for locating preset inserts and for installing afterset
inserts.
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1.5

A

B.

C.

D.

1.6

A

B.

C.

QUALITY ASSURANCE

Source Limitations for Electrified Cellular Steel Floor-Deck Components: Obtain electrical
components such as preset inserts, after-set inserts, service fittings, header ducts, and trench
header ducts from the cellular steel floor-deck manufacturer.

Source Limitations: Obtain underfloor raceway components for each system through one source
from single manufacturer.

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

Comply with NFPA 70.

EXTRA MATERIALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.

1. After-set Inserts: Furnish quantity equal to 10 percent of service fittings installed.
After-set Inserts: Furnish quantity equal to 5 percent of each type of preset insert
installed.

3. Service Fittings: Furnish 3 of each type of service fitting indicated for each 100 feet of
distribution raceway or active-floor-cell length.

4, Outlet Blanking Covers: Furnish quantity equal to 10 percent of each type of floor

opening installed for outlets.

Furnish one electronic instrument(s) as recommended by underfloor raceway manufacturer for
detecting and locating preset inserts in metal raceway under floor covering and up to 3/8 inch of
concrete fill.

Furnish one set(s) of tools needed for installing after-set inserts in underfloor service raceway,
including the following:

1. Electric Drill: Variable speed, 1/2-inch capacity.
2. Hole Saw: Diamond bit, 2-inch size.
3. Insert installation tool.

PART 2 - PRODUCTS

2.1

A

B.

FLAT-TOP, SINGLE-CHANNEL, UNDERFLOOR RACEWAYS

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

1. Square D; Schneider Electric.
2. Thomas & Betts Corporation; Steel City Division.

3. Walker Systems, Inc.; a Wiremold company.
Description:
1. Material: Steel.
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2.2

Cross-Section Shape: Rectangular.

Number of Levels: One.

Minimum Bending Radius for Communication Cables: Combination of raceways, fittings,
inserts, junction boxes, service fittings, and mounting and connection arrangements for
wiring devices and jacks shall provide a 2-inch minimum bending radius for
communication cables.

Service Raceways: Fitted with preset inserts.

1.

Nominal Raceway Dimensions:

a. Depth: 1-1/2 inches.
b. Power Service Raceway Width: 3-1/2 inches.
C. Communication Service Raceway Width: 6-1/2 inches.

Number of Single-Channel Raceways per Run: Two unless otherwise indicated.
Preset Inserts: Rectangular.

a. Spacing: 24 inches o.c.

b. Size: Rectangular dimensions as required to accommodate mounting and
connection of flush-mounted, duplex receptacle or dual communication-jack or
connector service fitting.

C. Size: 2 inches in diameter.

d. Equip each insert with a disposable cover and select insert height so cover is 1/8
inch below surface of concrete.

e. Arrange insert for optional attachment of flush-, surface-, or wiring- extension

service fitting to replace disposable cover.

Header Raceways: Single channel, without preset inserts (blank raceway).

1.

Nominal Raceway Dimensions:

a. Depth: 1-1/2 inches.
b. Power Header Raceway Width: 3-1/2 inches.
C. Communication Header Raceway Width: 3-1/2 inches.

Arrangement: In same plane as service raceways.
Connections: Arranged to connect with service raceways at single-level junction boxes.

FLAT-TOP, MULTICHANNEL, UNDERFLOOR RACEWAYS

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

1.

Square D; Schneider Electric.

2. Thomas & Betts Corporation; Steel City Division.

Description:

1. Material: Steel.

2. Cross-Section Shape: Rectangular.

3. Number of Longitudinal Channels: Two, separated by steel wall(s).
4., Number of Levels: One.
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2.3

5. Minimum Bending Radius for Communication Cables: Combination of raceways, fittings,
inserts, junction boxes, service fittings, and mounting and connection arrangements for
wiring devices and jacks shall provide a 2-inch minimum bending radius for
communication cables.

Service Raceways: Fitted with preset inserts.
1. Nominal Raceway Dimensions:

a. Depth: 1-3/8 inches.
b. Power Service Channel Width: 3-1/2 inches.

C. Communication Service Channel Width: 3-1/2 inches.
2. Preset Inserts:
a. Spacing: 24 inches o.c.
b. Size: Dimensions as required to accommodate mounting and connection of flush-

and surface-mounted, single and multiple-system service fittings or to connect to
wiring extensions for feeding wall outlets for power and communications.

C. Equip each insert with a disposable cover arranged for installation with top 1/8 inch
below surface of concrete.
d. Arrange inserts for optional attachment of flush-, surface-, or wiring-extension

service fitting to replace disposable cover. Arrange brackets, mountings, barriers,
and floor access covers to support, isolate, and provide access to flush outlet-
mounting connector, jack, and receptacle devices.

Header Raceways: Multichannel, without preset inserts (blank raceway).

1. Nominal Raceway Dimensions:
a. Header Raceway Depth: Same as service raceways.
b. Power Header Channel Width: 3-1/2 inches.
C. Communication Header Channel Width: 3-1/2 inches.
2. Arrangement: In same plane as service raceways.
3. Connections: Arranged to connect with service raceways at two-level junction boxes.

FLUSH, FLAT-TOP UNDERFLOOR RACEWAYS

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:

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

Basis-of-Design Product: Subject to compliance with requirements, provide a comparable
product by one of the following:

1. Walker Systems, Inc.; a Wiremold company.
Description:
1. Material: Steel.
2. Cross-Section Shape: Rectangular, multichannel, separated by steel wall(s).
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3. Listed and labeled for installation with top flush with concrete floor.
4. Number of Levels: One.

Service Raceways: Fitted with preset inserts.

Number of Longitudinal Channels per Multichannel Raceway: Two.

Number of Single-Channel Raceways per Run: Two unless otherwise indicated.

Nominal Channel Dimensions: 3 inches wide by 1-1/4 inches deep.

Preset Inserts: Threaded opening with removable steel plug that is flush with top of
raceway when screwed in place.

pLON~

a. Spacing: [24 inches o.c., full length of each service raceway.

b. Arrangement: Stagger insert locations on parallel raceways or channels to
accommodate placement of adjacent service fittings.

C. Size: 1-5/8-inch diameter.

Header Raceways: Raceways same as service raceways except without preset inserts (blank
raceway).

1. Nominal Channel Dimensions: Same as service raceways.
2. Arrangement: In same plane as service raceways.
3. Connections: Arranged to connect with service raceways at junction boxes.

CELLULAR METAL UNDERFLOOR RACEWAYS

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:

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

Basis-of-Design Product: Subject to compliance with requirements, provide a comparable
product by one of the following:

1. HH Robertson; Division of CENTRIA.
2. Walker Systems, Inc.; a Wiremold company..

Service Raceways: Fitted with preset inserts.

1. Material: Steel.
2. Number of Longitudinal Cells: Three, separated by steel walls.
3 Nominal Dimensions of Cells:

a. Overall Depth: 1-1/4 inches unless otherwise indicated.
b. Cross-Sectional Area of Cells: Power cells: 5-1/2 sq. in; communication system
cells: 16 sq. in.

4. Minimum Bending Radius for Communication Cables: Combination of raceways, fittings,
inserts, junction boxes, service fittings, and mounting and connection arrangements for
wiring devices and jacks shall provide a 2-inch minimum bending radius for
communication cables.

5. Preset Inserts: Rectangular-shaped metal housing assemblies arranged to provide
electrical outlet access to each cell of each raceway designated for service raceway use.
Inserts shall be provided throughout the entire length of each such raceway.
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a. Spacing: 24 inches o.c.

b. Include housing and connecting provisions for a flush or recessed, single-, double-,
or triple-system service fitting.

C. Include mounting and connecting provisions for a surface, single- or multiple-
system service fitting.

d. Include connecting provisions for a wiring-extension service fitting to feed wall
outlets.

e. Equip each insert with a disposable cover plate arranged for installation with top

1/8 inch below surface of concrete. Arrange insert to receive a flush-, recessed-,
or wiring-extension service fitting to replace disposable top.

Header Assembly: A junction box and raceway arrangement arranged to feed wires and cables
to service raceways.

1. Three-compartment junction box connecting blank, multicell cellular header raceway (no
inserts) with cellular service raceways.

a. Arrange junction box in the center of a 60-inch length of header raceway.
b. Cellular header raceway shall have same dimensions as service raceways.
C. Provide capability for service raceways to be run in both directions from

intersection with header raceway.

2. Three-compartment junction box preassembled with blank, flat-top, multichannel header
raceway (no inserts) and fitted to connect with cellular service raceway at right angles to
header raceway.

a. Arrange junction box in the center of a 60-inchlength of header raceway.
b. Provide capability for service raceways to be run in both directions from
intersection with header raceway.

TRENCH-TYPE UNDERFLOOR RACEWAYS

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:

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

Basis-of-Design Product: Subject to compliance with requirements, provide a comparable
product by one of the following:

1. HH Robertson; Division of CENTRIA.

2. Square D; Schneider Electric.

3. Thomas & Betts Corporation; Steel City Division.
4. Walker Systems, Inc.; a Wiremold company.

Trench: Steel, shop or factory welded and fabricated to indicated sizes. Include the following
features:

1. Slab Depth Adjustment: Minimum of minus 1/8 inch to plus 5/8 inch before and during
concrete placement.

2. Cover Supports: Height adjustable, with leveling screws to rigidly support cover
assembly.
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2.6

2.7

2.8

3. Screed Strip: Extruded aluminum along both edges at proper elevation without requiring
shim material.

4, Trim Strip: Select to accommodate floor finish material.

5. Partitions: Arranged to separate channels and isolate wiring of different systems.

Cover Plates: Removable, steel plates, 1/4 inch thick, each weighing 60 Ib or less with full
gasket attached to side units. Fabricate intermediate supports to limit unsupported spans to [15
inches or less. Fabricate covers with appropriate depth recess to receive indicated floor finish.

SUPPORTS, FITTINGS, AND HARDWARE

Supports, fittings, and hardware shall be compatible with raceway and outlet system and shall
be listed for use with raceway systems and components specified.

Supports: Adjustable for height and arranged to maintain alignment and spacing of raceways
during concrete placement. Include hold-down straps.

Raceway Fittings: Couplings, expansion-joint sleeves, cross-under offsets, vertical and
horizontal elbows, grounding screws, adapters, end caps, and other fittings suitable for use with
basic components to form a complete installation.

JUNCTION BOXES

Description: Manufacturer's standard enclosure for indicated type, quantity, arrangement, and
configuration of raceways at each raceway junction, intersection, and access location. Include
the following accessories and features:

1. Mounting brackets.

2. Escutcheons and holders to accommodate surrounding floor covering.

3 Means for leveling and height adjustment more than 3/8 inch before and after concrete is
placed.

4. Raceway Openings: For underfloor raceways and conduits arranged to accommodate
raceway layout.

5. Covers shall have appropriate depth recess to receive specific floor finish material.

6. Partitions to separate wiring of different systems.

SERVICE FITTINGS
Exposed Parts Finish: Brass.
Flush, Single-System Service Fitting for Round Inserts: Include mounting and cover to support

and provide access to single connector, jack, or receptacle device; mounted flush with floor
within body of insert.

1. Connector, Jack, and Receptacle Devices: Single modular type; complying with
Division 16 Sections "Wiring Devices" and "Voice and Data Communication Cabling."
2. Power Receptacle Outlet: Suitable for 20-A device.

Flush, Single System Service Fitting for Rectangular Inserts: Include mounting, hinged cover,
and trim to support and provide access to connector, jack, or receptacle devices mounted flush
with floor within insert.
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1. Connector, Jack, and Receptacle Devices: Modular type; complying with Division 16
Sections "Wiring Devices" and "Voice and Data Communication Cabling."
2. Power Receptacle Rating: 20 A, 120 V unless otherwise indicated.

D. Surface-Mounted Service Fitting: Modular pedestal type, with locking attachment matched to
insert floor opening.

1. Power-outlet, double-faced, surface-mounted unit for duplex receptacle on both sides.
2. Power-outlet, single-faced, surface-mounted unit for duplex receptacle on one side.
3 Communication-outlet, double-faced, surface-mounted unit.

a. Include bushed openings on both sides; 1-inch minimum diameter; insulated with
nonconducting material.
b. Include provisions for modular dual fiber-optic connector assembly on both sides.
C. Include provisions for modular dual jack-connector assembly, rated for Category 6
on both sides.
4. Communication-outlet, single-faced, surface-mounted unit with bushed opening on one
side; 1-inch minimum diameter; insulated with nonconducting material.
5. Combination surface-mounted unit for duplex receptacle on one side and with

communication cable connection provision on opposite side.

a. Communication Side: Include bushed opening; 1-inch minimum diameter;
insulated with nonconducting material.
b. Communication Side: Include provisions for modular dual fiber-optic connector
assembly.
C. Communication Side: Include provisions for modular dual jack-connector
assembly, rated for Category 6.
E. Flush-Mounted Service Fittings: Modular fittings compatible with preset inserts and shall include

covers, provisions for receptacles jacks and connector assemblies and wiring extensions to
wall-mounted outlets, and associated device plates for indicated systems. Include flush
handhole covers, recessed to suit floor finish material. Internally mounted, modular, receptacle,
jack and connector assemblies shall comply with requirements in Division 16 Sections "Wiring
Devices" and "Voice and Data Communication Cabling."

N>R WON =

Duplex convenience receptacle.

Duplex telephone-data outlets.

Double duplex convenience receptacles.

Duplex convenience receptacle and duplex telephone-data outlets.

Double duplex telephone-data outlets.

Duplex communication jack, rated for Category 6.

Duplex fiber-optic communication connector.

Wiring-Extension Service Fittings: Arrangement of brackets and mountings to support,

and provide access to wiring or cabling of a cell, and to connect the cable or raceway that
extends the system to an individual wall outlet. Provide for connection of Type MC cable
for power extensions, and FMC for communication system extensions.
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PART 3 - EXECUTION

3.1

A

3.2

EXAMINATION

Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements for installation tolerances and other conditions affecting performance.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Install raceways aligned and leveled and, unless otherwise indicated, parallel or perpendicular
to building walls.

Arrange supports to attain proper elevation, alignment, and spacing of raceways. Install
supports securely at ends and at intervals not to exceed 60 inches, to prevent movement during
concrete pour.

Level raceway components with finished slab and make adjustments for floor finishes.

Adjust supports to maintain a 1/16- to 3/8-inch finished concrete cover over preset inserts.
Remove burrs, sharp edges, dents, and mechanical defects.

Cap or plug boxes, insert- and service-fitting openings, and open ends of raceways.

Seal raceways, cells, junction boxes, and inserts to prevent water, concrete, or foreign matter
from entering raceways before and during pouring slab or placing fill. Tape joints, or seal with
compound, as recommended in writing by underfloor raceway manufacturer.

Junction Boxes: Install tops level and flush with finished floor. Install blank closure plates or
plugs to close unused junction-box openings. Grout boxes in place to prevent movement during
construction. Place top covers in inverted position during construction to prevent damage to
surface of cover. Reinstall covers in proper position prior to final acceptance of Work.

After-set Inserts: Cut, hole saw, and drill slab and raceways to allow for installation.

Ground underfloor raceway components.

Install a marker at the center of the last insert of each cell and channel of each straight run of
metal underfloor service raceway to locate the insert and identify the system.

1. Install markers at last inserts on both sides of permanent walls and at first inserts
adjacent to each junction box.

2. Install markers flush at screed line before pouring slab or placing fill. Extend marker with
grommeted screw when floor covering is placed. Do not extend through carpet.

3. Use slotted-head screw to identify electrical power; use Phillips-head screw to identify
conventional communications.

4. Use another distinctive screw head to identify third system such as special-purpose
wiring.

Level raceway components with finished slab and make adjustments in raceway component
elevation to accommodate indicated floor finishes.
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3.3

A

3.4

FIELD QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to perform tests and inspections and
prepare test reports.

Perform tests and inspections.
Tests and Inspections:

1. Perform visual inspection of interior of each [unction box and section of trench raceway to
verify absence of dirt, dust, construction debris, and moisture. Replace damaged and
malfunctioning components.

2. Perform point-to-point tests of ground continuity and resistance of ground path between
the most remote accessible fitting on each branch of each underfloor raceway system
and the main electrical distribution grounding system.

a. Determine cause and perform correction of any point-to-point resistance value that
exceeds 0.05 ohms.
CLEANING
Clean and swab out underfloor raceways, inserts, and junction boxes after finish has been

applied to floor slab, and remove foreign material, dirt, and moisture. Leave interiors clean and
dry.

END OF SECTION 26 05 39
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SECTION 26 05 43
UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

A

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes the following:

1. Conduit, ducts, and duct accessories for direct-buried and concrete-encased duct
banks, and in single duct runs.

2. Handholes and boxes.

DEFINITION

RNC: Rigid nonmetallic conduit.

GRC: Galvanized rigid steel conduit.

SUBMITTALS
Product Data: For the following:

1. Ducts and conduits and their accessories, including elbows, end bells, bends, fittings,
and solvent cement.

2. Accessories for handholes and boxes.

3. Warning tape.

4 Warning planks.

Shop Drawings for Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:
Include dimensioned plans, sections, and elevations, and fabrication and installation details,
including the following:

Duct entry provisions, including locations and duct sizes.

Cover design.

Grounding details.

Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.

PN~

Product Certificates: For concrete and steel used in precast concrete handholes, as required by
ASTM C 858.

Source quality-control test reports.

Field quality-control test reports.
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1.5

A

B.

1.6

A

B.

C.

1.7

A

B.

QUALITY ASSURANCE
Comply with ANSI C2.

Comply with NFPA 70.

DELIVERY, STORAGE, AND HANDLING

Deliver ducts to Project site with ends capped. Store nonmetallic ducts with supports to prevent
bending, warping, and deforming.

Store precast concrete and other factory-fabricated underground utility structures at Project site
as recommended by manufacturer to prevent physical damage. Arrange so identification
markings are visible.

Lift and support precast concrete units only at designated lifting or supporting points.

COORDINATION

Coordinate layout and installation of ducts, manholes, handholes, and boxes with final
arrangement of other utilities, site grading, and surface features as determined in the field.

Coordinate elevations of ducts and duct-bank entrances into handholes, and boxes with final
locations and profiles of ducts and duct banks as determined by coordination with other utilities,
underground obstructions, and surface features. Revise locations and elevations from those
indicated as required to suit field conditions and to ensure that duct runs drain to handholes,
and as approved by Architect.

PART 2 - PRODUCTS

2.1

A

B.

22

A

CONDUIT
Rigid Steel Conduit: Galvanized. Comply with ANSI C80.1.

RNC: NEMA TC 2, Type EPC-40-PVC, UL 651, with matching fittings by same manufacturer as
the conduit, complying with NEMA TC 3 and UL 514B.

NONMETALLIC DUCTS AND DUCT ACCESSORIES

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:

ARNCO Corp.

Beck Manufacturing.

Cantex, Inc.

CertainTeed Corp.; Pipe & Plastics Group.
Condux International, Inc.

ElecSys, Inc.

Electri-Flex Company.

IPEX Inc.
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2.3

9. Lamson & Sessions; Carlon Electrical Products.
10. Manhattan/CDT; a division of Cable Design Technologies.
11.  Spiraduct/AFC Cable Systems, Inc.

Underground Plastic Utilities Duct: NEMATC 6 & 8, Type DB-60-PVC, ASTM F 512, with
matching fittings by the same manufacturer as the duct, complying with NEMA TC 9.

Duct Accessories:
1. Duct Separators: Factory-fabricated rigid PVC interlocking spacers, sized for type and

sizes of ducts with which used, and selected to provide minimum duct spacings indicated
while supporting ducts during concreting or backfilling.

2. Warning Tape: Underground-line warning tape specified in Division 26 Section
"ldentification for Electrical Systems."
3. Concrete Warning Planks: Nominal 12 by 24 by 3 inches in size, manufactured from

6000-psi concrete.

a. Color: Red dye added to concrete during batching.
b. Mark each plank with "ELECTRIC" in 2-inch high, 3/8-inch deep letters.

PRECAST CONCRETE HANDHOLES AND BOXES

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:

Carder Concrete Products.

Christy Concrete Products.

Elmhurst-Chicago Stone Co.

Oldcastle Precast Group.

Riverton Concrete Products; a division of Cretex Companies, Inc.
Utility Concrete Products, LLC.

Utility Vault Co.

Wausau Tile, Inc.

NGO A WN =

Comply with ASTM C 858 for design and manufacturing processes.

Description: Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom
unless open-bottom enclosures are indicated. Frame and cover shall form top of enclosure and
shall have load rating consistent with that of handhole or box.

1. Frame and Cover: Weatherproof cast-iron frame, with cast-iron cover with recessed
cover hook eyes and tamper-resistant, captive, cover-securing bolts.

2. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

3. Cover Legend: Molded lettering, As indicated for each service.

4. Configuration: Units shall be designed for flush burial and have open bottom, unless
otherwise indicated.

5. Extensions and Slabs: Designed to mate with bottom of enclosure. Same material as
enclosure.
a. Extension shall provide increased depth of 12 inches.
b. Slab: Same dimensions as bottom of enclosure and arranged to provide closure.
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7.

Windows: Precast openings in walls, arranged to match dimensions and elevations of
approaching ducts and duct banks plus an additional 12 inches vertically and horizontally
to accommodate alignment variations.

a. Windows shall be located no less than 6 inches from interior surfaces of walls,
floors, or frames and covers of handholes, but close enough to corners to facilitate
racking of cables on walls.

b. Window opening shall have cast-in-place, welded wire fabric reinforcement for field
cutting and bending to tie in to concrete envelopes of duct banks.
C. Window openings shall be framed with at least two additional No. 4 steel

reinforcing bars in concrete around each opening.

Handholes 12 inches wide by 24 inches long and larger shall have inserts for cable racks
and pulling-in irons installed before concrete is poured.

HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE

Description: Comply with SCTE 77.

1.
2.

ook~

Color: Green.

Configuration: Units shall be designed for flush burial and have [open] [closed] [integral
closed] bottom, unless otherwise indicated.

Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure.

Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

Cover Legend: Molded lettering, As indicated for each service.

Duct Entrance Provisions: Duct-terminating fittings shall mate with entering ducts for
secure, fixed installation in enclosure wall.

Handholes 12 inches wide by 24 inches long and larger shall have factory-installed
inserts for cable racks and pulling-in irons.

Polymer Concrete Handholes and Boxes with Polymer Concrete Cover: Molded of sand and
aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a
combination of the two.

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:

Armorcast Products Company.
Carson Industries LLC.

CDR Systems Corporation.
NewBasis.

coow

Fiberglass Handholes and Boxes with Polymer Concrete Frame and Cover: Sheet-molded,
fiberglass-reinforced, polyester resin enclosure joined to polymer concrete top ring or frame.

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. Armorcast Products Company.
b. Carson Industries LLC.
C. Christy Concrete Products.
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D.

E.

2.5

A

B.

d. Synertech Moulded Products, Inc.; a division of Oldcastle Precast.

Fiberglass Handholes and Boxes: Molded of fiberglass-reinforced polyester resin, with covers of
polymer concrete.

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. Carson Industries LLC.
b. Christy Concrete Products.
C. Nordic Fiberglass, Inc.

High-Density Plastic Boxes: Injection molded of high-density polyethylene or copolymer-
polypropylene. Cover shall be polymer concrete.

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. Carson Industries LLC.

b. Nordic Fiberglass, Inc.

C. PenCell Plastics.
SOURCE QUALITY CONTROL

Test and inspect precast concrete utility structures according to ASTM C 1037.

Non-concrete Handhole and Pull-Box Prototype Test: Test prototypes of manholes and boxes
for compliance with SCTE 77. Strength tests shall be for specified tier ratings of products
supplied.

PART 3 - EXECUTION

3.1

A

3.2

A

UNDERGROUND DUCT APPLICATION

Underground Ducts for Power and Communication: RNC, NEMA Type EPC-40-PVC, in
concrete-encased duct bank, unless otherwise indicated.

UNDERGROUND ENCLOSURE APPLICATION

Handholes and Boxes for 600 V and Less, Including Telephone, Communications, and Data
Wiring:

1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete.
AASHTO HB 17, H-20 structural load rating.
2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, Non-

deliberate Loading by Heavy Vehicles: Precast concrete, AASHTO HB 17, H-20
structural load rating.
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3.3

3.4

3. Units in Sidewalk and Similar Applications with a Safety Factor for Non-deliberate
Loading by Vehicles: Precast concrete, AASHTO HB 17, H-10 or Polymer concrete units,
SCTE 77, Tier 8 structural load rating.

4, Units Subject to Light-Duty Pedestrian Traffic Only: Fiberglass-reinforced polyester resin
or high-density plastic, structurally tested according to SCTE 77 with 3000-Ibf vertical
loading.

EARTHWORK

Excavation and Backfill: Comply with Division 22 Section "Earth Moving," but do not use heavy-
duty, hydraulic-operated, compaction equipment.

Restore surface features at areas disturbed by excavation and reestablish original grades,
unless otherwise indicated. Replace removed sod immediately after backfilling is completed.

Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and
mulching. Comply with Division 32 Sections "Turfs and Grasses" and "Plants."

Cut and patch existing pavement in the path of underground ducts and utility structures
according to Division 1 Section "Cutting and Patching."

DUCT INSTALLATION

Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away
from buildings and equipment. Slope ducts from a high point in runs between two manholes to
drain in both directions.

Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use
manufactured long sweep bends with a minimum radius of 48 inches, both horizontally and
vertically, at other locations, unless otherwise indicated.

Joints: Use solvent-cemented joints in ducts and fittings and make watertight according to
manufacturer's written instructions. Stagger couplings so those of adjacent ducts do not lie in
same plane.

Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells,
spaced approximately 10 inches o.c. for 5-inch ducts, and vary proportionately for other duct
sizes.

1. Begin change from regular spacing to end-bell spacing 10 feet from the end bell without
reducing duct line slope and without forming a trap in the line.

2. Direct-Buried Duct Banks: Install an expansion and deflection fitting in each conduit in the
area of disturbed earth adjacent to handhole.

3. Grout end bells into structure walls from both sides to provide watertight entrances.

Building Wall Penetrations: Make a transition from underground duct to rigid steel conduit at
least 10 feet outside the building wall without reducing duct line slope away from the building,
and without forming a trap in the line. Use fittings manufactured for duct-to-conduit transition.
Install conduit penetrations of building walls as specified in Division 26 Section "Common Work
Results for Electrical/Common Work Results for Communications/Common Work Results for
Electronic Safety and Security."
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F. Sealing: Provide temporary closure at terminations of ducts that have cables pulled. Seal spare
ducts at terminations. Use sealing compound and plugs to withstand at least 15-psig
hydrostatic pressure.

G. Pulling Cord: Install 100-Ibf test nylon cord in ducts, including spares.

H. Concrete-Encased Ducts: Support ducts on duct separators.

1.

Separator Installation: Space separators close enough to prevent sagging and deforming
of ducts, with not less than 4 spacers per 20 feet of duct. Secure separators to earth and
to ducts to prevent floating during concreting. Stagger separators approximately 6 inches
between tiers. Tie entire assembly together using fabric straps; do not use tie wires or
reinforcing steel that may form conductive or magnetic loops around ducts or duct
groups.

Concreting Sequence: Pour each run of envelope between manholes or other
terminations in one continuous operation.

a. Start at one end and finish at the other, allowing for expansion and contraction of
ducts as their temperature changes during and after the pour. Use expansion
fittings installed according to manufacturer's written recommendations or use other
specific measures to prevent expansion-contraction damage.

b. If more than one pour is necessary, terminate each pour in a vertical plane and
install 3/4-inch reinforcing rod dowels extending 18 inches into concrete on both
sides of joint near corners of envelope.

Pouring Concrete: Spade concrete carefully during pours to prevent voids under and
between conduits and at exterior surface of envelope. Do not allow a heavy mass of
concrete to fall directly onto ducts. Use a plank to direct concrete down sides of bank
assembly to trench bottom. Allow concrete to flow to center of bank and rise up in
middle, uniformly filling all open spaces. Do not use power-driven agitating equipment
unless specifically designed for duct-bank application.

Reinforcement: Reinforce concrete-encased duct banks where they cross disturbed earth
and where indicated. Arrange reinforcing rods and ties without forming conductive or
magnetic loops around ducts or duct groups.

Forms: Use walls of trench to form side walls of duct bank where soil is self-supporting
and concrete envelope can be poured without soil inclusions; otherwise, use forms.
Minimum Space between Ducts: 3 inches between ducts and exterior envelope wall, 2
inches between ducts for like services, and 4 inches between power and signal ducts.
Depth: Install top of duct bank at least 24 inches below finished grade in areas not
subject to deliberate traffic, and at least 30 inches below finished grade in deliberate
traffic paths for vehicles, unless otherwise indicated.

Stub-Ups: Use 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. Stub-Ups to Equipment: For equipment mounted on outdoor concrete bases,

extend steel conduit horizontally a minimum of 60 inches from edge of base.
Install insulated grounding bushings on terminations at equipment.

Warning Tape: Bury warning tape approximately 12 inches above all concrete-encased
ducts and duct banks. Align tape parallel to and within 3 inches of the centerline of duct

bank. Provide an additional warning tape for each 12-inch increment of duct-bank width
over a nominal 18 inches. Space additional tapes 12 inches apart, horizontally.
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3.5

Direct-Buried Duct Banks:

1.

2.

o s

10.

Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor
temperature.

Space separators close enough to prevent sagging and deforming of ducts, with not less
than 4 spacers per 20 feet of duct. Secure separators to earth and to ducts to prevent
displacement during backfill and yet permit linear duct movement due to expansion and
contraction as temperature changes. Stagger spacers approximately 6 inches between
tiers.

Excavate trench bottom to provide firm and uniform support for duct bank. Prepare
trench bottoms as specified in Division 22 Section "Earth Moving" for pipes less than 6
inches in nominal diameter.

Install backfill as specified in Division 22 Section "Earth Moving."

After installing first tier of ducts, backfill and compact. Start at tie-in point and work
toward end of duct run, leaving ducts at end of run free to move with expansion and
contraction as temperature changes during this process. Repeat procedure after placing
each tier. After placing last tier, hand-place backfill to 4 inches over ducts and hand
tamp. Firmly tamp backfill around ducts to provide maximum supporting strength. Use
hand tamper only. After placing controlled backfill over final tier, make final duct
connections at end of run and complete backfilling with normal compaction as specified in
Division 22 Section "Earth Moving."

Install ducts with a minimum of 3 inches between ducts for like services and 6 inches
between power and signal ducts.

Depth: Install top of duct bank at least 36 inches below finished grade, unless otherwise
indicated.

Set elevation of bottom of duct bank below the frost line.

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 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.

Warning Planks: Bury warning planks approximately 12 inches above direct-buried ducts
and duct banks, placing them 24 inches o.c. Align planks along the width and along the
centerline of duct bank. Provide an additional plank for each 12-inch increment of duct-
bank width over a nominal 18 inches. Space additional planks 12 inches apart,
horizontally.

INSTALLATION OF CONCRETE HANDHOLES, AND BOXES

Precast Concrete Handhole and Manhole Installation:

1.

Comply with ASTM C 891, unless otherwise indicated.

2. Install units level and plumb and with orientation and depth coordinated with connecting
ducts to minimize bends and deflections required for proper entrances.

3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel,
graded from 1-inch sieve to No. 4 sieve and compacted to same density as adjacent
undisturbed earth.

Elevations:
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3.6

1. Manhole Roof: Install with rooftop at least 15 inches below finished grade.
Manhole Frame: In paved areas and trafficways, set frames flush with finished grade.
Set other manhole frames 1 inch above finished grade.

3. Install handholes with bottom below the frost line, minimum 30” below grade.

4, Handhole Covers: In paved areas and trafficways, set surface flush with finished grade.
Set covers of other handholes 1 inch above finished grade.

5. Where indicated, cast handhole cover frame integrally with handhole structure.

Drainage: Install drains in bottom of manholes where indicated. Coordinate with drainage
provisions indicated.

Waterproofing: Apply waterproofing to exterior surfaces of handholes after concrete has cured
at least three days. Waterproofing materials and installation are specified in Division 7 Section
"Thermoplastic Sheet Waterproofing." After ducts have been connected and grouted, and
before backfilling, waterproof joints and connections and touch up abrasions and scars.
Waterproof exterior of manhole chimneys after mortar has cured at least three days.

Dampproofing: Apply dampproofing to exterior surfaces of handholes after concrete has cured
at least three days. Dampproofing materials and installation are specified in Division 7 Section
"Bituminous Dampproofing." After ducts have been connected and grouted, and before
backfilling, dampproof joints and connections and touch up abrasions and scars. Dampproof
exterior of manhole chimneys after mortar has cured at least three days.

Hardware: 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.

Field-Installed Bolting Anchors in Concrete Handholes: Do not drill deeper than 3-7/8 inches for
manholes and 2 inches for handholes, for anchor bolts installed in the field. Use a minimum of
two anchors for each cable stanchion.

INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE

Install handholes and boxes level and plumb and with orientation and depth coordinated with
connecting ducts to minimize bends and deflections required for proper entrances. Use box
extension if required to match depths of ducts, and seal joint between box and extension as
recommended by the manufacturer.

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.

Elevation: In paved areas and trafficways, set so cover surface will be flush with finished grade.
Set covers of other handholes 1 inch above finished grade.

Install handholes and boxes with bottom below the frost line, minimum 30” below grade.

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 enough
to preserve adequate working clearances in the enclosure.

Field-cut openings for ducts and 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.
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G. For enclosures installed in asphalt paving and subject to occasional, non-deliberate, heavy-
vehicle loading, form and pour a concrete ring encircling, and in contact with, enclosure and
with top surface screeded to top of box cover frame. Bottom of ring shall rest on compacted
earth.

1. Concrete: 3000 psi, 28-day strength, complying with Division 3 Section "Cast-in-Place
Concrete," with a troweled finish.
2. Dimensions: 10 inches wide by 12 inches deep.
3.7 GROUNDING
A. Ground underground ducts and utility structures according to Division 26 Section "Grounding
and Bonding for Electrical Systems."

3.8 FIELD QUALITY CONTROL

A. Perform the following tests and inspections and prepare test reports:

1. Demonstrate capability and compliance with requirements on completion of installation of
underground ducts and utility structures.
2. Pull aluminum or wood test mandrel through duct to prove joint integrity and test for out-

of-round duct. Provide mandrel equal to 80 percent fill of duct. If obstructions are
indicated, remove obstructions and retest.

3. Test handhole grounding to ensure electrical continuity of grounding and bonding
connections. Measure and report ground resistance as specified in Division 26 Section
"Grounding and Bonding for Electrical Systems."

B. Correct deficiencies and retest as specified above to demonstrate compliance.

3.9 CLEANING

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.
Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout
ducts.

B. Clean internal surfaces of manholes, including sump. Remove foreign material.

END OF SECTION 26 05 43
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SECTION 26 05 53
IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY
A. This Section includes the following:

Identification for raceway and metal clad cable.

Identification for conductors and communication and control cable.
Underground-line warning tape.

Warning labels and signs.

Instruction signs.

Equipment identification labels.

Miscellaneous identification products.

Noohr~wN =

1.3 SUBMITTALS
A. Product Data: For each electrical identification product indicated.
B. Identification Schedule: An index of nomenclature of electrical equipment and system
components used in identification signs and labels.
1.4 QUALITY ASSURANCE
A Comply with ANSI A13.1 and ANSI C2.
B. Comply with NFPA 70.

C. Comply with 29 CFR 1910.145.

1.5 COORDINATION
A. Coordinate identification names, abbreviations, colors, and other features with requirements in
the Contract Documents, 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.

Identification for Electrical Systems — 26 05 53 1

RFP 2027-3500-01



ReStl Engineers TX, LLC 26-DLS-035 Madison GA Fire Station

D.

Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1

A

22

23

24

RACEWAY AND METAL-CLAD CABLE IDENTIFICATION MATERIALS

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color
field for each raceway and cable size.

Color for Printed Legend:
1. Power Circuits:

a. Utility power - Black letters on a white field.
b. Standby Power: White letters on a red field.

2. Legend: Indicate system or service and voltage, if applicable.

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.

CONDUCTOR AND COMMUNICATION- AND CONTROL-CABLE IDENTIFICATION
MATERIALS

Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 to
2 inches wide.

Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification
legend machine printed by thermal transfer or equivalent process.

Aluminum Wraparound Marker Labels: Cut from 0.014 inch thick aluminum sheet, with stamped,
embossed, or scribed legend, and fitted with tabs and matching slots for permanently securing
around wire or cable jacket or around groups of conductors.

Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch, with stamped legend, punched for use with
self-locking nylon tie fastener.

UNDERGROUND-LINE WARNING TAPE

Description: Permanent, bright-colored, continuous-printed, polyethylene tape.

Not less than 6 inches wide by 4 mils thick.

Compounded for permanent direct-burial service.

Embedded continuous metallic strip or core.
Printed legend shall indicate type of underground line.

pON~

WARNING LABELS AND SIGNS

Comply with NFPA 70 and 29 CFR 1910.145.
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25

2.6

2.7

2.8

Metal-Backed, Butyrate Warning Signs: Weather-resistant, non-fading, preprinted, cellulose-
acetate butyrate signs with 0.0396-inch galvanized-steel backing; and with colors, legend, and
size required for application. 1/4-inch grommets in corners for mounting. Nominal size, 10 by 14
inches.

Warning label and sign shall include, but are not limited to, the following legends:

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENT HAS MULTIPLE POWER SOURCES."

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT
OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 42."

INSTRUCTION SIGNS

Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 sq.
in. 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.

EQUIPMENT IDENTIFICATION LABELS

Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting. Black
letters on a white background for utility power and white letters on a red background for standby
power. Minimum letter height shall be 3/8 inch.

DEVICE, RECEPTACLE AND SWITCH LABELS

Label shall be self-adhesive vinyl and shall be computer or machine printed. Minimum size shall
be1/4” label with 1/8” letter.

Label background shall be clear or match to device plate.
Black letter for normal power.

Red letter for emergency power.

Legend: Indicates panel and circuit number.

pPON~

Special Receptacles:

1. Special purpose receptacles shall include an engraved or embossed legend appropriate
for load serviced and labeled as specified in Paragraph A.
2. Receptacles not available with factory red color for emergency power circuits shall be

identified with engraved or embossed label with the word “EMERGENCY POWER.”

MISCELLANEOUS IDENTIFICATION PRODUCTS
Cable Ties: Fungus-inert, self-extinguishing, 1-piece, self-locking, Type 6/6 nylon cable ties.
Minimum Width: 3/16 inch.

1.
2. Tensile Strength: 50 Ib, minimum.
3 Temperature Range: Minus 40 to plus 185 deg F.
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B.

C.

4. Color: Black, except where used for color-coding.
Paint: Paint materials and application requirements are specified in Division 9 painting Sections.

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

3.1

A

H.

APPLICATION

Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Feeder and Branch Circuits:
Identify with preprinted self-adhesive vinyl label.

Accessible Raceway for Standby System: Identify with self-adhesive vinyl tape and comply with
NFPA 70-700.9(A).

Color for Printed Legend: The following color codes are general. Verify with Owner’s standard
before implementation. If Owner’s do not have the standard then following these standards.

Fire Alarm System: Red.

Fire-Suppression Supervisory and Control System: Red and yellow.
Combined Fire Alarm and Security System: Red and blue.

Security System: Blue and yellow.

Mechanical and Electrical Supervisory System: Green and blue.
Telecommunication System: Green and yellow.

Control Wiring: Green and red.

Nogokrwh =

Power-Circuit Conductor Identification: For primary and secondary conductors No. 1/0 AWG and
larger in vaults, pull and junction boxes, manholes, and handholes use marker tape. Identify
source and circuit number of each set of conductors. For single conductor cables, identify phase
in addition to the above.

Branch-Circuit Conductor Identification: Where there are conductors for more than three branch
circuits in same junction or pull box, use marker tape. Identify each ungrounded conductor
according to source and circuit number.

Conductors to Be Extended in the Future: Attach write-on tags to conductors and list source and
circuit number.

Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, signal,
sound, intercommunications, voice, and data connections.

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and
pull points. ldentify 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

Operation and Maintenance Manual.

Locations of Underground Lines: Identify with underground-line warning tape for power, lighting,
communication, and control wiring and optical fiber cable. Install underground-line warning tape
for both direct-buried cables and cables in raceway.
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l. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Comply with
29 CFR 1910.145 and apply self-adhesive warning labels. Identify system voltage with white
letters on a red background. Apply to exterior of door, cover, or other access.

1.

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.
C. Emergency power system.

2. Equipment Requiring Workspace Clearance According to NFPA 70: Unless otherwise
indicated, apply to door or cover of equipment but not on flush panelboards and similar
equipment in finished spaces.

J. Instruction Signs:

1. Operating Instructions: 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.

2. Emergency Operating Instructions: 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 Operation and Maintenance Manual. Apply
labels on each power and system equipment/panel power equipment. Label shall include device
identification and source.

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 2 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.

Equipment to Be Labeled:

Panelboards, electrical cabinets, and enclosures.
Access doors and panels for concealed electrical items.
Electrical switchgear and switchboards.

Transformers.

Emergency system boxes and enclosures.

Disconnect switches.

Enclosed circuit breakers.

Motor starters.

Push-button stations.

Power transfer equipment.

Contactors.

Remote-controlled switches, dimmer modules, and control devices.
Power-generating units.

Voice and data cable terminal equipment.
Television/audio components, racks, and controls.
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3.2

p. Fire-alarm control panel and annunciators.

q. Security and intrusion-detection control stations, control panels, terminal cabinets,
and racks.

r. Monitoring and control equipment.

S. Uninterruptible power supply equipment.

t. Terminals, racks, and patch panels for voice and data communication and for signal

and control functions.
u. Audio/paging system.
V. Video surveillance.

3. Equipment Schedule:

a. Panelboards shall include correct, typewritten circuit directory cards identifying load
served by branch circuit protective devices.

INSTALLATION
Verify identity of each item before installing identification products.

Location: Install identification materials and devices at locations for most convenient viewing
without interference with operation and maintenance of equipment.

Apply identification devices to surfaces that require finish after completing finish work.

Self-Adhesive Identification Products: Clean surfaces before application, using materials and
methods recommended by manufacturer of identification device.

Attach non-adhesive signs and plastic labels with screws and auxiliary hardware appropriate to
the location and substrate.

System Identification Color Banding for Raceways and Cables: Each color 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.

Color-Coding for Phase ldentification, 600 V and Less: Use the colors listed below for feeder and
branch-circuit conductors.

1. Color shall be factory applied or, for sizes larger than No. 10 AWG if authorities having
jurisdiction permit, field applied.
2. Colors for 208/120-V Circuits:

Phase A: Black.
Phase B: Red.
Phase C: Blue.
Neutral: White.
Ground: Green.

pooow

3. 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 are made.
Apply last two turns of tape with no tension to prevent possible unwinding. Locate bands
to avoid obscuring factory cable markings.
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H. Aluminum Wraparound Marker Labels and Metal Tags: Secure tight to surface of conductor or
cable at a location with high visibility and accessibility.

l. 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 or concrete envelope exceeds 16
inches overall.

J. Painted Identification: Prepare surface and apply paint according to Division 9 painting Sections.

END OF SECTION 26 05 53
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SECTION 26 05 73
OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY

PART 1 - GENERAL

1.1

A

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes computer-based, fault-current and overcurrent protective device
coordination studies. Protective devices shall be set based on results of the protective device

coordination study.

Series rated protective devices are not permitted unless noted otherwise.

SUBMITTALS
Product Data: For computer software program to be used for studies.

Product Certificates: For coordination-study and fault-current-study computer software
programs, certifying compliance with IEEE 399.

Qualification Data: For coordination-study specialist.

Other Action Submittals: The following submittals shall be made prior to the approval process
for system protective devices has been completed. Submittals shall be in digital form.

1. Coordination-study input data, including completed computer program input data sheets.

2. Study and Equipment Evaluation Reports.

3. Coordination-Study Report (TCC Graphs).

QUALITY ASSURANCE

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 not acceptable.

Coordination-Study Specialist Qualifications: An entity experienced in the application of

computer software used for studies, having performed successful studies of similar magnitude

on electrical distribution systems using similar devices.

1. Professional engineer, licensed in the state where Project is located, shall be responsible
for the study. All elements of the study shall be performed under the direct supervision
and control of engineer.

Comply with IEEE 242 for short-circuit currents and coordination time intervals.
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D.

Comply with IEEE 399 for general study procedures.

PART 2 - PRODUCTS

2.1

2.2

A

A

B.

C.

COMPUTER SOFTWARE DEVELOPERS
Computer Software Developers:

1. Basis-of-Design Product: SKM Systems Analysis, Inc.

COMPUTER SOFTWARE PROGRAM REQUIREMENTS
Comply with IEEE 399.

Analytical features of fault-current-study computer software program shall include "mandatory,"
"very desirable," and "desirable" features as listed in IEEE 399.

Computer software program shall be capable of plotting and diagramming time-current-
characteristic curves as part of its output. Computer software program shall report device
settings and ratings of all overcurrent protective devices and shall demonstrate selective
coordination by computer-generated, time-current coordination plots.

1. Optional Features:

Arcing faults.

Simultaneous faults.

Explicit negative sequence.
Mutual coupling in zero sequence.

cooow

PART 3 - EXECUTION

3.1

3.2

A

A

EXAMINATION

Examine Project overcurrent protective device submittals for compliance with electrical

distribution system coordination requirements and other conditions affecting performance.

Devices to be coordinated are indicated on Drawings.

1. Proceed with coordination study only after relevant equipment submittals have been
assembled. Overcurrent protective devices that have not been submitted and approved
prior to coordination study may not be used in study.

POWER SYSTEM DATA

Gather and tabulate the following input data to support coordination study:

1. Product Data for overcurrent protective devices specified in other Division 16 Sections

and involved in overcurrent protective device coordination studies. Use equipment
designation tags that are consistent with electrical distribution system diagrams,
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3.3

overcurrent protective device submittals, input and output data, and recommended
device settings.

2. Impedance of utility service entrance.

3. Electrical Distribution System Diagram: In hard-copy and electronic-copy formats,
showing the following:

a. Circuit-breaker and fuse-current ratings and types.

b. Relays and associated power and current transformer ratings and ratios.

C. Transformer kilovolt amperes, primary and secondary voltages, connection type,
impedance, and X/R ratios.

d. Generator kilovolt amperes, size, voltage, and source impedance.

e. Cables: Indicate conduit material, sizes of conductors, conductor material,
insulation, and length.

f. Busway ampacity and impedance.

g. Motor horsepower and code letter designation according to NEMA MG 1.

4. Data sheets to supplement electrical distribution system diagram, cross-referenced with

tag numbers on diagram, showing the following:

a. Special load considerations, including starting inrush currents and frequent starting
and stopping.

b. Transformer characteristics, including primary protective device, magnetic inrush
current, and overload capability.

o} Motor full-load current, locked rotor current, service factor, starting time, type of
start, and thermal-damage curve.

d. Generator thermal-damage curve and decrement curves.

e. Ratings, types, and settings of utility company's overcurrent protective devices.

f. Special overcurrent protective device settings or types stipulated by utility
company.

g. Time-current-characteristic curves to be coordinated for entire system.

h. Manufacturer, frame size, interrupting rating in amperes rms symmetrical, ampere

or current sensor rating, long-time adjustment range, short-time adjustment range,
and instantaneous adjustment range for circuit breakers.

i. Manufacturer and type, ampere-tap adjustment range, time-delay adjustment
range, instantaneous attachment adjustment range, and current transformer ratio
for overcurrent relays.

j- Panelboards, switchboards, motor-control center ampacity, and interrupting rating
in amperes rms symmetrical.
k. TCC curve showing branch protective devices coordinated with upstream devices.

FAULT-CURRENT STUDY

Calculate the maximum available short-circuit current in amperes rms symmetrical at circuit-
breaker positions of the electrical power distribution system. The calculation shall be for a
current immediately after initiation and for a three-phase bolted short circuit at each of the
following:

1. Distribution panelboard.
2. Branch circuit panelboard.
3. At each automatic transfer switch.

Study electrical distribution system from normal and alternate power sources throughout
electrical distribution system for Project. Include studies of system-switching configurations and
alternate operations that could result in maximum fault conditions.
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3.4

Calculate momentary and interrupting duties on the basis of maximum available fault current.

Calculations to verify interrupting ratings of overcurrent protective devices shall comply with
IEEE 242.

1. Low-Voltage Circuit Breakers: IEEE 1015 and IEEE C37.20.1.
2. Low-Voltage Fuses: IEEE C37.46.

Study Report:

1. Show calculated X/R ratios and equipment interrupting rating (1/2-cycle) fault currents on
electrical distribution system diagram.

Equipment Evaluation Report:

1. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to or
higher than calculated 1/2-cycle symmetrical fault current.

2. For devices and equipment rated for asymmetrical fault current, apply multiplication
factors listed in the standards to 1/2-cycle symmetrical fault current.

3. Verify adequacy of phase conductors at maximum three-phase bolted fault currents;

verify adequacy of equipment grounding conductors and grounding electrode conductors
at maximum ground-fault currents. Ensure that short-circuit withstand ratings are equal
to or higher than calculated 1/2-cycle symmetrical fault current.

COORDINATION STUDY

Perform coordination study using approved computer software program. Prepare a written
report using results of fault-current study. Comply with IEEE 399.

1. Calculate the maximum and minimum 1/2-cycle short-circuit currents.
2. Calculate the maximum and minimum ground-fault currents.

Comply with IEEE 242 recommendations for fault currents and time intervals.

Transformer Primary Overcurrent Protective Devices:

1. Device shall not operate in response to the following:
a. Inrush current when first energized.
b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever is
specified for that transformer.
C. Permissible transformer overloads according to IEEE C57.96 if required by

unusual loading or emergency conditions.
2. Device settings shall protect transformers according to IEEE C57.12.00, for fault currents.

Conductor Protection: Protect cables against damage from fault currents according to ICEA P-
32-382, ICEA P-45-482, and conductor melting curves in IEEE 242. Demonstrate that
equipment withstands the maximum short-circuit current for a time equivalent to the tripping
time of the primary relay protection or total clearing time of the fuse. To determine
temperatures that damage insulation, use curves from cable manufacturers or from listed
standards indicating conductor size and short-circuit current.
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E. Coordination-Study Report: Prepare a written report indicating the following results of
coordination study:

1. Tabular Format of Settings Selected for Overcurrent Protective Devices:
a. Device tag.
b. Relay-current transformer ratios; and tap, time-dial, and instantaneous-pickup
values.
C. Circuit-breaker sensor rating; and long-time, short-time, and instantaneous
settings.
d. Fuse-current rating and type.
e. Ground-fault relay-pickup and time-delay settings.
2. Coordination Curves: Prepared to determine settings of overcurrent protective devices to

achieve selective coordination. Graphically illustrate that adequate time separation exists
between devices installed in series, including power utility company's upstream devices.
Prepare separate sets of curves for the switching schemes and for emergency periods
where the power source is local generation. Show the following information:

a. Device tag.
b. Voltage and current ratio for curves.
C. Three-phase and single-phase damage points for each transformer.
d. No damage, melting, and clearing curves for fuses.
e. Cable damage curves.
f. Transformer inrush points.
g. Maximum fault-current cutoff point.
F. Completed data sheets for setting of overcurrent protective devices.

END OF SECTION 26 05 73
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SECTION 26 09 23
LIGHTING CONTROL DEVICES

PART 1 - GENERAL

1.1

1.2

1.3

1.4

1.5

A

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY
This Section includes the following lighting control devices:

Time switches.

Outdoor photoelectric switches.
Indoor occupancy sensors.
Outdoor motion sensors.
Lighting contactors.

arON =

DEFINITIONS
LED: Light-emitting diode.

PIR: Passive infrared.

SUBMITTALS

Product Data: For each type of product indicated.

Shop Drawings: Show installation details for occupancy and light-level sensors.
1. Interconnection diagrams showing field-installed wiring.

Field quality-control test reports.

Operation and Maintenance Data: For each type of product to include in emergency, operation,
and maintenance manuals.

QUALITY ASSURANCE

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.
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1.6

A

COORDINATION

Coordinate layout and installation of ceiling-mounted devices with other construction that
penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, smoke
detectors, fire-suppression system, and partition assemblies.

PART 2 - PRODUCTS

2.1

2.2

A

B.

A

TIME SWITCHES

Product: Subject to compliance with requirements, provide a comparable product by one of the
following:

1. Area Lighting Research, Inc.; Tyco Electronics.

2. Grasslin Controls Corporation; a GE Industrial Systems Company.
3. Intermatic, Inc.

4. Leviton Mfg. Company Inc.

5. Lightolier Controls; a Genlyte Company.

6. Lithonia Lighting; Acuity Lighting Group, Inc.

7. Paragon Electric Co.; Invensys Climate Controls.

8. Square D; Schneider Electric.

9. TORK.

10.  Watt Stopper (The).

Electronic Time Switches: Electronic, solid-state programmable units with alphanumeric display;
complying with UL 917.

1. Contact Configuration: SPST.

2. Contact Rating: 20-A ballast load, 120/240-V ac.

3 Programs: 8 channels; each channel shall be individually programmable with 8 on-off set
points on a 24-hour schedule and an annual holiday schedule that overrides the weekly
operation on holidays.

4, Circuitry: Allow connection of a photoelectric relay as substitute for on-off function of a
program on selected channels.

5. Astronomic Time: All channels.

6. Battery Backup: For schedules and time clock.

OUTDOOR PHOTOELECTRIC SWITCHES

Product: Subject to compliance with requirements, provide a comparable product by one of the
following:

1. Area Lighting Research, Inc.; Tyco Electronics.

2. Grasslin Controls Corporation; a GE Industrial Systems Company.
3. Intermatic, Inc.

4. Lithonia Lighting; Acuity Lighting Group, Inc.

5. Novitas, Inc.

6. Paragon Electric Co.; Invensys Climate Controls.

7. Square D; Schneider Electric.

8. TORK.

9. Watt Stopper (The).
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23

Description: Solid state, with SPST dry contacts rated for 1800-VA tungsten or 1000-VA
inductive, to operate connected relay, contactor coils, or microprocessor input; complying with
UL 773A.

1.

@

Light-Level Monitoring Range: 1.5 to 10 fc (16.14 to 108 Ix), with an adjustment for turn-
on and turn-off levels within that range, and a directional lens in front of photocell to
prevent fixed light sources from causing turn-off.

Time Delay: 15-second minimum, to prevent false operation.

Surge Protection: Metal-oxide varistor, complying with IEEE C62.41.1, IEEE C62.41.2,
and |IEEE 62.45 for Category A1 locations.

Mounting: Twist lock complying with IEEE C136.10, with base-and-stem mounting or
stem-and-swivel mounting accessories as required to direct sensor to the north sky
exposure.

INDOOR OCCUPANCY SENSORS

Product: Subject to compliance with requirements, provide a comparable product by one of the
following:

oAM=

Hubbell Lighting.

Leviton Mfg. Company Inc.

Lithonia Lighting; Acuity Lighting Group, Inc.
Sensor Switch, Inc.

TORK.

Watt Stopper (The).

General Description: Wall- or ceiling-mounting, solid-state units with a separate relay unit.

1.

Operation: Unless otherwise indicated, turn lights on when covered area is occupied and
off when unoccupied; with a time delay for turning lights off, adjustable over a minimum
range of 1 to 15 minutes.

Sensor Output: Contacts rated to operate the connected relay, complying with UL 773A.
Sensor shall be powered from the relay unit.

Relay Unit: Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A
tungsten at 120-V ac, and for 1 hp at 120-V ac. Power supply to sensor shall be 24-V dc,
150-mA, Class 2 power source as defined by NFPA 70.

Mounting:

a. Sensor: Suitable for mounting in any position on a standard outlet box.

b. Relay: Externally mounted through a 1/2-inch knockout in a standard electrical
enclosure.

C. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged
door.

Indicator: LED, to show when motion is being detected during testing and normal
operation of the sensor.

Bypass Switch: Override the on function in case of sensor failure.

Automatic Light-Level Sensor: Adjustable from 2 to 200 fc; keep lighting off when
selected lighting level is present.

PIR Type: Ceiling mounting; detect occupancy by sensing a combination of heat and movement
in area of coverage.
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Detector Sensitivity: Detect occurrences of 6-inch minimum movement of any portion of a
human body that presents a target of not less than 36 sq. in..

Detection Coverage (Room): Detect occupancy anywhere in a circular area of 1000 sq. ft.
when mounted on a 96-inch high ceiling.

Detection Coverage (Corridor): Detect occupancy within 90 feet when mounted on a 10-
foot high ceiling.

Ultrasonic Type: Ceiling mounting; detect occupancy by sensing a change in pattern of reflected
ultrasonic energy in area of coverage.

1.

2.

Detector Sensitivity: Detect a person of average size and weight moving not less than 12
inches in either a horizontal or a vertical manner at an approximate speed of 12 inches/s.
Detection Coverage (Small Room): Detect occupancy anywhere within a circular area of
600 sq. ft. when mounted on a 96-inch high ceiling.

Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area
of 1000 sq. ft. when mounted on a 96-inch high ceiling.

Detection Coverage (Large Room): Detect occupancy anywhere within a circular area of
2000 sq. ft. when mounted on a 96-inch high ceiling.

Detection Coverage (Corridor): Detect occupancy anywhere within 90 feet when mounted
on a 10-foot high ceiling in a corridor not wider than 14 feet.

Dual-Technology Type: Ceiling mounting; detect occupancy by using a combination of PIR and
ultrasonic detection methods in area of coverage. Particular technology or combination of
technologies that controls on-off functions shall be selectable in the field by operating controls
on unit.

1.

Sensitivity Adjustment: Separate for each sensing technology.

Detector Sensitivity: Detect occurrences of 6-inch minimum movement of any portion of a
human body that presents a target of not less than 36 sq. in., and detect a person of
average size and weight moving not less than 12 inches in either a horizontal or a vertical
manner at an approximate speed of 12 inches/s.

Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area
of 1000 sq. ft. when mounted on a 96-inch high ceiling.

OUTDOOR MOTION SENSORS (PIR)

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

oAM=

Bryant Electric; a Hubbell Company.

Hubbell Lighting.

Lithonia Lighting; Acuity Lighting Group, Inc.
Paragon Electric Co.; Invensys Climate Controls.
TORK.

Watt Stopper (The).

Performance Requirements: Suitable for operation in ambient temperatures ranging from minus
40 to plus 130 deg F, rated as raintight according to UL 773A.

1.

Operation: Turn lights on when sensing infrared energy changes between background
and moving body in area of coverage; with a time delay for turning lights off, adjustable
over a minimum range of 1 to 15 minutes.

Mounting:
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a. Sensor: Suitable for mounting in any position on a standard outdoor junction box.
b. Relay: Internally mounted in a standard weatherproof electrical enclosure.
C. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged

door.

Bypass Switch: Override the on function in case of sensor failure.
Automatic Light-Level Sensor: Adjustable from 1 to 20 fc; keep lighting off during daylight
hours.

Detector Sensitivity: Detect occurrences of 6-inch minimum movement of any portion of a
human body that presents a target of not less than 36 sq. in.

Detection Coverage: Up to 52.5 feet, with a field of view of 270 degrees.

Individually Mounted Sensor: Contacts rated to operate the connected relay, complying with
UL 773A. Sensor shall be powered from the relay unit.

1.

Relay Unit: Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A
tungsten at 120-V ac, and for 1 hp at 120-V ac. Power supply to sensor shall be 24-V dc,
150-mA, Class 2 power source as defined by NFPA 70.

Indicator: LED, to show when motion is being detected during testing and normal
operation of the sensor.

LIGHTING CONTACTORS

Product: Subject to compliance with requirements, provide a comparable product by one of the
following:

S0 NooR~LON =

0.
1.

Allen-Bradley/Rockwell Automation.

ASCO Power Technologies, LP; a division of Emerson Electric Co.
Eaton Electrical Inc.; Cutler-Hammer Products.

GE Industrial Systems; Total Lighting Control.

Grasslin Controls Corporation; a GE Industrial Systems Company.
Hubbell Lighting.

Lithonia Lighting; Acuity Lighting Group, Inc.

MicroLite Lighting Control Systems.

Square D; Schneider Electric.

TORK.

Watt Stopper (The).

Description: Electrically operated and electrically held, combination type with non-fused
disconnect, complying with NEMA ICS 2 and UL 508.

1.

Current Rating for Switching: Listing or rating consistent with type of load served,
including tungsten filament, inductive, and high-inrush ballast (ballast with 15 percent or
less total harmonic distortion of normal load current).

Fault Current Withstand Rating: Equal to or exceeding the available fault current at the
point of installation.

Enclosure: Comply with NEMA 250.

Provide with control and pilot devices as indicated on Drawings, matching the NEMA type
specified for the enclosure.
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A

B.

C.

CONDUCTORS AND CABLES

Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12 AWG.
Comply with requirements in Division 26 Section "Low Voltage Electrical Power Conductors and
Cables."

Classes 2 and 3 Control Cable: Multi-conductor cable with stranded-copper conductors not
smaller than No. 22 AWG. Comply with requirements in Division 26 Section "Low Voltage
Electrical Power Conductors and Cables."

Class 1 Control Cable: Multi-conductor cable with stranded-copper conductors not smaller than
No. 16 AWG. Comply with requirements in Division 26 Section "Low Voltage Electrical Power
Conductors and Cables."

PART 3 - EXECUTION

3.1

3.2

3.3

3.4

A

A

A

B.

o

SENSOR INSTALLATION

Install and aim sensors in locations to achieve not less than 90 percent coverage of areas
indicated. Do not exceed coverage limits specified in manufacturer's written instructions.
CONTACTOR INSTALLATION

Mount electrically held lighting contactors with elastomeric isolator pads, to eliminate structure-
borne vibration, unless contactors are installed in an enclosure with factory-installed vibration
isolators.

SWITCH INSTALLATION

Mounting Height: +46” A.F.F. to center.

Wall Mounted Occupancy Sensor: +46” A.F.F. to center.

WIRING INSTALLATION

Wiring Method: Comply with Division 26 Section "Low Voltage Electrical Power Conductors and
Cables." Minimum conduit size shall be 1/2 inch.

Wiring within Enclosures: Comply with NECA 1. Separate power-limited and non-power-limited
conductors according to conductor manufacturer's written instructions.

Size conductors according to lighting control device manufacturer's written instructions, unless
otherwise indicated.

Splices, Taps, and Terminations: Make connections only on numbered terminal strips in
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.
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3.5

A

3.6

3.7

3.8

IDENTIFICATION

Identify components and power and control wiring according to Division 16 Section "Electrical
Identification."

1. Identify controlled circuits in lighting contactors.
2. Identify circuits or luminaries controlled by photoelectric and occupancy sensors at each
Sensor.

Label time switches and contactors with a unique designation.

FIELD QUALITY CONTROL

The Electrical Contractor shall ensure that control hardware and software are calibrated,
adjusted, programmed and in proper working condition in accordance with the Contract
Documents and Manufacturer's Requirements. Coordinate with the requirements of the
following sections:

1. Division 26 Section “Interior Lighting”.

Perform the following field tests and inspections and prepare test reports:

1. After installing time switches and sensors, and after electrical circuitry has been
energized, adjust and test for compliance with requirements.
2. Operational Test: Verify operation of each lighting control device, and adjust time delays.

Lighting control devices that fail tests and inspections are defective work.

ADJUSTING

Occupancy Adjustments: When requested within 12 months of date of Substantial Completion,
provide on-site assistance in adjusting sensors to suit occupied conditions. Provide up to two
visits to Project during other-than-normal occupancy hours for this purpose.

DEMONSTRATION

Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain lighting control devices. Refer to Division 1 Section
"Demonstration and Training."

END OF SECTION 26 09 23
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SECTION 26 24 16
PANELBOARDS

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1.
2.

Distribution panelboards.
Lighting and appliance branch-circuit panelboards.

Surge Protection Devices (SPD):

1.

See drawings for SPD requirement for panelboards.

DEFINITIONS

SPD: Surge Protection Devices.

SUBMITTALS

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.

Shop Drawings: For each panelboard and related equipment.

1.

O AWON

®© N

Include dimensioned plans, elevations, sections, and details. Show tabulations of installed
devices, equipment features, and ratings.

Detail enclosure types and details for types other than NEMA 250, Type 1.

Detail bus configuration, current, and voltage ratings.

Short-circuit current rating of panelboards and overcurrent protective devices.

Devices shall be fully rated for available fault current.

Detail features, characteristics, ratings, and factory settings of individual overcurrent
protective devices and auxiliary components.

Include wiring diagrams for power, signal, and control wiring.

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.

Field Quality-Control Reports:

Panelboards — 26 24 16 1
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1.5

1.6

1.7

1.8

Test procedures used.

Test results that comply with requirements.

Results of failed tests and corrective action taken to achieve test results that comply with
requirements.

W=

Panelboard Schedules: For installation in panelboards. Submit final versions after load
balancing.

Operation and Maintenance Data: For panelboards and components to include in emergency,

operation, and maintenance manuals. In addition to items specified in Division 1 Section

"Operation and Maintenance Data," include the following:

1. Manufacturer's written instructions for testing and adjusting overcurrent protective devices.

2. Time-current curves, including selectable ranges for each type of overcurrent protective
device that allows adjustments.

QUALITY ASSURANCE

Source Limitations: Obtain panelboards, overcurrent protective devices, components, and
accessories from single source from single manufacturer.

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.

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

Comply with NEMA PB 1.

Comply with NFPA 70.

DELIVERY, STORAGE, AND HANDLING

Handle and prepare panelboards for installation according to NECA 407 and NEMA PB 1.

PROJECT CONDITIONS
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.

COORDINATION

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.

Panelboards — 26 24 16 2
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B.

Maintain required workspace clearances and required clearances for equipment access doors
and panels.

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 3.

PART 2 - PRODUCTS

2.1

A

C.

D.

m

GENERAL REQUIREMENTS FOR PANELBOARDS

Enclosures: Flush- and surface-mounted cabinets as per schedule in Contract Documents.

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. Wash-Down Areas: NEMA 250, Type 4X, stainless steel.
d. Other wet or damp indoor locations: NEMA 250, Type 4.
2. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged
trim cover.
3. Finishes:
a. Panels and trim: 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.

Directory Card: Inside panelboard door with protective cover.
Panel TUB/enclosure shall be wider than standard width, however, not more than 26 inches
wide for branch circuit panelboards.

o s

Incoming Mains Location: Top and bottom as per schedule and also coordinate with the
contractor.

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.

Conductor Connectors: Suitable for use with conductor material and sizes.

1. Main and neutral lugs: Mechanical type.
2. Ground lugs and bus configured terminators: Mechanical type.

Future Devices: Mounting brackets, bus connections, filler plates, and necessary appurtenances
required for future installation of devices.

Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current
available at terminals. Coordinate with serving utility.

Panelboards — 26 24 16 3
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2.3

24

DISTRIBUTION PANELBOARDS

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.

Panelboards: NEMA PB 1, power and feeder distribution type.

Hinged Front Cover: Entire front trim hinged to box with standard door within hinged trim cover.
Mains: Circuit breaker or lugs only as per Panelboard Schedule.

Branch Overcurrent Protective Devices for Circuit-Breaker: Plug-in where individual positive
locking device requires mechanical release for removal OR 100 A trip size and above with
adjustable magnetic instantaneous trip adjustable from range 1-10.

SPD: Provide where indicated on drawings or specified elsewhere.

Additions and alterations to existing panelboards shall be manufactured by the manufacturer of
the panelboard or shall be UL listed for the application.

LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

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.

Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

Mains: Circuit breaker or lugs only as per Panelboard Schedule.

Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without disturbing
adjacent units.

Hinged Front Cover: Entire front trim hinged to box with standard door within hinged trim cover.

DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

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

Eaton Electrical Inc.; Cutler-Hammer Business Unit.

General Electric Company; GE Consumer & Industrial - Electrical Distribution.
Siemens Energy & Automation, Inc.

Square D; a brand of Schneider Electric.

PN~
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26

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 instantaneous trip
setting for circuit-breaker trip sizes 100 A and larger.

2. Field changeabile trip circuit breakers: RMS sensing with front-mounted, field-changeable
trip unit or rating plug (adjustable, magnetic trip setting, minimum to maximum).

3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-
replicable electronic trip; and the following field-adjustable settings for 400A frame and
larger:

a. Instantaneous trip.

b. Long- and short-time pickup levels.

C. Long- and short-time time adjustments.

d. Ground-fault pickup level, time delay, and I?t response.

4, Ground fault equipment protection (GFEP) circuit breakers: Class B ground-fault protection
(30-maA trip).
5. 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. Ground fault protection: Integrally mounted relay and trip unit with adjustable pickup
and time-delay settings, push-to-test feature, and ground-fault indicator.
d. Multi-pole units enclosed in a single housing or factory assembled to operate as a
single unit.
e. Handle padlocking device: Fixed attachment, for locking circuit-breaker handle in on
or off position.
f. Handle clamp: Loose attachment, for holding circuit-breaker handle in on position.

PANELBOARD SUPPRESSORS

Surge Protection Device: IEEE C62.41-compliant, integrally mounted, wired-in solid-state,
parallel-connected with sine-wave tracking suppression and filtering modules, UL 1449, second
edition, short-circuit current rating matching or exceeding the panelboard short-circuit rating, and
as specified in Division 26 Section "Surge Protection Devices":

ACCESSORY COMPONENTS AND FEATURES

Accessory Set: Include tools and miscellaneous items required for overcurrent protective device
test, inspection, maintenance, and operation.

Portable Test Set: For testing functions of solid-state trip devices without removing from
panelboard. Include relay and meter test plugs suitable for testing panelboard meters and
switchboard class relays.
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PART 3 - EXECUTION

3.1

3.2

3.3

EXAMINATION
Receive, inspect, handle, and store panelboards according to NECA 407 and NEMA PB 1.1.

Examine panelboards before installation. Reject panelboards that are damaged or rusted or have
been subjected to water saturation.

Examine elements and surfaces to receive panelboards for compliance with installation
tolerances and other conditions affecting performance of the Work.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install panelboards and accessories according to NECA 407 and NEMA PB 1.1.

Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and
temporary blocking of moving parts from panelboards.

Mount top of trim 90 inches above finished floor unless otherwise indicated. Top mat switch or
circuit breaker in "on" position shall not be higher than 75 inches above finished floor or grade.

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.

Install overcurrent protective devices and controllers not already factory installed.

1. Set field-adjustable, circuit-breaker settings per arc flash and short circuit coordination
study.

Install filler plates in unused spaces.
For recessed or semi-recessed panelboards, stub two (2) 1-1/2-inch empty conduits from
panelboard into accessible ceiling space or space designated to be ceiling space in the future.

Stub four 1-inch empty conduits into raised floor space or below slab not on grade.

Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing
load balancing.

Comply with NECA 1.

IDENTIFICATION

Identify field-installed conductors, interconnecting wiring, and components; provide warning signs
complying with Division 26 Section "Identification for Electrical Systems."

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.

Panelboards — 26 24 16 6
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3.4

Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements
for identification specified in Division 26 Section "Identification for Electrical Systems."

Device Nameplates: 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."

Label each panelboard with the following information:

Panel designation.

Voltage, phase, wire.

Fed from, circuit number.

Short circuit rating.

Arc flash PPE category.

Feeder size (conduit, wire, ground).

SOk ON =

FIELD QUALITY CONTROL
Perform tests and inspections.

Acceptance Testing Preparation:

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder,
and control circuit.
2. Test continuity of each circuit.

Tests and Inspections:

1. Perform each visual, mechanical inspection and electrical test as follows:
a. Certify compliance with test parameters.
2. Circuit Breakers, Insulated-Case/Molded-Case:
a. Visual and Mechanical Inspection:
1) Compare equipment nameplate data with drawings and specifications.
2) Inspect physical and mechanical condition.
3) Inspect anchorage and alignment.
4) Verify the unit is clean.
5) Operate the circuit breaker to insure smooth operation.
6) Inspect bolted electrical connections for high resistance using bolted electrical

connections by calibrated torque-wrench method in accordance with
manufacturer’s published data or Table 100.12.

7) Inspect operating mechanism, contacts, and arc chutes in unsealed units.

8) Verify correct operation of any auxiliary features such as trip and pickup
indicators, electrical close and trip operation, trip-free and anti-pump
functions.

b. Electrical Tests:

1) Perform adjustments for final setting in accordance with coordination study.
2) Verify correct operation of any auxiliary features such as trip and pickup
indicators, electrical close and trip operation, trip-free and anti-pump function.

Panelboards — 26 24 16 7
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3) Verify operation of charging mechanism.

4) Test insulation resistance for each panelboard bus, component, connecting
supply, feeder and control circuit.

5) Test continuity of each circuit.

3. Correct malfunctioning units on-site, where possible, and retest to demonstrate
compliance; otherwise, replace with new units and retest.

4. 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.

5. Panelboards shall be considered defective if they do not pass test and inspections.

D. 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.

3.5 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 per arc flash and short circuit 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.

END OF SECTION 26 24 16
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SECTION 26 27 26
WIRING DEVICES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY
A. This Section includes the following:

Receptacles,

Receptacles with integral AFCI, and associated device plates.
Receptacles with integral GFCI, and associated device plates.
Twist-locking receptacles.

Receptacles with integral USB Charging ports

Wall-box motion sensors.

Snap switches and wall-box dimmers.

Solid-state fan speed controls.

Wall-switch and exterior occupancy sensors.

10.  Pendant cord-connector devices.

11.  Cord and plug sets.

12.  Floor service outlets.

13. Communications outlet.

14.  Safety type receptacle (tamperproof).

©CoNooOA~ON =

1.3 DEFINITIONS

A. AFCI: Arc fault circuit interrupter

B. EMI: Electromagnetic interference.
C. GFCI: Ground-fault circuit interrupter.
D. Pigtail: Short lead used to connect a device to a branch-circuit conductor.

m

RFI: Radio-frequency interference.
F. TVSS: Transient voltage surge suppressor.
G. UTP: Unshielded twisted pair.

H. ST: Safety type (tamperproof).

Wiring Devices — 26 27 26 1
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1.4

A

B.

C.

D.

1.5

A

B.

C.

1.6

A

SUBMITTALS
Product Data: For each type of product indicated.

Shop Drawings: List of legends and description of materials and process used for pre-marking
wall plates.

Field quality-control test reports.

Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing
label warnings and instruction manuals that include labeling conditions.

QUALITY ASSURANCE

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.

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.

Comply with NFPA 70.

COORDINATION
Receptacles for Owner-Furnished Equipment: Match plug configurations.

1. Cord and Plug Sets: Match equipment requirements.

PART 2 - PRODUCTS

2.1

A

2.2

A

MANUFACTURERS

Manufacturers' Names: Shortened versions (shown in parentheses) of the following
manufacturers' names are used in other Part 2 articles:

Cooper Wiring Devices, a division of Cooper Industries, Inc. (Cooper).
Hubbell Incorporated, Wiring Device-Kellems (Hubbell).

Leviton Mfg. Company Inc. (Leviton).

Pass & Seymour/Legrand, Wiring Devices & Accessories (Pass & Seymour).

pPON~

STRAIGHT BLADE RECEPTACLES

Convenience Receptacles, 125V, 20 A: Comply with NEMA WD 1, NEMA WD 6 configuration
5-20R, and UL 498.

1. Products: Subject to compliance with requirements, provide one of the following:

a. Cooper 5351 (single), 5352 (duplex).
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24

b. Hubbell HBL5351 (single), CR5352 (duplex).
C. Leviton 5891 (single), 5352 (duplex).
d. Pass & Seymour 5381 (single), 5352 (duplex).

USB Charging Receptacles,

1. Products: Specification Grade Tamper resistant 20 A Duplex Receptacle with 2 USB
charging ports

Cooper. TR7756

Hubbell. USB20x2

Leviton. T5832

Pass & Seymour TR5362USB

cooow

SAFETY TYPE (TAMPER-RESISTANT) RECEPTACLES

Tamper-Resistant Specification grade duplex receptacles, 125V, 20A: Comply with
NEMA WD 1, NEMA WD 6 configuration 5-20R, and UL 498.

1. Products: Subject to compliance with requirements, provide one of the following:
Cooper TR8300.
Hubbell HBL8300SG.

a
b

C. Leviton 8300-SGG.

d Pass & Seymour 63H.

GFCI RECEPTACLES
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.

Duplex GFCI Convenience Receptacles, 125V, 20 A:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper GF20.
b. Hubbell GF 5352.
C. Leviton 8898.
d. Pass & Seymour 2084.

Duplex AFCI Convenience Receptacles, 125V, 20 A:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper AF20.
b. Hubbell AF 5352.
C. Leviton 8898.
d. Pass & Seymour 2084.
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2.7

2.8

A

C.

TWIST-LOCKING RECEPTACLES

Single Convenience Receptacles, 125V, 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.

PENDANT CORD-CONNECTOR DEVICES

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.

CORD AND PLUG SETS

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.

SNAP SWITCHES
Comply with NEMA WD 1 and UL 20.
Switches, 120/277 V, 20 A:
1. 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 HBL1221 (single pole), HBL1222 (two pole), HBL1223 (three way),
HBL1224 (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).

Pilot Light Switches, 20 A:
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2.10

2.11

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper 2221PL for 120 V and 277 V.
b. Hubbell HPL1221PL for 120 V and 277 V.
C. Leviton 1221-PLR for 120 V, 1221-7PLR for 277 V.
d. Pass & Seymour PS20AC1-PLR for 120 V.
2. Description: Single pole, with neon-lighted handle, illuminated when switch is "ON."

WALL-BOX DIMMERS

Dimmer Switches: Modular, full-wave, solid-state units with integral, quiet on-off switches, with
audible frequency and EMI/RFI suppression filters.

Control: Continuously adjustable slider; with single-pole or three-way switching. Comply with
UL 1472.

Incandescent Lamp Dimmers: 120 V; control shall follow square-law dimming curve. On-off
switch positions shall bypass dimmer module.

1. 600W; dimmers shall require no derating when ganged with other devices. llluminated
when "OFF."
OCCUPANCY SENSORS

Wall-Switch Sensors:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Hubbell ATD1600WRP.

b. Leviton ODW12-MRW.
C. Watt Stopper (The) DT-200.

2. Description: Dual technology, with both passive-infrared- and ultrasonic-type sensing,
120/277 V, adjustable time delay up to 30 minutes, 110-degree field of view, and a
minimum coverage area of 1200 sq. ft.

Exterior Occupancy Sensors:

1. Products: Subject to compliance with requirements, provide one of the following:

a. Leviton PS200-10.
b. Watt Stopper (The) EW-100-120.

2. Description: Passive-infrared type, 120/277 V, weatherproof, adjustable time delay up to
15 minutes, 180-degree field of view, and 110-foot detection range. Minimum switch
rating: 1000W.

WALL PLATES

Single and combination types to match corresponding wiring devices.
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B.

2.12

2.1

3

A

Plate-Securing Screws: Metal with head color to match plate finish.

Material for Finished Spaces: Smooth, high-impact thermoplastic.

Material for Unfinished Spaces: Smooth, high-impact thermoplastic.

Material for Damp Locations: Thermoplastic with spring-loaded lift cover and listed and
labeled for use in "wet locations."

pPONM~

Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with type 3R weather-
resistant thermoplastic with lockable cover.

FLOOR SERVICE FITTINGS

Type: Modular, flush-type suitable for wiring method used.

Compartments: Barrier separates power from voice and data communication cabling.

Service Plate: Rectangular, solid brass with satin finish.

Power Receptacle: NEMA WD 6 configuration 5-20R, ivory finish, as per Contract Documents
unless otherwise indicated.

Voice and Data Communication Outlet: Two modular, keyed, color-coded, RJ-45 Category 6
jacks for UTP cable.

FINISHES

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. Wiring Devices Connected to Emergency Power System: Red.

PART 3 - EXECUTION

3.1

A

B.

INSTALLATION

Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise
noted.

1. Receptacles: 18 inches A.F.F. to center unless noted otherwise.
2. Switches/dimmer/wall occupancy sensor: 46 inches A.F.F. to center unless noted
otherwise.

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.
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3.2

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.

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.

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 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.

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.

Dimmers:

1. Install dimmers within terms of their listing.

2. Verify that dimmers used for fan speed control are listed for that application.

3. Install unshared neutral conductors on line and load side of dimmers according to

manufacturers' device listing conditions in the written instructions.
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, multi-
gang wall plates.
Adjust locations of floor service outlets and service poles to suit arrangement of partitions and
furnishings.

IDENTIFICATION

Comply with Division 26 Section "ldentification for Electrical Systems."
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3.3

1. Receptacles: Identify panelboard and circuit number from which served. Use hot,
stamped or engraved machine printing with black letter for utility power and red letter for
standby power filled lettering on face of plate, and durable wire markers or tags inside
outlet boxes.

FIELD QUALITY CONTROL

Perform tests and inspections and prepare test reports.

1. In healthcare facilities, prepare reports that comply with recommendations in NFPA 99.
2. Test Instruments: Use instruments that comply with UL 1436.
3. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout

or illuminated LED indicators of measurement.
Tests for Convenience Receptacles:

Line Voltage: Acceptable range is 105 to 132 V.

Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is not acceptable.
Ground Impedance: Values of up to 2 ohms are acceptable.

AFCI Trip: Test for tripping values specified in UL 1436 and UL 943.

GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.

Using the test plug, verify that the device and its outlet box are securely mounted.

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.

Nogkrowodh =

Test straight blade hospital-grade convenience outlets for the retention force of the grounding
blade according to NFPA 99. Retention force shall be not less than 4 oz.

END OF SECTION 26 27 26
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SECTION 26 28 13
FUSES

PART 1 - GENERAL

1.1

A

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes the following:

1. Cartridge fuses rated 600 V and less for use in switches and controllers.
2. Spare-fuse cabinets.
SUBMITTALS

Product Data: Include the following for each fuse type indicated:

1. Dimensions and manufacturer's technical data on features, performance, electrical
characteristics, and ratings.

2. Let-through current curves for fuses with current-limiting characteristics.

3. Time-current curves, coordination charts and tables, and related data.

4. Fuse size for elevator feeders and elevator disconnect switches.

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

1. In addition to items specified in Division 1 Section "Operation and Maintenance Data,"
include the following:

a. Let-through current curves for fuses with current-limiting characteristics.
b. Time-current curves, coordination charts and tables, and related data.
C. Ambient temperature adjustment information.

QUALITY ASSURANCE

Source Limitations: Obtain fuses from a single manufacturer.

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.

Comply with NEMA FU 1.

Comply with NFPA 70.

Fuses — 26 28 13 1

RFP 2027-3500-01



ReStl Engineers TX, LLC 26-DLS-035 Madison GA Fire Station

1.5

1.6

1.7

A

A

A

PROJECT CONDITIONS

Where ambient temperature to which fuses are directly exposed is less than 40 deg F or more
than 100 deg F, apply manufacturer's ambient temperature adjustment factors to fuse ratings.

COORDINATION

Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size.

EXTRA MATERIALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.

1. Fuses: Quantity equal to 10 percent of each fuse type and size, but no fewer than 3 of
each type and size.

PART 2 - PRODUCTS

2.1

2.2

23

A

A

A

MANUFACTURERS

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

Cooper Bussman, Division of Eaton.
Mersen.

Reliance.

S&C.

Littelfuse, Inc.

agrON =

CARTRIDGE FUSES

Characteristics: NEMA FU 1, nonrenewable cartridge fuse; class and current rating indicated;
voltage rating consistent with circuit voltage.

SPARE-FUSE CABINET

Cabinet: Wall-mounted, 0.05-inch thick steel unit with full-length, recessed piano-hinged door
and key-coded cam lock and pull.

1. Size: Adequate for storage of spare fuses specified with 15 percent spare capacity
minimum.
2. Finish: Gray, baked enamel.
3. Identification: "SPARE FUSES" in 1-1/2-inch high letters on exterior of door.
4., Fuse Pullers: For each size of fuse.
Fuses — 26 28 13 2
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PART 3 - EXECUTION

3.1

A

3.2

3.4

EXAMINATION

Examine utilization equipment nameplates and installation instructions. Install fuses of sizes
and with characteristics appropriate for each piece of equipment.

Proceed with installation only after unsatisfactory conditions have been corrected.

FUSE APPLICATIONS
Motor Branch Circuits: Class RK1, time delay.

Other Branch Circuits: Class RK1, time delay.

INSTALLATION

Install fuses in fusible devices. Arrange fuses so rating information is readable without
removing fuse.

Install spare-fuse cabinet(s).

IDENTIFICATION

Install labels indicating fuse replacement information on inside door of each fused switch.

END OF SECTION 26 28 13
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SECTION 26 28 16
ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY
A. This Section includes the following individually mounted, enclosed switches and circuit breakers:

Fusible switches.

Non-fusible switches.
Molded-case circuit breakers.
Molded-case switches.
Enclosures.

arON =

1.3 DEFINITIONS
A. GFCI: Ground-fault circuit interrupter.
B. HD: Heavy duty.
C. RMS: Root mean square.

D. SPDT: Single pole, double throw.

1.4 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, and finishes.

Enclosure types and details for types other than NEMA 250, Type 1.

Current and voltage ratings.

Short-circuit current rating.

Features, characteristics, ratings, and factory settings of individual overcurrent protective
devices and auxiliary components.

pPON~

B. Shop Drawings: Diagram power, signal, and control wiring.

C. Field quality-control test reports including the following:

1. Test procedures used.
2. Test results that comply with requirements.
Enclosed Switches and Circuit Breakers — 26 28 16 1
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D.

E.

1.5

A

B.

C.

1.6

A

1.7

A

3. Results of failed tests and corrective action taken to achieve test results that comply with
requirements.

Manufacturer's field service report.
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 1
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 curves, including selectable ranges for each type of circuit breaker.

QUALITY ASSURANCE

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.

Comply with NFPA 70.

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.

PROJECT CONDITIONS

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.

COORDINATION

Coordinate layout and installation of switches, circuit breakers, and components with other

construction, including conduit, piping, equipment, and adjacent surfaces. Maintain required
workspace clearances and required clearances for equipment access doors and panels.

PART 2 - PRODUCTS

2.1

A

MANUFACTURERS

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

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

Enclosed Switches and Circuit Breakers — 26 28 16 2
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2.3

A
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FUSIBLE AND NONFUSIBLE SWITCHES

Manufacturers:

1 Eaton Corporation; Cutler-Hammer Products.

2. General Electric Co.; Electrical Distribution & Control Division.
3. Siemens Energy & Automation, Inc.

4 Square D/Group Schneider.

Fusible Switch, 600A and Smaller: NEMA KS 1, Type HD, with clips or bolt pads to accommodate
specified fuses, lockable handle with capability to accept two padlocks, and interlocked with cover
in closed position.

Non-fusible Switch, 600A and Smaller: NEMA KS 1, Type HD, lockable handle with capability to
accept two padlocks, and interlocked with cover in closed position.

Accessories:

1.

2.

3.

Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground
conductors.

Neutral Kit: Internally mounted; insulated, capable of being grounded, and bonded; and
labeled for copper and aluminum neutral conductors.

Auxiliary Contact Kit: Auxiliary set of contacts arranged to open before switch blades open.

MOLDED-CASE CIRCUIT BREAKERS AND SWITCHES

Manufacturers:

1. Eaton Corporation; Cutler-Hammer Products.

2. General Electric Co.; Electrical Distribution & Control Division.
3. Moeller Electric Corporation.

4. Siemens Energy & Automation, Inc.

5. Square D/Group Schneider.

Molded-Case Circuit Breaker: NEMA AB 1, with interrupting capacity to meet available fault
currents.

1.

ook

Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads
and instantaneous magnetic trip element for short circuits. Adjustable instantaneous trip
setting for circuit-breaker frame sizes 150 A and larger.

Circuit Breakers with Rating Plug: RMS sensing with field changeable rating plug for 250A
and larger frame.

Circuit Breakers Electronic Trip: RMS sensing; field-changeable rating plug; with the
following field-adjustable settings:

Instantaneous trip.

Long- and short-time pickup levels.

Long- and short-time time adjustments.

Ground-fault pickup level, time delay, and I?t response.

GFCI Circuit Breakers: Single- and two-pole configurations with 30-mA trip sensitivity.
Lugs: Mechanical style suitable for number, size, trip ratings, and conductor material.
Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 75 percent of rated
voltage.

cooyo
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C.

2.4

A

7. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage with field-adjustable
0.1- to 0.6-second time delay.
8. Auxiliary Switch: Two SPDT switches with "a" and "b" contacts; "a" contacts mimic circuit-

breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.
9. Fault protection function.

Molded-Case Switches: Molded-case circuit breaker with fixed, high-set instantaneous trip only,
and short-circuit withstand rating equal to equivalent breaker frame size interrupting rating.

1. Lugs: Mechanical style suitable for number, size, trip ratings, and material of conductors.

2. Application Listing: Type HACR for heating, air-conditioning, and refrigerating equipment.

3 Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 75 percent of rated
voltage. Provide "dummy" trip unit where required for proper operation.

4. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage with field-adjustable
0.1- to 0.6-second time delay. Provide "dummy" trip unit where required for proper
operation.

5. Auxiliary Switch: Two SPDT switches with "a" and "b" contacts; "a" contacts mimic circuit-
breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.

ENCLOSURES
NEMA AB 1 and NEMA KS 1 to meet environmental conditions of installed location.

1. Outdoor Locations: NEMA 250, Type 3R.
2. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.

PART 3 - EXECUTION

3.1

A

B.

3.2

A

B.

3.3

A

B.

EXAMINATION

Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance
with installation tolerances and other conditions affecting performance.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Comply with applicable portions of NECA 1, NEMA PB 1.1, and NEMA PB 2.1 for installation of
enclosed switches and circuit breakers.

Mount individual wall-mounting switches and circuit breakers with tops at uniform height, unless
otherwise indicated. Anchor floor-mounting switches to concrete base.
IDENTIFICATION

Identify field-installed conductors, interconnecting wiring, and components; provide warning signs
as specified in Division 26 Section "ldentification for Electrical Systems."

Enclosure Nameplates: Label each enclosure with engraved metal or laminated-plastic
nameplate as specified in Division 26 Section "Identification for Electrical Systems."
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3.4

3.5

3.6

A

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test,
and adjust field-assembled components and equipment installation, including connections, and
to assist in field testing. Report results in writing.

Prepare for acceptance testing as follows:

1. Inspect mechanical and electrical connections.
2. Verify switch and relay type and labeling verification.
3. Verify rating of installed fuses.

Perform the following field tests and inspections and prepare test reports:

1. Perform each electrical test and visual and mechanical inspection. 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. Infrared Scanning:
a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days

after Final Acceptance, perform an infrared scan of each enclosed switch and circuit
breaker. Open or remove doors or panels so connections are accessible to portable

scanner.

b. Follow-Up Infrared Scanning: Perform an additional follow-up infrared scan of each
unit 11 months after date of Substantial Completion.

C. Instruments, Equipment and Reports:

1) Use an infrared scanning device designed to measure temperature or to
detect significant deviations from normal values. Provide calibration record
for device.

2) Prepare a certified report that identifies enclosed switches and circuit
breakers included and describes scanning results. Include notation of
deficiencies detected, remedial action taken, and observations after remedial
action.

ADJUSTING

Set field-adjustable switches and circuit-breaker trip ranges.

CLEANING

On completion of installation, vacuum dirt and debris from interiors; do not use compressed air to
assist in cleaning.

Inspect exposed surfaces and repair damaged finishes.

END OF SECTION 26 28 16
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SECTION 26 32 13
ENGINE GENERATORS

PART 1 - GENERAL

1.1

A

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes 200 KW, 250 KVA at 0.8 P.F. packaged engine-generator sets for
standby power supply and shall comply with Tier Ill requirement with the following features:

Gas engine.

Unit-mounted cooling system.
Remote-mounting control and monitoring.
Performance requirements for sensitive loads.
Load banks test.

Outdoor enclosure

oAM=

Related Sections include the following:

1. Division 26 Section "Transfer Switches" for transfer switches including sensors and
relays to initiate automatic-starting and -stopping signals for engine-generator sets.

DEFINITIONS

Operational Bandwidth: The total variation from the lowest to highest value of a parameter over

the range of conditions indicated, expressed as a percentage of the nominal value of the

parameter.

Standby Rating: Power output rating equal to the power the generator set delivers continuously
under normally varying load factors for the duration of a power outage.

Steady-State Voltage Modulation: The uniform cyclical variation of voltage within the operational
bandwidth, expressed in Hertz or cycles per second.

SUBMITTALS

Product Data: For each type of packaged engine generator indicated. Include rated capacities,

operating characteristics, and furnished specialties and accessories. In addition, include the
following:

1. Thermal damage and decrement curve for generator.
2. Time-current characteristic curves for generator protective device.
Engine Generators — 26 32 13 1
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1.5

Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

1. Dimensioned outline plan and elevation drawings of engine-generator set and other
components specified.
2. Design Calculations: Signed and sealed by a qualified professional engineer. Calculate

requirements for selecting vibration isolators and seismic restraints and for designing
vibration isolation bases.
3. Vibration Isolation Base Details: Signed and sealed by a qualified professional engineer.
Detail fabrication, including anchorages and attachments to structure and to supported
equipment. Include base weights.
Wiring Diagrams: Power, signal, and control wiring.
Battery and charger data.
Provide calculation for the following:

ook

a. Battery and charger size calculation.

Source quality-control test reports.

1. Certified Test Reports: For components and accessories that are equivalent, but not
identical, to those tested on prototype unit.

2. Report of factory test on units to be shipped for this Project, showing evidence of
compliance with specified requirements.

3. Report of sound generation.

4. Report of exhaust emissions showing compliance with applicable regulations.

5. Certified Torsional Vibration Compatibility: Comply with NFPA 110.

Field quality-control test reports.

Operation and Maintenance Data: For packaged engine generators to include in emergency,
operation, and maintenance manuals. In addition to items specified in Division 1 Section

"Operation and Maintenance Data," include the following:

1. List of tools and replacement items recommended to be stored at Project for ready
access. Include part and drawing numbers, current unit prices, and source of supply.

Warranty: Special warranty specified in this Section.

QUALITY ASSURANCE

Installer Qualifications: Manufacturer's authorized representative who is trained and approved
for installation of units required for this Project.

Manufacturer Qualifications: A qualified manufacturer. Maintain, within 200 miles of Project site,
a service center capable of providing training, parts, and emergency maintenance repairs.

Source Limitations: Obtain packaged generator sets and auxiliary components through one
source from a single manufacturer.

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.

Engine Generators — 26 32 13 2
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1.6

1.7

1.8

1.9

Comply with ASME B15.1.

Comply with NFPA 37.

Comply with NFPA 70.

Comply with UL 2200.

Engine Exhaust Emissions: Comply with applicable state and local government requirements.
Noise Emission: Comply with applicable state and local government requirements for maximum
noise level at adjacent property boundaries due to sound emitted by generator set including
engine, engine exhaust, engine cooling-air intake and discharge, and other components of
installation.

PROJECT CONDITIONS

Environmental Conditions: Engine-generator system shall withstand the following environmental
conditions without mechanical or electrical damage or degradation of performance capability:

1. Ambient Temperature: 5 to 40 deg C.
2. Relative Humidity: 0 to 95 percent.
3. Altitude: Sea level to 1000 feet (300 m).

COORDINATION

Coordinate size and location of concrete bases for package engine generators. Cast anchor-
bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified in
Division 3.

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace components of packaged engine generators and associated auxiliary components that

fail in materials or workmanship within specified warranty period.

1. Warranty Period: Two years from date of Substantial Completion.

MAINTENANCE SERVICE

Initial Maintenance Service: Beginning at Substantial Completion, provide 12 months' full
maintenance by skilled employees of manufacturer's designated service organization. Include
quarterly exercising to check for proper starting, load transfer, and running under load. Include
routine preventive maintenance as recommended by manufacturer and adjusting as required for
proper operation. Provide parts and supplies same as those used in the manufacture and
installation of original equipment.

Engine Generators — 26 32 13 3
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1.1

0

A

EXTRA MATERIALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.

1. Fuses: One for every 10 of each type and rating, but no fewer than one of each.
2. Indicator Lamps: Two for every six of each type used, but no fewer than two of each.
3. Filters: One set each of lubricating oil, fuel, and combustion-air filters.

PART 2 - PRODUCTS

2.1

2.2

A

B.

MANUFACTURERS

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

Basis-of-Design Product: Subject to compliance with requirements, provide a comparable
product by one of the following:

Caterpillar; Engine Div.

Cummins Power Generation; Industrial Business Group.
Generac Power Systems, Inc.

Kohler Co.; Generator Division.

Spectrum Detroit Diesel.

agrON =

ENGINE-GENERATOR SET
Factory-assembled and -tested, engine-generator set.

Mounting Frame: Maintain alignment of mounted components without depending on concrete
foundation; and have lifting attachments.

1. Rigging Diagram: Inscribed on metal plate permanently attached to mounting frame to
indicate location and lifting capacity of each lifting attachment and generator-set center of
gravity.

Capacities and Characteristics:

1. Power Output Ratings: Nominal ratings as indicated, with capacity as required to operate
as a unit as evidenced by records of prototype testing.

2. Output Connections: Three-phase, four wire.

3. Nameplates: For each major system component to identify manufacturer's name and

address, and model and serial number of components.

Generator-Set Performance:

1. Steady-State Voltage Operational Bandwidth: 1 percent of rated output voltage from no
load to full load.
2. Transient Voltage Performance: Not more than 20 percent variation for 50 percent step-

load increase or decrease. Voltage shall recover and remain within the steady-state
operating band within three seconds.
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3. Steady-State Frequency Operational Bandwidth: 0.25 percent of rated frequency from no
load to full load.
4, Steady-State Frequency Stability: When system is operating at any constant load within

the rated load, there shall be no random speed variations outside the steady-state
operational band and no hunting or surging of speed.

5. Sustained Short-Circuit Current: For a 3-phase, bolted short circuit at system output
terminals, system shall supply a minimum of 250 percent of rated full-load current for not
less than 10 seconds and then clear the fault automatically, without damage to generator
system components.

6. Start and Load Transfer Time: Comply with NFPA 110, Type 10, system requirements
(load transfer under 10 seconds).

7. Excitation System: Performance shall be unaffected by voltage distortion caused by non-
linear load. Provide permanent magnet excitation for power source to voltage regulator.

ENGINE

Fuel: Natural gas.

Rated Engine Speed: 1800 rpm.

Output Connections:

1. Frequency drop acceptable to load.
2. Stable frequency regulating.

3. Accept 100 percent block load.
4,

Frequency dip acceptable to load.

Lubrication System: The following items are mounted on engine or skid:

1. Filter and Strainer: Rated to remove 90 percent of particles 5 micrometers and smaller
while passing full flow.

2. Thermostatic Control Valve: Control flow in system to maintain optimum oil temperature.
Unit shall be capable of full flow and is designed to be fail-safe.

3. Crankcase Drain: Arranged for complete gravity drainage to an easily removable
container with no disassembly and without use of pumps, siphons, special tools, or
appliances.

Engine Fuel System:

1. Natural Gas System:
a. Carburetor.
b. Secondary Gas Regulators: One for each fuel type.
c. Fuel-Shutoff Solenoid Valves: One for each fuel source.
d. Flexible Fuel Connectors: One for each fuel source.

Coolant Jacket Heater: Electric-immersion type, factory installed in coolant jacket system.
Comply with NFPA 110 requirements for Level 1 equipment for heater capacity.

Governor: Adjustable isochronous, with speed sensing.
1. Electronic type, steady-state speed band at 60 Hz, 0.25 percent of rated frequency from
no load to full load.

2. Shall comply with NFPA 110 requirements for block load capacity.
3 Manual speed adjustment available while engine is running.
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H. Cooling System: Closed loop, liquid cooled, with radiator factory mounted on engine-generator-
set mounting frame and integral engine-driven coolant pump.

1. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water,
with anticorrosion additives as recommended by engine manufacturer.

2. Size of Radiator: Adequate to contain expansion of total system coolant from cold start to
110 percent load condition and rated for 115 deg F ambient temperature.

3. Expansion Tank: Constructed of welded steel plate and rated to withstand maximum
closed-loop coolant system pressure for engine used. Equip with gage glass and
petcock.

4. Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow

automatically to maintain optimum constant coolant temperature as recommended by
engine manufacturer.

5. Coolant Hose: Flexible assembly with inside surface of nonporous rubber and outer
covering of aging-, ultraviolet-, and abrasion-resistant fabric.

a. Rating: 50-psig maximum working pressure with coolant at 180 deg F, and non-
collapsible under vacuum.
b. End Fittings: Flanges or steel pipe nipples with two clamps to suit piping and

equipment connections.

l. Muffler/Silencer: Critical grade, sized as recommended by engine manufacturer and selected
with exhaust piping system to not exceed engine manufacturer's engine backpressure
requirements.

1. Minimum sound attenuation of 25 dB at 500 Hz.
2. Sound level measured at a distance of 23 feet from exhaust discharge after installation is
complete shall be 85 dBA or less.

J. Air-Intake Filter: Heavy-duty, engine-mounted air cleaner with replaceable dry-filter element and
"blocked filter" indicator.

K. Battery System: 24-V electric, with negative ground.

1. Components: Sized so they will not be damaged during a full engine-cranking cycle with
ambient temperature at maximum specified in Part 1 "Project Conditions" Article.
2. Cranking Motor: Heavy-duty unit that automatically engages and releases from engine

flywheel without binding.

3. Cranking Cycle: As required by NFPA 110 for system level specified and shall have 90
second adjustable cycle cranking for crank rest period. Adjusted for 3 cranking cycles of
15 seconds "ON" and 15 seconds "OFF" with over-ranking relay.

4. Battery: Seal lead acid adequate capacity within ambient temperature range specified in
Part 1 "Project Conditions" Article to provide specified cranking cycle at least three times
without recharging. Battery shall include flame arrestor caps, and intercell connectors
with insulators. Battery shall carry 3 year warranty.

5. Battery Cable: Size as recommended by engine manufacturer for cable length indicated.
Include required interconnecting conductors and connection accessories.
6. Battery Compartment: Factory fabricated of metal with acid-resistant finish and thermal

insulation. Thermostatically controlled heater shall be arranged to maintain battery above
10 deg C regardless of external ambient temperature within range specified in Part 1
"Project Conditions" Article. Include accessories required to support and fasten batteries

in place.

7. Battery-Charging Alternator: Factory mounted on engine with solid-state voltage
regulation and 35-A minimum continuous rating.

8. Battery Charger: Current-limiting, automatic-equalizing and float-charging type. Unit shall

comply with UL 1236 and include the following features:
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a. Operation: Equalizing-charging rate of 10 A shall be initiated automatically after
battery has lost charge until an adjustable equalizing voltage is achieved at battery
terminals. Unit shall then be automatically switched to a lower float-charging mode
and shall continue to operate in that mode until battery is discharged again.

b. Automatic Temperature Compensation: Adjust float and equalize voltages for
variations in ambient temperature from minus 40 deg C to plus 60 deg C to prevent
overcharging at high temperatures and undercharging at low temperatures.

C. Automatic Voltage Regulation: Maintain constant output voltage regardless of input
voltage variations up to plus or minus 10 percent.

d. Ammeter and Voltmeter: Flush mounted in door. Meters shall indicate charging
rates.

e. Safety Functions: Sense abnormally low battery voltage and close contacts

providing low battery voltage indication on control and monitoring panel. Sense
high battery voltage and loss of ac input or dc output of battery charger. Either
condition shall close contacts that provide a battery-charger malfunction indication
at system control and monitoring panel.

f. Enclosure and Mounting: NEMA 250, Type 1, wall-mounted cabinet.

GENERATOR CONTROL AND MONITORING

Automatic Starting System Sequence of Operation: When mode-selector switch on the control
and monitoring panel is in the automatic position, contacts from remote automatic transfer
switches initiate starting and stopping of generator set. When generator set is running,
specified system or equipment failures or derangements automatically shut down generator set
and initiate alarms. Operation of a remote emergency-stop switch also shuts down generator
set.

Manual Starting System Sequence of Operation: Switching "ON-OFF" switch on the generator
control panel to the "ON" position starts generator set. The "OFF" position of same switch
initiates generator-set shutdown. When generator set is running, specified system or equipment
failures or derangements automatically shut down generator set and initiate alarms.

Configuration: Operating and safety indications, protective devices, basic system controls,
engine gages, instrument transformers, generator circuit breaker, and other indicated
components shall be grouped in a combination control and power panel. Control and
monitoring section of panel shall be isolated from power sections by steel barriers.

Indicating and Protective Devices and Controls: As required by NFPA 110 for Level 1 system,
and the following:

AC voltmeter.

AC ammeter.

AC frequency meter.

DC voltmeter (alternator battery charging).
Engine-coolant temperature gage.

Engine lubricating-oil pressure gage.

Running-time meter.

Ammeter-voltmeter, phase-selector switch(s).
Generator-voltage adjusting rheostat.

10.  Start-stop switch.

11.  Overspeed shutdown device and shutdown alarm.

12.  Coolant high-temperature shutdown device and shutdown alarm.
13.  Coolant low-level shutdown device and shutdown alarm.
14.  Oil low-pressure shutdown device and shutdown alarm.
15.  Generator overload.

CoNO>OA~ON =
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16.  Ground fault indication (main breaker).

Supporting ltems: Include sensors, transducers, terminals, relays, and other devices and
include wiring required to support specified items. Locate sensors and other supporting items
on engine or generator, unless otherwise indicated.

Connection to Data Link: A separate terminal block, factory wired to Form C dry contacts, for
each alarm and status indication is reserved for connections for data-link transmission of
indications to remote data terminals. Control panel shall include Ethernet port for interface with
building automation on RS 485 and TCP/IP connection for all alarm and status function.

Remote Alarm Annunciator: Comply with NFPA99. An LED labeled with proper alarm
conditions shall identify each alarm event and a common audible signal shall sound for each
alarm condition. Silencing switch in face of panel shall silence signal without altering visual
indication. Connect so that after an alarm is silenced, clearing of initiating condition will
reactivate alarm until silencing switch is reset. Cabinet and faceplate are surface- or flush-
mounting type to suit mounting conditions indicated.

Remote Emergency-Stop Switch: Flush; wall mounted, unless otherwise indicated; and labeled.
Push button shall be protected from accidental operation.

GENERATOR OVERCURRENT AND FAULT PROTECTION

Generator Circuit Breaker: Molded-case, electronic-trip type; 80 percent rated; complying with
UL 489.

1. Tripping Characteristics: Adjustable long-time and short-time delay and instantaneous.

2. Trip Settings: Selected to coordinate with generator thermal damage curve.

3 Shunt Trip: Connected to trip breaker when generator set is shut down by other
protective devices.

4. Mounting: Adjacent to or integrated with control and monitoring panel.

5 Ground fault indication/alarm only.

Generator Protector: Microprocessor-based unit shall continuously monitor current level in each
phase of generator output, integrate generator heating effect over time, and predict when
thermal damage of alternator will occur. When signaled by generator protector or other
generator-set protective devices, a shunt-trip device in the generator disconnect switch shall
open the switch to disconnect the generator from load circuits. Protector shall perform the
following functions:

1. Initiates a generator overload alarm when generator has operated at an overload
equivalent to 110 percent of full-rated load for 60 seconds. Indication for this alarm is
integrated with other generator-set malfunction alarms.

2. Under single or three-phase fault conditions, regulates generator to 300 percent of rated
full-load current for up to 10 seconds.
3. As overcurrent heating effect on the generator approaches the thermal damage point of

the unit, protector switches the excitation system off, opens the generator disconnect
device, and shuts down the generator set.

4, Senses clearing of a fault by other overcurrent devices and controls recovery of rated
voltage to avoid overshoot.
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2.7

2.8

GENERATOR, EXCITER, AND VOLTAGE REGULATOR
Comply with NEMA MG 1.

Drive: Generator shaft shall be directly connected to engine shaft. Exciter shall be rotated
integrally with generator rotor.

Electrical Insulation: Class H, rated at maximum 115 deg Celsius rise over a 40 deg Celsius
ambient at 100 percent rating.

Stator-Winding Leads: Brought out to terminal box to permit future reconnection for other
voltages if required.

Construction shall prevent mechanical, electrical, and thermal damage due to vibration,
overspeed up to 125 percent of rating, and heat during operation at 110 percent of rated
capacity.

Instrument Transformers: Mounted within generator enclosure.

Voltage Regulator: Solid-state type, separate from exciter, providing performance as specified.

1. Voltage band widths shall not exceed +0.5 percent and +1 percent of their mean value for
constant loads from no load to full load.

Strip Heater: Thermostatically controlled unit arranged to maintain stator windings above dew
point.

Windings: Two-thirds pitch stator winding and fully linked amortisseur winding.

OUTDOOR GENERATOR-SET ENCLOSURE

Description: Vandal-resistant, weatherproof steel housing, wind resistant up to 100 mph.
Multiple panels shall be lockable and provide adequate access to components requiring
maintenance. Panels shall be removable by one person without tools. Instruments and control
shall be mounted within enclosure.

Engine Cooling Airflow through Enclosure: Maintain temperature rise of system components
within required limits when unit operates at 110 percent of rated load for 2 hours with ambient
temperature at top of range specified in system service conditions.

1. Louvers: Fixed-engine, cooling-air inlet and discharge. Storm-proof and drainable
louvers prevent entry of rain and snow.
2. Automatic Dampers: At engine cooling-air inlet and discharge. Dampers shall be closed

to reduce enclosure heat loss in cold weather when unit is not operating.

Convenience Outlets: Factory wired, GFCI. Arrange for external electrical connection.

VIBRATION ISOLATION DEVICES
Elastomeric Isolator Pads: Oil- and water-resistant elastomer or natural rubber, arranged in
single or multiple layers, molded with a non-slip pattern and galvanized-steel baseplates of

sufficient stiffness for uniform loading over pad area, and factory cut to sizes that match
requirements of supported equipment.
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2.10

1. Material: Standard neoprene].
2. Durometer Rating: 50.
3. Number of Layers: Four.

Restrained Spring Isolators: Freestanding, steel, open-spring isolators with seismic restraint.

1. Housing: Steel with resilient vertical-limit stops to prevent spring extension due to wind
loads or if weight is removed; factory-drilled baseplate bonded to 1/4-inch- (6-mm-) thick,
elastomeric isolator pad attached to baseplate underside; and adjustable equipment
mounting and leveling bolt that acts as blocking during installation.

2. Outside Spring Diameter: Not less than 80 percent of compressed height of the spring at
rated load.

3. Minimum Additional Travel: 50 percent of required deflection at rated load.

4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.

5. Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

FINISHES

Indoor and Outdoor Enclosures and Components: Manufacturer's standard finish over
corrosion-resistant pretreatment and compatible primer.

SOURCE QUALITY CONTROL

Prototype Testing: Factory test engine-generator set using same engine model, constructed of
identical or equivalent components and equipped with identical or equivalent accessories.

1. Tests: Comply with NFPA 110, Level 1 Energy Converters and with IEEE 115.

Project-Specific Equipment Tests: Before shipment, factory test engine-generator set and other
system components and accessories manufactured specifically for this Project. Perform tests at
rated load and power factor. Include the following tests:

1. Test components and accessories furnished with installed unit that are not identical to
those on tested prototype to demonstrate compatibility and reliability.

Full load run.

Maximum power.

Voltage regulation.

Transient and steady-state governing.

Single-step load pickup.

Safety shutdown.

Provide 14 days' advance notice of tests and opportunity for observation of tests by
Owner's representative.

Report factory test results within 10 days of completion of test.

N>R WN

©
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PART 3 - EXECUTION

3.1

A

3.2

3.3

EXAMINATION

Examine areas, equipment bases, and conditions, with Installer present, for compliance with
requirements for installation and other conditions affecting packaged engine-generator
performance.

Examine roughing-in of piping systems and electrical connections. Verify actual locations of
connections before packaged engine-generator installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Comply with packaged engine-generator manufacturers' written installation and alignment
instructions and with NFPA 110.

Install packaged engine generator to provide access, without removing connections or
accessories, for periodic maintenance.

Install packaged engine generator with restrained spring isolators having a minimum deflection
of 1 inch on 4-inch high concrete base. Secure sets to anchor bolts installed in concrete bases.

Install Schedule 40, black steel piping with welded joints and connect to engine muffler. Install
thimble at wall. Piping shall be same diameter as muffler outlet. Flexible connectors and steel
piping materials and installation requirements are specified in Division 22 Section "Hydronic
Piping."

1. Install condensate drain piping to muffler drain outlet full size of drain connection with a
shutoff valve, stainless-steel flexible connector, and Schedule 40, black steel pipe with
welded joints. Flexible connectors and piping materials and installation requirements are
specified in Division 22 Section "Hydronic Piping."

Electrical Wiring: Install electrical devices furnished by equipment manufacturers but not

specified to be factory mounted.

CONNECTIONS

Piping installation requirements are specified in Division 22 Sections. Drawings indicate
general arrangement of piping and specialties.

Connect fuel, cooling-system, and exhaust-system piping adjacent to packaged engine
generator to allow service and maintenance.

Connect engine exhaust pipe to engine with flexible connector.
Connect fuel piping to engines with a gate valve and union and flexible connector.

1. Natural gas piping, valves, and specialties for gas distribution outside the building are
specified in Division 2 Section "Natural Gas Distribution."
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3.4

3.5

Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical
Systems."

Connect wiring according to Division 26 Section "Low Voltage Electrical Power Conductors and
Cables."

IDENTIFICATION

Identify system components according to Division 26 Section "ldentification for Electrical
Systems."

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.
Report results in writing.

Perform tests and inspections and prepare test reports.

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

Tests and Inspections:

1. Perform tests recommended by manufacturer. Certify compliance with test parameters.
NFPA 110 Acceptance Tests: Perform tests required by NFPA 110 that are additional to
those specified here including, but not limited to, single-step full-load pickup test.

3. Battery Tests: Equalize charging of battery cells according to manufacturer's written
instructions. Record individual cell voltages.

a. Measure charging voltage and voltages between available battery terminals for
full-charging and float-charging conditions. Check electrolyte level and specific
gravity under both conditions.

b. Test for contact integrity of all connectors. Perform an integrity load test and a
capacity load test for the battery.
C. Verify acceptance of charge for each element of the battery after discharge.
d. Verify that measurements are within manufacturer's specifications.
4, Battery-Charger Tests: Verify specified rates of charge for both equalizing and float-
charging conditions.
5. System Integrity Tests: Methodically verify proper installation, connection, and integrity of

each element of engine-generator system before and during system operation. Check for
air, exhaust, and fluid leaks.

6. Exhaust-System Back-Pressure Test: Use a manometer with a scale exceeding 40-inch
wg. Connect to exhaust line close to engine exhaust manifold. Verify that back pressure
at full-rated load is within manufacturer's written allowable limits for the engine.

Coordinate tests with tests for transfer switches and run them concurrently.
Test instruments shall have been calibrated within the last 12 months, traceable to standards of

NIST, and adequate for making positive observation of test results. Make calibration records
available for examination on request.
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3.6

3.7

Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until no
leaks exist.

Operational Test: After electrical circuitry has been energized, start units to confirm proper
motor rotation and unit operation.

Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

Remove and replace malfunctioning units and retest as specified above.

Retest: Correct deficiencies identified by tests and observations and retest until specified
requirements are met.

Report results of tests and inspections in writing. Record adjustable relay settings and
measured insulation resistances, time delays, and other values and observations. Attach a
label or tag to each tested component indicating satisfactory completion of tests.

DEMONSTRATION

Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain packaged engine generators. Refer to Division 1 Section
"Demonstration and Training."

LOAD BANK FOR GENERATOR TESTING

Description: Permanent, outdoor, weatherproof, remote-controlled, forced-air-cooled, resistive
unit capable of providing a balanced 3-phase, delta-connected load to generator set at 100
percent rated-system capacity, at 80 percent power factor, lagging for six (6) hours. Unit may
be composed of separate resistive and reactive load banks controlled by a common control
panel. Unit shall be capable of selective control of load in 25 percent steps and with minimum
step changes of approximately 5 and 10 percent available.

END OF SECTION 26 32 13
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SECTION 26 36 00
TRANSFER SWITCHES

PART 1 - GENERAL

1.1

A

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes transfer switches rated 600 V and less, including the following:

1. Automatic transfer switches.
2. Remote annunciation and control systems.

Related Sections include the following:
1. Division 26 Sections "Packaged Engine Generators".

SUBMITTALS

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

Shop Drawings: Dimensioned plans, elevations, sections, and details showing minimum
clearances, conductor entry provisions, gutter space, installed features and devices, and
material lists for each switch specified.

Field quality-control test reports.

Operation and Maintenance Data: For each type of product to include in emergency, operation,
and maintenance manuals. In addition to items specified in Division 1 Section "Operation and
Maintenance Data," include the following:

1. Features and operating sequences, both automatic and manual.
2. List of all factory settings of relays; provide relay-setting and calibration instructions,
including software, where applicable.

QUALITY ASSURANCE
Manufacturer Qualifications: Maintain a service center capable of providing training, parts, and
emergency maintenance repairs within a response period of less than eight hours from time of

notification.

Source Limitations: Obtain automatic transfer switches and remote annunciator and control
panels through one source from a single manufacturer.
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1.5

1.6

C.

A

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.

Comply with NEMA ICS 1.

Comply with NFPA 70.

Comply with NFPA 99.

Comply with NFPA 110.

Comply with UL 1008 unless requirements of these Specifications are stricter.

PROJECT CONDITIONS

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

1. Notify Construction Manager no fewer than two days in advance of proposed interruption
of electrical service.
2. Do not proceed with interruption of electrical service without Construction Manager's

written permission.

COORDINATION

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified in Division 3.

PART 2 - PRODUCTS

21

2.2

A

A

MANUFACTURERS

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

Caterpillar; Engine Div.

Emerson; ASCO Power Technologies, LP.

Generac Power Systems, Inc.

GE Zenith Controls.

Kohler Power Systems; Generator Division.

Onan/Cummins Power Generation; Industrial Business Group.
Russelectric, Inc.

Noghrwdh =

GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS

Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and total system
transfer.
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Tested Fault-Current Closing and Withstand Ratings: Adequate for duty imposed by protective
devices at installation locations in Project under the fault conditions indicated, based on testing
according to UL 1008.

1. Where transfer switch includes internal fault-current protection, rating of switch and trip
unit combination shall exceed indicated fault-current value at installation location.
2. Shall be a minimum of 18 cycle rated and tested.

Solid-State Controls: Repetitive accuracy of all settings shall be plus or minus 2 percent or
better over an operating temperature range of minus 20 to plus 70 deg C.

Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge
withstand capability requirements when tested according to IEEE C62.41. Components shall
meet or exceed voltage-impulse withstand test of NEMA ICS 1.

Electrical Operation: Accomplish by a non-fused, momentarily energized solenoid or electric-
motor-operated mechanism, mechanically and electrically interlocked in both directions.

Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated current
between active power sources.

1. Limitation: Switches using molded-case switches or circuit breakers or insulated-case
circuit-breaker components are not acceptable.

2. Switch Action: Double throw; mechanically held in both directions.

3 Contacts: Silver composition or silver alloy for load-current switching. Conventional

automatic transfer-switch units, rated 225 A and higher, shall have separate arcing
contacts.

Neutral Terminal: Solid and fully rated, unless otherwise indicated.

Annunciation, Control, and Programming Interface Components: Devices at transfer switches
for communicating with remote programming devices, annunciators, or annunciator and control
panels shall have communication capability matched with remote device.

Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, either
by color-code or by numbered or lettered wire and cable tape markers at terminations. Color-
coding and wire and cable tape markers are specified in Division 26 Section "ldentification for
Electrical Systems."

1. Designated Terminals: Pressure type, suitable for types and sizes of field wiring
indicated.

2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom
entrance of feeder conductors as indicated.

3. Control Wiring: Equipped with lugs suitable for connection to terminal strips.

Enclosures: General-purpose NEMA 250, Type 1, complying with NEMA ICS 6 and UL 508,
unless otherwise indicated.

AUTOMATIC TRANSFER SWITCHES

Comply with Level 1 equipment according to NFPA 110.

Switching Arrangement: Double-throw type, incapable of pauses or intermediate position stops
during normal functioning, unless otherwise indicated.
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C. Manual Switch Operation: Under load, with door closed and with either or both sources
energized. Transfer time is same as for electrical operation. Control circuit automatically
disconnects from electrical operator during manual operation.

D. Signal-Before-Transfer Contacts: A set of normally open/normally closed dry contacts operates
in advance of retransfer to normal source. Interval is adjustable from 1 to 30 seconds.

E. Digital Communication Interface: Matched to capability of remote annunciator or annunciator
and control panel.

F. Include the following functions and characteristics for automatic closed transition transfer
switches:

1. Fully automatic make-before-break operation.
Load transfer without interruption, through momentary interconnection of both power
sources not exceeding 100 ms.

3. Initiation of No-Interruption Transfer: Controlled by in-phase monitor and sensors
confirming both sources are present and acceptable.

a. Initiation occurs without active control of generator.

b. Controls ensure that closed-transition load transfer closure occurs only when the 2
sources are within plus or minus 5 electrical degrees maximum, and plus or minus
5 percent maximum voltage difference.

4. Failure of power source serving load initiates automatic break-before-make transfer.

G. In-Phase Monitor: Factory-wired, internal relay controls transfer so it occurs only when the two
sources are synchronized in phase. Relay compares phase relationship and frequency
difference between normal and emergency sources and initiates transfer when both sources are
within 15 electrical degrees, and only if transfer can be completed within 60 electrical degrees.
Transfer is initiated only if both sources are within 2 Hz of nominal frequency and 70 percent or
more of nominal voltage.

H. Automatic Transfer-Switch Features:

1. Undervoltage Sensing for Each Phase of Normal Source: Sense low phase-to-ground
voltage on each phase. Pickup voltage shall be adjustable from 85 to 100 percent of
nominal, and dropout voltage is adjustable from 75 to 98 percent of pickup value.
Factory set for pickup at 90 percent and dropout at 85 percent.

2. Adjustable Time Delay: For override of normal-source voltage sensing to delay transfer
and engine start signals. Adjustable from zero to six seconds, and factory set for one
second.

3. Voltage/Frequency Lockout Relay: Prevent premature transfer to generator. Pickup

voltage shall be adjustable from 85 to 100 percent of nominal. Factory set for pickup at
90 percent. Pickup frequency shall be adjustable from 90 to 100 percent of nominal.
Factory set for pickup at 95 percent.

4, Time Delay for Retransfer to Normal Source: Adjustable from 0 to 30 minutes, and
factory set for 10 minutes to automatically defeat delay on loss of voltage or sustained
undervoltage of emergency source, provided normal supply has been restored.

5. Test Switch: Simulate normal-source failure.
6. Switch-Position Pilot Lights: Indicate source to which load is connected.
7. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and

emergency-source sensing circuits.
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10.

1.

12.

a. Normal Power Supervision: Green light with nameplate engraved "Normal Source
Available."
b. Emergency Power Supervision: Red light with nameplate engraved "Emergency

Source Available."

Unassigned Auxiliary Contacts: Two normally open, single-pole, double-throw contacts
for each switch position, rated 10 A at 240-V ac.

Transfer Override Switch: Overrides automatic retransfer control so automatic transfer
switch will remain connected to emergency power source regardless of condition of
normal source. Pilot light indicates override status.

Engine Starting Contacts: One isolated and normally closed, and one isolated and
normally open; rated 10 A at 32-V dc minimum.

Engine Shutdown Contacts: Time delay adjustable from zero to five minutes, and factory
set for five minutes. Contacts shall initiate shutdown at remote engine-generator controls
after retransfer of load to normal source.

Engine-Generator Exerciser: Solid-state, programmable-time switch starts engine
generator and transfers load to it from normal source for a preset time, then retransfers
and shuts down engine after a preset cool-down period. Initiates exercise cycle at preset
intervals adjustable from 7 to 30 days. Running periods are adjustable from 10 to 30
minutes. Factory settings are for 7-day exercise cycle, 20-minute running period, and 5-
minute cool-down period. Exerciser features include the following:

a. Exerciser Transfer Selector Switch: Permits selection of exercise with and without
load transfer.

b. Push-button programming control with digital display of settings.

C. Integral battery operation of time switch when normal control power is not
available.

l. Include the following functions and characteristics for bypass/isolation switches:

1.

Comply with requirements for Level 1 equipment according to NFPA 110.
Manual type, arranged to select and connect either source of power directly to load,
isolating transfer switch from load and from both power sources.

3. Means to lock bypass/isolation switch in the position that isolates transfer switch with an
arrangement that permits complete electrical testing of transfer switch while isolated.
While isolated, interlocks prevent transfer-switch operation, except for testing or
maintenance.

4. Drawout Arrangement for Transfer Switch: Provide physical separation from live parts
and accessibility for testing and maintenance operations.

5. Bypass/Isolation Switch Current, Voltage, Closing, and Short-Circuit Withstand Ratings:
Equal to or greater than those of associated automatic transfer switch, and with same
phase arrangement and number of poles.

6. Contact temperatures of bypass/isolation switches shall not exceed those of automatic
transfer-switch contacts when they are carrying rated load.

7. Operability: Constructed so load bypass and transfer-switch isolation can be performed
by 1 person in no more than 2 operations in 15 seconds or less.

8. Legend: Manufacturer's standard legend for control labels and instruction signs shall
describe operating instructions.

9. Maintainability: Fabricate to allow convenient removal of major components from front
without removing other parts or main power conductors.

10. Factory-installed copper bus bars; plated at connection points and braced for the
indicated available short-circuit current.

J. Terminal provisions for a remote contact which opens to signal, the CTTS to transfer to

emergency and for remote contacts which open to inhibit transfer to emergency and/or
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retransfer to normal. Both of these inhibit signals can be activated through the keypad or serial
port.

K. One set of double pole, double throw contacts that operate when normal source voltage is
available and one set of double pole, double throw contacts that operate when emergency
source voltage is available.

L. Load shedding circuit initiated by the removal of the control voltage to a relay to match
generator capacity to the load. Relay de-energization transfer load to the normal source,
regardless of its acceptability. 24 VDC customer supplied control voltage.

M. Two toggle switches to permit selection of manual or automatic retransfer to normal. Manual is
automatically bypassed if emergency fails while normal is available. Open first switch for
manual mode, momentarily close second switch to retransfer to normal. Includes red pilot light
to indicate manual position.

N. The power monitor shall flush mount to an enclosure.

1. The power monitor shall be equipped with an continuous duty, LCD backlit display to
provide local access to the following metered quantities:

a. Current, per phase RMS and neutral (if applicable).

b. Current unbalance percentage.

C. Voltage, phase-to-phase and phase-to-neutral.

d. Voltage unbalance percentage.

e. Real power, per phase and 3-phase total.

f. Apparent power, per phase and 3-phase total.

g. Reactive power, per phase and 3-phase total.

h. Power factor, 3-phase total and per phase.

i. Frequency.

j- Accumulated energy (MWH, MVAH and MVARH).

2. Displaying each of the power monitor quantities shall be accomplished through the use of
menu scroll buttons.

3. Reset of the following electrical parameters shall be allowed from the front of the power
monitor:

4. All reset and setup functions shall provide a means for protection against
unauthorized/accidental changes.

5. The power monitor shall be connected to power management system through RS485
serial port and/or TCP/IP Ethernet port without translator.

6. Power monitor shall include the following:

a. Accurate to 1% measured, 2% computed values and display resolution to .1%.
Voltage and current for all phases are sampled simultaneously to assure high
accuracy in conditions of low power factor or large harmonics waveform
distortions.

b. Capable of operating at frequencies of 45 to 66 Hz and over a control power input
voltage range of 20 to 32 VDC.

C. Interfaced with a communications module to permit information to be sent to
remote location for display, analysis and logging.

d. Accept inputs from industry standard instrument transformers (120 VAC secondary

PT’s and 5A secondary CTS). Direct phase voltage connections, 600 VAC and
under, shall be possible without the use of PT’s.

e. Monitor shall be applied in 3-phase, three and four wire circuits. A fourth CT input
shall be available to measure neutral or ground current.
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25

f. All setup parameters required by the power monitors shall be stored in non-volatile
memory and retained in the event of a control power interruption.
g. The following metered readings shall be communicated by the power monitor, via

serial communication:
Current, per phase RMS and neutral (if applicable).
Current unbalance percentage.
Voltage, phase-to-phase and phase-to-neutral.
Voltage unbalance percentage.
Real power (kW), per phase and 3-phase total.
Apparent power (kVA), per phase and 3-phase total.
Reactive power (kVAR), per phase and 3-phase total.
Power factor, 3-phase total and per phase.
Frequency.
)  Accumulated energy (MWH, MVAH and MVARH).
) Accumulated real energy kWh.
) Accumulated reactive energy KVAH.
13) Accumulated apparent energy KVARH.
h. Monitors shall be equipped with the following 1/O:
1) Provide eight (8) solid state status inputs.
2) Provide four (4) relay output contacts.

2 A2 OCoONOODWN-
N O —— == — = — —

REMOTE ANNUNCIATOR AND CONTROL SYSTEM
Functional Description: Include the following functions for indicated transfer switches:

1. Indication of sources available, as defined by actual pickup and dropout settings of
transfer-switch controls.

Indication of switch position.

Indication of switch in test mode.

Indication of failure of digital communication link.

Key-switch or user-code access to control functions of panel.

Control of switch-test initiation.

2

Remote Annunciation and Control Panel: Solid-state components. Include the following
features:

1. Controls and indicating lights grouped together for each transfer switch.
Label each indicating light control group. Indicate transfer switch it controls, location of
switch, and load it serves.

3. Digital Communication Capability: Matched to that of transfer switches supervised.
4. Mounting: Flush, modular, steel cabinet, unless otherwise indicated.
SOURCE QUALITY CONTROL

Factory test and inspect components, assembled switches, and associated equipment. Ensure
proper operation. Check transfer time and voltage, frequency, and time-delay settings for
compliance with specified requirements. Perform dielectric strength test complying with
NEMA ICS 1.
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PART 3 - EXECUTION

3.1

3.2

3.3

A

B.

C.

INSTALLATION
Panel Mounting: Flush in wall, unless otherwise indicated.
Identify components according to Division 26 Section "ldentification for Electrical Systems."

Set field-adjustable intervals and delays, relays, and engine exerciser clock.

CONNECTIONS

Wiring to Remote Components: Match type and number of cables and conductors to control and
communication requirements of transfer switches as recommended by manufacturer. Increase
raceway sizes at no additional cost to Owner if necessary to accommodate required wiring.

Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical
Systems."

Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and
Cables."

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.
Report results in writing.

Perform tests and inspections and prepare test reports.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to

inspect components, assemblies, and equipment installation, including connections, and
to assist in testing.

2. After installing equipment and after electrical circuitry has been energized, test for
compliance with requirements.
3. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-

resistance tester. Include external annunciation and control circuits. Use test voltages
and procedure recommended by manufacturer. Comply with manufacturer's specified
minimum resistance.

a. Check for electrical continuity of circuits and for short circuits.
b. Inspect for physical damage, proper installation and connection, and integrity of
barriers, covers, and safety features.

C. Verify that manual transfer warnings are properly placed.
d. Perform manual transfer operation.
4. After energizing circuits, demonstrate interlocking sequence and operational function for

each switch at least three times.

a. Simulate power failures of normal source to automatic transfer switches and of
emergency source with normal source available.
b. Simulate loss of phase-to-ground voltage for each phase of normal source.
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o} Verify time-delay settings.

d. Verify pickup and dropout voltages by data readout or inspection of control
settings.

e. Test bypass/isolation unit functional modes and related automatic transfer-switch
operations.

f. Test closed transition unit functional modes and related automatic transfer switch
operations.

C. Coordinate tests with tests of generator and run them concurrently.

D. Report results of tests and inspections in writing. Record adjustable relay settings and
measured insulation and contact resistances and time delays. Attach a label or tag to each
tested component indicating satisfactory completion of tests.

E. Remove and replace malfunctioning units and retest as specified above.

3.4 DEMONSTRATION
A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain transfer switches and related equipment as specified below.
Refer to Division 1 Section "Demonstration and Training."

B. Coordinate this training with that for generator equipment.

END OF SECTION 26 36 00
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SECTION 26 43 13
SURGE PROTECTION DEVICES

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A

o O

m

RELATED DOCUMENTS

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

SUMMARY

This Section includes surge protection devices for low-voltage power equipment.

Related Sections include the following:

1. Division 26 Section “Panelboards.”

DEFINITIONS

ATS: Acceptance testing specifications.
Inominal: Nominal discharge current.

MCOV: Maximum continuous operating voltage.
SCCR: Short circuit current rating.

SPD: Surge protection device.

VPR: Voltage protection rating.

SUBMITTALS

Product Data: Provide information for each type of product indicated. Information shall be
specific to the products being supplied for the project and shall include the following:

Rated capacities: lllustrating compliance with the values stated in this section.

Unit dimensions and weights.

Mounting provisions.

Wiring diagrams including, but not limited to, recommended breaker size, recommended
wire size, recommended lead length and recommended wire type.

Installation instructions.

6. Accessories.

PN~

Product Certificates: Provide documentation, signed by product manufacturer, certifying
compliance with the following standards:

1. UL 1449 — 34 Edition.
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1.5

1.6

1.7

2. NEC Article 285 — latest edition compliant.

3. Provide test reports demonstrating compliance with UL 1449-3 for tested Inominal, tested
SCCR and tested MCOV.
4, Copy of UL Category Code VZCA certification, as a minimum, listing the tested values for

VPRs, Inominal ratings, MCOVs, type designations, OCPD requirements, model
numbers, system voltages, and modes of protection.

Field quality-control test reports, including the following:

1. Test procedures used.
2. Test results that comply with requirements.
3. Failed test results and corrective action taken to achieve requirements.

Operation and Maintenance Data: For surge protection devices to include in emergency,
operation, and maintenance manuals.

Warranties: Special warranties specified in this Section.

QUALITY ASSURANCE

Source Limitations: Obtain surge protection devices and accessories through one source from a
single manufacturer.

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.

Comply with IEEE C62.41, "IEEE Guide for Surge Voltages in Low Voltage AC Power Circuits,"
and test devices according to IEEE C62.45, "IEEE Guide on Surge Testing for Equipment
Connected to Low-Voltage AC Power Circuits."

Comply with NEMA LS 1, "Low Voltage Surge Protection Devices."

Comply with UL 1449 — 3 Edition, “Standard for Safety for Surge Protective Devices”.

SPD shall be UL listed and labeled.

PROJECT CONDITIONS

Service Conditions: Rate surge protection devices for continuous operation under the following
conditions, unless otherwise indicated:

1. Operating Temperature: 30 to 120 deg F.

2. Humidity: 0 to 85 percent, non-condensing.

3. Altitude: Less than 20,000 feet above sea level.

COORDINATION

Coordinate location of field-mounted surge protection devices to allow adequate clearances for

maintenance as per manufacturer's recommendation and maintaining NEC working clearance
requirements.

Surge Protection Devices — 26 43 13 2
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1.8

B.

C.

A

Coordinate surge protection device ratings with the AIC rating of the equipment being protected.
The rating of the surge protection device must be equal to or greater than the rating of the
protected equipment.

Coordinate size of overcurrent protection and wiring serving surge protection devices. Provide
according to manufacturer's recommendation. Provide special low impedance conductors in
locations where manufacturer’'s recommended lead length cannot be achieved.

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace components of surge suppressors that fails in materials or workmanship within ten
years from date of Project Substantial Completion. The warranty shall cover unlimited
replacement of surge protection devices or components during the warranty period.

PART 2 - PRODUCTS

2.1

22

A

B.

A

MANUFACTURERS
Field Mounted (External) Surge Protection Devices:

1. Advanced Protection Technologies.

2. Current Technology.

3. Emerson Network Power Surge Protection.
4. LEA International.

Integral Mounted Surge Protection Devices:

Eaton Corporation; Cutler-Hammer, Inc.
General Electric Company.

Siemens Energy and Automation, Inc.
Square D; Schneider Electric.

PN~

SUPPRESSORS DESCRIPTION

Surge Protection Device Description: Sine-wave-tracking type with the following features and
accessories:

1. MOV shall be configured in each L-N, L-G and N-G mode and shall be rated for unit
rating.

2. Fabrication using bolted lugs for internal wiring.

3. Integral disconnect switch or feeder breaker which allows to remove device for
replacement without shutdown of panel/switchboard.

4. Arrangement with bus/wire connections to phase buses, neutral bus, and ground bus.

5. LED indicator lights for power and protection status.

6. Audible alarm, with silencing switch, to indicate when protection has failed.

7. One set of dry contacts rated at 5 A and 250-V ac, for remote monitoring of protection
status. Coordinate with building power monitoring and control system.

8. Surge-event operations counter.

9. Voltage reading (all phases).
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UL 1449-3 Tested Inominal: 20 KA.
UL 1449-3 Tested SCCR: 200 KA.
UL 1449-3 Tested MCOV:

1. 208Y/120V: 150V.

Protection Modes: The voltage protection rating (VPR) per UL 1449 39 Edition 6KV/20KA
testing shall be as follows:

1. 208/120-volt, 3 phase, 4 wire system:

a. L-N, L-G and N-G: 650V-850V.
b. L-L: 1,100V, 1,300V.

Fuses:

1. All protection modes shall be internally individually fused. The fuses I’t capacity shall
allow the suppressor's maximum rated transient current to pass through the suppressor
without fuse operation. If the rated I?t of the fuse is exceeded, the fuse shall open and
clear both high and low impedance fault conditions. All overcurrent devices shall be
monitored including those on the N-G mode and will provide indication of suppressor
component failure or operability. Internal protection shall be included to protect against
overheating for temporary over voltage condition.

Short Circuit Rating:

1. The SPD shall be marked with a short circuit rating and shall not be installed at a point on
the system where the available fault current is in excess of that rating.

SUPPRESSORS
Distribution Panelboards SPD:

Minimum surge current rating: 100 KA per mode/200 KA per phase.

Connection AWG: Per manufacturer.

Overcurrent Protection (Breaker): Per manufacturer.

Shall comply to Category Type “2.”

Provide SPD in separate enclosure. Provide with an integral disconnect allowing the unit
to be replaced without interruption of the electrical equipment.

agrON=

Panelboard SPD:

Minimum surge current rating: 80 KA per mode/160 KA per phase.

Connection AWG: Per manufacturer.

Overcurrent Protection (Breaker): Per manufacturer.

Shall comply to Category Type “2.”

Provide SPD in separate enclosure. Provide with an integral disconnect allowing the unit
to be replaced without interruption of the electrical equipment.

aroON =
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2.5

A

B.

A

CONDUCTORS AND CABLES

Comply with the requirements of Division 26 Section “Low Voltage Electrical Power Conductors
and Cables”.

Where recommended by the manufacturer based on installation details, provide special low
impedance cables complying with ANSI/IEEE Standards.

ENCLOSURES

NEMA 250, with type matching the enclosure of panel or device being protected.

PART 3 - EXECUTION

3.1

3.2

3.3

A

B.

w

A

EXAMINATION

Examine elements and surfaces to receive SPD for compliance with installation tolerances and
other conditions affecting performance.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION OF SURGE PROTECTION DEVICES

Install devices at service entrance on load side, with ground lead bonded to service entrance
ground.

Install devices for non-service entrance switchboards, motor control centers, distribution panels,
panelboard and auxiliary panels with conductors or buses between suppressor and points of
attachment as short and straight as possible. Do not exceed manufacturer's recommended lead
length. Do not bond neutral and ground.

Install wiring according to Division 26 Section “Low Voltage Electrical Power Conductors and
Cables”.

1. Where installation will not allow for manufacturer's recommended lead length to be
achieved, provide special low impedance conductors approved by the manufacturer.

Provide multi-pole circuit breaker as a dedicated disconnect for suppressor within equipment
being protected, where applicable, unless otherwise indicated.

For external type SPD units, mount and anchor per Division 26 Section “Hangers and Supports
for Electrical Systems”.

IDENTIFICATION

Identify components and wiring according to Division 26 Section “ldentification for Electrical
Systems”.
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3.4 PLACING SYSTEM INTO SERVICE

A. Do not energize the source until surge protection devices are installed, connected and tested.

3.5 FIELD QUALITY CONTROL

A. Engage a Professional Engineer or a certified Power Quality Professional with a minimum of
five (5) years experience to certify the installation of the SPD. The PE or CPQ shall verify for
proper installation of the SPD and provide a report of the findings.

B. Testing: Perform the following field tests and inspections and prepare test reports:

1. After installing surge protection devices, but before electrical circuitry has been
energized, test for compliance with requirements.

2. Complete startup checks according to manufacturer's written instructions.

3 Perform each visual and mechanical inspection and electrical test as follows. Certify

compliance with test parameters.

®Pooow

—h

g.

Compare equipment nameplate data with drawings and specifications.

Inspect physical and mechanical condition.

Inspect anchorage, alignment, grounding and clearances.

Verify the arresters are clean.

Inspect bolted electrical connections for high resistance by calibrated torque-
wrench method in accordance with manufacturer’s published data or Table 100.12.
Verify that ground lead on each device is individually attached to a ground bus or
ground electrode.

Perform insulation resistance tests. Use manufacturer’'s recommended values.

C. Remove and replace malfunctioning units and retest as specified above.

END OF SECTION 26 43 13
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SECTION 26 51 00
INTERIOR LIGHTING

PART 1 - GENERAL

1.1

1.2

1.3

A

o O

m

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes the following:

A. Interior lighting fixtures, lamps, and drivers.

B. Emergency lighting units.

C. Exit signs.

D. Lighting fixture supports.

Related Sections include the following:

A. Division 26 Section "Lighting Control Devices" for automatic control of lighting, including
time switches, photoelectric relays, occupancy sensors, and multipole lighting relays and

contactors.
B. Division 26 Section "Wiring Devices" for manual wall-box dimmers for incandescent lamps.
DEFINITIONS

CRI: Color-rendering index.

CU: Coefficient of utilization.

LED: Light emitting diode

LER: Luminaire efficacy rating.

Luminaire: Complete lighting fixture, including driver housing if provided.
RCR: Room cavity ratio.

RFI: Radio Frequency interference.

SSL: Solid State lighting.

THD: Total harmonic distortion.
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1.4

1.5

1.6

A

SUBMITTALS

Product Data: For each type of lighting fixture, arranged in order of fixture designation. Include
data on features, accessories, finishes, and the following:

Physical description of lighting fixture including dimensions.

Emergency lighting units including battery and charger.

LED driver

Energy-efficiency data.

Life, output, and energy-efficiency data for lamps.

Photometric data, in IESNA format, based on laboratory tests of each lighting fixture type,
outfitted with lamps, drivers, and accessories identical to those indicated for the lighting
fixture as applied in this Project.

TmOOwR

Shop Drawings: Show details of nonstandard or custom lighting fixtures. Indicate dimensions,
weights, methods of field assembly, components, features, and accessories.

Product Certificates: For each type of driver for bi-level and dimmer-controlled fixtures, signed by
product manufacturer.

Field quality-control test reports.

Operation and Maintenance Data: For lighting equipment and fixtures to include in emergency,
operation, and maintenance manuals.

Warranties: Special warranties specified in this Section.

QUALITY ASSURANCE

Luminaire Photometric Data Testing Laboratory Qualifications: Provided by manufacturers'
laboratories that are accredited under the National Volunteer Laboratory Accreditation Program
for Energy Efficient Lighting Products.

Defined by OSHA in 29 CFR 1910.7.

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.

Comply with NFPA 70.

WARRANTY

Special Warranty for Emergency Lighting Batteries: Manufacturer's standard form in which
manufacturer of battery-powered emergency lighting unit agrees to repair or replace components
of rechargeable batteries that fail in materials or workmanship within specified warranty period.

A. Warranty Period for Emergency Lighting Unit Batteries: 10 years from date of Substantial
Completion. Full warranty shall apply for first year, and prorated warranty for the remaining
nine years.

B. Warranty Period for Self-Powered Exit Sign Batteries: Seven years from date of Substantial
Completion. Full warranty shall apply for first year, and prorated warranty for the remaining
six years.
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1.7

B.

A

Special warranty period for Solid State Lighting (SSL) and LED light fixtures: Manufacturer's
standard form in which driver manufacturer agrees to repair or replace SSL lighting Lamps,
Drivers and related components that fail in materials or workmanship within specified warranty
period.

A. Warranty Period for SSL (LED) lighting: Five years from date of Substantial Completion.

EXTRA MATERIALS

Furnish extra materials described below that match products installed and that are packaged with
protective covering for storage and identified with labels describing contents.

A. Lamps: 10 for every 100 of each type and rating installed. Furnish at least one of each
type.

B. Drivers: 1 for every 100 of each type and rating installed. Furnish at least one of each type.

C. LED fixtures: 1 of each type installed

PART 2 - PRODUCTS

21

22

A

B.

A

w

C.

D.

m

MANUFACTURERS

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

In Interior Lighting Fixture Schedule where titles below are column or row headings that introduce
lists, the following requirements apply to product selection:

A. Manufacturers: Subject to compliance with requirements, provide products by one of the
manufacturers specified.

B. Basis-of-Design Product: The design for each lighting fixture is based on the product
series. Subject to compliance with requirements, provide either the light series named
product or a comparable product by one of the other manufacturers specified.

LIGHTING FIXTURES AND COMPONENTS, GENERAL REQUIREMENTS

Recessed Fixtures: Comply with NEMA LE 4 for ceiling compatibility for recessed fixtures.

SSL (LED) fixtures comply with UL 8750.

Metal Parts: Free of burrs and sharp corners and edges.

Sheet Metal Components: Steel, unless otherwise indicated. Form and support to prevent
warping and sagging.

Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under
operating conditions, and designed to permit re-lamping without use of tools. Designed to prevent
doors, frames, lenses, diffusers, and other components from falling accidentally during re-lamping
and when secured in operating position.

Reflecting surfaces shall have minimum reflectance as follows, unless otherwise indicated:
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24

White Surfaces: 85 percent.

Specular Surfaces: 83 percent.

Diffusing Specular Surfaces: 75 percent.
Laminated Silver Metallized Film: 90 percent.

SCawp

Plastic Diffusers, Covers, and Globes:

A. Acrylic Lighting Diffusers: 100 percent virgin acrylic plastic. High resistance to yellowing
and other changes due to aging, exposure to heat, and UV radiation.

a. Lens Thickness: At least 0.125 inch minimum unless different thickness is indicated.
b. UV stabilized.

Solid State Lighting (SSL) Light Emitting Diode (LED) Fixtures:

>

White LED fixtures for general illumination shall have been tested by the US Dept. of
Energy’s CALIPER program, IES LM-79, LM-80, and TM-21

Color temperature: As indicated on light fixture schedule.

All LED Fixtures shall have a minimum coloring rendering index of .80.

All LED luminaires shall have been designed around the LED source.

All LEDs in one fixture type shall be from the same batch

All LED fixtures shall be compatible with dimming systems.

LED fixtures shall be equipped with wiring disconnect device to disconnect both line and
neutral conductors to the LED driver.

LED systems shall be modular and allow for separate replacement of the LEDs and drivers.
LED fixtures with non-replaceable components are permitted only as scheduled.
Warranty: Minimum 5-year manufacturer warranty on LED lamps and drivers.

—TE o ammuaw

EXIT SIGNS

Description: Comply with UL 924; for sign colors, visibility, luminance, and lettering size, comply
with authorities having jurisdiction.

Internally Lighted Signs:
A. Self-Powered Exit Signs (Battery Type): Integral automatic charger in a self-contained

power pack.
a. Battery: Sealed, maintenance-free, nickel-cadmium type.
b. Charger: Fully automatic, solid-state type with sealed transfer relay.

C. Operation: Relay automatically energizes lamp from battery when circuit voltage
drops to 80 percent of nominal voltage or below. When normal voltage is restored,
relay disconnects lamps from battery, and battery is automatically recharged and
floated on charger.

d. Test Push Button: Push-to-test type, in unit housing, simulates loss of normal power
and demonstrates unit operability.

e. LED Indicator Light: Indicates normal power on. Normal glow indicates trickle
charge; bright glow indicates charging at end of discharge cycle.

f. Integral Self-Test: Factory-installed electronic device automatically initiates code-

required test of unit emergency operation at required intervals. Test failure is
annunciated by an integral audible alarm and flashing red LED.
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2.6

A

EMERGENCY LIGHTING UNITS
Description: Self-contained units complying with UL 924.

A. Battery: Sealed, maintenance-free, nicad type.

B. Charger: Fully automatic, solid-state type with sealed transfer relay.

C. Operation: Relay automatically turns lamp on when power supply circuit voltage drops to
80 percent of nominal voltage or below. Lamp automatically disconnects from battery when
voltage approaches deep-discharge level. When normal voltage is restored, relay
disconnects lamps from battery, and battery is automatically recharged and floated on
charger.

D. Test Push Button: Push-to-test type, in unit housing, simulates loss of normal power and
demonstrates unit operability.

E. LED Indicator Light: Indicates normal power on. Normal glow indicates trickle charge;
bright glow indicates charging at end of discharge cycle.
F. Integral Self-Test: Factory-installed electronic device automatically initiates code-required

test of unit emergency operation at required intervals. Test failure is annunciated by an

FIELD QUALITY CONTROL

The Electrical Contractor shall ensure that control hardware and software are calibrated, adjusted,
programmed and in proper working condition in accordance with the Contract Documents and
Manufacturer’'s Requirements. Coordinate with the requirements of the following sections:

A. Division 26 Section “Lighting Control Devices”.

Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. Verify
transfer from normal power to battery and retransfer to normal.

Prepare a written report of tests, inspections, observations, and verifications indicating and
interpreting results. If adjustments are made to lighting system, retest to demonstrate compliance
with standards.

END OF SECTION 26 51 00
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SECTION 26 56 00
EXTERIOR LIGHTING

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A

o 0O

m

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes the following:

1. Exterior luminaires with lamps and drivers.
2. Luminaire-mounted photoelectric relays.
3. Poles and accessories.

Related Sections include the following:

1. Division 26 Section "Interior Lighting" for exterior luminaires normally mounted on exterior
surfaces of buildings.

DEFINITIONS

CRI: Color-rendering index.

LED: Light Emitting diode

Luminaire: Complete lighting fixture, including driver housing if provided.

Pole: Luminaire support structure, including tower used for large area illumination.

SSL Solid State Lighting

Standard: Same definition as "Pole" above.

STRUCTURAL ANALYSIS CRITERIA FOR POLE SELECTION

Dead Load: Weight of luminaire and its horizontal and vertical supports, lowering devices, and
supporting structure, applied as stated in AASHTO LTS-4.

Wind Load: Pressure of wind on pole and luminaire, calculated and applied as stated in
AASHTO LTS-4.
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1.5

A

1.6

SUBMITTALS

Product Data: For each luminaire, pole, and support component, arranged in order of lighting
unit designation. Include data on features, accessories, finishes, and the following:

1. Physical description of luminaire, including materials, dimensions, effective projected
area, and verification of indicated parameters.

Details of attaching luminaires and accessories.

Details of installation and construction.

Luminaire materials.

Photometric data based on laboratory tests of each luminaire type, complete with
indicated lamps, ballasts, and accessories.

oRwd

a. Photometric data shall be certified by manufacturer's laboratory with a current
accreditation under the National Voluntary Laboratory Accreditation Program for
Energy Efficient Lighting Products.

Photoelectric relays.

Drivers, including energy-efficiency data.

Lamps, including life, output, and energy-efficiency data.

Materials, dimensions, and finishes of poles.

0. Means of attaching luminaires to supports, and indication that attachment is suitable for
components involved.

11.  Anchor bolts for poles.

S©oNO®

Shop Drawings:

1. Anchor-bolt templates keyed to specific poles and certified by manufacturer.
Wiring Diagrams: Power and control wiring.

Pole and Support Component Certificates: Signed by manufacturers of poles, certifying that
products are designed for indicated load requirements in AASHTO LTS-4 and that load imposed
by luminaire has been included in design.

Qualification Data: For agencies providing photometric data for lighting fixtures.

Field quality-control test reports.

Operation and Maintenance Data: For luminaires and poles to include in emergency, operation,
and maintenance manuals.

Warranty: Special warranty specified in this Section.

QUALITY ASSURANCE

Luminaire Photometric Data Testing Laboratory Qualifications: Provided by manufacturers'
laboratories that are accredited under the National Volunteer Laboratory Accreditation Program
for Energy Efficient Lighting Products.

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.

Comply with IEEE C2, "National Electrical Safety Code."
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D.

1.7

A

B.

1.8

A

1.9

A

Comply with NFPA 70.

DELIVERY, STORAGE, AND HANDLING
Package aluminum poles for shipping according to ASTM B 660.

Store poles on decay-resistant-treated skids at least 12 inches above grade and vegetation.
Support poles to prevent distortion and arrange to provide free air circulation.

WARRANTY

Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace products that fail in materials or workmanship; that corrode; or that fade, stain,
perforate, erode, or chalk due to effects of weather or solar radiation within specified warranty
period. Manufacturer may exclude lightning damage, hail damage, vandalism, abuse, or
unauthorized repairs or alterations from special warranty coverage.

Warranty Period for Luminaires: Five years from date of Substantial Completion.
Warranty Period for Metal Corrosion: Five years from date of Substantial Completion.
Warranty Period for Color Retention: Five years from date of Substantial Completion.
Warranty Period for Lamps: Replace lamps and fuses that fail within 12 months from date
of Substantial Completion.

Warranty Period for Poles: Repair or replace lighting poles and standards that fail in
finish, materials, and workmanship within manufacturer's standard warranty period.

pPON~

o

EXTRA MATERIALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.

1. Lamps: 10 for every 100 of each type and rating installed. Furnish at least one of each
type.

2. Drivers: 10 for every 100 of each type and rating installed. Furnish at least one of each
type.

PART 2 - PRODUCTS

2.1

A

22

A

MANUFACTURERS

In Exterior Lighting Device Schedule where titles below are column or row headings that
introduce lists, the following requirements apply to product selection:

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

LUMINAIRES, GENERAL REQUIREMENTS

Luminaires shall comply with UL 1598 and be listed and labeled for installation in wet locations
by an NRTL acceptable to authorities having jurisdiction.

Exterior Lighting — 26 56 00 3

RFP 2027-3500-01



ReStl Engineers TX, LLC 26-DLS-035 Madison GA Fire Station

B. Comply with IESNA RP-8 for parameters of lateral light distribution patterns indicated for
luminaires.

C. Metal Parts: Free of burrs and sharp corners and edges.

D. Sheet Metal Components: Corrosion-resistant aluminum, unless otherwise indicated. Form and
support to prevent warping and sagging.

E. Housings: Rigidly formed, weather- and light-tight enclosures that will not warp, sag, or deform
in use. Provide filter/breather for enclosed luminaires.

F. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under
operating conditions, and designed to permit re-lamping without use of tools. Designed to
prevent doors, frames, lenses, diffusers, and other components from falling accidentally during
re-lamping and when secured in operating position. Doors shall be removable for cleaning or
replacing lenses. Designed to disconnect ballast when door opens.

G. Exposed Hardware Material: Stainless steel.

H. Plastic Parts: High resistance to yellowing and other changes due to aging, exposure to heat,
and UV radiation.

l. Light Shields: Metal baffles, factory installed and field adjustable, arranged to block light
distribution to indicated portion of normally illuminated area or field.

J. Reflecting surfaces shall have minimum reflectance as follows, unless otherwise indicated:

1. White Surfaces: 85 percent.
2. Specular Surfaces: 83 percent.
3. Diffusing Specular Surfaces: 75 percent.

K. Lenses and Refractors Gaskets: Use heat- and aging-resistant resilient gaskets to seal and
cushion lenses and refractors in luminaire doors.

L. Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested
luminaire before shipping. Where indicated, match finish process and color of pole or support
materials.

1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," to
remove dirt, oil, grease, and other contaminants that could impair paint bond. Grind
welds and polish surfaces to a smooth, even finish. Remove mill scale and rust, if
present, from uncoated steel, complying with SSPC-SP 5/NACE No. 1, "White Metal
Blast Cleaning," or SSPC-SP 8, "Pickling."

2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of
primer and two finish coats of high-gloss, high-build polyurethane enamel.

a. Color: Match Architect's sample of manufacturer's standard color.

M. Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes
Manual for Architectural and Metal Products" for recommendations for applying and designating
finishes.

1. Finish designations prefixed by AA comply with the system established by the Aluminum
Association for designating aluminum finishes.

2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff
complying with AA-M20; and seal aluminum surfaces with clear, hard-coat wax.
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LUMINAIRE-MOUNTED PHOTOELECTRIC RELAYS

Comply with UL 773 or UL 773A.

Contact Relays: Factory mounted, single throw, designed to fail in the on position, and factory
set to turn light unit on at 1.5 to 3 fc and off at 4.5 to 10 fc with 15-second minimum time
delay. Relay shall have directional lens in front of photocell to prevent artificial light sources
from causing false turnoff.

1. Relay with locking-type receptacle shall comply with NEMA C136.10.

2. Adjustable window slide for adjusting on-off set points.

LED LAMPS AND DRIVERS

Comply with applicable UL Standards: UL 1598, UL8750

LED Lamps shall be field replaceable modules. Non-repairable fixtures shall not be used.

LED Drivers shall be field replaceable and integrated with fixture housing for thermal
management. Non-repairable fixtures shall not be used.

LED lighting fixtures shall be as shown in fixture schedule

Medium base self-contained Lamp and driver installed in fixtures designed for incandescent
lamping shall have fixture labeled to indicate lamping.

POLES AND SUPPORT COMPONENTS, GENERAL REQUIREMENTS

Wind-Load Strength of Poles: Adequate at indicated heights above grade without failure,
permanent deflection, or whipping in steady winds of speed indicated in Part 1 "Structural
Analysis Criteria for Pole Selection" Article, with a gust factor of 1.3.

Strength Analysis: For each pole, multiply the actual equivalent projected area of luminaires and
brackets by a factor of 1.1 to obtain the equivalent projected area to be used in pole selection
strength analysis.

Luminaire Attachment Provisions: Comply with luminaire manufacturers' mounting
requirements. Use stainless-steel fasteners and mounting bolts, unless otherwise indicated.

Mountings, Fasteners, and Appurtenances: Corrosion-resistant items compatible with support
components.

1. Materials: Shall not cause galvanic action at contact points.

2. Anchor Bolts, Leveling Nuts, Bolt Caps, and Washers: Hot dip galvanized after
fabrication, unless stainless-steel items are indicated.

3. Anchor-Bolt Template: Plywood or steel.

Concrete Pole Foundations: Cast in place, with anchor bolts to match pole-base flange.
Concrete, reinforcement, and formwork are specified in Division 3 Section "Cast-in-Place
Concrete."

Breakaway Supports: Frangible breakaway supports, tested by an independent testing agency
acceptable to authorities having jurisdiction, according to AASHTO LTS-4.
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A

STEEL POLES

Poles: Comply with ASTM A 500, Grade B, carbon steel with a minimum yield of 46,000 psig
(317 MPa); 1-piece construction up to 40 feet in height with access handhole in pole wall.

1. Shape: Round, tapered.
2. Mounting Provisions: Butt flange for bolted mounting on foundation or breakaway
support.

Brackets for Luminaires: Detachable, cantilever, without underbrace.

1. Adapter fitting welded to pole and bracket, then bolted together with galvanized-steel
bolts.

2. Cross Section: Tapered oval, with straight tubular end section to accommodate luminaire.

3. Match pole material and finish.

Pole-Top Tenons: Fabricated to support luminaire or luminaires and brackets indicated, and
securely fastened to pole top.

Grounding and Bonding Lugs: Welded 1/2-inch threaded lug, complying with requirements in
Division 26 Section "Grounding and Bonding for Electrical Systems," listed for attaching
grounding and bonding conductors of type and size listed in that Section, and accessible
through handhole.

Cable Support Grip: Wire-mesh type with rotating attachment eye, sized for diameter of cable
and rated for a minimum load equal to weight of supported cable times a 5.0 safety factor.

Prime-Coat Finish: Manufacturer's standard prime-coat finish ready for field painting.

Factory-Painted Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and
Metal Products" for recommendations for applying and designating finishes.

1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," to
remove dirt, oil, grease, and other contaminants that could impair paint bond. Grind
welds and polish surfaces to a smooth, even finish. Remove mill scale and rust, if
present, from uncoated steel, complying with SSPC-SP 5/NACE No. 1, "White Metal
Blast Cleaning," or SSPC-SP 8, "Pickling."

2. Interior Surfaces of Pole: One coat of bituminous paint or otherwise treat for equal
corrosion protection.
3. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of

primer and two finish coats of high-gloss, high-build polyurethane enamel.

a. Color: As selected by Architect from manufacturer's standard selection.

ALUMINUM POLES

Poles: Seamless, extruded structural tube complying with ASTM B 429, Alloy 6063-T6 with
access handhole in pole wall.

Poles: ASTM B 209 (ASTM B 209M), 5052-H34 marine sheet alloy with access handhole in
pole wall.

1. Shape: Round, tapered.
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2. Mounting Provisions: Butt flange for bolted mounting on foundation or breakaway
support.

Pole-Top Tenons: Fabricated to support luminaire or luminaires and brackets indicated, and
securely fastened to pole top.

Grounding and Bonding Lugs: Welded 1/2-inch threaded lug, complying with requirements in
Division 26 Section "Grounding and Bonding for Electrical Systems," listed for attaching
grounding and bonding conductors of type and size listed in that Section, and accessible
through handhole.

Brackets for Luminaires: Detachable, with pole and adapter fittings of cast aluminum. Adapter
fitting welded to pole and bracket, then bolted together with stainless-steel bolts.

1. Tapered oval cross section, with straight tubular end section to accommodate luminaire.
2. Finish: Same as luminaire.

Prime-Coat Finish: Manufacturer's standard prime-coat finish ready for field painting.
1. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff
complying with AA-M20; and seal aluminum surfaces with clear, hard-coat wax.

a. Color: As selected by Architect from manufacturer's full range.

POLE ACCESSORIES

Base Covers: Manufacturers' standard metal units, arranged to cover pole's mounting bolts and
nuts. Finish same as pole.

PART 3 - EXECUTION

3.1

A

B.

C.

3.2

A

B.

LUMINAIRE INSTALLATION
Install lamps in each luminaire.
Fasten luminaire to indicated structural supports.

1. Use fastening methods and materials selected to resist seismic forces defined for the
application and approved by manufacturer.

Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric
device to prevent false operation of relay by artificial light sources.
POLE INSTALLATION

Align pole foundations and poles for optimum directional alignment of luminaires and their
mounting provisions on the pole.

Clearances: Maintain the following minimum horizontal distances of poles from surface and
underground features, unless otherwise indicated on Drawings:

1. Fire Hydrants and Storm Drainage Piping: 60 inches.
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3.4

3.5

3.6

2. Water, Gas, Electric, Communication, and Sewer Lines: 10 feet.

Concrete Pole Foundations: Set anchor bolts according to anchor-bolt templates furnished by
pole manufacturer. Concrete materials, installation, and finishing requirements are specified in
Division 3 Section "Cast-in-Place Concrete."

Foundation-Mounted Poles: Mount pole with leveling nuts, and tighten top nuts to torque level
recommended by pole manufacturer.

1. Grout void between pole base and foundation. Use non-shrink or expanding concrete
grout firmly packed to fill space.

2. Install base covers, unless otherwise indicated.

3 Use a short piece of 1/2-inch diameter pipe to make a drain hole through grout. Arrange

to drain condensation from interior of pole.

BOLLARD LUMINAIRE INSTALLATION

Align units for optimum directional alignment of light distribution.

Install on concrete base with top 4 inches above finished grade or surface at bollard location.
Cast conduit into base, and shape base to match shape of bollard base. Finish by troweling
and rubbing smooth. Concrete materials, installation, and finishing are specified in Division 3
Section "Cast-in-Place Concrete."

INSTALLATION OF INDIVIDUAL GROUND-MOUNTING LUMINAIRES

Install on concrete base with top 4 inches above finished grade or surface at luminaire location.
Cast conduit into base, and finish by troweling and rubbing smooth. Concrete materials,
installation, and finishing are specified in Division 3 Section "Cast-in-Place Concrete."

CORROSION PREVENTION

Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar
metal, protect aluminum by insulating fittings or treatment.

Steel Conduits: Comply with Division 26 Section "Raceway and Boxes for Electrical Systems."
In concrete foundations, wrap conduit with 0.010-inch thick, pipe-wrapping plastic tape applied
with a 50 percent overlap.

GROUNDING

Ground metal poles and support structures according to Division 26 Section "Grounding and
Bonding for Electrical Systems."

1. Install grounding electrode for each pole, unless otherwise indicated.
2. Install grounding conductor pigtail in the base for connecting luminaire to grounding
system.

Ground nonmetallic poles and support structures according to Division 26 Section "Grounding
and Bonding for Electrical Systems."
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1. Install grounding electrode for each pole.
2. Install grounding conductor and conductor protector.
3. Ground metallic components of pole accessories and foundations.

FIELD QUALITY CONTROL
Inspect each installed fixture for damage. Replace damaged fixtures and components.

lllumination Observations: Verify normal operation of lighting units after installing luminaires and
energizing circuits with normal power source.

1. Verify operation of photoelectric controls.
lllumination Tests:
1. Measure light intensities at night. Use photometers with calibration referenced to NIST
standards. Comply with the following IESNA testing guide(s):
a. IESNA LM-64, "Photometric Measurements of Parking Areas."
Prepare a written report of tests, inspections, observations, and verifications indicating and
interpreting results. If adjustments are made to lighting system, retest to demonstrate
compliance with standards.
DEMONSTRATION
Engage a factory-authorized service representative to train Owner's maintenance personnel to

adjust, operate, and maintain luminaire lowering devices. Refer to Division 1 Section
"Demonstration and Training."

END OF SECTION 26 56 00
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SECTION 27 05 00
COMMON WORK RESULTS FOR COMMUNICATIONS

PART 1 - GENERAL

1.1

1.2

1.3

1.4

1.5

A

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY
Section Includes:

Communications equipment coordination and installation.
Sleeves for pathways and cables.

Sleeve seals.

Grout.

Common communications installation requirements.

arON =

DEFINITIONS
EPDM: Ethylene-propylene-diene terpolymer rubber.

NBR: Acrylonitrile-butadiene rubber.

SUBMITTALS

Product Data: For sleeve seals.

COORDINATION

Coordinate arrangement, mounting, and support of communications 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 pathways, cables, wireways, cable trays, and busways will be clear of

obstructions and of the working and access space of other equipment.

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

Coordinate location of access panels and doors for communications items that are behind
finished surfaces or otherwise concealed. Access doors and panels are specified in Division 8
Section "Access Doors and Frames."
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D.

A

B.

Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 7 Section "Firestopping.”

RECORD DRAWINGS

Contractor shall provide owner with a complete set of accurate Record Drawings for all work
performed under this contract.

1. Record Drawings shall include all approved change orders and pertinent RFI responses.
Include actual dimensions of equipment furnished under this contractor where shown on
the floor plans.

3. Record Drawings shall include work performed by all sub-contractors retained.

4. Record Drawings shall include the words “RECORD DRAWING” on each sheet.

Submission:

1. Submit one set of record Drawings for review by Engineer prior to submission of closeout
documents. Record Drawings shall be submitted using the established submittal
process.

2. Upon satisfactory review of the Record Drawing submittals by Engineer, provide three (3)
copies in electronic format with closeout documents

3. Electronic Record Drawings shall include multi-sheet PDF files combined and named by
discipline.

PART 2 - PRODUCTS

2.1

2.2

A

SLEEVES FOR PATHWAYS AND CABLES

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

Sleeves for Rectangular Openings: Galvanized sheet steel.

1. Minimum Metal Thickness:
a. For sleeve cross-section rectangle perimeter less than 50 inches and no side more
than 16 inches (400 mm), thickness shall be 0.052 inch.
b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches and

1 or more sides equal to, or more than, 16 inches, thickness shall be 0.138 inch.

SLEEVE SEALS

Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and pathway or cable.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
C. Hilti.
Common Work Results for Communications — 27 05 00 2
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d. Metraflex Co.

e. Pipeline Seal and Insulator, Inc.
f. Specified Technologies, 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 pathway or cable.

3. Pressure Plates: Carbon steel. Include two for each sealing element.

4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length
required to secure pressure plates to sealing elements. Include one for each sealing
element.

GROUT

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

3.1

m

3.2

o

COMMON REQUIREMENTS FOR COMMUNICATIONS INSTALLATION
Comply with NECA 1.

Measure indicated mounting heights to bottom of unit for suspended items and to center of unit
for wall-mounting items.

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.

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

Right of Way: Give to piping systems installed at a required slope.

SLEEVE INSTALLATION FOR COMMUNICATIONS PENETRATIONS

Communications penetrations occur when pathways, cables, wireways, or cable trays penetrate
concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

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.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
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.

Cut sleeves to length for mounting flush with both surfaces of walls.
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Extend sleeves installed in floors 3 inches above finished floor level.

Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and pathway or
cable, unless indicated otherwise.

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.

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

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at pathway and cable penetrations. Install sleeves and seal pathway and cable
penetration sleeves with firestop materials. Comply with requirements in Division 7 Section
"Firestopping.”

Roof-Penetration Sleeves: Seal penetration of individual pathways and cables with flexible boot-
type flashing units applied in coordination with roofing work.

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.

Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow
for 1-inch annular clear space between pathway or cable and sleeve for installing mechanical
sleeve seals.

SLEEVE-SEAL INSTALLATION

Install to seal exterior wall penetrations.

Use type and number of sealing elements recommended by manufacturer for pathway or cable
material and size. Position pathway or cable in center of sleeve. Assemble mechanical sleeve
seals and install in annular space between pathway or cable and sleeve. Tighten bolts against
pressure plates that cause sealing elements to expand and make watertight seal.
FIRESTOPPING

Apply firestopping to penetrations of fire-rated floor and wall assemblies for communications

installations to restore original fire-resistance rating of assembly. Firestopping materials and
installation requirements are specified in Division 7 Section "Firestopping.”

END OF SECTION 27 05 00
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SECTION 27 11 00
COMMUNICATIONS EQUIPMENT ROOM FITTINGS

PART 1 - GENERAL

1.1

A

1.2

1.3

1.4

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Telecommunications mounting elements.
Backboards.

Telecommunications equipment racks and cabinets.
Telecommunications service entrance pathways.
Grounding.

arON =

Related Sections:

1. Division 27 Section "Communications Cabling" for voice and data cabling associated with
system panels and devices.
2. Division 28 Section "Conductors and Cables for Electronic Safety and Security" for voice

and data cabling associated with system panels and devices.

DEFINITIONS

Basket Cable Tray: A fabricated structure consisting of wire mesh bottom and side rails.
BICSI: Building Industry Consulting Service International.

LAN: Local area network.

RCDD: Registered Communications Distribution Designer.

SUBMITTALS

Product Data: For each type of product indicated. Include construction details, material
descriptions, dimensions of individual components and profiles, and finishes for equipment
racks and cabinets. Include rated capacities, operating characteristics, electrical
characteristics, and furnished specialties and accessories.

Shop Drawings: For communications equipment room fittings. Include plans, elevations,
sections, details, and attachments to other work.

Communications Equipment Room Fittings — 27 11 00 1
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1.6

1.7

1. Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

2. Equipment Racks and Cabinets: Include workspace requirements and access for cable
connections.

3. Grounding: Indicate location of grounding bus bar and its mounting detail showing

standoff insulators and wall mounting brackets.

Qualification Data: For qualified layout technician, installation supervisor, and field inspector.

QUALITY ASSURANCE

Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.

1. Layout Responsibility: Preparation of Shop Drawings shall be under the direct
supervision of Commercial Installer, Level2.
2. Installation Supervision: Installation shall be under the direct supervision of Level 2

Installer, who shall be present at all times when Work of this Section is performed at
Project site.
3. Field Inspector: Currently registered by BICSI as RCDD to perform the on-site inspection.

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.

Telecommunications Pathways and Spaces: Comply with TIA/EIA-569-A.

Grounding: Comply with ANSI-J-STD-607-A.

PROJECT CONDITIONS

Environmental Limitations: Do not deliver or install equipment frames and cable trays until
spaces are enclosed and weathertight, wet work in spaces is complete and dry, and work above
ceilings is complete.

COORDINATION

Coordinate layout and installation of communications equipment with Owner's
telecommunications and LAN equipment and service suppliers. Coordinate service entrance
arrangement with local exchange carrier.

1. Meet jointly with telecommunications and LAN equipment suppliers, local exchange
carrier representatives, and Owner to exchange information and agree on details of
equipment arrangements and installation interfaces.

2. Record agreements reached in meetings and distribute them to other participants.

3. Adjust arrangements and locations of distribution frames, cross-connects, and patch
panels in equipment rooms to accommodate and optimize arrangement and space
requirements of telephone switch and LAN equipment.

4. Adjust arrangements and locations of equipment with distribution frames, cross-connects,
and patch panels of cabling systems of other communications, electronic safety and
security, and related systems that share space in the equipment room.
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Coordinate location of power raceways and receptacles with locations of communications
equipment requiring electrical power to operate.

PART 2 - PRODUCTS

2.1

2.2

23

A

B.

C.

D.

A

A

PATHWAYS

General Requirements: Comply with TIA/EIA-569-A.

Cable Support: NRTL labeled. Cable support brackets shall be designed to prevent
degradation of cable performance and pinch points that could damage cable. Cable tie slots
fasten cable ties to brackets.

1.

Comply with  NFPA70 and UL 2043 for fire-resistant and low-smoke-producing
characteristics.

2. Support brackets with cable tie slots for fastening cable ties to brackets.

3. Lacing bars, spools, J-hooks, and D-rings.

4. Straps and other devices.

Cable Trays:

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

a. Cable Management Solutions, Inc.
b. Cablofil Inc.
C. Cooper B-Line, Inc.
d. Cope - Tyco/Allied Tube & Conduit.
e. GS Metals Corp.
2. Cable Tray Materials: Metal, suitable for indoors and protected against corrosion by

[electroplated zinc galvanizing, complying with ASTM B 633, Type 1, not less than
0.000472 inch.

a. Basket Cable Trays: [6 inches wide and 2 inches. Wire mesh spacing shall not
exceed 2 by 4 inches.

Conduit and Boxes: Comply with requirements in Division 26 Section "Raceway and Boxes for
Electrical Systems.

1.

Outlet boxes shall be minimum 2-gang box, 2-3/4” deep with plaster ring.

BACKBOARDS

Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm).

GROUNDING

Comply with requirements in Division 26 Section "Grounding and Bonding for Electrical
Systems." for grounding conductors and connectors.

Communications Equipment Room Fittings — 27 11 00 3
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Telecommunications Main Bus Bar:

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

2. Ground Bus Bar: Copper, minimum 1/4 inch thick by 4 inches wide with 9/32-inch holes
spaced 1-1/8 inches apart.

3. Stand-Off Insulators: Comply with UL 891 for use in switchboards, 600 V. Lexan or PVC,
impulse tested at 5000 V.

Comply with ANSI-J-STD-607-A.

LABELING

Comply with TIA/EIA-606-B and UL 969 for a system of labeling materials, including label
stocks, laminating adhesives, and inks used by label printers.

PART 3 - EXECUTION

3.1

A

3.2

A

w

3.3

A

B.

C.

3.4

A

ENTRANCE FACILITIES

Contact telecommunications service provider and arrange for installation of demarcation point,
protected entrance terminals, and a housing when so directed by service provider.
INSTALLATION

Install underground entrance pathway complying with Division 26 Section "Raceway and Boxes
for Electrical Systems."

Comply with NECA 1.

Comply with BICSI TDMM for layout and installation of communications equipment rooms.
Cable Trays: Comply with NEMA VE 2 and TIA/EIA-569-A-7.

Bundle, lace, and train conductors and cables to terminal points without exceeding
manufacturer's limitations on bending radii. Install lacing bars and distribution spools.
FIRESTOPPING

Comply with requirements in Division 07 Section "Firestopping."

Comply with TIA/EIA-569-A, Annex A, "Firestopping.”

Comply with BICSI TDMM, "Firestopping Systems" Article.

GROUNDING
Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection"
Chapter.

Communications Equipment Room Fittings — 27 11 00 4
RFP 2027-3500-01



ReStl Engineers TX, LLC 25-02527 Madison GA Fire Station

3.5

Comply with ANSI-J-STD-607-A.

Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing
at least 2-inch clearance behind the grounding bus bar. Connect grounding bus bar with a
minimum No.4 AWG grounding electrode conductor from grounding bus bar to suitable
electrical building ground.

Bond metallic equipment to the grounding bus bar, using not smaller than No.6 AWG
equipment grounding conductor.

1. Bond the shield of shielded cable to the grounding bus bar in communications rooms and
spaces.

IDENTIFICATION

Identify system components, wiring, and cabling complying with TIA/EIA-606-B. Comply with

requirements in Division 26 Section "ldentification for Electrical Systems." Comply with

requirements in Division 09 Section "Interior Painting" for painting backboards. For fire-resistant

plywood, do not paint over manufacturer's label.

See Division 27 Section "Communications Horizontal Cabling" for additional identification
requirements.

Labels shall be preprinted or computer-printed type.

END OF SECTION 27 11 00
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SECTION 27 15 00
COMMUNICATIONS CABLING

PART 1 - GENERAL

1.1

A

1.2

1.3

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Pathways.

UTP cabling.

50/125-micrometer, optical fiber cabling.

Coaxial cable.

Cable connecting hardware, patch panels, and cross-connects.
Telecommunications outlet/connectors.

Cabling system identification products.

Cable management system.

NGO ALON =

Related Sections:

1. Division 28 Section "Conductors and Cables for Electronic Safety and Security" for voice
and data cabling associated with system panels and devices.

DEFINITIONS

Basket Cable Tray: A fabricated structure consisting of wire mesh bottom and side rails.

BICSI: Building Industry Consulting Service International.

Consolidation Point: A location for interconnection between horizontal cables extending from
building pathways and horizontal cables extending into furniture pathways.

Cross-Connect: A facility enabling the termination of cable elements and their interconnection or
cross-connection.

EMI: Electromagnetic interference.
IDC: Insulation displacement connector.
LAN: Local area network.

Outlet/Connectors: A connecting device in the work area on which horizontal cable or outlet
cable terminates.

RCDD: Registered Communications Distribution Designer.
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J.

UTP: Unshielded twisted pair.

CABLING DESCRIPTION

Horizontal cable and its connecting hardware provide the means of transporting signals
between the telecommunications outlet/connector and the horizontal cross-connect located in
the communications equipment room. This cabling and its connecting hardware are called
"permanent link," a term that is used in the testing protocols.

1. TIA/EIA-568-B.1 requires that a minimum of two telecommunications outlet/connectors
be installed for each work area.

2. Horizontal cabling shall contain no more that one transition point or consolidation point
between the horizontal cross-connect and the telecommunications outlet/connector.

3. Bridged taps and splices shall not be installed in the horizontal cabling.

4. Splitters shall not be installed as part of the optical fiber cabling.

A work area is approximately 100 sq. ft. and includes the components that extend from the
telecommunications outlet/connectors to the station equipment.

The maximum allowable horizontal cable length is 295 feet. This maximum allowable length
does not include an allowance for the length of 16 feet to the workstation equipment. The
maximum allowable length does not include an allowance for the length of 16 feet in the
horizontal cross-connect.

PERFORMANCE REQUIREMENTS

General Performance: Horizontal cabling system shall comply with transmission standards in
TIA/EIA-568-B.1, when tested according to test procedures of this standard.

SUBMITTALS

Product Data: For each type of product indicated.

1. For cable, include the following installation data for each type used:
a. Nominal OD.
b. Minimum bending radius.
C. Maximum pulling tension.

Shop Drawings:

1. System Labeling Schedules: Electronic copy of labeling schedules, in software and
format selected by Owner.
2. Cabling administration drawings and printouts.
3. Wiring diagrams to show typical wiring schematics, including the following:
a. Cross-connects.
b. Patch panels.
C. Patch cords.
4. Cross-connects and patch panels. Detail mounting assemblies and show elevations and

physical relationship between the installed components.
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5. Cable tray layout, showing cable tray route to scale, with relationship between the tray
and adjacent structural, electrical, and mechanical elements. Include the following:

Vertical and horizontal offsets and transitions.

Clearances for access above and to side of cable trays.

Vertical elevation of cable trays above the floor or bottom of ceiling structure.

Load calculations to show dead and live loads as not exceeding manufacturer's
rating for tray and its support elements.

coop

Qualification Data: For Installer, qualified layout technician, installation supervisor, and field
inspector.

Source quality-control reports.
Field quality-control reports.

Maintenance Data: For splices and connectors to include in maintenance manuals.

QUALITY ASSURANCE

Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.

1. Layout Responsibility: Preparation of Shop Drawings, Cabling Administration Drawings,
and field testing program development by an RCDD.
2. Installation Supervision: Installation shall be under the direct supervision of Level 2

Installer, who shall be present at all times when Work of this Section is performed at
Project site.

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.

Telecommunications Pathways and Spaces: Comply with TIA/EIA-569-A.

Grounding: Comply with ANSI-J-STD-607-A.

DELIVERY, STORAGE, AND HANDLING

Test cables upon receipt at Project site.

1. Test optical fiber cables to determine the continuity of the strand end to end. Use optical
loss test set.

2. Test each pair of UTP cable for open and short circuits.

PROJECT CONDITIONS

Environmental Limitations: Do not deliver or install cables and connecting materials until wet
work in spaces is complete and dry, and temporary HVAC system is operating and maintaining
ambient temperature and humidity conditions at occupancy levels during the remainder of the
construction period.
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A

B.

1.1

A

B.

1.12

A

COORDINATION

Coordinate layout and installation of telecommunications pathways and cabling with Owner's
telecommunications and LAN equipment and service suppliers.

Coordinate telecommunications outlet/connector locations with location of power receptacles at
each work area.

SOFTWARE SERVICE AGREEMENT

Technical Support: Beginning with Substantial Completion, provide software support for two
years.

Upgrade Service: Update software to latest version at Project completion. Install and program
software upgrades that become available within two years from date of Substantial Completion.
Upgrading software shall include operating system. Upgrade shall include new or revised
licenses for use of software.

1. Provide 30 days' notice to Owner to allow scheduling and access to system and to allow
Owner to upgrade computer equipment if necessary.
EXTRA MATERIALS

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

1. Patch-Panel Units: One of each type.
2. Connecting Blocks: One of each type.
3. Device Plates: One of each type.

PART 2 - PRODUCTS

21

A

B.

C.

PATHWAYS
General Requirements: Comply with TIA/EIA-569-A.

Cable Support: NRTL labeled for support of Category 6 cabling, designed to prevent
degradation of cable performance and pinch points that could damage cable.

1. Support brackets with cable tie slots for fastening cable ties to brackets.

2. Lacing bars, spools, J-hooks, and D-rings.

3. Straps and other devices.

Cable Trays:

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

a. Cable Management Solutions, Inc.

b. Cabilofil Inc.
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23

24

C. Cooper B-Line, Inc.
d. Cope - Tyco/Allied Tube & Conduit.
e. GS Metals Corp.

Conduit and Boxes: Comply with requirements in Division 26 Section "Raceway and Boxes for
Electrical Systems."

1. Outlet boxes shall be 2-gang box, 2-3/4” deep with plaster ring.

BACKBOARDS

Backboards: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm).
Comply with requirements in Division 06 Section "Rough Carpentry" for plywood backing
panels.

UTP CABLE

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

Belden CDT Inc.; Electronics Division.

Berk-Tek; a Nexans company.

CommScope, Inc.

Draka USA.

Genesis Cable Products; Honeywell International, Inc.
Mohawk; a division of Belden CDT.

Nordex/CDT; a subsidiary of Cable Design Technologies.
Superior Essex Inc.

. SYSTIMAX Solutions; a CommScope, Inc. brand.

0. 3M.
1. Tyco Electronics/AMP Netconnect; Tyco International Ltd.

S20oNooOR~WON S

Description: 100-ohm, 4-pair UTP, formed into 25-pair, binder groups covered with a blue
thermoplastic jacket.

Comply with ICEA S-90-661 for mechanical properties.

Comply with TIA/EIA-568-B.1 for performance specifications.

Comply with TIA/EIA-568-B.2, Category 6.

Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying
with UL 444 and NFPA 70 for the following types:

pPOON~

a. Multipurpose: Type MP or MPG.
b. Multipurpose, Plenum Rated: Type MPP, complying with NFPA 262.
C. Multipurpose, Riser Rated: Type MPR, complying with UL 1666.

UTP CABLE HARDWARE

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

1. American Technology Systems Industries, Inc.
2. Dynacom Corporation.
Communications Cabling — 27 15 00 5
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Hubbell Premise Wiring.

KRONE Incorporated.

Leviton Voice & Data Division.

Molex Premise Networks; a division of Molex, Inc.
Nordex/CDT; a subsidiary of Cable Design Technologies.
Panduit Corp.

Siemon Co. (The).

0. Tyco Electronics/AMP Netconnect; Tyco International Ltd.

SO N>O A

General Requirements for Cable Connecting Hardware: Comply with TIA/EIA-568-B.2, IDC
type, with modules designed for punch-down caps or tools. Cables shall be terminated with
connecting hardware of same category or higher.

Connecting Blocks: 110-style IDC for Category 6. Provide blocks for the number of cables
terminated on the block, plus 25 percent spare. Integral with connector bodies, including plugs
and jacks where indicated.

Patch Panel: Modular panels housing multiple-numbered jack units with IDC-type connectors at
each jack for permanent termination of pair groups of installed cables.

1. Number of Jacks per Field: One for each four-pair conductor group of indicated cables,
plus spares and blank positions adequate to suit specified expansion criteria.

Jacks and Jack Assemblies: Modular, color-coded, eight-position modular receptacle units with
integral IDC-type terminals.

Patch Cords: Factory-made, four-pair cables in 36-inch lengths; terminated with eight-position
modular plug at each end.

1. Patch cords shall have bend-relief-compliant boots and color-coded icons to ensure
Category 6 performance. Patch cords shall have latch guards to protect against
snagging.

OPTICAL FIBER CABLE

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

Berk-Tek; a Nexans company.

CommScope, Inc.

Corning Cable Systems.

General Cable Technologies Corporation.

Mohawk; a division of Belden CDT.

Nordex/CDT; a subsidiary of Cable Design Technologies.

Optical Connectivity Solutions Division; Emerson Network Power.
Superior Essex Inc.

. SYSTIMAX Solutions; a CommScope, Inc. brand.

0. 3M.
1. Tyco Electronics/AMP Netconnect; Tyco International Ltd.

S0 NoooRAWN =

Description: Multimode, 50/125-micrometer, 24 strand fiber, nonconductive, tight buffer, optical
fiber cable.

1. Comply with ICEA S-83-596 for mechanical properties.
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2. Comply with TIA/EIA-568-B.3 for performance specifications.

3. Comply with TIA/EIA-492AAAA-A for detailed specifications.

4. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying
with UL 444, UL 1651, and NFPA 70 for the following types:

General Purpose, Nonconductive: Type OFN or OFNG.

Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262.
Riser Rated, Nonconductive: Type OFNR, complying with UL 1666.
General Purpose, Conductive: Type OFC or OFCG.

Plenum Rated, Conductive: Type OFCP, complying with NFPA 262.
Riser Rated, Conductive: Type OFCR, complying with UL 1666.

~0 Q0 oo

5. Conductive cable shall be steel armored type.
6. Maximum Attenuation: 3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm.
7. Minimum Modal Bandwidth: 160 MHz-km at 850 nm; 500 MHz-km at 1300 nm.

Jacket:

1. Jacket Color: Aqua for 50/125-micrometer cable.

2. Cable cordage jacket, fiber, unit, and group color shall be according to TIA/EIA-598-B.

3 Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to
exceed 40 inches.

OPTICAL FIBER CABLE HARDWARE

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

ADC.

American Technology Systems Industries, Inc.

Berk-Tek; a Nexans company.

Corning Cable Systems.

Dynacom Corporation.

Hubbell Premise Wiring.

Molex Premise Networks; a division of Molex, Inc.

Nordex/CDT; a subsidiary of Cable Design Technologies.

Optical Connectivity Solutions Division; Emerson Network Power.
0. Siemon Co. (The).

SOVONOORALON =

Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, duplex cable
connectors.

1. Number of Connectors per Field: One for each fiber of cable or cables assigned to field,
plus spares and blank positions adequate to suit specified expansion criteria.

Patch Cords: Factory-made, dual-fiber cables in 36-inch (900-mm) lengths.

Cable Connecting Hardware:

1. Comply with Optical Fiber Connector Intermateability Standards (FOCIS) specifications of
TIA/EIA-604-2, TIA/EIA-604-3-A, and TIA/EIA-604-12. Comply with TIA/EIA-568-B.3.

2. Quick-connect, simplex and duplex, Type LC connectors. Insertion loss not more than
0.75 dB.
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3. Type SFF connectors may be used in termination racks, panels, and equipment
packages.
COAXIAL CABLE

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

Alpha Wire Company.

Belden CDT Inc.; Electronics Division.
Coleman Cabile, Inc.

CommScope, Inc.

Draka USA.

arON =

Cable Characteristics: Broadband type, recommended by cable manufacturer specifically for
broadband data transmission applications. Coaxial cable and accessories shall have 75-ohm
nominal impedance with a return loss of 20 dB maximum from 7 to 806 MHz.

RG-11/U: NFPA 70, Type CATV.

1. No. 14 AWG, solid, copper-covered steel conductor.

2. Gas-injected, foam-PE insulation.

3 Double shielded with 100 percent aluminum polyester tape and 60 percent aluminum
braid.

4. Jacketed with sunlight-resistant, black PVC or PE.

5. Suitable for outdoor installations in ambient temperatures ranging from minus 40 to plus
85 deg C.

RG-6/U: NFPA 70, Type CATV or CM.

No. 16 AWG, solid, copper-covered steel conductor; gas-injected, foam-PE insulation.
Double shielded with 100 percent aluminum-foil shield and 60 percent aluminum braid.
Jacketed with black PVC or PE.
Suitable for indoor installations.

pPON~

RG59/U: NFPA 70, Type CATV.

. No. 20 AWG, solid, copper-covered steel conductor; gas-injected, foam-PE insulation.
2. Double shielded with 100 percent aluminum polyester tape and 40 percent aluminum
braid.
3. PVC jacket.

RG59/U (Plenum Rated): NFPA 70, Type CMP.

1. No. 20 AWG, solid, copper-covered steel conductor; foam fluorinated ethylene propylene
insulation.

2. Double shielded with 100 percent aluminum-foil shield and 65 percent aluminum braid.

3 Copolymer jacket.

NFPA and UL compliance, listed and labeled by an NRTL acceptable to authorities having
jurisdiction as complying with UL 1655 and with NFPA 70 "Radio and Television Equipment"
and "Community Antenna Television and Radio Distribution" Articles. Types are as follows:

1. CATV Cable: Type CATV.
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2. CATV Plenum Rated: Type CATVP, complying with NFPA 262.
3. CATV Riser Rated: Type CATVR, complying with UL 1666.
4, CATV Limited Rating: Type CATVX.

COAXIAL CABLE HARDWARE

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

1. Aim Electronics; a brand of Emerson Electric Co.
2. Leviton Voice & Data Division.
3. Siemon Co. (The).

Coaxial-Cable Connectors: Type BNC, 75 ohms.

CONSOLIDATION POINTS

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

American Technology Systems Industries, Inc.
Chatsworth Products, Inc.

Dynacom Corporation.

Hubbell Premise Wiring.

Molex Premise Networks; a division of Molex, Inc.
Nordex/CDT; a subsidiary of Cable Design Technologies.
Ortronics, Inc.

Panduit Corp.

Siemon Co. (The).

CENO>ORAWON =

Description: Consolidation points shall comply with requirements for cable connecting hardware.

—_

Number of Terminals per Field: One for each conductor in assigned cables.

2. Number of Connectors per Field:
a. One for each four-pair conductor group of indicated cables, plus 25 percent spare
positions.
3. Mounting: Recessed in ceiling.
4. NRTL listed as complying with UL 50 and UL 1863.
5. When installed in plenums used for environmental air, NRTL listed as complying with
UL 2043.

TELECOMMUNICATIONS OUTLET/CONNECTORS

Jacks: 100-ohm, balanced, twisted-pair connector; four-pair, eight-position modular. Comply
with TIA/EIA-568-B.1.

Workstation Outlets: Four -port-connector assemblies mounted in multigang faceplate.

1. Plastic Faceplate: High-impact plastic. Coordinate color with Division 26 Section "Wiring
Devices."
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213
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2. For use with snap-in jacks accommodating any combination of UTP, optical fiber, and
coaxial work area cords.

a. Flush mounting jacks, positioning the cord at a 45-degree angle.
3. Legend: Snap-in, clear-label covers and machine-printed paper inserts.
GROUNDING

Comply with requirements in Division 26 Section "Grounding and Bonding for Electrical
Systems" for grounding conductors and connectors.

Comply with ANSI-J-STD-607-A.

IDENTIFICATION PRODUCTS

Comply with TIA/EIA-606-B and UL 969 for labeling materials, including label stocks, laminating
adhesives, and inks used by label printers.

Comply with requirements in Division 26 Section "ldentification for Electrical Systems."

CABLE MANAGEMENT SYSTEM

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

1. iTRACS Corporation.
2. Telsoft Solutions.

Description: Computer-based cable management system, with integrated database and graphic
capabilities.

Document physical characteristics by recording the network, TIA/EIA details, and connections
between equipment and cable.

Information shall be presented in database view, schematic plans, or technical drawings.
1. AutoCAD drawing software shall be used as drawing and schematic plans software.

System shall interface with the following testing and recording devices:

1. Direct upload tests from circuit testing instrument into the personal computer.
2. Direct download circuit labeling into labeling printer.
SOURCE QUALITY CONTROL

Factory test UTP and optical fiber cables on reels according to TIA/EIA-568-B.1.
Factory test UTP cables according to TIA/EIA-568-B.2.

Factory test multimode optical fiber cables according to TIA/EIA-526-14-A and TIA/EIA-568-B.3.

Communications Cabling — 27 15 00 10
RFP 2027-3500-01



ReStl Engineers TX, LLC 26-DLS-035 Madison GA Fire Station

D.

E.

F.

Factory-sweep test coaxial cables at frequencies from 5 MHz to 1 GHz. Sweep test shall test
the frequency response, or attenuation over frequency, of a cable by generating a voltage
whose frequency is varied through the specified frequency range and graphing the results.
Cable will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

PART 3 - EXECUTION

3.1

3.2

3.3

A

A

B.

C.

w

o

m

m

ENTRANCE FACILITIES

Coordinate backbone cabling with the protectors and demarcation point provided by
communications service provider.

WIRING METHODS

Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets,
desks, and counters. Conceal raceway and cables except in unfinished spaces.

1. Install plenum cable in environmental air spaces, including plenum ceilings.
2. Comply with requirements for raceways and boxes specified in Division 26 Section
"Raceway and Boxes for Electrical Systems."

Wiring Method: Conceal conductors and cables in accessible ceilings, walls, and floors where
possible.

Wiring within Enclosures: Bundle, lace, and train cables to terminal points with no excess and
without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars and
distribution spools.

INSTALLATION OF PATHWAYS

Cable Trays: Comply with NEMA VE 2 and TIA/EIA-569-A-7

Comply with requirements for demarcation point, pathways, cabinets, and racks specified in
Division 27 Section "Communications Equipment Room Fittings." Drawings indicate general

arrangement of pathways and fittings.

Comply with TIA/EIA-569-A for pull-box sizing and length of conduit and number of bends
between pull points.

Comply with requirements in Division 26 Section "Raceway and Boxes for Electrical Systems"
for installation of conduits and wireways.

Install manufactured conduit sweeps and long-radius elbows whenever possible.

Pathway Installation in Communications Equipment Rooms:
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Position conduit ends adjacent to a corner on backboard where a single piece of plywood
is installed, or in the corner of room where multiple sheets of plywood are installed
around perimeter walls of room.

Install cable trays to route cables if conduits cannot be located in these positions.

Secure conduits to backboard when entering room from overhead.

Extend conduits 3 inches above finished floor.

Install metal conduits with grounding bushings and connect with grounding conductor to
grounding system.

Backboards: Install backboards with 96-inch dimension vertical. Butt adjacent sheets tightly,
and form smooth gap-free corners and joints.

INSTALLATION OF CABLES

Comply with NECA 1.

General Requirements for Cabling:

agrON =

10.

1.

12.

13.

Comply with TIA/EIA-568-B.1.

Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices."

Install 110-style IDC termination hardware unless otherwise indicated.

MUTOA shall not be used as a cross-connect point.

Consolidation points may be used only for making a direct connection to
telecommunications outlet/connectors:

a. Do not use consolidation point as a cross-connect point, as a patch connection, or
for direct connection to workstation equipment.
b. Locate consolidation points for UTP at least 49 feet from communications

equipment room.

Terminate conductors; no cable shall contain unterminated elements. Make terminations
only at indicated outlets, terminals, cross-connects, and patch panels.

Cables may not be spliced. Secure and support cables at intervals not exceeding 30
inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames,
and terminals.

Install lacing bars to restrain cables, to prevent straining connections, and to prevent
bending cables to smaller radii than minimums recommended by manufacturer.

Bundle, lace, and train conductors to terminal points without exceeding manufacturer's
limitations on bending radii, but not less than radii specified in BICSI ITSIM, "Cabling
Termination Practices" Chapter. Install lacing bars and distribution spools.

Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable
between termination, tap, or junction points. Remove and discard cable if damaged
during installation and replace it with new cable.

Cold-Weather Installation: Bring cable to room temperature before de-reeling. Heat
lamps shall not be used for heating.

In the communications equipment room and workstation outlet, install a 10-foot long
service loop on each end of cable.

Pulling Cable: Comply with BICSI ITSIM, Ch. 4, “Pulling Cable." Monitor cable pull
tensions.

UTP Cable Installation:

1.

Comply with TIA/EIA-568-B.2.
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2. Do not untwist UTP cables more than 1/2 inch (12 mm) from the point of termination to

maintain cable geometry.

D. Optical Fiber Cable Installation:

1. Comply with TIA/EIA-568-B.3.

2. Cable may be terminated on connecting hardware that is rack or cabinet mounted.
E. Open-Cable Installation:
1. Install cabling with horizontal and vertical cable guides in telecommunications spaces
with terminating hardware and interconnection equipment.
2. Suspend UTP cable not in a wireway or pathway a minimum of 8 inches above ceilings
by cable supports not more than 60 inches apart.
3. Cable shall not be run through structural members or in contact with pipes, ducts, or

other potentially damaging items.

F. Installation of Cable Routed Exposed under Raised Floors:
1. Install plenum-rated cable only.
2. Install cabling after the flooring system has been installed in raised floor areas.
3. Coil cable 6 fee long not less than 12 inches in diameter below each feed point.

G. Outdoor Coaxial Cable Installation:

1. Install outdoor connections in enclosures complying with NEMA 250, Type 4X. Install
corrosion-resistant connectors with properly designed O-rings to keep out moisture.
2. Attach antenna lead-in cable to support structure at intervals not exceeding 36 inches.

H. Group connecting hardware for cables into separate logical fields.
l. Separation from EMI Sources:

1. Comply with BICSI TDMM and TIA/EIA-569-A for separating unshielded copper voice
and data communication cable from potential EMI sources, including electrical power
lines and equipment.

2. Separation between open communications cables or cables in nonmetallic raceways and
unshielded power conductors and electrical equipment shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches.
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 12 inches.
C. Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches.

3. Separation between communications cables in grounded metallic raceways and
unshielded power lines or electrical equipment shall be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2 inches.
b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 6 inches.
o} Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches.

4. Separation between communications cables in grounded metallic raceways and power
lines and electrical equipment located in grounded metallic conduits or enclosures shall
be as follows:

a. Electrical Equipment Rating Less Than 2 kVA: No requirement.
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b. Electrical Equipment Rating between 2 and 5 kVA: A minimum of 3 inches.
C. Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches.
5. Separation between Communications Cables and Electrical Motors and Transformers, 5

kVA or HP and Larger: A minimum of 48 inches.

FIRESTOPPING
Comply with requirements in Division 07 Section "Firestopping.”
Comply with TIA/EIA-569-A, Annex A, "Firestopping.”

Comply with BICSI TDMM, "Firestopping Systems" Article.

GROUNDING

Install grounding according to BICSI TDMM, "Grounding, Bonding, and Electrical Protection"
Chapter.

Comply with ANSI-J-STD-607-A.

Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing
at least 2-inch clearance behind the grounding bus bar. Connect grounding bus bar with a
minimum No.4 AWG grounding electrode conductor from grounding bus bar to suitable
electrical building ground.

Bond metallic equipment to the grounding bus bar, using not smaller than No.6 AWG
equipment grounding conductor.

IDENTIFICATION

Identify system components, wiring, and cabling complying with TIA/EIA-606-B. Comply with
requirements for identification specified in Division 26 Section "ldentification for Electrical
Systems."

1. Administration Class: 4.
2. Color-code cross-connect fields. Apply colors to voice and data service backboards,
connections, covers, and labels.

Using cable management system software specified in Part 2, develop Cabling Administration
Drawings for system identification, testing, and management. Use unique, alphanumeric
designation for each cable and label cable, jacks, connectors, and terminals to which it
connects with same designation. At completion, cable and asset management software shall
reflect as-built conditions.

Comply with requirements in Division 09 Section "Interior Painting" for painting backboards. For
fire-resistant plywood, do not paint over manufacturer's label.

Paint and label colors for equipment identification shall comply with TIA/EIA-606-B for Class 4
level of administration.
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Cable Schedule: Post in prominent location in each equipment room and wiring closet. List
incoming and outgoing cables and their designations, origins, and destinations. Protect with
rigid frame and clear plastic cover. Furnish an electronic copy of final comprehensive
schedules for Project.

Cabling Administration Drawings: Show building floor plans with cabling administration-point
labeling. Identify labeling convention and show labels for telecommunications closets, entrance
pathways and cables, terminal hardware and positions, horizontal cables, work areas and
workstation terminal positions, grounding buses and pathways, and equipment grounding
conductors. Follow convention of TIA/EIA-606-B. Furnish electronic record of all drawings, in
software and format selected by Owner.

Cable and Wire Identification:

1. Label each cable within 4 inches of each termination and tap, where it is accessible in a
cabinet or junction or outlet box, and elsewhere as indicated.
2. Each wire connected to building-mounted devices is not required to be numbered at

device if color of wire is consistent with associated wire connected and numbered within
panel or cabinet.

3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at
intervals not exceeding 15 feet.

4. Label each terminal strip and screw terminal in each cabinet, rack, or panel.
a. Individually number wiring conductors connected to terminal strips, and identify

each cable or wiring group being extended from a panel or cabinet to a building-
mounted device shall be identified with name and number of particular device as

shown.
b. Label each unit and field within distribution racks and frames.
5. Identification within Connector Fields in Equipment Rooms and Wiring Closets: Label

each connector and each discrete unit of cable-terminating and connecting hardware.
Where similar jacks and plugs are used for both voice and data communication cabling,
use a different color for jacks and plugs of each service.

Labels shall be preprinted or computer-printed type with printing area and font color that
contrasts with cable jacket color but still complies with requirements in TIA/EIA-606-B.

1. Cables use flexible vinyl or polyester that flex as cables are bent.

FIELD QUALITY CONTROL
Tests and Inspections:

1. Visually inspect UTP and optical fiber cable jacket materials for NRTL certification
markings. Inspect cabling terminations in communications equipment rooms for
compliance with color-coding for pin assignments, and inspect cabling connections for
compliance with TIA/EIA-568-B.1.

2. Visually confirm Category 6, marking of outlets, cover plates, outlet/connectors, and
patch panels.
3. Visually inspect cable placement, cable termination, grounding and bonding, equipment

and patch cords, and labeling of all components.

4. Test UTP backbone copper cabling for DC loop resistance, shorts, opens, intermittent

faults, and polarity between conductors. Test operation of shorting bars in connection
blocks. Test cables after termination but not cross-connection.
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Test instruments shall meet or exceed applicable requirements in TIA/EIA-568-B.2.
Perform tests with a tester that complies with performance requirements in "Test
Instruments (Normative)" Annex, complying with measurement accuracy specified
in "Measurement Accuracy (Informative)" Annex. Use only test cords and
adapters that are qualified by test equipment manufacturer for channel or link test
configuration.

5. Optical Fiber Cable Tests:

a.

Test instruments shall meet or exceed applicable requirements in TIA/EIA-568-B.1.
Use only test cords and adapters that are qualified by test equipment manufacturer
for channel or link test configuration.

Link End-to-End Attenuation Tests:

1) Horizontal and multimode backbone link measurements: Test at 850 or
1300 nm in 1 direction according to TIA/EIA-526-14-A, Method B, One
Reference Jumper.

2) Attenuation test results for backbone links shall be less than 2.0 dB.
Attenuation test results shall be less than that calculated according to
equation in TIA/EIA-568-B.1.

6. UTP Performance Tests:

a.

Test for each outlet and MUTOA. Perform the following tests according to
TIA/EIA-568-B.1 and TIA/EIA-568-B.2:

Wire map.
Length (physical vs. electrical, and length requirements).
Insertion loss.
Near-end crosstalk (NEXT) loss.
Power sum near-end crosstalk (PSNEXT) loss.
Equal-level far-end crosstalk (ELFEXT).
Power sum equal-level far-end crosstalk (PSELFEXT).
Return loss.
Propagation delay.

) Delay skew.

2 OCoO~NO D WN-
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7. Optical Fiber Cable Performance Tests: Perform optical fiber end-to-end link tests
according to TIA/EIA-568-B.1 and TIA/EIA-568-B.3.

8. Coaxial Cable Tests: Conduct tests according to Division 27 Section "Master Antenna
Television System."

9. Final Verification Tests: Perform verification tests for UTP and optical fiber systems after
the complete communications cabling and workstation outlet/connectors are installed.

a.

Voice Tests: These tests assume that dial tone service has been installed.
Connect to the network interface device at the demarcation point. Go off-hook and
listen and receive a dial tone. If a test number is available, make and receive a
local, long distance, and digital subscription line telephone call.

Data Tests: These tests assume the Information Technology Staff has a network
installed and is available to assist with testing. Connect to the network interface
device at the demarcation point. Log onto the network to ensure proper
connection to the network.

Communications Cabling — 27 15 00 16
RFP 2027-3500-01



ReStl Engineers TX, LLC 26-DLS-035 Madison GA Fire Station

B. Document data for each measurement. Data for submittals shall be printed in a summary report
that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the instrument to the
computer, saved as text files, and printed and submitted.

C. End-to-end cabling will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports.

3.9 DEMONSTRATION

A. Train Owner's maintenance personnel in cable-plant management operations, including
changing signal pathways for different workstations, rerouting signals in failed cables, and
keeping records of cabling assignments and revisions when extending wiring to establish new
workstation outlets. Include training in cabling administration software.

END OF SECTION 27 15 00
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SECTION 27 60 00
SYSTEM ROUGH-IN REQUIREMENTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and General Provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this section.

1.2 SUMMARY

A. This Section includes miscellaneous raceway system as shown or implied on the Contract
Documents for the following systems:

1. Communication horizontal cabling.
2. Voice, data, dictation, patient information and patient monitoring system.
3. Access control.
4. Video surveillance.
5. Cable Antenna (CATV) antenna television system.
B. Related Sections include the following:
1. Division 26 Section “Grounding and Bonding Electrical Systems.”
2. Division 26 Section “Raceway and Boxes for Electrical Systems.”
3. Division 26 Section “Cable Trays for Electrical Systems.”
4, Division 26 Section “Identification for Electrical Systems.”

PART 2 - PRODUCTS

2.1 MATERIALS

A. Raceway shall be EMT with compression fitting and conduit bushing at both ends. Rough-in box
will be minimum 2-1/4” deep. Minimum size shall be as follows:

Communication horizontal cabling: 1” conduit trade size.
Access control system: 3/4" trade size.

Video surveillance: 3/4" trade size.

CATV: 3/4" trade size.

pPON~

B. Rough-In Box:

1. Communication horizontal cabling rough-ins shall be 2-gang, deep rough-in box with
single plaster ring and two blank plate.
2. Access control rough-ins shall be 2-gang, deep rough-in box with single gang plaster ring

and two gang coverplate as required by equipment supplier.

3. CCTV rough-ins shall be 2-gang, deep rough-in box having a solid barriered 20 ampere
duplex power receptacle in one gang and opening for coax and nurse call cable. Cover
plate for the rough-in box to be coordinated with Owner.
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4.

Video surveillance rough-ins shall be 2-gang deep outlet box with single gang plaster ring
and two gang plate having 3/8" bushed opening. Coordinate plate opening with Owner.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Raceways shall be installed from outlets to accessible area above ceiling (outside return air
plenum) as indicated by Contract Documents. Conduit shall terminate with bushing.

B. Outlet mounting height shall be as follows unless indicated otherwise by Contract Documents:

1.

2.
3.

4.

Communication horizontal cables: +18" above finished floor to center and 2” above back
splash, wall mounted telephone at +46" AFF unless noted otherwise.

Access control at +46" above finished floor to center unless noted otherwise.

CATV with 120 VAC duplex outlet: 18” below finished ceiling to center unless otherwise
noted on plans.

Video surveillance: 18” below finished ceiling to center unless otherwise noted on plans.

C. Provide nylon pullcord in raceway system.

END OF SECTION 27 60 00
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