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SECTION 16060

GROUNDING AND BONDING

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.  Section includes grounding and bonding systems and equipment.

1.3 ACTION SUBMITTALS

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

1.4 QUALITY ASSURANCE

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

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

PART 2 - PRODUCTS

2.1 MANUFACTURERS
A.  Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
1. Burndy; Part of Hubbell Electrical Systems.
2. Dossert; AFL Telecommunications LLC.
3. ERICO International Corporation.
4. Fushi Copperweld Inc.
5. Galvan Industries, Inc.; Electrical Products Division, LLC.
6. Harger Lightning and Grounding.
7. ILSCO.
8. 0-Z/Gedney; A Brand of the EGS Electrical Group.
9. Robbins Lightning, Inc.
10. Siemens Power Transmission & Distribution, Inc.
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SYSTEM DESCRIPTION

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 UL 467 for grounding and bonding materials and equipment.

CONDUCTORS

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

CONNECTORS
Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in
which used and for specific types, sizes, and combinations of conductors and other items

connected.

Bolted Connectors for Conductors and Pipes: Copper or copper alloy.

PART 3 - EXECUTION

3.1

32
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APPLICATIONS

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

Conductor Terminations and Connections:

1. Equipment Grounding Conductor Terminations: Bolted connectors.

EQUIPMENT GROUNDING

Install insulated equipment grounding conductors with all branch circuits.

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.

END OF SECTION 16060
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SECTION 16073

HANGERS AND SUPPORTS 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 01 Specification Sections, apply to this Section.

1.2 SUMMARY
A.  This Section includes the following:

1. Hangers and supports for electrical systems.

1.3 DEFINITIONS
A.  EMT: Electrical metallic tubing,

B. RMC: Rigid metal conduit.

1.4 PERFORMANCE REQUIREMENTS

A.  Design supports for multiple raceways capable of supporting combined weight of supported
systems and its contents.

B. Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads

calculated or imposed for this Project, with a minimum structural safety factor of five times the
applied force.

1.5 ACTION SUBMITTALS
A.  Product Data: For the following:

1. Steel slotted support systems.

1.6 QUALITY ASSURANCE

A.  Comply with NFPA 70.

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS
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PART 2 - PRODUCTS

21

A.

SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

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

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following: ‘ '
a. Allied Tube & Conduit.
b. Cooper B-Line, Inc.; a division of Cooper Industries.
C. ERICO International Corporation.
d. GS Metals Corp.
e. Thomas & Betts Corporation.
f. Unistrut; Tyco International, Ltd.

g~ Wesanco, Inc.

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.

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.

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, zinc-coated steel, for use in
hardened portland cement concrete with tension, shear, and pullout capacities appropriate
for supported loads and building materials in which used.

a. Manufacturers: Subject to compliance with requirements, provide products by one
of 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 Illinois Tool Works, Inc.

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS
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5)  MKT Fastening, LL.C.

2. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS
Type 18; complying with MFMA-4 or MSS SP-58.

3. Clamps for Attachment to Steel Structural Elements: MSS SP-58, type suitable for
attached structural element.

4. Through Bolts: Structural type, hex head, and high strength. Comply with

ASTM A 325.

Toggle Bolts: All-steel springhead type.

6. Hanger Rods: Threaded steel.

W

PART 3 - EXECUTION

3.1

3.2

A.

B.

C.

D.

C.

D.

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.

Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for
EMT, IMC, and RMC as required by NFPA 70. Minimum rod size shall be 1/4 inch (6 mm) in
diameter.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted support
system, sized so capacity can be increased by at least 50 percent in future without exceeding
specified design load limits.

1. Secure raceways and cables to these supports with single-bolt conduit clamps.

Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems
above suspended ceilings and for fastening raceways to trapeze supports.

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 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 1b (90 kg).

Mounting and Anchorage of Surface-Mounted Components: Anchor and fasten electrical items
and their supports to building structural elements by the following methods unless otherwise
indicated by code:

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS
16073 -3



33

—_—

4.
5.
6.

UMA 12-20
UTILITIES, NORTHWEST CHILLED WATER LOOP, PHASE 1

To Wood: Fasten with lag screws or through bolts.

To New Concrete: Bolt to concrete inserts. :

To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor
fasteners on solid masonry units.

To Existing Concrete: Expansion anchor fasteners.

To Steel: Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69.
To Light Steel: Sheet metal screws. '

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

bars.

INSTALLATION OF FABRICATED METAL SUPPORTS

Comply with installation requirements in Section 05500 "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.

END OF SECTION 16073
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SECTION 16075

ELECTRICAL IDENTIFICATION

PART 1 - GENERAL

1.1

1.2

1.3

1.4

o 0w »

1.5

A.

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

Section Includes:

1. Identification for conductors.

2. Underground-line warning tape.

3. Warning labels and signs.

4. Instruction signs.

5. Equipment identification labels.

6. Miscellaneous identification products.
ACTION SUBMITTALS

Product Data: For each electrical identification product indicated.

QUALITY ASSURANCE

Comply with ANSI A13.1.

Comply with NFPA 70.

Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
Comply with ANSI Z535.4 for safety signs and labels.

Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks
used by label printers, shall comply with UL 969.

COORDINATION

Coordinate identification names, abbreviations, colors, and other features with requirements in
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's
wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes,
standards, and 29 CFR 1910.145. Use consistent designations throughout Project.

ELECTRICAL IDENTIFICATION
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Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with location of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar concealment.

'PART 2 - PRODUCTS

2.1

A.

B.

C.

2.2

A.

B.

CONDUCTOR IDENTIFICATION MATERIALS

Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils (0.08
mm) thick by 1 to 2 inches (25 to 50 mm) wide.

Self-Adhesive, Self-Laminating Polyester Labels: Preprinted or Write-on, 3-mil- (0.08-mm-)
thick flexible label with acrylic pressure-sensitive adhesive that provides a clear, weather- and
chemical-resistant, self-laminating, protective shield over the legend. Labels sized to fit the
conductor diameter such that the clear shield overlaps the entire printed legend.

Write-On Tags: Polyester tag, 0.010 inch (0.25 mm) thick, with corrosion-resistant grommet
and cable tie for attachment to conductor or cable.

1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag
manufacturer.
2. Labels for Tags: Self-adhesive label, machine-printed with permanent, waterproof, black

ink recommended by printer manufacturer, sized for attachment to tag.

UNDERGROUND-LINE WARNING TAPE

Tape:

1. Recommended by manufacturer for the methbd of installation and suitable to identify and '
locate underground electrical and communications lines.

2. Printing on tape shall be permanent and shall not be damaged by burial operations.

3. Tape material and ink shall be chemically inert, and not subject to degrading when

exposed to acids, alkalis, and other destructive substances commonly found in soils.

Color and Printing;:

1. Comply with ANSI Z535.1 through ANSI Z535.5.
Inscriptions for Red-Colored Tapes: ELECTRIC LINE.

3. Inscriptions for Orange-Colored Tapes: COMMUNICATIONS CABLE, OPTICAL
FIBER CABLE.

ELECTRICAL IDENTIFICATION
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EQUIPMENT IDENTIFICATION LABELS

Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal
transfer or equivalent process. Minimum letter height shall be 3/8 inch (10 mm). Overlay shall
provide a weatherproof and UV-resistant seal for label.

Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with white
letters on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm).

CABLE TIES

General-Purpose Cable Ties: Fungus inert, self extinguishing, one piece, self locking, Type 6/6
nylon.

1. Minimum Width: 3/16 inch (5 mm).
2 Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7

MPa).
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
4. Color: Black except where used for color-coding.

Plenum-Rated Cable Ties: Self extinguishing, UV stabilized, one piece, self locking.

—

Minimum Width: 3/16 inch (5 mm).

2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 7000 psi (48.2
MPa).

UL 94 Flame Rating: 94V-0.

Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C).

Color: Black.

R

PART 3 - EXECUTION

3.1

A.

D.

E.

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.

Cable Ties: For attaching tags. Use general-purpose type, except as listed below:

1. In Spaces Handling Environmental Air: Plenum rated.

ELECTRICAL IDENTIFICATION
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Underground-Line Warning Tape: During backfilling of trenches install continuous
underground-line warning tape directly above line at 12 inches below finished grade. Use
multiple tapes where width of multiple lines installed in a common trench or concrete
envelope exceeds 16 inches (400 mm) overall.

IDENTIFICATION SCHEDULE

Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and
junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.

1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less: Use colors
listed below for ungrounded branch-circuit conductors.

a. Color shall be factory applied.
b. Colors for 208/120-V Circuits:

1)  Phase A: Black.
2)  Phase B: Red.
3)  Phase C: Blue.

c. Field-Appiied, Color-Coding Conductor Tape: Apply in half-lapped turns for a
minimum distance of 6 inches (150 mm) 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.

Locations of Underground Lines: Identify with underground-line warning tape for power,
communication, and optical fiber cable.

1. Install underground-line warning tape for cables in raceway.

Equipment Identification Labels: On each unit of equipment, install unique designation label
that is consistent with schedules, and the Operation and Maintenance Manual.

1. Labeling Instructions:
a Outdoor Equipment: Engraved, laminated acrylic or melamine label.
b. Below Grade/Elevated Components: Increase sizes of labels and letters to those
appropriate for viewing from the floor/grade.
c. Unless provided with self-adhesive means of attachment, fasten labels with

appropriate mechanical fasteners that do not change the NEMA or NRTL rating of
the enclosure. - -

2. Equipment to Be Labeled:
a. Panelboards: Update directory of circuits in the location provided by panelboard

manufacturer.
b. Sump pumps.

END OF SECTION 16075
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SECTION 16091

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING
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. Section Includes:

Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
Sleeve-seal systems.

Sleeve-seal fittings.

Grout.

Silicone sealants.

N

13 ACTION SUBMITTALS

A.  Product Data: For each type of product.
PART 2 - PRODUCTS

2.1 SLEEVES

A.  Wall Sleeves:

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated,
plain ends. '

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

B.  PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.
C.  Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.

D.  Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with
nailing flange for attaching to wooden forms.

E. Sleeves for Rectangular Openings:

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING
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1. Material: Galvanized sheet steel.
2. Minimum Metal Thickness:

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

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

SLEEVE-SEAL SYSTEMS

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 Company (The).
d. Pipeline Seal and Insulator, Inc.
e. Proco Products, Inc.

2. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of pipe. Include

type and number required for pipe material and size of pipe.

Pressure Plates: Carbon steel.

4, Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, of length
required to secure pressure plates to sealing elements.

(98]

SLEEVE-SEAL FITTINGS

Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in
concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to
match piping OD.

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

GROUT

Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-
rated walls or floors.

Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout. -

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING
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Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.

Packaging: Premixed and factory packaged.

SILICONE SEALANTS

Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of
grade indicated below.

1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal
surfaces that are not fire rated.

2. Sealant shall have VOC content of 250 g/L. or less when calculated according to
40 CFR 59, Subpart D (EPA Method 24).

3. Sealant shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

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

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
Comply with NECA 1.
Comply with NEMA VE 2 for cable tray and cable penetrations.

Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and 'Masonry-Unit
Floors and Walls:

1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
a. Seal annular space between sleeve and raceway or cable, using joint sealant
appropriate for size, depth, and location of joint.
b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly

between sleeve and wall so no voids remain. Tool exposed surfaces smooth;
protect material while curing,

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
3. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and
raceway or cable unless sleeve seal is to be installed.

Aboveground, Exterior-Wall Penetrations: Seal penetrations using cast-iron pipe sleeves and
mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING
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E.  Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow
for 1-inch (25-mm) annular clear space between raceway or cable and sleeve for installing
sleeve-seal system. ' -

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway
entries into building,.

B. Install type and number of sealing elements recommended by manufacturer for raceway or
cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical

sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts
against pressure plates that cause sealing elements to expand and make watertight seal.

33 SLEEVE-SEAL-FITTING INSTALLATION
A Install sleeve-seal fittings in existing walls and slabs.

B.  Assemble fitting components of length to be flush with both surfaces of concrete slabs and
walls. Position waterstop flange to be centered in concrete slab or wall.

C.  Secure nailing flanges to concrete forms.

D.  Using grout, seal the space around outside of sleeve-seal fittings.

END OF SECTION 16091
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SECTION 16120

CONDUCTORS AND CABLES

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. Section Includes:

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

13 ACTION SUBMITTALS

A.  Product Data: For each type of product.
PART 2 - PRODUCTS

2.1 CONDUCTORS AND CABLES

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

following:

1. Alcan Products Corporation; Alcan Cable Division.
2. Alpha Wire.

3. Belden Inc.

4. Encore Wire Corporation.

5. General Cable Technologies Corporation.

6. Southwire Incorporated.

B. Copper Conductors: Comply with NEMA WC 70/ICEA S-95-658.

C.  Conductor Insulation: Comply with NEMA WC 70/ICEA S-95-658 for Type THHN-2-

THWN-2.
D.  Multiconductor Cable: Corﬁply with NEMA WC 70/ICEA S-95-658 for metal-clad cable,
Type MC with ground wire.
CONDUCTORS AND CABLES
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CONNECTORS AND SPLICES

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

AFC Cable Systems, Inc.
Gardner Bender..
Hubbell Power Systems, Inc.
Ideal Industries, Inc.
Ilsco; a branch of Bardes Corporation.
NSi Industries LLC.
- 0O-Z/Gedney; a brand of the EGS Electrical Group.
3M; Electrical Markets Division.
Tyco Electronics.

A e RO A

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

SYSTEM DESCRIPTION

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.

PART 3 - EXECUTION

3.1

3.2

A.

A.

B.

C.

33

A.

CONDUCTOR MATERIAL APPLICATIONS

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

CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS '

Exposed Branch Circuits, Including in Crawlspaces: Type THHN-2-THWN-2, single
conductors in raceway.

Branch Circuits Concealed in Ceilings, Walls, and Partitions: Metal-clad cable, Type MC.

Branch Circuits Underground: Type THHN-2-THWN-2, single conductors in raceway.

INSTALLATION OF CONDUCTORS AND CABLES

Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

CONDUCTORS AND CABLES
16120 -2
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Complete raceway installation between conductor and cable termination points according to
Section 16130 "Raceways and Boxes" prior to pulling conductors and cables.

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.

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 Section 16073 "Hangers and Supports for Electrical Systems."

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-486B.
Make splices, terminations, and taps that are compatible with conductor material and that
possess equivalent or better mechanical strength and insulation ratings than unspliced

conductors.

Wiring at Outlets: Install conductor at each outlet, with at least 6 inches (150 mm) of slack.

IDENTIFICATION

Identify and color-code conductors and cables according to Section 16075 "Electrical
Identification."

SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply
with requirements in Section 16091 "Sleeves and Sleeve Seals for Electrical Raceways and
Cabling."

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore

original fire-resistance rating of assembly according to electrical new work general note on
Electrical Drawings. ‘

FIELD QUALITY CONTROL
Perform the following tests and inspections:.

CONDUCTORS AND CABLES
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1. Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.

END OF SECTION 16120

CONDUCTORS AND CABLES
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SECTION 16130

RACEWAYS AND BOXES

PART 1 - GENERAL

1.1

A.

1.2

1.3

14

1.5

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1. Metal conduits, tubing, and fittings.

2. Nonmetal conduits, tubing, and fittings.

3. Surface raceways.

4, Boxes, enclosures, and cabinets.

5. Handholes and boxes for exterior underground cabling.
DEFINITIONS

GRC: Galvanized rigid steel conduit.

ACTION SUBMITTALS

Product Data: For the following:

1. Duct-bank materials, including separators and miscellaneous components.

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

3. For surface raceways and conduits.

4, Accessories for handholes, boxes, and other utility structures.

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 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.

RACEWAYS AND BOXES
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PROJECT CONDITIONS

Interruption of Existing Data Service: Do not interrupt data service to facilities occupied by
Owner or others unless perrnltted under the following conditions and then only after arrangmg
to provide temporary data service according to requirements indicated:

1. Notify Owner no fewer than ten days in advance of proposed interruption of data service.
Do not proceed with interruption of data service without Owner's written permission.
3. When relocating data service, install new ducts and handholes to the maximum extent

practical to minimize outage time.

COORDINATION

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

PART 2 - PRODUCTS

2.1

A.

METAL CONDUITS, TUBING, AND FITTINGS

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

AFC Cable Systems, Inc.

Allied Tube & Conduit; a Tyco International Ltd. Co.

Anamet Electrical, Inc.

Electri-Flex Company.

O-Z/Gedney; a brand of EGS Electrical Group.

Picoma Industries, a subsidiary of Mueller Water Products, Inc.
Republic Conduit.

Robroy Industries.

Southwire Company.

10. Thomas & Betts Corporation.

11.  Western Tube and Conduit Corporation.

12.  Wheatland Tube Company; a division of John Maneely Company.

XN PN =

Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined
in NFPA 70, by a qualified testing agency, and marked for intended location and application.

GRC: Comply with ANSI C80.1 and UL 6.

EMT: Comply with ANSI C80.3 and UL 797.

Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and

NFPA 70.
2, Fittings for EMT:

RACEWAYS AND BOXES
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a. Material: Steel.
b. Type: Setscrew.

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated
for environmental conditions where installed, and including flexible external bonding
jumper. ‘

Joint Compound for GRC: Approved, as defined in NFPA 70, by authorities having jurisdiction
for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit
joints from corrosion and to enhance their conductivity.

NONMETALLIC CONDUITS, TUBING, AND FITTINGS

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

AFC Cable Systems, Inc.
Anamet Electrical, Inc.
Arnco Corporation.
CANTEX Inc.

CertainTeed Corp.

Condux International, Inc.
Electri-Flex Company.
Kraloy. :

. Lamson & Sessions; Carlon Electrical Products.
10. Niedax-Kleinhuis USA, Inc.
11. RACO; a Hubbell company.
12.  Thomas & Betts Corporation.

VPN AL AW~

Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended location and
application.

RNC: Type EPC-40-PVC, complying with NEMA TC2 and UL 651 unless otherwise
indicated.

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

Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less,
respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Solvent cements and adhesive primers shall comply with the testing and product requirements
of the California Department of Health Services' "Standard Practice for the Testing of Volatile
Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

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.

RACEWAYS AND BOXES
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SURFACE RACEWAYS

Listing and Labeling: - Surface raceways shall be listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

Surface Metal Raceways: Galvanized steel with snap-on covers complying with UL 5. Prime
coated, ready for field painting. o

1. Provide Wiremold #700 Series, or equal.

BOXES, ENCLOSURES, AND CABINETS

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

Adalet.

Cooper Technologies Company; Cooper Crouse-Hinds.
EGS/Appleton Electric.

Erickson Electrical Equipment Company.

FSR Inc.

Hoffman; a Pentair company.

Hubbell Incorporated; Killark Division.

Kraloy.

. Milbank Manufacturing Co.

10.  Mono-Systems, Inc.

11.  O-Z/Gedney; a brand of EGS Electrical Group.

12. RACO; a Hubbell Company.

13.  Robroy Industries.

14.  Spring City Electrical Manufacturing Company.

15.  Stahlin Non-Metallic Enclosures; a division of Robroy Industries.
16. Thomas & Betts Corporation.

17.  Wiremold / Legrand.

A PRI ol

General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets
installed in wet locations shall be listed for use in wet locations.

Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

Box extensions used to accommodate new building finishes shall be of same material as
recessed box.

Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm
deep).

HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING

General Requirements for Handholes and Boxes:

RACEWAYS AND BOXES
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Boxes and handholes for use in underground systems shall be designed and identified as
defined in NFPA 70, for intended location and application.

Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

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

1.

|98

New

Basis-of-Design Product: Subject to compliance with requirements, provide Quazite
Box: PG1730BA18; Cover: PG1730HH00, or comparable product by one of the
following:

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

a. Armorcast Products Company.

b. Carson Industries LL.C.

c. CDR Systems Corporation; Hubbell Power Systems.
d. NewBasis.

€.

f.

Standard: Comply with SCTE 77.

Configuration: Designed for flush burial with open bottom unless otherwise indicated.
Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure and handhole location.

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

Cover Legend: Molded lettering, "ELECTRIC” or “DATA”.

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

Handholes 12 Inches Wide by 24 Inches Long (300 mm Wide by 600 mm Long) and
Larger: Have inserts for cable racks and pulling-in irons installed before concrete is
poured.

PART 3 - EXECUTION

3.1

A.

B.

RACEWAY APPLICATION

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

1.
3.

4.

Exposed Conduit: GRC.

Concealed Conduit, Aboveground: EMT.

Underground Conduit: RNC, Type EPC-40-PVC, direct buried. Concrete encased at
roadway crossings and where indicated in the plans.

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

Indoors: Apply raceway products as specified below unless otherwise indicated:

1.
2.
3.

Exposed, Not Subject to Physical Damage: EMT.
Exposed, Not Subject to Severe Physical Damage: EMT.
Boxes and Enclosures: NEMA 250, Type 1.

RACEWAYS AND BOXES
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4. Provide Wiremold system in finished areas.
Minimum Raceway Size: 3/4-inch (21-mm) trade size.
Raceway Fittings: Compatible with raceways and suitable for use and location.

1. Rigid Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated.
Comply with NEMA FB 2.10.

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this

type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after

installing conduits and fittings. Use sealant recommended by fitting manufacturer and

apply in thickness and number of coats recommended by manufacturer.

EMT: Use setscrew steel fittings. Comply with NEMA FB 2.10.

4, Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with
NEMA FB 2.20.

SN

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, boxes, or fittings in contact with concrete or earth.

INSTALLATION
Comply with NECA 1 and NECA 101 for installation requirements except where requirements
on Drawings or in this article are stricter. Comply with NECA 102 for aluminum conduits.
Comply with NFPA 70 limitations for types of raceways allowed in specific oceupancies and
number of floors.

Keep raceways at least 6 inches (150 mm) 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.

Comply with requirements in Section 16073 "Hangers and Supports for Electrical Systems" for -
hangers and supports.

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

Install no more than the equivalent of three 90-degree bends in any conduit run. Support within
12 inches (300 mm) of changes in direction.

Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.
Install conduits parallel or perpendicular to building lines. -

Support conduit within 12 inches (300 mm)of enclosures to which attached.
Stub-ups to Above Recessed Ceilings:

1. Use EMT for raceways.

RACEWAYS AND BOXES
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2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or
in an enclosure.

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.

Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive
compound prior to assembly.

Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings
to protect conductors including conductors smaller than No. 4 AWG.

Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes
or cabinets. Install bushings on conduits up to 1-1/4-inch (35mm) trade size and insulated
throat metal bushings on 1-1/2-inch (41-mm) trade size and larger conduits terminated with
locknuts. Install insulated throat metal grounding bushings on service conduits.

Install raceways square to the enclosure and terminate at enclosures with locknuts. Install
locknuts hand tight plus 1/4 turn more.

Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.

- Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use
roll cutter or a guide to make cut straight and perpendicular to the length.

Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not
less than 200-1b (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end

of pull wire. Cap underground raceways designated as spare above grade alongside raceways in
use.

Surface Raceways:

1. Install surface raceway with a minimum 2-inch (50-mm)radius control at bend points.
Secure surface raceway with screws or other anchor-type devices at intervals not
exceeding 48 inches (1200 mm) and with no less than two supports per straight raceway
section. Support surface raceway according to manufacturer's written instructions. Tape
and glue are not acceptable support methods.

Install raceway sealing fittings at accessible locations according to NFPA 70 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 according to NFPA 70.

Comply with manufacturer's written instructions for solvent welding RNC and fittings.
Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not

individually indicated, give priority to ADA requirements. Install boxes with height measured
to center of box unless otherwise indicated.

RACEWAYS AND BOXES
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Locate boxes so that cover or plate will not span different building finishes.

Fasten junction and pull boxes to or support from building structure. Do not support boxes by
conduits.

INSTALLATION OF UNDERGROUND CONDUIT

Direct-Buried Conduit:

l.

W

Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench
bottom as specified in Section 02300 "Earthwork" for pipe less than 6 inches (150 mm)
in nominal diameter.

Install backfill as specified in Section 02300 "Earthwork."

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 (300 mm) of finished grade, make final conduit connection at end of run and
complete backfilling with normal compaction as specified in Section 02300 "Earthwork."

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.

RACEWAYS AND BOXES
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5. 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.
6.  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.
7. Depth: Install top of duct bank at least 24 inches below finished grade, unless otherwise
indicated.

8. 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. Retain one of first two subparagraphs below to specify type of stub-up for direct-
buried conduits in Project.

INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

Install handholes and boxes level and plumb and with orientation and depth coordinated with
connecting conduits to minimize bends and deflections required for proper entrances.

Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from
1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent
undisturbed earth.

Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of
other enclosures 1 inch (25 mm) above finished grade. '

Install handholes with bottom below frost line.

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 enclosure.

Field-cut openings for conduits according to enclosure manufacturer's written instructions. Cut

wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings
to be used, and seal around penetrations after fittings are installed.

CLEANING

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.

FIRESTOPPING

Install firestopping at penetrations of fire-rated assemblies. Comply with requirements on
electrical new work general notes on Electrical Drawings.

END OF SECTION 16130

RACEWAYS AND BOXES
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SECTION 16140

WIRING DEVICES

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

A.

A.
B.

C.

A.

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

1. Receptacles, receptacles with integral GFCI, and associated device plates.

DEFINITIONS
EMI: Electromagnetic interference.
GFCI: Ground-fault circuit interrupter.

Pigtail: Short lead used to connect a device to a branch-circuit conductor.

ACTION SUBMITTALS

Product Data: For each type of product.

PART 2 - PRODUCTS

2.1

A.

B.

MANUFACTURERS

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

Cooper Wiring Devices; Division of Cooper Industries, Inc. (Cooper).
Hubbell Incorporated; Wiring Device-Kellems (Hubbell).

Leviton Mfg. Company Inc. (Leviton).

Pass & Seymour/Legrand (Pass & Seymour).

bl

Source Limitations: Obtain each type of wiring device and associated wall plate from single
source from single manufacturer.

WIRING DEVICES
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GENERAL WIRING-DEVICE REQUIREMENTS

Wiring Devices, Components, 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.

GFCI RECEPTACLES
General Description:

1. Straight blade, feed-through type.

2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596.

3. Include indicator light that shows when the GFCI has malfunctioned and no longer
provides proper GFCI protection.

Duplex GFCI Convenience Receptacles, 125 V, 20 A:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Cooper; VGF20.
b. Hubbell; GFR5352L.
c.  Pass & Seymour; 2095.
d. Leviton; 7590.

WALL PLATES
Single and combination types shall match corresponding wiring devices.

1. Plate-Securing Screws: Metal with head color to match plate finish.
2. Material for Unfinished Spaces: Galvanized steel.

Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-
resistant, die-cast aluminum with lockable cover.

FINISHES

Device Color:

1. Wiring Devices Connected to Normal Power System: Ivory unless otherwise indicated or
required by NFPA 70 or device listing.

Wall Plate: Stainless Steel.

WIRING DEVICES
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PART 3 - EXECUTION

3.1

A.

INSTALLATION

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

Coordination with Other Trades:

1. Protect installed devices and their boxes. 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 boxes.

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust,
paint, and other material that may contaminate the raceway system, conductors, and
cables.

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint
unless the joint is troweled flush with the face of the wall.

4. Install wiring devices after all wall preparation, including painting, is complete.

Conductors:

1. Do not strip insulation from conductors until right before they are spliced or terminated
on devices.

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid
scoring or nicking of solid wire or cutting strands from stranded wire. '

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70,

Article 300, without pigtails.
4, Existing Conductors:

a. Cut back and pigtail, or replace all damaged conductors.
b. Straighten conductors that remain and remove corrosion and foreign matter.
c. Pigtailing existing conductors is permitted, provided the outlet box is large enough.

Device Installation:

1. Replace devices that have been in temporary use during construction and that were
installed before building finishing operations were complete.

2. Keep each wiring device in its package or otherwise protected until it is time to connect’
conductors.

3. Do not remove surface protection, such as plastic film and smudge covers, until the last
possible moment.

4. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm)
in length. '

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid
conductor tightly clockwise, two-thirds to three-fourths of the way around terminal
screw.

6. Use a torque screwdriver when a torque is recommended or required by 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.

WIRING DEVICES
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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.

Receptacle Orientation:

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted
receptacles to the right.

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. .

IDENTIFICATION
Comply with Section 16075 "Electrical Identification.”
Identify each receptacle with panelboard identification and circuit number. Use hot, stamped,

or engraved machine printing with black-filled lettering on face of plate, and durable wire
markers or tags inside outlet boxes.

END OF SECTION 16140

WIRING DEVICES
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SECTION 16511

INTERIOR LIGHTING

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

A.

A.

A.

B.

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

1. Exit signs.

ACTION SUBMITTALS

Product Data: Exit Sign:

QUALITY ASSURANCE

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

Comply with NFPA 70.

PART 2 - PRODUCTS

2.1

22

A.

A.

B.

MANUFACTURERS

Products: Subject to compliance with requirements, provide product indicated on Drawings.

EXIT SIGNS

General Requirements for Exit Signs: Comply with UL 924; for sign colors, visibility,
luminance, and lettering size, comply with authorities having jurisdiction.

Internally Lighted Signs:

1. Self-Powered Exit Signs (Battery Type): Integral automatic charger in a self-contained
power pack. ‘

INTERIOR LIGHTING
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Battery: Sealed, maintenance-free, nickel-cadmium type.

Charger: Fully automatic, solid-state type with sealed transfer relay.

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. '

Test Push Button: Push-to-test type, in unit housing, simulates loss of normal
power and demonstrates unit operability.

LED Indicator Light: Indicates normal power on. Normal glow indicates trickle
charge; bright glow indicates charging at end of discharge cycle.

. 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 a flashing red LED.

PART 3 - EXECUTION

3.1

A.

INSTALLATION

Exit Signs:

1. Set level, plumb, and square with ceilings and walls unless otherwise indicated.

Connect wiring according to Section 16120 "Conductors and Cables."

END OF SECTION 16511
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SECTION 16741

OUTSIDE PLANT FIBER COMMUNICATIONS

PART 1 - GENERAL

1.1

1.2

1.3

A.

RELATED DOCUMENTS

Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all Sections
within DIVISION 01 - GENERAL REQUIREMENTS which are hereby made a part of this
Section of the Specifications.

Equality of material, article, assembly or system other thdan those named or described in this
Section shall be determined in accordance with the provisions of Article V of the CONTRACT
AND GENERAL CONDITIONS.

SUMMARY

Provide all materials and labor for the relocation and splicing of customer-owned outside plant
fiber optic cabling. This section includes Customer-Owned Outside Plant Communications
cabling, termination, and administration equipment and intallation requirements for the
specified Outside Plant Structured Cabling System (OSP-SCS - See Definition Below).

REFERENCES

Incorporate by reference the applicable portions of the following specifications, standards,
codes into this specification section.

1.  General:
a.  National Electrical Code (NEC)
b.  National Electrical Safety Code (NESC)
c.  Occupational Safety and Health Act (OSHA)
2. Communications:
a.  ANSITIA/EIA - 455: Fiber Optic Test Standards
b.  ANSITIA/EIA - 526: Optical Fiber Systems Test Procedures

c.  ANSI/TIA/EIA - 568-B: Commercial Building Telecommunications Cabling
Standard

d.  ANSUTIA/EIA - 569: Commercial Building Standard for Telecommunication
Pathways and Spaces

e.  ANSUTIA/EIA - 606: The Administration Standard for the Telecommunications
Infrastructure of Commercial Buildings

OUTSIDE PLANT FIBER COMMUNICATIONS
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f. ANSI/TIA/EIA - 607: Commercial Building Grounding and Bonding
Requirements for Telecommunications

g, ANSUTIA/EIA - 758: Customer-Owned Outside Plant Telecommunications
Cabling Standard

h. . IEEE 802.3 (series): Local Area Network Ethernet Standard, including the IEEE
802.3z Gigabit Ethernet Standard

i ISO/IEC IS 11801: Generic Cabling for Customer Premises
) BICSI: BICSI Telecommunications Cabling Installation Manual
k.  BICSI: BIC:S‘I Telecommunications Distribution Methods Manual (TDMM)
L. BICSI: BICSI Customer-Owned QOutside Plant Design Manual
DEFINITIONS

“OSP-SCS” shall mean Outside Plant - Structured Cabling System. The OSP-SCS is defined
as all required equipment and materials including, but not limited to, ANSI/TIA/EIA and
[SO/IEC compliant fiber optic cable (multimode and singlemode), connectors, splices, splice
closures and other incidental and miscellaneous equipment and materials as required for a fully
operational, tested, certified, and warranted system, compliant with all applicable codes and
standards.

“MH?” shall mean Maintenance Holes or Handholes used for the routing of communications
cables.

SYSTEM DESCRIPTION

Furnish, install, test and place into satisfactory and successful operation all equipment,
materials, devices, and necessary appurtenances to provide a complete ANSI/TIA/EIA and
ISO/IEC compliant communications Outside Plant Structured Cabling System (OSP-SCS) as
hereinafter specified and/or shown on the Contract Documents. The system is intended to be
capable of integrating voice, data, and video signals onto a common media, and shall be tested
for and be capable of Gigabit Ethernet operation as specified in [EEE 802.3z.

The work shall include all materials, equipment and apparatus not specifically mentioned
herein or noted on the plans but which are necessary to make a complete working
ANSI/TTA/EIA and ISO/IEC compliant OSP-SCS.

SUBMITTAL INFORMATION

Product Data Submittals: Provide submittal information for review before materials are
delivered to the job site. Provide product data submittals for all products at the same time.

1. Submit a letter stating that the materials will be provided as specified, and specifically
listing any items that will not be provided as specified. The letter shall also state that the
Contractor has reviewed the specified items and agrees that they are applicable to this
project in all respects.

OUTSIDE PLANT FIBER COMMUNICATIONS
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2. For those items noted as allowing “or equal,” and which are not being provided as
specifically named, submit standard manufacturer's cut sheets or other descriptive
information, along with a written description detailing the reason for the substitution.

3. Provide standard manufacturer’s cut sheets and the operating and maintenance (O&M)
instructions at the time of submittal review for each device in the system, regardless of
whether it is submitted as specified or as an approved equal. These instructions shall
detail how to install and service the equipment and shall include information necessary
for rough-in and preparation of the building facilities to receive the materials.

B.  Quality Assurance/Control Submittals: Provide submittal information for review as follows:

1. Submit a cable routing and grouping plan as follows:

a.

Where the cable routing and grouping is to be provided as shown on the Contract
Documents, do not provide a cable routing and grouping plan. Submit written
documentation stating that the cable routing and grouping will be provided as
shown on the Contract Documents, that the Contractor has reviewed the routing
and grouping on the Contract Documents with applicable Subcontractors and

. suppliers and agrees that it does not create conflicts between trades, and that the

routing and grouping meets applicable codes, regulations and standards.

Where changes in cable routing and grouping are proposed, submit complete floor
plan(s) and/or detail drawing(s) showing the proposed routing, raceway sizes and
locations, and cabling in a manner equal to that of the Contract Documents.
Ensure that any cabling changes are coordinated with comparable accommodating
changes to the raceway routing and grouping. Specifically note each location
where the proposed routing and grouping is different from the Contract
Documents. Submit written documentation detailing the reason for each change
request. Each change request must be approved in writing by the
Engineer/Designer prior to proceeding with the change.

2. Submit a list of proposed test equipment for use in verifying the installation of the SCS.
Proposed test equipment shall meet the criteria as stated in PART 3 — TESTING.

a.

Submit for each testing device:
1)  Manufacturer and product number.

2)  Documentation from the manufacturer showing date and outcome of last re-
calibration. Testing device shall have been re-calibrated within the
manufacturer’s recommended calibration period, encompassing the period of
time when the testing device will be used on this project.

3)  Documentation from the manufacturer showing software revision. Software
revision shall be most current revision available for the device and shall be
based upon the most current ANSI/TIA/EIA testing guidelines.

Submit proposed fiber cable test forms (see PART 3 — TESTING for more detail).

OUTSIDE PLANT FIBER COMMUNICATIONS
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Submit a list of the personnel who will be assigned to the project, the type of work they
will be performing per QUALITY ASSURANCE below, and copies of the
manufacturer’s training certification for each. If personnel changes are made during the
project, submit the above information for any new personnel prior to them beginning
work on the project.

Closeout Submittals: Provide submittal information for review as follows:

1.

O&M Manual for Communications - At the completion of the project, submit O&M
information from product data submittals (above), updated to reflect any changes during
the course of construction, to the Engineer/Designer in the telecommunications-specific
O&M Manual for Communications binder labeled with the project name and description.

2. Records - Maintain at the job site a minimum of one set of Record Drawings,
Specification, and Addenda. Record Drawings shall consist of redline markups of
drawings, specifications and spreadsheets, including maintenance hole/handhole
butterfly drawings.

a.  Document changes to the system from that originally shown on the Contract
Documents and clearly identify system component labels and identifiers on Record
Drawings.

b.  Keep Record Drawings at the job site and make available to the Owner and
Engineer/Designer at any time.

c.  Keep Record Drawings current throughout the course of construction. (“Current”
is defined as not more than one week behind actual construction).

d.  Show identifiers for major infrastructure components on Record Drawings.

QUALITY ASSURANCE

Contractor Qualifications: Prior to bidding the project, submit:

1.

Documentation indicating that the Contractor will have only manufacturer-trained and
manufacturer-certified employees perform installation, testing, and firestopping work.

Contractor’s employees directly involved with the supervision, installation, testing, and
certification of the SCS shall be trained and certified by the selected SCS* manufacturer.
Training and certifications by employee type are required as shown below:

1.

Supervisors/Project Foremen: All (100%) shall be trained/certified for installation and
testing. '

Test Technicians: All (100%) shall be trained/certified for installation and testing.
Installation Technicians: All (100%) shall be trained/certified for installation.

Other personnel: Personnel not directly responsible for installation supervision,
installation, testing or certifying the SCS (i.e. project managers, cleanup crew, etc.) are
not required to be manufacturer trained and certified.

OUTSIDE PLANT FIBER COMMUNICATIONS
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Contractor’s employees whose duties include the application of firestopping material shall be
trained and certified by the specified firestopping manufacturer. Training and certifications by
employee type are required as shown below:

1. Supervisors/Project Foremen: All (100%) shall be trained/certified for installation.
2.  Firestopping Technician: All (100%) shall be trained/certified for installation.
WARRANTY

Contractor Warranty:

1. Provide a Contractor-endorsed one-year service warranty against defects in materials and
workmanship.

a.  Provide labor attributable to the fulfillment of this warranty at no cost to the
Owner. The Contractor Warranty period shall commence upon Owner acceptance
of the work.

PART 2 - PRODUCTS

2.1

A

B.

C.

22

A.

B.

GENERAL

Unless otherwise noted, provide items as specified. “Or equal” or equivalent items are not
acceptable. '

Physically verify existing site conditions prior to purchase and delivery of the materials,
including but not limited to lengths and condition of conduit and/or pathway (including
maintenance holes and handholes) to be used for routing backbone cabling. Pre-cut materials
of insufficient length are the sole responsibility of the Contractor.

Provide all incidental and/or miscellaneous hardware not explicitly specified or shown on the
Contract Documents that is required for a fully operational, tested, and certified system.

TERMINATION EQUIPMENT

Fiber Splice Closures: Shall be outdoor rated and re-enterable without the destruction of the
housing. Closures shall not require special tooling for entry and sealing of the closure.
Closures shall be complete with all incidental and/or required hardware including, but not
limited to end caps, grommet kits, splice trays, and grounding/bonding hardware. Closures
shall be either butt or in-line depending upon the application. Acceptable manufacturers
include:

1.  Corning Cable Systems
2. 3M Communications
3.  AFL

4. Approved Equivalent

Fiber Connector Panels

1. For 12-Strand 62.5 micron Multimode: Corning CCH-CP-12-A7

OUTSIDE PLANT FIBER COMMUNICATIONS
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2. For24-Strand 50 micron Multimode: Corning CCH-CP-24-D3
3. For 24-Strand Singlemode: Corning CCH-CP-24-A9

Fiber Connectors

1. For Multimode: Fiber connectors shall be LC, duplex, for 50 or 62.5 /125 pm
multimode fiber. The connectors shall be epoxyless with a zirconia ceramic ferrule.

2. For Singlemode: Fiber connectors shall be LC, duplex, for singlemode fiber. The -
connectors shall utilize a one-piece design with a ceramic ferrule.

3. Acceptable Manufactures include:
a. Coring
b.  Approved Equivalent

CABLE

Outdoor Cable: Rated for outdoor use, duct installation, and/or direct burial installation as
dictated by the application.

1. Fiber Optic Cable: All-dielectric, meeting or exceeding ANSI/TIA/EIA and industry
standards including Bellcore GR-20-CORE specifications. Cables and fan-out kits shall
be manufactured by the selected OSP-SCS Manufacturer:

a. Multimode: All-dielectric, multimode graded index, 62.5/125 multimode, with a
maximum attenuation of 3.5 dB/km at 850 nm and 1.0 dB/km at 1300 nm and
bandwidth of 200 MHz/km at 850 nm and 500 MHz/km at 1300 nm.

b.  Singlemode: All-dielectric with a maximum attenuation of 0.4 dB/km at 1300 nm
and 0.3 dB/km at 1550 nm.

c.  Hybrid/Composite: All-dielectric 50-micron multimode and singlemode matching
the existing installed cable.

2. Acceptable cable manufacturers include:
a.  Corning
b.  Commscope
c.  Optical Cable Corporation
d.  Approved Equivalent

LABELING AND ADMINISTRATION
Labels

1.  Asrecommended in ANSI/TIA/EIA 606. Permanent (i.e. not subject to fading or
erasure), permanently affixed, typed, and created by a hand-carried label maker or an
approved equivalent software-based label making system. Handwritten labels are not
acceptable.

a. Inside Telecommunication Rooms:

OUTSIDE PLANT FIBER COMMUNICATIONS
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1)  Brady: Bradymaker Wire Marking Labels WML-511-292 (or approved
equal)

b.  Outside Plant: Waterproof
1)  Panduit Marker Tie (or approved equal)
2.  Hand-carried label maker:

a.  Brady: ID Pro Plus (or approved equal).

PART 3 - EXECUTION

3.1

32

A.

GENERAL

The Contractor is solely responsible for the safety of the public and workers in accordance
with all applicable rules, regulations, building codes and ordinances.

All work shall comply with applicable safety rules and regulations including OSHA and
WISHA. All work shall comply with the requirements of the National Electrical Safety Code
(NESC) and the NEC except where local codes and/or regulations are more stringent, in which
case the local codes and/or regulations shall govern.

All work shall comply with the standards, references and codes listed in PART 1 --
REFERENCES above. Where questions arise regarding which standards, references, or codes
apply, the more stringent shall prevail.

All work shall comply with the requirements and recommendations of the product

manufacturers. Where questions arise regarding which requirements and recommendations
apply, the more stringent shall prevail.

Replace and/or repair to original (or better) condition any existing structures, materials,
equipment, etc. inadvertently demolished or damaged by the Contractor during the course of
construction at no additional cost to the Owner.

Store all materials so as to be protected from the elements. Pathway materials (conduit,

fittings, maintenance holes, etc.) are permitted to be stored outdoors if stacked on boards to
avoid direct contact with the ground. The Contractor shall be responsible for any deteriorating
effects on the materials due to improper storage (or outdoor storage) prior to installation
including damage caused by prevailing weather conditions.

Remove surplus material and debris from the job site and dispose of legally.

DEMOLITION

Demolish existing telecommunications equipment, cable, materials, and incidentals no longer
in use after installation of the new OSP-SCS.

1. Mandrel, clean, and cap outside plant conduits left empty after demolition of outside -
plant cables.

OUTSIDE PLANT FIBER COMMUNICATIONS
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a. Clean each conduit with a wire brush, swab, and prove out with a minimum 16
" inch long test mandrel that is % inch smaller than the inside diameter of the duct.
Clean conduit a minimum of two times in the same direction. Swab with clean
rags until the rag comes out of the conduit clean and dry. Swab away from
buildings for duct sections connected to buildings.

2. Properly and legally dispose of demolished materials.

Coordinate the demolition schedule with the Owner. Do not proceed with demolition prior to
approval from the Owner.

FIRESTOPPING

- Conduits entering Telecom Room shal.l be properly firestopped.

SPLICE CLOSURES

OSP Fiber Splice Closures: Provide fiber splice closures in sizes and quantities to support
splice requirements as shown on the Contract Documents. Do not install splice closures where
not shown on the Contract Documents. Install closures per manufacturer’s instructions.
Closures shall be sized to accommodate the quantity of pairs to be spliced with spare capacity
to support a minimum of 12 additional splices in the future. Closures shall be outdoor rated.
Closures shall be either butt or in-line depending upon the application.

1. Fiber splices shall be fusion splices. Provide splice trays designed to mount within the
closure to manage each splice. Protect each bare/stripped optical fiber strand with heat
shrink or silicon adhesive to prevent exposure to moisture.

2. Closures shall be properly sealed and demonstrated watertight without encapsulant. Test
seals after closure by pressurizing the closure and checking seals for leaks.

3. Provide encapsulated closures in the locations shown on the Drawings, or if upon visual
inspection during construction it appears that the location for closure installation is or is
likely to be subject to prolonged immersion in water.

GROUNDING AND BONDING

All grounding and bonding work shall comply with the Uniform Building Code, Uniform Fire
Code, WAC, National Electrical Code, and UL 467, ANSI/TIA/EIA standards and the
references listed in PART 1 — REFERENCES above, as well as local codes which may specify
additional grounding and/or bonding requirements.

Bond non-current carrying metal telecommunications equipment and materials to the nearest
TGB (if within a building) or the nearest grounding conductor if in the outside plant.

1.  Ensure that bonding breaks through paint to bare metallic surface of painted metallic
hardware.
CABLE

For each conduit in which innerduct or cable is to be installed:

OUTSIDE PLANT FIBER COMMUNICATIONS
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Test Mandrels: Clean each conduit with a wire brush and swab with clean rags a
minimum of two times in the same direction until the rag comes out of the conduit clean
and dry. Swab away from buildings for duct sections connected to buildings. Prove out
each conduit with a minimum 16 inch long test mandrel that is ¥4 inch smaller than the
inside diameter of the duct.

General (applicable to all cable types):

1.

Test fiber optic cable on the reel upon delivery to the job site, and again prior to
installation. Permanently affix the test results to the reel and submit a copy to the Owner
prior to installation. Do not install cables that fail the on-reel test. Replace any cables
that fail the on-reel test at no additional expense to the Owner.

a.  Test shall conform to the précedures as outlined in the paragraph entitled
TESTING at the end of this specification section.

Install cables in compliance with ANSI/TIA/EIA requirements, BICSI practices, and
manufacturers recommendations. Adhere to the requirements detailed in the
manufacturer’s recommendations and ANSI/TIA/EIA Standards relating to bending
radius, pulling tension, other mechanical stresses, and pulling speed.

a.  Monitor pulling tension on runs of 300 feet or longer. Acceptable monitoring
devices are:

1)  Winch with a calibrated maximum tension
2)  Breakaway link (swivel)
3) In-line tensiometer

Set up cable reels on the same sides of maintenance holes and hand holes as the conduit
sections in which cables are to be placed. Level and align reels with conduit sections to
prevent twisting of cables during installation into conduits. Pull cables into conduits
from tops of reels in long smooth bends. Do not pull cables into conduits from bottoms
of reels. Use a cable feeder guide (shoe) of suitable dimensions between the cable reel
and the face of the duct to protect the cable and to guide it into the duct. Carefully
inspect the cables for sheath defects as the cables are payed off the reel. If defects are
found during the pulling operation or if the cable on the reel binds, twists, or does not
pay off freely, stop the pulling operation immediately and notify the Owner’s
representative. '

Cables of 1-% inch diameter or larger shall be equipped with factory installed pulling

eyes, or install a core hitch on site. Use pulling grips for cables smaller than 1-% inches
in diameter, Do not pound grips into the cable sheath to prevent the grips from slipping.
Use a ball-bearing based swivel between the pulling-eyes or grips and the pulling strand.

Once pulling begins, and tension is applied to the cable, continue the pull at a steady
rate. If it is necessary to stop the pull at any point, the tension shall not be released
unless it is necessary to do so. '

OUTSIDE PLANT FIBER COMMUNICATIONS
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For new ductbank, install cables in the lowest available conduit in a duct bank, working
up as additional cables are installed. For existing ductbanks, do not place cables in ducts
other than those indicated on the Contract Documents.

Where cables are pulled through maintenance holes or handholes, select the same duct at
both sides of maintenance holes or handholes unless specifically noted on the Contract
Documents. Avoid changes in duct selections, especially in elevations, to ensure that no
damage occurs to the cable sheaths and that pulling tensions are kept as low as possible.

Maintain a sufficient length of cable in each maintenance hole or handhole to properly
rack the cable. Rack cables in maintenance holes and handholes as soon as practicable,
but within one week after cable installation. Route cables in maintenance holes and
handholes to avoid blocking duct access.

When more than one cable is being installed in a conduit, pull all cables through the
conduit simultaneously.

Where practicable, feed cables into ducts from the end of the duct that creates the least
sidewall pressure on a bend during installation (i.e. feed cable from the end closest to the
bend).

Use pulling compound or lubricant where necessary. Use lubricants that are compatible
with the cable jacket material and in accordance with the manufacturer’s
recommendations. Do not use soap-based lubricants. Where cable is pulled through a
maintenance hole or handhole, re-lubricate the cable prior to feeding into the next duct.
Immediately after cables have been installed, clean lubricant from exposed cables in
maintenance holes and handholes and at termination points using dry rags.

Seal cable ends with end caps immediately after installation and until terminated in a
termination enclosure to prevent moisture entry into the core of filled cables and to
prevent damage during installation.

Provide a service loop in the ER/TR long enough to reach termination equipment if
moved to the farthest side of the room in the future, but no less than a minimum of 20
feet at each end. -

Comply with the NEC 50-ft rule when instailing outdoor-rated cable (i.e. do not exceed
50 feet of exposed outdoor-rated cable length within a building).

Cable at the backboards:

a.  Lay and dress cables to allow future cabling to enter raceway (conduit or
otherwise) without obstruction by maintaining a working distance from these
openings.

b.  Route cable as close as possible to the ceiling, floor or other corners to insure that
adequate wall or backboard space is available for current and future equipment and
for cable terminations.

OUTSIDE PLANT FIBER COMMUNICATIONS
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c.  Lay cables via the shortest route directly to the nearest edge of the backboard from
mounted equipment or blocks. Support cables so as not to create a load on the
equipment upon which the cables are terminated. Tie-wrap together similarly
routed and similar cables and attach to D-rings vertically and/or horizontally, then
route over a path that will offer minimum obstruction to future installations of
equipment, backboards or other cables.

16. Building Entrances: Seal conduits (both in-use and spare) that enter the building from the
outside plant to prevent intrusion of water, gases, and rodents.

Fiber Cable:

1. Provide fiber optic cable in quantities, strand counts, and types (singlemode, multimode,
or composite multimode/singlemode (hybrid)), as shown on the Contract Documents.
Provide cable with fan-out kits for both ends.

2. Test fiber optic cable on the reel upon delivery to the job site, prior to installation.
Permanently affix test results to the reel and provide a copy to the Owner prior to
installation. Do not install cables that fail. Replace failing cables at no additional
expense to the Owner.

a.  Conform to the test procedures as outlined in the paragraph entitled TESTING at
the end of this specification.

b.  Demonstrate that the test results are similar to the factory test results as shipped
with the reel. '

3. Terminate all fiber strands within a fiber cable. The installation of “dark fiber” is not
acceptable.

4. For shielded cable, bond the shield at both ends to the TGB.
LABELING AND ADMINISTRATION

General: Labeling and administration shall comply with TIA/EIA 606 and standard industry
practices.

Termination Equipment:
1. Fiber Patch Panels:

a.  Outside the panel: Label fiber patch panels on the outside with a minimum of 2
inch high lettering that clearly indicates the building at the opposite end of each
cable.

Cable:

1. Fiber Cables: Labels shall include the origination and destination building names and
telecommunications room identifiers, the fiber type(s), strand count(s), and cut length.
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2. Provide labels at each end of each cable within 24” of building entrance and again within
24” of termination point. Provide labels in each maintenance hole and handhole through
which a cable passes. Label each cable immediately as it enters a maintenance hole or
handhole and again just prior to exiting the maintenance hole or handhole. Where
cabling is routed unexposed via innerduct through maintenance holes or handholes,
provide labels on exterior of innerduct indicating contents of innerduct.

TESTING

Provide test records on a form approved by the Owner and Engineer/Designer. Include the test
results for each cable in the system. Submit the test results for each cable tested with
identification as discussed under LABELING AND ADMINISTRATION above. Include the
cable identifier, outcome of test, indication of errors found, cable length, retest results, and
name and signature of technician completing the tests. Provide test results to the Owner and

Engineer/Designer for review and acceptance within two weeks of Substantial Completion.

1. Print test records for each cable within the system directly from the tester and submit in
paper form (in a binder) and in electronic form (on diskette or CDROM) to the Owner
and Engineer/Designer for review. Handwritten test results will not be accepted.

Test the SCS after installation for compliance to all applicable standards as follows:

1. Fiber: Test fiber cable on the reel upon delivery to the job site, again prior to installation,
and again after installation.

a.  Prior to testing, calculate the cable loss budget for each fiber optic cable and
clearly show the result on the test documentation. Calculate maximum loss using
the following formula, assuming no splices:

1)  For Backbone Distribution:

a)  Max Loss = [(allowable loss’km) * (km of fiber)] + [(.3db) * (# of
connectors)]

b) A mated connector to connector interface is defined as a single
connector for the purposes of the above formula.

c) A given fiber strand shall not exceed its calculated maximum loss (per
the above formula).

b.  Test all strands using a bi-directional end-to-end Optical Transmission Loss Test
Instrument (OTDR) trace performed per ANSI/TIA/EIA 455-61 or a bi-directional
end-to-end power meter test performed per ANSI/TIA/EIA 455-53A, and
ANSI/TIA/EIA 568-B, and the Corning LANSscape field testing guidelines (latest
edition).

1)  Calculate loss numbers by taking the sum of the two bi-directional
measurements and dividing that sum by two.

2)  Provide test measurements as follows:
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a)  For Multimode Cable: Test at both 850 and 1300nm.

b)  For Singlemode Cable: Test at both 1310 and 1550nm.

c.  Testresults shall conform to:
1)  The criteria specified in ANSI/TIA/EIA-568-B
2)  The Contractor’s calculated loss budget above
3) = The criteria specified in IEEE 802.3z (1000Base-X Gigabit Ethernet)

Identify cables and equipment that do not pass to the Owner and Engineer/Designer.
Determine the source of the non-compliance and replace or correct the cable or the connection
materials, and retest the cable or connection materials at no additional expense to the Owner.
Provide new test results to the Owner and Engineer/Designer in the same manner as above.

1. In addition to the above, if it is determined that the cable is at fault, remove the damaged
cable and replace it with a new cable. Cable “repairs” are not acceptable. The procedure
for removing the cable shall be as follows:

a. Prior to removal of damaged cable and installation of new cable:

1)

2)
3)

4)

Inform the Owner and Engineer/Designer of the schedule for the removal
and installation.

Test the new cable on the reel per paragraph B, above.

“Test cables that occupy the same innerduct or conduit (if not in innerduct) as

the damaged cable per paragraph B, above, regardless of whether or not they
are new cables installed as part of this project or existing cables installed
prior to this project.

Provide test results to the Owner and Engineer/Designer for approval by the
Owner and Engineer/Designer.

b.  Remove the damaged cable and provide new cable.

c.  After the removal of the damaged cable and installation of the new cable:

1)
2)

3)

Test the new cable per the paragraph titled TESTING.

Test cables that occupy the same innerduct or conduit (if not in innerduct) as
the damaged cable per paragraph B, above, regardless of whether they are
new cables installed as part of this project or existing cables installed prior
to this project.

a)  If any of the cables requiring testing are in use, coordinate with the
Owner to schedule an outage opportunity during which the testing can
be performed.

Provide test results to the Owner and Engineer/Designer for approval by the
Owner and Engineer/Designer.
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If a cable which occupies the same innerduct or conduit (if not in innerduct) as a
damaged cable is damaged by the extraction and installation process, replace the
cable at no additional expense to the Owner.

1)  Damaged cables which are replaced shall be subject to the testing procedures
of the paragraph titled TESTING.

'END OF SECTION
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