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1. GENERAL REQUIREMENTS
1.1. DESCRIPTION

A. General

Furnish, install, and fully integrate new fiber optic communications cable, existing fiber optic
communications cable, wireless communications links, commercial public telephone network based
- communications products, new traffic signal controllers and cabinets, new closed-circuit television
units and control cabinets, new central hardware and software, modify existing traffic operations
center to form a complete and operational central distributed processing traffic signal system for the

City of Gastonia in North Carolina.

Furnish, install, and fully integrate new 2070L traffic signal controllers and new model 332 and
336 style cabinets to replace existing controllers and cabinets at locations shown in the Plans.
Integrate signal controllers with fiber optic communications network. Where shown in the plans,

integrate signal controllers using dial-up telephone service or wireless radio communications.

Complete traffic signal upgrades as shown in the Plans. Furnish, install, and fully integrate new

signal heads, inductive loops, detector cards, signs, and other equipment as directed in the Plans.

Furnish, install, and fully integrate new fiber optic communications cable for traffic signal
system as shown on the Plans by lashing to existing twisted pair cable, lashing to new messenger

cable installed under this project, and utilizing new conduit systems.

Furnish and install new fiber optic communications cable to be used by City of Gastonia Electric
Department. Gastonia Electric cable will be installed as shown on the Plans by lashing to existing
twisted pair cable, lashing to new messenger cable installed under this project, and utilizing new
conduit systems. Gastonia Electric cable will be installed concurrently with signal system cables.
The installation of Gastonia Electric cable shall be at the discretion of the Engineer, as it is
dependent on City of Gastonia funding. In the event that the Engineer directs the Contractor to not
install Gastonia Electric cable, there will be no renegotiation in the price allowed for fiber optic

cable or splice enclosures.

Furnish and install new closed-circuit television (CCTV) camera assemblies at locations shown

in the Plans. Fully integrate camera assemblies with the fiber optic communications network.

Complete and fully integrate a modified traffic operations center (TOC) to be housed at the
Municipal Operations Center located at 1300 North Broad Street in Gastonia. Terminate all fiber

optic communications cables at the modified TOC. Complete and fully integrate a new remote
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operations center (ROC) to be housed at the Garland Municipal Business Center located at 150
South York Street in Gastonia. Integrate with existing City of Gastonia fiber optic communications

network to establish a connection between the TOC and ROC.

Integrate remote access capabilities for the NCDOT Highway Division 12 Office located at 1710
East Marion Street in Shelby, North Carolina and the NCDOT Metrolina Regional Transportation
Management Center (MRTMC) located at 2327 Tipton Drive in Charlotte, North Carolina.

B. Standard Specifications

Conform to these Project Special Provisions, the Plans, and the NCDOT 2002 Standard
Specifications for Roads and Structures (also referred to as the “Standard Specifications”). Also

conform to the regulations and codes described in Section 1700 of the Standard Specifications.

In the event of a conflict between these Project Special Provisions and the Standard

Specifications, these Project Special Provisions shall govern.
1.2. MATERIAL
A. Qualified Products

Furnish new equipment, materials, and hardware shown on the plans and/or described in these
Project Special Provisions. Permanently inscribe the manufacturer’s name, model number, serial
number, and any additional information needed for proper identification on each piece of equipment

housed in a case or housing.

The Department has a signal and ITS equipment Qualified Products List (QPL) available for the

contractor’s use. The QPL web site is:

e HTTP://www.doh.dot.state.nc.us/preconstruct/traffic/TMSSU/SMS/QPL/

Attention is directed to the fact that certain signal and ITS equipment, material, and hardware are
required to be pre-approved on the QPL by the date of equipment installation. Equipment, material,
and hardware not pre-approved when required will not be allowed for use on the project. Consult the

QPL web site to obtain pre-approval procedures.

B. Submittal Requirements

Provide written certification to the Department that all contractor-furnished equipment is in
accordance with the plans and specifications. When requested by the Department, provide additional
certifications from independent testing laboratories and sufficient data to verify that the item meets
applicable specifications. Ensure that the additional certification states that the testing laboratory is

independent of the equipment manufacturer and that neither the laboratory nor the manufacturer has
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a vested interest in the other.

Identify all proprietary parts in contractor-furnished equipment. The Department reserves the
right to reject equipment that uses proprietary components that are not commercially available

through electronic supply houses.

For contractor-furnished equipment that is listed on the QPL, furnish submittals in the format
defined by the QPL.

For contractor-furnished equipment that is not on the QPL, furnish three copies of a list of the
equipment including three copies of catalog cuts. Identify the proposed equipment on the catalog
cuts by a reproducible means. Equipment lists must contain the material description, brand name,
manufacturer’s address and telephone number, stock number, size, identifying trademark or symbol,

and other appropriate ratings.
Do not fabricate or order equipment until receipt of the Engineer’s approval.

C. Observation Period

The 90-day Observation Period is considered to be part of the work included in the total contract
time and must be completed prior to acceptance of the Project. All documentation required in these

Project Special Provisions shall be completed prior to the end of the 90-day Observation Period.

D. Warranties

Unless otherwise required herein, provide manufacturer’s warranties on contractor furnished
equipment for material and workmanship that are customarily issued by the equipment manufacturer
and that are at least two years in length from successful completion of the 90 day observation period.
Include unconditional coverage for all parts and labor necessary or incidental to the repair of

defective equipment or workmanship and malfunctions that arise during the warranty period.

Ensure that all contractor-furnished equipment, including pieces and components of equipment,
hardware, firmware, software, middleware, internal components, and subroutines which perform any
date or time data recognition function, calculation, or sequencing will support a four digit year

format for a period of at least 50 years.

Upon successful completion of the 90-day observation period, transfer manufacturer’s warranties

with proper validation by the manufacturer to the Department or its designated maintaining agency.

E. Firmware Licensing and Upgrades

Provide the Department with a license to duplicate all programmable devices in the equipment

for maintenance and software upgrades. Provide binary or hexadecimal format files for each device
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that may be programmed by the Department. Ensure that files are provided on 1.44 Megabyte PC

compatible diskettes or other approved media.

Ensure that software firmware performance upgrades that occur during the contract period are

available to the Department at no additional cost.

Make software firmware upgrades that are developed to correct operating characteristics

available to the Department at no additional cost until the warranty period expires.

F. Plan Quantity Measurements

For those items that provide for payment by “Plan Quantity,” the quantities may or may not
represent the exact quantity of material to be furnished and installed. Where plan quantity

measurement is specified for an item, adjustment of the quantities will be made as follows:

If the quantities measured as outlined under “Method of Measurement” vary from those shown in
the proposal by more than 5 percent, either party to the contract may request, in writing, an
adjustment of the quantities by each separate bid item. The party to the contract which requests the
adjustment will present to the other, one copy of field measurements and calculations showing the
revised quantities in question. These revised quantities when approved, together with all other

quantities under the same bid item, will constitute the final quantity for which payment will be made.

When quantities are revised by a change in design, the “Plan Quantity” will be increased or

decreased by the amount involved in the design change.

G. Wire and Cable

Furnish wire and cable on reels. When requested by the Department, furnish samples of the wire

and cable to the Department at no additional cost for inspection and testing by the Department.

Except for grounding conductors, provide signal cable conductors of size Number 16 AWG that
are fabricated from stranded copper. Number 16 AWG cable can only be used with an all LED
traffic signal intersection. Repairs to a non-LED traffic signal intersection must use Number 14
AWG cable.

Provide either 0.05 x 0.30 inch aluminum wrapping tape or 0.06 inch stainless steel lashing wire
for the purpose of lashing cables, except fiber-optic communications cables, to a messenger cable.
Use 0.045-inch stainless steel lashing wire for the aerial installation of fiber-optic communications

cable to messenger cable or existing communications cable.

H. Painting
Where painting of signal equipment cabinets, signal heads, signal poles, and pedestals is
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required, apply painting at the factory. No field painting will be allowed except when the paint on
portions of equipment has been scratched or marred. In such cases, apply two field coats of enamel

of the same color and grade as the original paint to the scratched or marred portions.
1.3. CONSTRUCTION METHODS
A. General

Before beginning signal work, Veﬁfy that all existing signal equipment is in satisfactory working
order. Report all defective signal equipment to the Engineer so as not to be held responsible for the
defects.

Do not remove and replace more than one controller and cabinet per day, unless otherwise
approved by the Engineer. Once controller and cabinet replacement has begun at a given location,
complete the removal and replacement work at that location before beginning removal and

replacement of a controller and cabinet at another location.

Determine the exact location of the existing conduit, cable runs, inductive detector loops, lead in
cables/wires, junction boxes, and detection equipment before installing or using equipment that may
damage or interfere with such facilities. The location of existing inductive detection loops,

associated junction boxes and conduits where shown on the Plans are approximate.
Locate all underground utilities before beginning drilling, digging, or trenching operations.

Immediately cease work and notify the Engineer and the affected owners if damage to existing
utilities, cables, or equipment occurs. Make all required repairs and replacements at no additional
cost to the Department.

Utilize IMSA Level II Technicians to perform all cabinet placement, cabinet wiring and
controller programming. Program the controllers and wire the cabinets so that the phasing, type of
operation (time-based, volume density, or special sequences), loop to phase assignments, and phase

numbering assignments match the existing assignments, unless otherwise directed by the Engineer.

At the end of each workday, clean and clear the work site of excess excavation, waste packing
material, wire, and all other debris that results from traffic signal system work. Haul and dispose of
all waste as required by Section 802 of the Standard Specifications.

B. Contractor’s Office

Throughout the project, the Contractor shall maintain an office with storage and testing facilities

within the Gastonia City Limits.
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C. System Integration

Integrate all components of the system. Compliance with the operational and technical
specifications of these Project Special Provisions pertaining to individual elements of the system
does not in itself meet the requirement to provide a complete, fully functional, and integrated traffic

signal system.

D. Sequence of Construction

As shown on the Sequence of Construction Detail in the Plans, each traffic signal location has
been defined a Zone. Zone A includes traffic signals that are not part of the existing Gastonia Signal
System. Zone B includes traffic signals that are part of the existing Gastonia Signal System. Zone C
includes traffic signals along Franklin Boulevard and along the existing communications route to the

Municipal Operations Center building.
Construction at Zone A traffic signals may be completed at any time during this project.

Construction at Zone B traffic signals may be completed at any time during this project, but with
minimal disruption to the existing signal system operations. After taking down an existing
communication channel, the contractor must complete all construction for traffic signals in that

channel in a time period no greater than one day per traffic signal in that channel.

Construction at Zone C traffic signals may not begin until all construction of Zone B traffic
signals are complete. After taking down an existing communication channel, the contractor must
complete all construction for traffic signals in that channel in a time period no greater than one day

per traffic signal in that channel.

Construction at CCTV and other non-signal locations may be completed at any time during this

project.

E. Related Projects
The Plans and these Project Special Provisions assume that NCDOT project U-2408, which

installs fiber optic communications cable along Bessemer City Road between Franklin Boulevard
and Interstate 85, will be completed prior to construction of this project. Coordinate with Engineer if

U-2408 construction is not complete for actions to be taken until construction is complete.

F. Regulations and Codes

Furnish material and workmanship conforming to the National Electric Code (NEC), the
National Electric Safety Code (NESC), and all local safety codes in effect on the date of
advertisement. Comply with Article 4, Chapter 87 of the North Carolina General Statutes (Licensing

of Electrical Contractors). Comply with all regulations and codes imposed by the owner of affected
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utility poles. In the event of a conflict between these documents and the specifications contained

herein, the cited documents will govern.

Notify the Engineer, local traffic enforcement agency, local utility company, and any affected
railroad companies seven business days before operational shutdowns to coordinate connection or

disconnection to an existing utility or system.

Install standoffs, meter bases, and service disconnects as required by the NESC, the NEC, local

utility companies, and ordinances.

G. Electrical Requirements

Ensure that an IMSA certified, or equivalent, Level II traffic qualified signal technician is
standing by to provide emergency maintenance services whenever work is being performed on
traffic signal controller cabinets and traffic signal controller cabinet foundations. Stand by status is
defined as being able to arrive, fully equipped, at the work site within 30 minutes ready to provide

maintenance services.

All electrical equipment shall conform to the applicable standards of the National Electrical
Manufacturers Association (NEMA), the Electronic Industries Association (EIA), the International
Municipal Signal Association (IMSA), the Rural Electrification Administration (REA), the National
Electric Code (NEC), and the National Electrical Safety Code (NESC).

Furnish materials and workmanship conforming to the latest requirements of the Standards of the
American Society for Testing and Materials (ASTM); American National Standards Institute

(ANSI); and all local ordinances and regulations.

H. Utility Services
Coordinate all work to ensure that electrical power of the proper voltage, phase, frequency, and

ampacity is available to complete the work. Use electrical service cables that have THW insulation.

When electrical and telecommunication service is not furnished by the Department and is
required, contact the utility company and make application to ensure that all work can be completed.
Obtain authorization for service in the Department’s name and make application for service in the

Department’s name.
The Department will be responsible for direct payment of utility company charges.

L Maintenance and Repair of Materials

Furnish the Engineer with the name, office telephone number, cellular (mobile) telephone

number, and pager number of the supervisory employee who will be responsible for repair calls
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during all hours. An up to date list of these names and phone numbers shall be given to the Engineer.
Any changes in personal affecting this list shall be immediately communicated to the Engineer in
writing.

Once the controller and cabinet have been replaced at an intersection, maintain the new cabinet,
controller and all other items furnished and installed with this contract. For these items, begin to
make necessary repairs to failures, malfunctions, or damages within two (2) hours of notification and
complete the necessary repairs within eight (8) hours of notification. Remove all material that fails
and install replacement material. Replace failed material with new material at no additional cost to

the Department.

Maintain traffic flow according to Section 150 of the Standard Specifications during

maintenance and repair operations.

Repair scratches, dents, or other damage to the cabinet that occur while the cabinet is under your

responsibility.

Should you fail to make necessary repairs to the traffic signal installation within the specified
time, the Department or its agent may make the repairs and deduct the cost from any money due you.
The inability to contact the supervisory employee or a prearranged alternate shall not extend the

response time requirements

Except for damages and malfunctions caused by the contractor’s work activities, the contractor

will not be held responsible for pre-existing conditions that were reported to the Engineer before
starting traffic signal work at the specific intersection. The contractor will assume responsibility for

all maintenance and emergency services necessary once traffic signal work has begun at the specific
intersection, and for all damages and malfunctions caused either directly or indirectly by the

contractor’s work activities.

In the event the contractor fails to perform in accordance with the plans and specifications within
the time frame specified, the Department reserves the right to perform the maintenance and
emergency service necessary to assure continuous traffic signal operation. Further, all expenses
incurred by the Department in implementing this option will be deducted from the payment due the
contractor, plus a $2,500 liquidated damage per occasion, per day, or any portion thereof, until

corrected. The liquidated damages are due to increased public hazard resulting from the malfunction.

Perform yearly maintenance on all Traffic Signal Conflict Monitors. The year shall be defined
from the date of installation of the controller and cabinet at an intersection. Use the Signal Monitor

Tester described in Section 38. Ensure that the Signal Monitor Tester is maintained and calibrated
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per the manufactures recommendation. Provide to the Engineer a copy of the manufacture’s
certification that the Signal Monitor Tester has been certified before testing any Traffic Signal
Conflict Monitors. Perform the test on each Traffic Signal Conflict Monitor per the manufactures
recommendation. Provide one (1) copy of the Traffic Signal Conflict Monitor test results to the
Engineer. Place one (1) copy in the Traffic Signal Cabinet. Perform these yearly tests for the life of
the project.

Items reused (that are unmodified), such as signal heads, signal cable, local detector loops and
lead-in cable, will be maintained by others. Maintain traffic signal system equipment until
completion of the 90-day Observation Period and written notification of final acceptance of the

project has been received from the Engineer.

J. Removal of Traffic Signal Equipment

Remove all Department-owned traffic signal equipment, including (but not limited to) messenger
cable, communications cable not being used as support strand for newly installed communications
cable, controllers, cabinets, cabinet foundations, wood poles, guy assemblies, and supporting
hardware that will not be reused. Assume ownership of the removed messenger cable,
communications cable, cabinet foundations, wood poles, guy assemblies, and supporting hardware.
Return all other traffic signal equipment and material to the Division 12 Traffic Services Office,
located at 230 Kemper Road in Shelby, between 8:00 AM and 12:00 PM, Monday through
Thursday, or at a time mutually agreed to by the Contractor and Engineer. Replace or repair all
material lost or damaged during its removal and transit. Label all returned equipment and material

to indicate the location from which it was removed.

Remove all City of Gastonia owned traffic signal equipment, including (but not limited to)
detector cable, controllers, cabinets, cabinet foundations, wood poles, guy assemblies, and
supporting hardware that will not be reused. Assume ownership of the removed cabinet foundations,
wood poles, guy assemblies, and supporting hardware. Return all other traffic signal equipment and
material to the City of Gastonia Traffic Services, located at 1300 North Broad Street, between 8:00
AM and 12:00 PM, Monday through Thursday, or at a time mutually agreed to by the Contractor and
the City Traffic Operations Supervisor. Replace or repair all material lost or damaged during its
removal and transit. Label all returned equipment and material to indicate the location from which it

was removed.

K. Railroad Preemption

Where railroad preemption is required, coordinate all work with the railroad company. Do not

place signals into operation until signal equipment has been interconnected with required railroad-
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highway crossing devices and railroad preemption is working properly. Ensure that preemption

sequences begin immediately after activation of train detection.

Contact and coordinate with the railroad company to schedule interconnection of the signal to the
railroad controller cabinet. Install lead-in cable between the signal controller cabinet and the railroad
company control cabinet for the railroad crossing. Install wire from the signal controller cabinet to a
railroad company furnished and installed lockable junction box. Interconnection will be made by the

railroad company.

Provide fail-safe operation such that removal of voltage from the railroad side of the isolation
relay will initiate the railroad preemption sequence.
L. Vehicle Preemption Systems

Where vehicle preemption systems are required, implement and install vehicle preemption
systems. Coordinate vehicle preemption work with the proper operating authority. Contact the
proper operating authority and schedule installation of preemption equipment.
M. Timing of Signals

Implement timing values for signal controllers.

Reinstall all existing time-based coordination. As directed, make modifications to existing

coordination to account for changes in signal phasing.

The Department reserves the right to make, or have the contractor make at no cost to the
Department, field timing changes necessary for pattern optimization and to eliminate identifiable,
potential hazards to the motoring public. The Engineer will notify the contractor of timing changes

made.

N. Wire and Cable

For installation in a conduit system, lubricate cable and wires prior to installing in conduit. Use

lubricant that will not physically or chemically harm the cable jacket, wire insulation, and conduit.

Splice all electrical wire and cable at recessed-screw, barrier type terminal blocks or in junction
boxes. Unless specifically allowed, connect no more than two conductors to the same terminal

screw.
Maintain color coding of wires through splices.
Protect ends of wire and cable from water and moisture.

Install all wire and cable with necessary hardware including, but not limited to deadend
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strandvises, shoulder eyebolts, washers, nuts, thimbleyelets, three-bolt clamps, J-hooks, split bolt

connectors, grounding clamps, and lashing material.

0. Grounding
Provide a grounding system at all new and revised electrical service points unless otherwise
noted. Conform to the provisions of the Standard Specifications at all times, unless noted in these

Project Special Provisions.

Provide a length of marker tape at a depth of 1 to 1.5 feet directly over grounding electrodes and

conductors.

P. Electrical Bonding

Using an approved termination means, connect a Number 14 AWG min. 19-strand copper
conductor (Type THW) with green insulation to serve as an equipment grounding conductor to metal
poles with mast arm supports, vehicular and pedestrian signal pedestals, and other metallic
components which are not otherwise bonded through means approved by the Engineer. Only bond
equipment installed by the Contractor.

Q. Requirements for Cables Crossing Railroads

Copies of all executed railroad agreements and related correspondence may be obtained from the
Resident Engineer prior to selection of the project Contractor.
Q.1. Railroad Crossings

Do not commence cable routings over or under railroad-owned facilities until notification and
coordination with Engineer and the appropriate railroad company has occurred. All affected railroad
facilities on this project are listed below and owned by the North Carolina Department of
Transportation Rail Division (NCDOTRD) or Norfolk Southern Railway Company (NSRC). Install

fiber optic communications cable as shown on the plans.

Encroachment Near Agency Route
Trenton Street Airline Avenue NSRC Overhead Crossing
Marietta Street Davidson Avenue NSRC Overhead Crossing
Long Avenue Broad Street NSRC Sub-Grade Crossing
Second Avenue Broad Street NSRC Overhead Crossing
Garrison Avenue Marietta Street NSRC Overhead Crossing
Long Avenue Poplar Street NCDOTRD | Overhead Crossing
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New Hope Road Ozark Avenue (North) | NCDOTRD | Overhead Crossing
New Hope Road Ozark Avenue (South) | NSRC Overhead Crossing
Wilkinson Boulevard | Grove Street NSRC Overhead Crossing

Overhead Crossing and

York Road Hudson Boulevard NSRC
Parallel

Q.2. Requirements for Insurance

In addition to any other forms of insurance or bonds required elsewhere in the contract
documents and prior to commencing any work, the Contractor will be required to provide coverage
conforming to the requirements of the Federal-Aid Policy Guide outlined under 23 CFR 646A for all
work to be performed on the Railroad right of way under the terms of the contract. The Contractor

shall maintain railroad insurance at all times until the final inspection and acceptance of the project.
The Contractor shall carry insurance of the following kinds:

Q.2.1. Contractor’s General Liability and Property Damage Insurance

Furnish a copy of the certificate of insurance to the Department of Transportation as evidence
that, with respect to the operations performed on railroad right of way, Contractor’s General

Liability Insurance providing for limits of liability as follows:

Coverage Minimum Combined Limits Of Liability

Bodily Injury Liability $2,000,000 Per Occurrence
Property Damage Liability | $2,000,000 Aggregate

If any part of the work is sublet, similar insurance and evidence thereof in the same amounts as
required of the Prime Contractor, shall be provided by the subcontractor to cover his operations on
railroad right of way. As an alternative, the Prime Contractor may provide for the subcontractor by

means of separate and individual policies.

Certificates of Insurance holders are to be the addresses given below. Certificates shall make

reference to the project, milepost and county.
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NCDOT Rail Division Norfolk Southern Railway Company
1 South Wilmington Street Real Estate and Contract Services
Raleigh NC 27601 Suite 1650, One Georgia Center

600 West Peachtree Street, N.W.
Atlanta, GA 30308-3603

Q.2.2. Railroad Protective Liability Insurance

Furnish to the Department of Transportation two originals and one duplicate of the Railroad

Protective Liability Insurance Policy with limits of liability as follows:

Coverage Minimum Combined Limits Of Liability

Combined Protective Bodily Injury Liability,
$2,000,000 Per Occurrence, $6,000,000

Protective Property Damage Liability, and . .
Aggregate Per Annual Policy Period

Physical Damage to Property

The Railroad Protective Liability Policy is to be written on the ISO/RIMA Form No. CG 00 35
10 93 (or updates thereof) including Endorsements CG 28 31 11 85 and IL 00 21 or their

equivalents.

The named insured, description of the work and designation of the job site to be shown on the

Policy are as follows:

Names Insured: NCDOT Rail Division Norfolk Southern Railway Company
1 South Wilmington Street Suite 1650, One Georgia Center
Raleigh NC 27601 600 West Peachtree Street, N.W.

Atlanta, GA 30308-3603

Description and Designation: Installation of fiber optic communications cable (over/under)
tracks of the NCDOT Rail Division/Norfolk Southern Railway Company, County near
Railroad Milepost identified as State Project and Federal Project

The Railroad Protective Liability Policy, all other policies and certificates shall contain a clause

requiring that thirty (30) days written notice be given the Department of Transportation and the
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Railroad Company prior to cancellation or change. The notices shall make reference to the project,

milepost and county.
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Notice To: Norfolk Southern Railway Company
Suite 1650, One Georgia Center
600 West Peachtree Street, N.W.
Atlanta, GA 30308-3603

Copy Notice Division of Highways

To: Department of Transportation
c/o State Contractual Services Engineer
P.O. Box 25201
Raleigh, NC 27611

It is understood that the amounts specified are minimum amounts and that the Contractor may
carry insurance in larger amounts if he so desires. As to “aggregate limits”, if the insurer establishes
loss reserves equal to or in excess of the aggregate limit specified in any of the required insurance
policies, immediately notify the Department of Transportation and cease all operations until the
aggregate limit is reinstated. If the insurer establishes loss reserves equal to or in excess of one/half
of the aggregate limit, arrange to restore the aggregate limit to at least the minimum amount stated in
these requirements. Any insurance policies and certificates taken out and furnished due to these
requirements shall be approved by the Department of Transportation and the Railroad Company as
to form and amount prior to beginning work on railroad right of way.

No extra allowance will be made for the insurance required hereunder. The entire cost shall be

included in the unit contract bid price for other pay items.

Furnish evidence of insurance as required above for review to the Department of Transportation
at the address shown below after which it will be forwarded by the Department of Transportation to
the Railroad.

Send to Department: Division of Highways
Department of Transportation
c/o State Contractual Services Engineer
1509 Mail Service Center
Raleigh, NC 27699-1509
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Q.3. Delays Caused By Operations of Others

Neither the Department of Transportation nor the Railroad Company assumes any responsibility
for any work performed by others in connection with the construction of the project, and the
Contractor shall have no claim whatsoever against the Department of Transportation, or the Railroad
Company for any inconvenience, delay, or additional cost incurred by him on account of such

operations by others.

Q.4. Cooperation with Others

Cooperate with others participating in the construction of the project to the end that all work may

be carried on to the best advantage.

Q.5. Authority of Railroad Engineer

The authorized representative of the Railroad Company hereinafter referred to as the Railroad
Engineer, shall have the final authority in all matters affecting the safe maintenance of railroad

traffic of his company.

Q.6. Interference with Railroad Operations

Arrange and conduct work so that there will be no interference with railroad operations,
including train, signal, telephone and telegraphic services, or damage to the property of the Railroad
Company or to the poles, wire, and other facilities of tenants on the rights of way of the Railroad
Company. Wherever work is liable to affect the operations or safety of trains, the method of doing
such work shall first be submitted to the Railroad Engineer for approval, but such approval shall not

relieve the Contractor from liability.

Should conditions arising from or in connection with the work, require that immediate and
unusual provisions be made to protect train operations and property of the Railroad Company, it
shall be a part of the required services by the Contractor to make such provisions and if, in the
judgment of the Railroad Engineer such provisions are insufficient, the Railroad Engineer or the
Department of Transportation, may at the expense of the Contractor, require or provide such

provisions as may be deemed necessary.

Q.7. Storage of Materials

Materials and equipment shall not be stored where they will interfere with railroad operations,
nor on the rights of way of the Railroad Company without first having obtained permission from the
Railroad Engineer, and such permission will be with the understanding that the Railroad Company
will not be liable or damage to such material and equipment from any cause and that the Railroad

Engineer may move or require the Contractor to move, at the Contractor’s expense, such material
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and equipment.

Q.8. Flagging Protection or Watchman Service

The Contractor shall give 72 hours advance notice to the Railroad Company in order that
flagging service can be arranged and provided. No work shall be undertaken until the flagman is at

the job site.

Q.9. Completion and Acceptance of Work

Upon completion of the work, remove from within the limits of the railroad right of way all
machinery, equipment, surplus materials, or rubbish and leave said rights of way in a neat and
orderly condition. After the final inspection has been made and work found to be completed in a
satisfactory manner acceptable to the Department of Transportation and the Railroad Company, the
Department of Transportation will be notified of the Railroad Company’s acceptance in writing by

the Railroad Company.
1.4. BASIS OF PAYMENT

There will be no direct payment for work covered in this section. Payment at the contract unit
prices for the various items in the contract will be full compensation for all work covered by this

section.
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2. MOBILIZATION
2.1. DESCRIPTION

This work consists of preparatory work and operations, including but not limited to the
movement of personnel, equipment, supplies, and incidentals to the project site, for the
establishment of offices, buildings, and other facilities necessary for work on the project; the
removal and disbandment of those personnel, equipment, supplies, incidentals, or other facilities that
were established for the prosecution of work on the project; and for all other work and operations
which must be performed for costs incurred prior to beginning work on the various items on the

project site.
2.2. COMPENSATION

All work covered by this section will be paid for at the contract lump sum price for

"Mobilization."

Partial payments for the item of "Mobilization" will be made with the first and second partial pay
estimates paid on the contract, and will be made at the rate of 50% lump sum price for
"Mobilization" on each of these partial pay estimates, less than the retainage provided for in Article
109-4 of the Standard Specifications, provided the amount bid for "Mobilization" does not exceed 5
percent of the total amount bid for the contract. Where the amount bid for the item of "Mobilization"
exceeds 5 percent of the total amount bid for the contract 2 1/2 percent of the total amount bid will
be paid on each of the first two partial pay estimates, and that portion exceeding 5 percent will be
paid on the last partial pay estimate. All such payments will be made less the retainage provided for
in Article 109-4 of the Standard Specifications.

Payment will be made under:

MODIHZALION ....ceooiiiiiiiiittecte ettt et saae e s e e e s maneenee Lump-Sum
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3. SIGNAL HEADS

3.1. DESCRIPTION

Furnish and install signal heads and signal cable with all necessary hardware in accordance with
the plans and specifications. Comply with the provisions of Section 1700 of the Standard

Specifications.

The City of Gastonia and NCDOT will modify all existing signal heads on this project to include
LEDs. The Contractor is not responsible for modifying existing signal heads to include LEDs. The

Contractor is responsible for installing all new signal heads on this project.

Furnish vehicle signal heads with light emitting diode (LED) sections, visors, interconnecting
brackets, reflectors, wire entrance fittings, glass lenses, signal lamps, messenger cable mounting
assemblies, mast arm mounting assemblies, pedestal mounting assemblies, signal cable, side-of-pole
mounting assemblies, lashing wire, pedestrian push buttons, R10-3B signs, grounding systems and

all necessary hardware.

3.2. MATERIAL

Material, equipment, and hardware furnished under this section must be pre-approved on the

Department’s QPL by the date of equipment installation.

A. General

Fabricate vehicle signal head housings and end caps from die-cast aluminum. Fabricate 12 inch
and 16 inch pedestrian signal head housings and end caps from die-cast aluminum. Fabricate 9 inch
pedestrian signal head housings, end caps, and visors from virgin polycarbonate material. Provide
visor mounting screws, door latches, and hinge pins fabricated from stainless steel. Provide interior

screws, fasteners, and metal parts fabricated from stainless steel or corrosion resistant material.
Fabricate tunnel and traditional visors from sheet aluminum.

Paint all surfaces inside and outside of signal housings and doors. Paint outside surfaces of
tunnel and traditional visors, messenger cable mounting assemblies, pole and pedestal mounting
assemblies, and pedestrian pushbutton housings. Have electrostatically applied, fused-polyester paint
in highway yellow (Federal Standard 595A, Color Chip Number 13538) a minimum of 2.5 to 3.5
mils (64 to 89 um) thick. Provide dull black polycarbonate visors. Impregnate color into
polycarbonate signal heads. Do not apply paint to the latching hardware or rigid vehicle signal head

mounting brackets.
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Have the interior surfaces of tunnel and traditional visors painted an alkyd urea black synthetic
baking enamel with a minimum gloss reflectance and meeting the requirements of MIL-E-10169,

“Enamel Heat Resisting, Instrument Black.”

For pole mounting, provide side of pole mounting assemblies with framework and all other
hardware necessary to make complete, watertight connections of the signal heads to the poles and
pedestals. Fabricate the mounting assemblies and frames from aluminum with all necessary
hardware, screws, washers, etc. to be stainless steel. Provide mounting fittings that match the
positive locking device on the signal head with the serrations integrally cast into the brackets.
Provide upper and lower pole plates that have a 1 1/4 inch vertical conduit entrance hubs with the
hubs capped on the lower plate and 1 1/2 inch horizontal hubs. Ensure that the assemblies provide
rigid attachments to poles and pedestals so as to allow no twisting or swaying of the signal heads.
Ensure that all raceways are free of sharp edges and protrusions, and can accommodate a minimum
of ten Number 14 AWG conductors.

For pedestal mounting, provide a post top slipfitter mounting assembly which matches the
positive locking device on the signal head with serrations integrally cast into the slipfitter. Provide
stainless steel hardware, screws, washers, etc. Provide a minimum of six 3/8 x 3/4 inch square head

bolts for attachment to pedestal. Provide a center post for multi-way slipfitters.

B. Vehicle Signal Heads
Comply with the ITE standard “Vehicle Traffic Control Signal Heads (VTCSH)” in effect on the

date of advertisement. Provide housings with provisions for attaching backplates.

Provide visors that are 8 inches in length for 8 inch vehicle signal head sections. Provide visors

that are 10 inches in length for 12 inch vehicle signal heads.

Provide a termination block with one empty terminal for field wiring for each indication plus one
empty terminal for the neutral conductor. Have all signal sections wired to the termination block.
Provide barriers between the terminals that have terminal screws with a minimum Number 8 thread

size and that will accommodate and secure spade lugs sized for a Number 10 terminal screw.

Mount termination blocks in the yellow signal head sections on all in-line vehicle signal heads.

Mount the termination block in the red section on five-section vehicle signal heads.

Furnish vehicle signal head interconnecting brackets. Provide one piece aluminum brackets less
than 4.5 inches in height and with no threaded pipe connections. Provide brackets that match the
positive locking device on the signal head and with the serrations integrally cast into the bracket.

Provide brackets with raceways free of sharp edges and protrusions, and that are able to
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accommodate a minimum of ten Number 14 AWG conductors. Provide hand holes on the bottom of
the brackets to aid in installing wires to the signal heads. Lower brackets that carry no wires and are

used only for connecting the bottom signal sections together may be flat in construction.

For messenger cable mounting, provide messenger cable hangers, wire outlet bodies, balance
adjusters, bottom caps, wire entrance fitting brackets, and all other hardware necessary to make a
complete, watertight connections of the vehicle signal heads to the messenger cable. Fabricate
mounting assemblies from malleable iron and provide serrated rings made of aluminum. Provide
messenger cable hangers and balance adjusters that are galvanized before being painted. Fabricate
balance adjuster eyebolt and eyebolt nut from stainless steel or galvanized malleable iron. Provide
messenger cable hangers with U-bolt clamps. Fabricate washers, screws, bolts, clevis pins, cotter

pins, nuts, and U-bolt clamps from stainless steel.

For mast-arm mounting, provide rigid vehicle signal head mounting brackets and all other
hardware necessary to make complete, watertight connections of the vehicle signal heads to the mast
arms and to provide a means for vertically adjusting the vehicle signal heads to proper alignment.
Fabricate the mounting assemblies from malleable iron or aluminum, and provide serrated rings

made of aluminum.

C. Light Emitting Diode (LED) Sections
C.1. Vehicular

Provide light emitting diode (LED) traffic signal modules (hereafter referred to as modules) that
consist of an assembly that utilizes LEDs as the light source in lieu of an incandescent lamp for use
in traffic signal sections. Use LEDs that are aluminum indium gallium phosphorus (AllnGaP)
technology for red and yellow indications and indium gallium nitride (InGaN) for green indications.
Install the ultra bright type LEDs that are rated for 100,000 hours of continuous operation from
-40°F to +165°F. Design modules to have a minimum useful life of 60 months, and to meet all

parameters of this specification during this period of useful life.

Ensure, unless otherwise stated in these specifications, that each module meets or exceeds the
requirements of the Interim Purchase Specification of the ITE VICSH part 2 (Light Emitting Diode
(LED) Vehicular Traffic Signal Modules (hereafter referred to as VICSH-2). Ensure arrow displays
meet or exceed the electrical and environmental operating requirements of VITCSH-2 sections 3 and
5, chromaticity requirements of section 4.2, and the requirements of sections 6.3 (except 6.3.2) and
6.4 (except 6.4.2).

Provide modules that meet the requirements of Table 1. Design the modules to operate from a 60

+3 HZ AC line voltage ranging from 80 volts to 135 volts. Ensure that fluctuations of line voltage
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have no visible effect on the luminous intensity of the indications. Design the module to have a

normal operating voltage of 120 VAC, and measure all parameters at this voltage.

Table 1. Maximum Power Consumption (in Watts) at 77°F

Red | Yellow | Green
300 mm circular | 17 34 24
200 mm circular | 10 16 12
300 mm arrow 9 10 11

Certify that the module has a power factor of 0.90 or greater, and that total harmonic distortion
(THD) (current and voltage) induced into an AC power line by the module does not exceed 20
percent for modules with power ratings above 15W, and 40 percent for modules with power ratings
of 15W or less. Design the module’s onboard circuitry to include voltage surge protection to
withstand high repetition noise transients as stated in Section 2.1.6 of NEMA Standard TS-2, 1992.

Ensure all wiring meets the requirements of Section 13.02 of the ITE Publication: Equipment and

Material Standards, VTCSH-2. Provide spade terminals appropriate to the lead wires and sized for a

#10 screw connection to the existing terminal block in a standard signal head.

Ensure that the module is compatible with signal load switches and conflict monitors. Design the
module to provide sufficient current draw to ensure proper load switch operation while the voltage is
varied from a regulated 80 Vrms to 135 Vrms. Design off-state for green and yellow modules to be
30 Vrms or greater, and on-state to be 40 Vrms or greater. Design the voltage decay to 10 Vrms or
less to be 100 milliseconds or less for green and yellow modules. Ensure that the control circuitry

prevents current flow through the LEDs in the off state to avoid a false indication.

Design all modules to meet existing NCDOT monitor specifications for each of the following
types of signal monitors: NEMA TS-1 conflict monitors (including so-called NEMA plus features
such as dual indication detection and short yellow time detection); NEMA TS-2 Malfunction
Management Units (MMU); and 170 cabinet Type 210ECL and 2010ECL conflict monitors
(including red monitoring and so-called plus features such as dual indication detection and short

yellow time detection).

Ensure that the modules and associated onboard circuitry meet Class A emission limits referred
to in Federal Communications Commission (FCC) Title 47, Subpart B, Section 15 regulations

concerning the emission of electronic noise.

Provide modules that meet the requirements of Table 2, Table 3, and Table 4. Test all ball
modules for luminous intensity at 77°F to meet 115% of values in Table 2 and Table 4. Design and
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certify the modules to meet or exceed the maintained minimum luminous intensity values throughout
the warranty period based on normal use in a traffic signal operation over the operating temperature
range. Test the Red and Green modules for maintained luminous intensity (Table 2, Table 3, and
Table 4) at 165°F (ITE 6.4.2.2). Use LEDs that conform to the chromaticity requirements of
VTCSH-2, Section 8.04 throughout the warranty period over the operating temperature range. Make

chromaticity coordinate compliance measurements at 77°F.

Table 2. Specification for 12 inch Extended View Signals

Minimum Luminous Intensity Values (In Candelas)
Expanded View Horizontél Angle RED YELLOW GREEN
Vertical Angle (Left/Right)
2.5 339 678 678
405 7.5 251 501 501
12.5 141 283 283
17.5 77 154 154
2.5 226 452 452
7.5 202 404 404
+/-7.5 12.5 145 291 291
17.5 89 178 178
22.5 38 77 77
27.5 16 32 32
2.5 50 101 101
7.5 48 97 97
+/-12.5 12.5 44 89 89
17.5 34 69 69
22.5 22 44 44
27.5 16 32 32
2.5 22 44 44
7.5 22 44 44
+/-17.5 12.5 22 44 44
17.5 22 44 44
(Not Extended View) 22.5 20 41 41
(Not Extended View) 27.5 16 32 32
+/-22.5 2.5 20 40 40
17.5 20 40 40
Notes

1. Design signal modules to meet these requirements as a minimum throughout the warranty period.
2. Design signal modules to have a minimum initial intensity equal to 115% of Table 2 at 25°C.
3. Independent laboratory test reports are required to validate the initial intensity.
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Table 3. Minimum Initial and maintained Intensities for Arrow Indications (in cd/m2)

Red Yellow |Green
Arrow Indication 5,500 11,000 {11,000

Table 4. Specification for 8 inch Extended View Signals

Minimum Luminous Intensity Values (In Candelas)for circular indications
Expanded View Horizontal Angle RED YELLOW GREEN
Vertical Angle (Left/Right)
2.5 133 267 267
7.5 97 194 194
25 12.5 57 113 113
17.5 25 48 48
2.5 101 202 202
7.5 89 178 178
+/-7.5 12.5 65 129 129
17.5 41 81 81
22.5 18 37 37
27.5 10 20 20
2.5 37 73 73
7.5 32 65 65
+/-12.5 12.5 28 57 57
17.5 20 41 41
22.5 12 25 25
27.5 9 16 16
2.5 16 32 32
7.5 14 28 28
+/-17.5 12.5 10 20 20
17.5 9 16 16
(Not Extended View) 22.5 6 12 12
(Not Extended View) 27.5 4 9 9
Notes

1. Design signal modules to meet these requirements as a minimum throughout the warranty period.
2. Design signal modules to have a minimum initial intensity equal to 115% of Table 4 at 25°C.
3. Independent laboratory test reports are required to validate the initial intensity.
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Table 5. Chromaticity Standards (CIE Chart)

Y: not greater than 0.308, or less than
Red 0.998 - x

Yellow |Y: not less than 0.411, nor less than 0.995
- X, nor less than 0.452

Green |Y: Not less than 0.506 -.519x, nor less
than 0.150 + 1.068x, nor more than 0.730 -

X

Design the modules as retrofit replacements for installation into standard incandescent traffic
sections that do not contain the incandescent lens, reflector assembly, lamp socket and lens gasket.
Ensure that installation does not require special tools or physical modification for the existing fixture

other than the removal of the incandescent lens, reflector assembly, lamp socket, and lens gasket.

Provide modules that are rated for use in the operating temperature range of —40°F to +165°F.
Ensure that the modules (except yellow) meet all specifications throughout this range. Fabricate the
module to protect the onboard circuitry against dust and moisture intrusion per the requirements of
NEMA Standard 250-1991 for Type 4 enclosures to protect all internal components.

Design the module to be a single, self-contained device with the circuit board and power supply

for the module inside and integral to the unit.

Design the assembly and manufacturing process for the module to ensure all internal components
are adequately supported to withstand mechanical shock and vibration from high winds and other
sources. Wire the individual LEDs such that a catastrophic loss or the failure of one LED will result
in the loss of not more than 20 percent of the signal module light output. Solder the LEDs to the

circuit board.

Fabricate the lens and signal module from material that conforms to ASTM specifications.
Ensure enclosures containing either the power supply or electronic components of the module are
made of UL94VO flame retardant materials. The lens of the signal module is excluded from this

requirement.

Permanently mark the manufacturer’s name, trademark, model number, serial number, date of

manufacture (month & year), and lot number as identification on the back of the module.

Permanently mark the following operating characteristics on the back of the module: rated

voltage and rated power in watts and volt-amperes.
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If a specific mounting orientation is required, provide permanent markings consisting of an up

arrow, or the word “UP” or “TOP” for correct indexing and orientation within the signal housing.

Provide a lens that is integral to the unit with a smooth outer surface and UV stabilized to
withstand ultraviolet exposure for a minimum period of 60 months without exhibiting evidence of
deterioration. Coat the front of a polycarbonate lens to make it more abrasion resistant. Seal the lens

to the module to prevent moisture and dust from entering the module.

Tint the red and yellow lens to match the wavelength (chromaticity) of the LED. Provide a green
lens that is either colorless or tinted to match the wavelength (chromaticity) of the LED.

For 12-inch arrow modules, ensure that the module meets specifications stated in Section 9.01 of
the ITE VTCSH for arrow indications. Design arrow displays to be solid LEDs (spread evenly across
the illuminated portion of the arrow or other designs), not outlines. Determine the luminous
intensity using the CALTRANS 606 method or similar procedure.

Provide test results for ball modules from an independent testing laboratory showing wattage and
compliance with ITE VTCSH-2 specifications 6.4.2, 6.4.4.1,6.4.4.2,6.4.4.3,6.4.5, and 6.4.6.1 as a
minimum. Ensure the 6.4.2.1 test meets the requirements of Table 2 and Table 4 of this
specification. The 6.4.2.2 test is for Red and Green only. Ensure that the LED signal modules tested

are typical, average production units.

C.1.1. Bum In

Energize the sample module(s) (a sample of one module minimum) for a minimum of 24 hours,
at 100 percent on-time duty cycle, at a temperature of +165°F before performing any qualification
testing. Any failure of the module, which renders the unit non-compliant with the specification after

burn-in, is cause for rejection. All specifications will be measured including, but not limited to:

e Photometric (Rated Initial Luminous Intensity) - Measure at +77°F. Measure
luminous intensity for red and green modules upon the completion of a 30 minute 100
percent on-time duty cycle at the rated voltage. Measure luminous intensity for yellow

modules immediately upon energizing at the rated voltage.

e Chromaticity (Color) - Measure at +77°F. Measure chromaticity for red and green
modules upon the completion of a 30 minute 100 percent on-time duty cycle at the rated
voltage. Measure chromaticity for yellow modules immediately upon energizing at the

rated voltage.

e FElectrical - Measure all specified parameters for quality comparison of production

quality assurance on production modules. (rated power, etc)
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C.1.2. Equipment Compatibility

In addition to the 6.4.4.5 test of modules for compatibility with controllers, conflict monitors,
and load switches, perform the following test, and certify the results. Connect each signal module to
the output of a standard load switch connected to a variable AC voltage supply (95 to 135 VAC).
With the load switch “off,” vary the AC voltage from 95 Vrms to 135 Vrms, and measure the drop

across the module. Readings greater than 15 Vrms are unacceptable.

NCDOT evaluates and approves all LED Traffic Signal modules for the QPL by a standard
visual inspection and blind operational survey, a compatibility test, current flow, and other random
tests, in addition to reviewing the lab reports and documentation from the manufacturer. The tests
are conducted at the Traffic Electronics Center in Raleigh. Ensure each 12-inch ball module is
visible at 450 feet during sway conditions (extended view) until obscured by the visor. Ensure each
8-inch ball and 12-inch arrow modules are visible at 300 feet during sway conditions (extended
view) until obscured by the visor. Sufficient luminance during the extended views will be

determined during this blind survey evaluation.

In addition to meeting the performance requirements for the minimum period of 60 months,
provide a written warranty against defects in materials and workmanship for the modules for a
period of 60 months after shipment acceptance of the modules. Provide replacement modules within
30 days of receipt of modules that have failed at no cost to the State. Provide warranty
documentation to the Department prior to QPL acceptance. Provide luminous intensity testing at an
independent lab, to determine degradation, for two modules of each color provided by NCDOT at

the end of two and four years of operation.

Provide testing at an independent laboratory for a designated module to be tested for maintained
luminous intensity at 77°F once each year during the five year warranty period.
D. Signal Cable

Furnish signal cable that complies with IMSA specification 20-1 and the Standard
Specifications. Furnish signal cable that matches the type and size of the existing signal cable at the

intersection.
3.3. CONSTRUCTION METHODS

A. General

Install vehicle signal heads with light emitting diode (LED) sections, visors, reflectors, wire
entrance fittings, glass lenses, signal lamps, interconnecting brackets, messenger cable mounting

assemblies, mast arm mounting assemblies, pedestal mounting assemblies, signal cable, side of pole
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mounting assemblies, lashing wire, pedestrian push buttons, R10-3B signs, grounding systems, and

all necessary hardware.

Bag new vehicle signal heads with burlap bags or bags made of nonripping material specifically

designed for covering signal heads until the signal heads are placed in operation.

When new signal heads are placed into operation, immediately bag and remove signals heads

that are not to be reused.

Vertically and horizontally adjust each signal head so that light output will be of maximum
effectiveness for the traffic. Do not tilt signal heads forward.

Reposition signal heads as required for various construction phases.

B. Vehicle Signal Heads

Install vehicle signal heads at the heights required in the North Carolina Supplement to the
MUTCD in effect on the date of advertisement.

Where vehicle signal heads are installed on messenger cable, install mounting hardware
consisting of a messenger cable hanger, balance adjuster, bottom cap, wire entrance fitting bracket,

and insulating bushings.

Where vehicle signal heads are installed on mast arms, install mounting hardware consisting of

rigid vehicle signal head mounting brackets.

Install signal cable in continuous lengths between signal controller cabinets and signal heads.
Route signal cable to minimize the length of cable installed, and the number of cables and
conductors in each run. Pull 36 inches of additional signal cable into controller cabinets. Do not

install more than six signal heads on one neutral conductor.

Wrap signal cable to messenger cable with at least four turns of wrapping tape spaced at intervals
less than 15 inches or lash signal cable to messenger cable with one 360 degree spiral of lashing wire

per 12 inches.

Make electrical connections inside each signal head, signal controller cabinet, and termination

compartment in metal poles. Do not splice cable outside signal heads.

Coil sufficient signal cable beside each vehicle signal head to accommodate head shifts during
various construction phases. For all cables entering or leaving vehicle signal heads at final head

locations, provide a minimum of 36 inches of signal cable coiled beside each head.
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34. METHOD OF MEASUREMENT

Actual number of signal heads of each type, size, and number of sections with mounting

hardware furnished, installed, and accepted.

Linear feet of signal cable shown on the plans as being necessary to complete the work. Where
signal plans have been revised, the quantity as shown on the revised signal plans. No measurement
for payment will be made for this pay item, and no adjustment in the contract unit price or quantity
will be made for any variation from the approximate quantity shown except in accordance with
Article 1098-1(F) of the Standard Specifications.

No measurement will be made of light emitting diode (LED) sections, visors, reflectors, wire
entrance fittings, glass lenses, signal lamps, interconnecting brackets, messenger cable mounting
assemblies, mast arm mounting assemblies, pedestal mounting assemblies, side of pole mounting
assemblies, lashing wire, pedestrian push buttons, and R10-3B signs as these will be considered

incidental to furnishing and installing signal heads.

No measurement will be made for signal cable that does not match the existing type of signal

cable in use at the intersection.
3.5. BASIS OF PAYMENT

The quantity of signal heads, measured as provided above, will be paid for at the contract unit

price each for * Signal Head ( ).”

The quantity of signal cable, measured as provided above, will be paid for at the contract unit

price per linear foot for “Signal Cable.”

Payment will be made under:

Vehicle Signal Head (127, 3 SECION) ...cieritiriiiiieiieniteee ettt eee ettt et ne e Each
Vehicle Signal Head (127, 4 SECLION) ...eeieuuiiriiiiieieeneie et st et e e et et e s ee e eese e emneesenee Each
Vehicle Signal Head (127, 5 Section)......................; ....................................................................... Each
SIGNAL CADIE ...ttt e neas Linear Foot
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4. SIGNS INSTALLED FOR SIGNALS
4.1. DESCRIPTION

Furnish and install signs for signals and all necessary hardware in accordance with the plans and

specifications. Comply with the provisions of Section 1700 of the Standard Specifications.

Furnish signs with cable hangers, rigid sign mounting brackets, U-channel post, and all necessary

hardware.

4.2. MATERIALS
Comply with Article 901-2 (Sign Fabrication) of the Standard Specifications.
Use Type III reflective sheeting, except for black sheeting. Use non-reflective for black sheeting.
Conform to the message layout, size, and color as required in the MUTCD.

For messenger cable mounting, furnish either messenger cable hangers with free-swinging, 360
degree adjustable sign brackets or three bolt clamps as directed. Furnish aluminum, galvanized steel,
or stainless steel messenger cable mounted sign supporting hardware.

For ground mounting, furnish steel, 3 1b., U-channel posts with hardware for ground mounting.
Comply with Article 903-2 (Sign Supports) of the Standard Specifications.

For mast-arm mounting, furnish rigid aluminum, galvanized steel or stainless steel sign mounting

brackets.
4.3. CONSTRUCTION METHODS

Install signs with applicable mounting hardware. Comply with sign offsets and mounting heights
as shown in the MUTCD and Standard Drawing numbered 904.50.

For messenger cable mounting, install signs a minimum of 6 inches from signal heads.
For ground mounting, comply with Article 903-3 of the Standard Specifications.

For signs mounted on mast arms, install attachment brackets to signs to allow the positions to be

adjusted so that signs:
e are aimed in the required direction,
e are plumb as viewed from their respective approaches,

e may be tilted forward or backward as required,

30 print date: 12/22/05



g

)
U-4736 Gastonia Signal System . 75
Intelligent Transportation Systems & Signals Unit

¢ and may be raised or lowered on the mast arm throughout the full length of the sign.

44. METHOD OF MEASUREMENT

Actual number of signs for signals, without regard to the different mounting methods, furnished,

installed, and accepted.
4.5. BASIS OF PAYMENT

The quantity of reflective sheeting signs, measured as provided above, will be paid for at the

contract unit price each for “Sign for Signal.”
Payment will be made under:

SIGN FOT SIGNALS ...ttt et et e e e bt e s st e e st e e ae e e b e e bee s neeenreen Each
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5. LED BLANKOUT SIGNS
5.1. DESCRIPTION

Furnish and install Light Emitting Diode (LED) blank out signs with all necessary hardware as
set forth in the plans and specifications. Design the signs with the options to display “NO (LEFT or
RIGHT) TURN TRAIN”. Fabricate the sign to be between 27 inches and 29 inches wide, between
37 inches and 39 inches high, and approximately 8 inches deep. Comply with the provisions of
Section 1700 of the Standard Specifications.

5.2. MATERIALS

Provide a modular design with the following self-contained modules: message display, rack
mounted message drivers, driver rack assembly, and enclosure. Ensure that all internal components
are adequately supported to withstand mechanical shock and vibration from ratings meeting
AASHTQ’s requirements of 80 mph with a 30% gust factor. Design the display to operate without

moving parts.

Provide a message display that is a PCB matrix with a mat black solder mask that has a
minimum thickness of 0.093 inches and a silk screened component identifier. Mount the LEDs on
the front of the PCB matrix. Mount all other components on the back of the black matrix. Ensure that
a person with 20/20 vision can read a fully intensified, legible message from 500 feet in front of the
sign under any light conditions. Ensure the message is not legible when the sign is off, even if in

direct sunlight

Use white LEDs that are the latest InGaN technology or better with a minimum luminous
intensity of 6,000 mcd at 20 mA. Distribute the LEDs evenly. Ensure that the maximum distance,
center to center, between consecutive LEDs is 0.5 inches, plus or minus 10%. Connect the individual
LED light sources so that failure of a single LED will result in a loss of no more than 5 LEDs.
Ensure the sign is still legible. Fabricate the message using 6 inch high Series “E” letters for “NO”
and 5 inch high Series “D” letters for “LEFT/RIGHT TURN TRAIN.”
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Protect and seal the rear side of the PCB with a molded polymeric back cover. Mount the display
PCB with back cover into the front door, which consist of an aluminum frame and face lens. Provide
a clear 0.25-inch, non-glare, mat finish polycarbonate lens with a UV resistant surface treatment.

Ensure that the lens has light transmission properties equal to or greater than 80%

Design the entire display face and door as a one piece, self contained module that can be
removed from the sign housing in less than one minute without using tools. Seal the module against
dust and moisture intrusion to meet the requirements of NEMA Standard 250-1991 sections 4.7.2.1
and 4.7.3.2 for type 4 enclosures.

Mount the module on the sign housing with three stainless steel “lift-off” hinges, and latch it
with a minimum of two stainless steel %4 turn link locks. Provide a retaining rod to hold the door in
the open position. Configure the front door frame assembly to cover a gutter surrounding the full

perimeter of the housing body and fit flush to the exterior of the body.

Fabricate the weatherproof housing out of 0.125 inch aluminum with all corner seams welded
their full length. Weld the full length of all corner seams using tungsten inert gas method. Provide a
1-inch diameter vent plug in four bottom corners of the housing to prevent the collection of water

from possible gasket leaks. Ensure each vent plug has a corrosion resistant screen, which allows the
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passage of water but does not allow insects to enter the housing. Install a terminal block that
accommodates a spade lug sized for a number 10 terminal screw. Provide 4 terminals with each

having 2 terminal screws that have a shorting bar between them.

Fabricate a mounting fitting and entrance for wires to be compatible with standard traffic signal
mounting hardware using Pelco type die cast aluminum mounting hubs with 1.5 inch threaded
nipples. Provide stainless steel nuts, bolts, screws, washers, lock washers, etc. Do not use self-

tapping fasteners on the exterior of the sign. Ensure that all mechanical fasteners are stainless steel.

Provide a standard 7-inch deep sun visor made of 1/16-inch aluminum. Paint the inside of the
visor with two (2) coats of dull black paint. Paint the exterior and interior of the sign case and the
outside of the visor Federal Standard 595A yellow by the dry powder method. Apply the yellow
finish by electrostatic spray and heat cure. Ensure the thickness of the finish is a minimum of 2.5

mils (64 um) thick. Apply no paint to the latching hardware.

Provide an aluminum driver rack assembly that is a single part, self-contained module consisting
of an interconnect PCB and an anodized aluminum frame. Ensure that it is vented from top to bottom
and has latches to lock the modules in place. Design the driver rack assembly to be easily removable

in less than one minute without the use of tools.

Design the driver modules to be industry standard 6.5 x 4.5 inches rack mounted. Provide driver
modules that consist of a PCB with aluminum front plate and handle as used for inductive loop
detectors. Ensure that the LED current does not exceed the manufacturer’s maximum current rating.
Ensure that the driver modules are fused. Provide voltage surge protection to withstand high
repetition noise transients and low repetition high energy transients as stated in section 2.1.6 of the
NEMA Standard TS-2, 1992.

Ensure compatibility and proper triggering and operation with load switches and conflict
monitors in signal controllers currently used by the Department. Ensure the on-board circuitry meets
FCC title 47, sub-part B, section 15 regulations on the emission of electronic noise. Design the

driver modules to maintain a constant LED drive current regardless of the outside temperature.

Design the driver modules to automatically reduce the light intensity of the display by 35%
based on the ambient light to reduce long term degradation of the LEDs. Include a 30-second delay
to prevent interference caused by extraneous light. Provide an alarm signal that will appear as a high
impedance to the power source from the controller cabinet if the display is not operational. Provide a

green LED for power status and a red LED for alarm status on the drive module.

Design the interconnect PCB to include terminals for all field wiring, 120 VAC controls, external
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photocell, and alarm signals. Design all interconnections within the sign to be accomplished through
the PCB with no internal wiring with the exception of a single cable for the message display and
wires from the input terminal block. Provide a multi-conductor cable with an individual 2-pin
connector for each word. Identify all connectors and terminals by the silk screen identifier on the
surface of the PCB. Mount all PCBs vertically to facilitate air-cooling and to prevent collection of

dust and moisture

Design and certify the LED blank out sign to operate over a temperature range of —35°F to 165°
F with an operating voltage range of 105 to 130 volts (60 Hertz). Ensure that all electronic
components are standard industry items that are available from wholesale electronics distributors.
Provide components that are “solid state type. Do not use electro-mechanical components such as

relays, transformers or solenoids.

Guarantee the materials and workmanship of all equipment provided under this section for a
period of five years. All warranties and guarantees that are customarily issued by the equipment
manufacturers that exceed this requirement will be acceptable to the Department. Begin the warranty
period on the date of the final acceptance of all work if contractor supplied, or on the date of
installation if supplied to the Department by a manufacturer or manufacturer's representative.
Guarantee all parts and labor necessary or incidental to the repair of any defect in equipment or
workmanship and malfunctions that arise during the guarantee period. Provide the guarantee to the
Department in writing prior to final acceptance of the work and material. Obtain the Engineer’s

approval of the guarantee’s wording.

Ensure that the manufacturer’s warranties and guarantees delivered to a contractor includes the
provision that they are subject to transfer to the Department or its designated maintaining agency,
and provide proper validation from the manufacturer. Transfer warranties and guarantees to the

Department at the time of acceptance of the work.

The state has the discretion to perform warranty work at the Traffic Electronics Center by
NCDOT electronics technicians or to have warranty work performed by the vendor. The vendor will
provide bench repair training on the manufacturer’s equipment as required by the bid document or
plans at no additional cost to the State unless otherwise specified. In addition to any formal training
requirements, the vendor agrees to provide the following upon request: 1) Prompt technical support
to the State repair personnel during the contract and for a period of one year after the end of the
warranty period at no cost to the State; 2) Provide parts to the Traffic Electronics Center for all
warranty repairs at no cost to the State (defective parts replaced under warranty by the Traffic

Electronics Center will be returned to the vendor for examination at the vendor’s request); 3)
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Provide schematics and other documentation required to perform bench repair to the Traffic
Electronics Center within two weeks of request. Upon request from the vendor, the Department

agrees not to divulge any proprietary information contained in those documents.

At the request of the State, the vendor will perform warranty repairs to equipment that fails
during the warranty period at no cost to the State including freight costs to ship repaired equipment
back to the NCDOT Traffic Electronics Center. The State will pay freight charges to ship equipment
to the vendor or manufacturer. Ensure all equipment is repaired and returned to the Department

Traffic Electronics Center within 21 calendar days of receipt by the vendor.
5.3. CONSTRUCTION METHODS

Install LED blank out signs with wire entrance fittings, span wire cable mounting assemblies,

pedestal mounting assemblies, signal cable, lashing wire, and all necessary hardware.
5.4. METHOD OF MEASUREMENT

Actual number of LED blankout signs with mounting hardware furnished, installed, and

accepted.
5.5. BASIS OF PAYMENT

The quantity of LED blankout signs, measured as provided above, will be paid for at the contract
unit price each for “LED Blankout Sign.”

Payment will be made under:

LED BlanKouUt S1ZI ... .cceeiieiiiiieiieie ettt et esteesee e e s seeneeseneesaneemneessmeeesmeeeseesneeesnnneens Each
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6. MESSENGER CABLE
6.1. DESCRIPTION

Furnish and install messenger cable (spanwire) with all necessary hardware in accordance with
the plans and specifications. Comply with the provisions of Section 1700 of the Standard

Specifications.

Furnish messenger cable with cable clamps, machine bolts, eyebolts, strandvises, eyenuts, split-

bolt connectors, and all necessary hardware.
6.2. MATERIAL

Material, equipment, and hardware furnished under this section must be pre-approved on the

Department’s QPL by the date of equipment installation.

Comply with ASTM A 475-89 for extra high strength grade wire strand, Class A zinc coating.

Fabricate messenger cable from seven steel wires that are twisted into a single concentric strand.
Provide universal grade strandvises used for extra high strength steel messenger cable.

Provide pole line hardware constructed of hot-dipped galvanized steel. Provide machine bolts,
eyebolts, and thimbleye bolts with a minimum tensile strength of 12,400 1bs.. Provide galvanized

nuts, washers, and thimbleyelets.
6.3. CONSTRUCTION METHODS
Install guy assemblies prior to installing messenger cable.

Bond messenger cable installed for the purpose of supporting communications cable at intervals
not to exceed 1,300 feet. Use existing pole grounds when available. Should existing poles not have a
grounding system, install a new grounding system that complies with Article 1720-3 of the Standard

Specifications.

Use 3/8 inch messenger cable for spans supporting vehicle signal heads, or signs, or signal heads

and signs.

Use 1/4 inch messenger cable for spans supporting only cables unless otherwise shown on the

plans.

For messenger cable crossing over railroad tracks, provide a minimum of 30 feet of vertical

clearance, unless otherwise shown on the Plans.

For permanent installation, install messenger cable in continuous lengths with no splices except
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where an insulator is required. For temporary installations and with prior approval, existing

messenger may be extended instead of installing a new messenger cable.

Tension messenger cable to eliminate appreciable sag and to match the sag of surrounding

utilities. Otherwise, allow a sag of three to four percent of the length of the span between poles.

Provide 3-bolt clamp assemblies consisting of 5/8 inch diameter machine bolts, j-hooks, washers,
and square nuts to attach messenger cable to wood poles. Provide machine bolts that are 3 inches

longer than the pole diameter.

Attach messenger cable to poles using cable clamps with J-hooks in mid-runs and deadend

strandvises at termination poles.

Use 5/8 inch diameter eyebolts with washers and nuts (or eyenuts where required) to attach
strandvises to wood poles at controller cabinets and poles where cable is terminated into a

strandvise.

On joint use poles at signal and ITS equipment installations (i.e. Controller Cabinets, CCTV
Cabinets, DMS Cabinets, etc.), do not use existing utility company grounds. Install a grounding
system for the signal and ITS equipment.

Bond messenger cable installed for the purpose of supporting communications cable at intervals
not to exceed every 1300 feet. Use existing pole grounds when available. Should existing poles not

have a grounding system, install a new grounding system for bonding the messenger cable.

Install ground wires so as to minimize damage from vandalism and environmental exposures.
Use Number 6 AWG solid copper ground wire. Install ground wire up the pole to a point adjacent to
the uppermost span. To secure the ground wire to poles, use hotdipped galvanized wire staples on 12
inch centers from ground level to 8 feet. Above 8 feet, use wire staples on 24 inch centers. Install a
5/8 inch x 8 foot ground rod at the base of the pole and exothermically weld the ground wire to the
ground rod. Bond the messenger cable to the ground wire using a Burndy Clamp (UCG25RS) or

equivalent.
Maintain electrical continuity at all splices.
6.4. METHOD OF MEASUREMENT

Measured horizontal linear feet of messenger cable furnished, installed and accepted. Sag and
vertical segments will not be paid for as these distances will be considered incidental to the

installation of the messenger cable.

No measurement will be made of cable clamps, machine bolts, eyebolts, strandvises, 3 bolt
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assemblies, eyenuts, split bolt connectors, messenger cable bonding, or pole grounding system as

these will be considered incidental to furnishing and installing messenger cable.
6.5. BASIS OF PAYMENT

The quantity of messenger cable, measured as provided above, will be paid for at the contract
unit price per linear foot for “Messenger Cable ( ).”

Payment will be made under:
MeSSENEET Cable (3/87) .ttt e s b Linear Foot

MeSSENEET CabIE (17/47) ettt ettt et s Linear Foot
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7. UNDERGROUND CONDUIT
7.1. DESCRIPTION

Furnish and install underground conduit systems with all necessary hardware in accordance with
the plans and specifications. Comply with the provisions of Section 1700 of the Standard

Specifications.
7.2. MATERIALS
A. General

Material, equipment, and hardware furnished under this section must be pre-approved on the

Department’s QPL by the date of equipment installation.

Comply with Article 1018-2 of the Standard Specifications for backfill requirements. Comply
with Articles 545-2 and 545-3 of the Standard Specifications for graded stone requirements.

B. Non-Metallic Conduit

Fumish factory lubricated, low friction, coilable, conduit constructed of virgin high-density
polyethylene (HDPE). Furnish conduits with nominal diameter as required by the plans. Provide
individual conduits with smooth outer walls and ribbed inner walls and ensure the conduit is capable
of being coiled on reels in continuous lengths, transported, stored outdoors, and subsequently

uncoiled for installation without affecting its properties or performance.

Provide conduit that is suitable for underground use in an ambient temperature range of -30 to

130 degrees F without degradation of material properties.

Provide conduit that is resistant to benzene, calcium chloride, ethyl alcohol, fuel oil, gasoline,
lubricating oil, potassium chloride, sodium chloride, sodium nitrate, and transformer oil, and is

protected against degradation due to oxidation and general corrosion.

Provide conduit(s) with an outer diameter to minimum wall thickness ratio that complies with
ASTM-D3035, Standard Dimension Ratio (SDR) 13.5.

Provide conduit(s) that meets or exceeds the following:

ASTM-D638 Tensile Strength 3,000 psi, minimum

Elongation 400 percent, minimum
ASTM-D1238 Melt Index 0.4 maximum
ASTM-D1505  Density 0941-0955 g/cc
ASTM-D1693 Condition B 20 percent failure, maximum
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ASTM-D2444  Impact NEMA Standards Publication Number TC7
ASTM-D3350 Cell classification 334420 or 344420

Furnish conduits with a coefficient of friction of 0.09 or less in accordance with Belcore GR-
356.

Dependent upon the number of conduits required, furnish conduits in black, orange, blue and

white colors. Provide conduits that are factory extruded with the appropriate colors.

Furnish conduit organizers at all points where multiple conduits enter and exit a junction box or
cabinet. Furnish conduit organizers that are appropriately sized with regards to the conduits. Provide

conduit organizers that are removable.

Furnish duct plugs that provide a watertight barrier when installed in an unused conduit. Furnish

duct plugs sized in accordance with the conduit furnished. Provide duct plugs that are removable.

Furnish mechanical sealing devices that provide a watertight barrier between the conduit and
communications cable. Furnish mechanical sealing devices sized in accordance with the conduit
furnished and with appropriately sized penetration holes for the communications cable. Provide

mechanical sealing devices that are removable.

Furnish conduit spacers to bind the individual conduits together when installed in a common

trench. Furnish conduit spacers that are appropriately sized with regards to the conduits.

Furnish Y.-inch, prelubricated, woven polyester tape, pull line with a minimum rated tensile
strength of 2,500 Ib in all conduit(s).

Furnish non-detectable underground marker tape with the wording “WARNING — Fiber Optic
Cable” in all trenches.
C. Metallic Conduit

Use metallic conduit and duct which is rigid hot-dipped galvanized steel and meets the
requirements of UL Standard 6 "Rigid Metallic Conduit", with rigid full weight sherardized or
galvanized threaded fittings.

7.3. CONSTRUCTION METHODS

A. General

In non-used/spare conduits, seal each end of the conduit with a duct plug. Secure each end of the
pull line to the duct plug prior to installing the duct plug. Ensure that the placement of the pull line

does not interfere with the installation of the duct plug and provides a watertight seal.
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In conduits containing communications cable, seal the conduit with an approved mechanical

sealing device. Ensure the installation provides a watertight seal.

For underground polyethylene conduit installations (trenched or plowed), backfill in accordance
with Article 300-7 of the Standard Specifications.

B. Tracer Wire

Pull the tracer wire simultaneously with the fiber-optic communications cable in a continuous
length. When multiple pulls of fiber-optic cable are required, only one tracer wire is required. Where
tracer wire is spliced, provide waterproof butt splices. Splicing is allowed only in cabinets and
junction boxes. Label all tracer wires. Terminate tracer wire to equipment ground bus as specified in

the plans.

C. Underground Polyethylene Conduit Installation in Trench
Install underground polyethylene conduit system along the route of the trench. Install conduit

organizers at points where multiple conduits enter or exit the junction box or cabinet, etc.

Maintain a minimum trench depth of 30 inches below finished grade or 6 inches below roadway

subgrade, whichever is deeper.

Install longitudinal runs of conduit at a minimum of 1 foot from the back of curb or 6 feet from

the edge of pavement in the absence of curb.

Use one common trench with approved conduit spacers to bind the individual conduits together
at no more than every 50 feet. Install the non-detectable marker tape approximately 15 inches below

the finished grade.

Extend the ends of the conduits such that upon completion of the installation the conduits will

extend a minimum of 2 inches above concrete surfaces and 4 inches above crushed stone bases.

Remove all rock and debris from backfill material. Remove excess material from the site and

compact the excavation according to Article 300-7 of the Standard Specifications.

Backfill the trench at locations along the trench path where non-movable objects, such as rocks
and boulders, cannot be avoided, thus causing a deviation in the elevation height of the underground
polyethylene conduit system. The purpose of the backfill is to provide a gradual change in the
elevation of the trench, from the bottom elevation to the highest point of the obstruction such that
excessive bending and stress will not be transferred to the conduits once the underground

polyethylene conduit system is installed.

After the installation of the conduits and upon completion of the tamping and backfill process,
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perform a mandrel test on each individual conduit to ensure that no conduit has been damaged.
Furnish a non-metallic mandrel having a diameter of approximately 50% of the inside diameter of
the conduit in which it is to be pulled through. If damage has occurred replace the entire length of

conduit.
C.1. Unpaved Trenching
Install polyethylene conduit in all unpaved trenching areas. Install 2-inch polyethylene conduit

in quantities stated in the Plans.

Finish unpaved areas flush with the surrounding natural ground. Restore damaged grassed areas.

Seed and mulch within 7 days after the occurrence of the damage.

C.2. Paved Trenching
Install metallic conduit in all paved trenching areas. Paved areas include streets, sidewalks,

paved driveways, and parking lots.

Except on concrete surfaces, neatly cut and replace the width of the trench with like material. On

concrete surfaces, replace the entire joint of concrete unless otherwise directed by the Engineer.
D. Jack and Bore
For all jack and bore areas, comply with Article 342-3 of the Standard Specifications.

For all jack and bore areas, install metallic conduit at a minimum depth of 30 inches below
finished grade or 6 inches below roadway sub-grade. Provide 3 feet of conduit from back of curb or

from edge of pavement. Terminate ends of conduit into junction boxes.

Perform work that complies with the NCDOT Policies and Procedures for accommodating
Utilities on Highway Rights-of-Way in effect on the date of advertisement.

E. Multi-Duct Installation in Outer-Duct

At locations called for jack and bore in the Plans, install multi-duct conduit system in single
outer-duct conduit that was installed during jack and bore. Simultaneously install the individual
colored conduits in the outer-duct conduit. Install the multi-duct conduits using an approved cable

pulling lubricant.

Use a dynamometer (clutch device) so as not to exceed the maximum allowable pulling tension.

Do not use a motorized vehicle to generate pulling forces.

Keep tension on the conduit(s) and the pulling line at the start of each pull. Do not release the
tension if the pulling operation is halted. Restart the pulling operation by gradually increasing the

tension until the multi-ducts are in motion. Once the multi-duct system is installed in the outer-duct,
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install the duct organizers at the point where the multi-duct system enters or exits the junction box or

cabinet.

Extend the ends of the multi-duct conduit such that upon completion of the installation, the
conduits will extend a minimum of 2 inches above concrete surfaces and 4 inches above crushed

stone bases.

After installation of the multi-duct conduits, perform a mandrel test on each individual conduit to
ensure that no conduits have been damaged. Furnish a non-metallic mandrel having a diameter of
approximately 50% of the inside diameter of the conduit in which it is to be pulled through. If

damage has occurred replace the entire length of conduit.

F. Splicing of Underground Polyethylene Conduits
Splicing or joining of underground polyethylene conduits is prohibited. With the Engineer’s

approval, install a junction box at all locations where splicing or coupling of the underground

polyethylene conduits is necessary due to problems encountered with the installation method.

G. Plan of Record Drawings

Upon completion of the underground polyethylene conduit system installation, furnish the
Engineer with a plan of record profile drawing and plan drawing showing the horizontal and vertical

locations of the installed conduit system.
7.4. METHOD OF MEASUREMENT

Measured horizontal linear feet of each conduit system (containing the individual conduit(s)
called for in the plans) that is furnished, installed in a trench, and accepted. Measurement of the

conduit system will be from point to point horizontally along the approximate centerline.

Measured horizontal linear feet of jack and bore for underground conduit installation furnished
and accepted. Measurement will be along the approximate centerline of the bore from junction box
to junction box. Vertical segments will not be paid for as these distances will be considered

incidental to installation of underground conduit.

Measured horizontal linear feet of each multi-duct conduit system (containing the individual
conduit(s) called for in the plans) that is furnished, installed in outer-duct and accepted.
Measurement of the multi-duct conduit system will be from point to point horizontally along the
approximate centerline. Vertical segments will not be paid for as these will be considered incidental

to the installation of the conduit system.

Measured horizontal linear feet of tracer wire furnished, installed and accepted. Measurement
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will be along the approximate centerline of the trench. Vertical segments will not be paid for as these
distances will be considered incidental to the installation of the tracer wire. No payment will be

made for excess tracer wire in junction boxes and/or cabinets.

No additional payment will be made for seeding and mulching, removal of excess material,
furnishing and placing incidental stone, furnishing and placing paved material, marker tape, pull
lines, mechanical sealing devices, duct plugs, pulling lubricants, conduit organizers, mandrel test,

and plan of record drawings, as they will be considered incidental.
7.5. BASIS OF PAYMENT

The quantity of polyethylene conduit installed in an unpaved trench, measured as provided
above, will be paid for at the contract unit price per linear foot as “Trench polyethylene conduit(s),

(size)(quantity of conduits) and (size)(quantity of conduits).”

The quantity of metallic conduit installed in an paved trench, measured as provided above, will
be paid for at the contract unit price per linear foot as “Trench metallic conduit(s), (size)(quantity of
conduits) and (size)(quantity of conduits).”

The quantity of jack and bore, measured as provided above, will be paid for at the contract unit

price per linear foot as “Jack and Bore.”

The quantity of multi-duct conduit installed in outer-duct, measured as provided above, will be
paid for at the contract unit price per linear foot as “Multi-Duct (size) in Outer-Duct (quantity of

conduits).”

The quantity of tracer wire, measured as provided above, will be paid for at the contract unit

price per linear foot as Tracer Wire.”

Payment will be made under:

Trench Polyethylene Conduit, (27)(2) ..cccvereecierieririeeierieerieete sttt e stre s e e eiaesae e Linear Foot
Trench Polyethylene Conduit, (27)(1) c..eecvieveeriererieeeneeeieeee ettt ree e ee e eerre e s sanessnenes Linear Foot
Trench Metallic Conduit, (27)(1)...ccuieciieeeiieeereeeeeeeeie e e ieeeesesr e e eerreeeeseesenneaeeseeseennraeeennas Linear Foot
JACK ANA BOTE ...ttt ane Linear Foot
Multi-Duct (1.257) in OULET-DUCE (4) .eeeeieirreeieeieeeeeeeeteeie e e s e ete st sae e e sere e s e senaesaens Linear Foot
TTACET WITE ...ttt ettt et e ettt e st e e e e e sttt e e e s ase et e et e e e e s s ansttaeaeeeaaasaasenaasnaeens Linear Foot
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8. DIRECTIONAL DRILLING
8.1. DESCRIPTION

Furnish and install conduit(s) and all necessary hardware by using the horizontal directional
drilling method in accordance with the plans and specifications. Comply with the provisions of
Section 1700 of the Standard Specifications.

8.2. MATERIALS

A. General

Provide conduit that is suitable for underground use in an ambient temperature range of -30 to

130 degrees F without degradation of material properties.

Provide conduit that is resistant to benzene, calcium chloride, ethyl alcohol, fuel oil, gasoline,
lubricating oil, potassium chloride, sodium chloride, sodium nitrate, and transformer oil, and is

protected against degradation due to oxidation and general corrosion.

Provide conduit(s) with an outer diameter to minimum wall thickness ratio that complies with
ASTM-D3035, Standard Dimension Ratio (SDR) 13.5.

Provide conduit(s) that meets or exceeds the following:

ASTM-D638 Tensile Strength 3,000 psi, minimum

Elongation 400 percent, minimum
ASTM-DI1238  Melt Index 0.4 maximum
ASTM-DI1505  Density 0941-0955 g/cc
ASTM-D1693 Condition B 20 percent failure, maximum
ASTM-D2444  Impact NEMA Standards Publication Number TC7

ASTM-D3350 Cell classification 334420 or 344420

Furnish conduits with a coefficient of friction of 0.09 or less in accordance with Belcore GR-
356.

Dependent upon the number of conduits required, furnish conduits in black, orange, blue and

white colors. Provide conduits that are factory extruded with the appropriate colors.

Furnish %-inch, prelubricated, woven polyester tape, pull line with a minimum rated tensile
strength of 2,500 Ib.
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B. Polyethylene Conduit

Furnish factory lubricated, low friction, coilable conduit constructed of virgin high-density
polyethylene (HDPE). Furnish conduits with inside diameter as required by the plans. Provide
conduit with a smooth outer wall and ribbed inner wall and ensure the conduit is capable of being
coiled on reels in continuous lengths, transported, stored outdoors, and subsequently uncoiled for

installation without affecting its properties or performance.

Furnish duct plugs that provide a watertight barrier when installed in an unused conduit. Furnish

duct plugs sized in accordance with the conduit furnished. Provide duct plugs that are removable.

Furnish mechanical sealing devices that provide a watertight barrier between the conduit and
communications cable. Furnish mechanical sealing devices sized in accordance with the conduit
furnished and with appropriately sized holes for the communications cable. Provide mechanical

sealing devices that are removable.
8.3. CONSTRUCTION METHODS

A. Pre-Approvals and Minimum Depth Requirements

Obtain the Engineer’s approval prior to beginning drilling operations.

At all points where the proposed conduit will traverse under city streets, state roads, driveways,
-sidewalks, and/or “Controlled Access Areas” including entrance/exit ramps, ensure the conduit(s)
maintains a minimum depth of 4 feet or 8 times the back reamer’s diameter, whichever is deeper.
For an installation that runs parallel to a controlled access area or entrance and exit ramps ensure the
conduit maintains a minimum depth of 30 inches below grade. Maintain a minimum clearance of 30
inches below grade when crossing ditch lines. For the following man-made structures, the minimum

clearance requirements are shown in the table below:
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Man-made Structure Minimum Clearance Requirement

5" horizontal & 4’ vertical (clearances greater
than minimum horizontal should continue to
use the 4V:5H ratio, i.e., 10’ horizontal should
be no deeper than 8’)

Bridge foundation

) ) 1’ above or below [while maintaining a
Drainage pipes less than 60” .
minimum depth of 30 below grade]

) . 1’ above or 4’ below [while maintaining a
Drainage pipes greater than 60” .
minimum depth of 30” below grade]

1’ above or 4’ below [while maintaining a
Box Culverts o
minimum depth of 30 below grade]

Slope protection 2’ below

Slope protection foundation footing 5’ below

Guarantee the drill rig operator and digital walkover locating system operator are factory-trained
to operate the make and model of the equipment provided and have a minimum of one year’s
experience operating the make and model of drill rig. Submit written documentation of the
operators’ training and experience for review by the Engineer at least two weeks prior to

commencing directional drilling operations.

Provide a means of collecting and containing drilling fluid/slurry that returns to the surface such
as a slurry pit. Provide measures to prevent drilling fluids from entering drainage ditches and storm
sewer systems. Prevent drilling fluid/slurry from accumulating on or flowing onto sidewalks, other
pedestrian walkways, driveways or streets. Immediately remove any drilling fluids/slurry that is

accidentally spilled.

B. Directional Drill Operations

Provide grounding for the drill rig in accordance with the manufacturer’s recommendations.

Place excavated material near the top of the working pit and dispose of as required. Backfill pits
or trenches excavated to facilitate drilling operations immediately after the drilling has been

completed.

Utilize a drill head suitable for the type of material being drilled and sized no more than 2 inches

larger than the outer diameter of the conduit to be installed. Direct the drill head as needed to obtain
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the proper depth and desired destination. Pressure grout with an approved bentonite/polymer slurry

mixture to fill any voids. Do not jet alone or wet bore with water.

During each drilling operation, locate the drill head every 10 feet along the drill path and prior to
traversing any underground utility or structure. Use the digital walkover locating system to track the
drill head during the directional drilling operation. Ensure the locating system is capable of
determining the pitch, roll, heading, depth and horizontal position of the drill head at any point.
Unless otherwise approved, do not deviate from the proposed line and grade by more than two

percent.

Once the drill head has reached its final location, remove the head, and install a reamer of
appropriate size (no more than 2 inches larger than the outer diameter of the ducts) to simultaneously
facilitate back drilling of the drill hole and installation of the conduit. The reamer is sized larger than
the actual conduits to ensure the conduits are not subjected to extraneous deviations caused by the

original drill operation and are as straight as possible in their final position.

The intent of these specifications is to limit the diameter of the actual drill shaft/hole such that it
is no more than 2 inches larger than the conduit(s) outer diameter. The 2-inch larger diameter can be

accomplished during the original bore or during the back reaming/conduit installation process.

Once the physical installation of the conduit has started, continue performing the installation
without interruption to prevent the conduit from becoming firmly set. Ensure the bentonite/polymer

slurry mixture is applied as the conduit installation process is occurring.

Upon completion of the conduit installation perform a mandrel test on the conduit system to
ensure that no conduit(s) has been damaged. Furnish a non-metallic mandrel having a diameter of
approximately 50% of the inside diameter of the conduit in which it is to be pulled through. If

damage has occurred, replace the entire length of conduit.

Extend the ends of the conduit such that upon completion of the installation the conduit will

extend a minimum of 2 inches above concrete surfaces and 4 inches above crushed stone bases.

C. Drilling Fluids

Furnish and use lubrication for subsequent removal of material and immediate installation of the
pipe. The use of water and other fluids in connection with the directional drilling operation will be
permitted only to the extent necessary to lubricate cuttings. Do not jet alone or wet bore with water.
Use a drilling fluid/slurry consisting of at least 10 percent high-grade bentonite to consolidate

excavated material and seal the walls of the drill hole.

Transport waste drilling fluid/slurry from the site and dispose of such slurry in a method that
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complies with Local, State and Federal laws and regulations.

D. Splicing of the Conduit

Do not splice or join sections of conduit(s). Upon approval, a junction box may be installed at
locations where splicing or coupling of the conduit is necessary due to problems encountered with
the installation.
E. Duct Plugs and Mechanical Sealing Devices

Following the installation of the conduit(s) where the communications cable is not immediately
installed use a duct plug to seal the ends of the conduit. Secure the pull line to the duct plug in such a

manner that it will not interfere with the installation of the duct plug and provide a watertight seal.

In conduits containing communications cable, seal the conduit with an approved mechanical
sealing device. Ensure the installation provides a watertight seal.
F. Plan of Record Drawings

Upon completion of the drilling operation and conduit installation furnish the Engineer with a
plan of record profile drawing and a plan drawing for the drilled conduit showing the horizontal and

vertical locations of the installed conduit.
84. METHOD OF MEASUREMENT

Measured horizontal linear feet of directionally drilled polyethylene conduit(s) furnished,
installed and accepted. Measurement of the drill path will be from point-to-point horizontally along

the approximate centerline.

No additional payment will be made for vertical and horizontal sweeps, excavation of drill pits,
backfill, site restoration, seeding and mulching, removal of excess material, duct organizers,
mechanical sealing devices, duct plugs, pulling lubricants, mandrel test, and plan of record drawings,

as these will be considered incidental to the directional drill and/or conduit installation.
8.5. BASIS OF PAYMENT

The quantity of directional drilled polyethylene conduit(s), measured as provided above, will be
paid for at the contract unit price per linear foot as “Directional Drill Polyethylene Conduit(s),

(size)(quantity of conduits) and (size)(quantity of conduits).”
Payment will be made under:
Directional Drill Polyethylene Conduits, (27)(2).....ccoveeevieeeieeeieeeeeie et eerae s Linear Foot

Directional Drill Polyethylene Conduits, (2)(1).....eecureeeeeeirieeereeee e eves Linear Foot
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9. JUNCTION BOXES
9.1. DESCRIPTION

Furnish and install junction boxes (pull boxes) with all necessary hardware in accordance with
the plans and specifications. Comply with the provisions of Section 1700 of the Standard

Specifications.

Furnish junction boxes with covers, graded stone, grounding systems, and all necessary

hardware.
9.2. MATERIAL

Material, equipment, and hardware furnished under this section must be pre-approved on the
Department’s QPL by the date of equipment installation.
A. Junction Boxes
A.l. General
Comply with the Article 1411-2 of the Standard Specifications except as noted herein:
Provide junction boxes and covers that have a minimum static coefficient of 0.5 as determined
by ASTM D-1894 for all exposed surfaces. Provide junction boxes and covers that are sunlight

resistant in accordance with ASTM G-53 and have a water absorption ratio no greater than 0.5
percent in accordance with ASTM D-570.

Unless otherwise required, provide junction boxes able to withstand a vertical load of 15,000 Ibs.
and tested up to a vertical lateral load of 22,533 Ibs. Provide junction boxes able to withstand a
lateral load of 800 1b/ft* and tested up to a lateral load of 1,200 1b/ft’. Provide certification that
testing methods complied with Western Underground Committee Guide 3.6.

Provide junction box covers with standard “Traffic Signal” or “NCDOT Fiber Optic” logos, pull

slots, and stainless steel pins.
Do not provide a sealant compound between junction boxes and covers.

A.2. Standard Sized Junction Boxes

Provide standard sized junction boxes with minimum inside dimensions of 16(1) x 10(w) x 10(d)

inches. Provide a depth range for vertical extension of the junction box of 6 to 12 inches.

A.3. Oversized Junction Boxes

Provide oversized junction boxes with minimum inside dimensions of 30(1) x 15(w) x 24(d)
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inches.

A.4. Special Oversized Junction Boxes

Provide oversized junction boxes with minimum inside dimensions of 36(1) x 24(w) x 24(d)

inches.

B. Graded Stone
Comply with Articles 545-2 and 545-3 of the Standard Specifications.

9.3. CONSTRUCTION METHODS
Comply with the Article 1411-3 of the Standard Specifications except as noted herein:

Install the junction boxes flush with finished grade. Do not install sealant compound between

junction boxes and covers.

Install junction boxes at maximum intervals of 250 feet, or where shown on the plans and at

locations where underground splicing of lead-in cable is necessary, whichever is less.
9.4. METHOD OF MEASUREMENT
The actual number of junction boxes of each size and type furnished, installed, and accepted.

No measurement will be made of covers, graded stone, and required grounding systems as these

will be considered incidental to furnishing and installing junction boxes.
9.5. BASIS OF PAYMENT

The quantity of junction boxes, measured as provided above, will be paid for at the contract unit
price each for “Junction Box ( ).”

Payment will be made under:

Junction Box (Standard SIZ@).......c.eeueeieeeeieeeeree ettt ettt st e s e s b ne Each
Junction Box (OVEr-SiZed) ....co.eeeviireiiiiiiieiereeene ettt sttt sre s saae e sbn e Each
Junction Box (Special OVer-SiZed).......cooieiiiieeieteccecettcie ettt et ee e Each
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10. WOOD POLES
10.1. DESCRIPTION

Furnish and install wood poles with grounding systems and all necessary hardware in accordance
with the plans and specifications. Comply with the provisions of Section 1700 of the Standard

Specifications.
10.2. MATERIALS

A. General

Material, equipment, and hardware furnished under this section must be pre-approved on the

Department’s QPL by the date of equipment installation.

Provide poles of treated southern pine or treated Douglas fir that meet the requirements of ANSI
05.1. Provide Class 3 or better wood poles that are a minimum length of 40 feet unless otherwise
shown on the plans and are of a sufficient length to maintain minimum required distances above the
roadway, obstructions and affected railroad tracks. Mark each pole in accordance with ANSI 05.01.

First roof and bore poles and then give them a full-length preservative treatment.

Provide poles with pentachlorophenol or chromated copper arsenate (CCA) preservative, in
accordance with AWPA Standard C4-99. Ensure the retention of preservative is a minimum of 0.45
Ib. per cubic foot for pentachlorophenol and 0.6 1b. per cubic foot for CCA.

B. CCTY Wood Poles

Furnish wood poles to mount CCTV cameras and equipment cabinets that meet or exceed the
requirements above. Furnish wood poles of a sufficient length such that the top of the pole is 45 feet

above ground level when fully installed.
10.3. CONSTRUCTION METHODS

Mark final pole locations and receive approval prior to installing poles. Unless otherwise shown,

locate poles a minimum of 6 feet behind face of curb or 10 feet from edge of travelway.

Drill or auger a hole for placement of the pole and to allow for compacting. Set the pole at the
depth recommended by the manufacturer, but at a minimum depth of 5 feet and so that when the

pole is fully loaded as required by the plans, the pole is within two degrees of vertical.

Backfill the hole with the pole installed and tamp backfill in 6 inch lifts with a mechanical tamp

until compacted density is at least equal to surrounding density.
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Install ground wire so as to minimize damage from vandalism and environmental exposures. Use
Number 6 AWG solid copper ground wire. Install ground wire up the pole to a point adjacent to the
uppermost span. To secure ground wire to poles, use hot-dipped galvanized wire staples on 12 inch
centers from ground level to 8 feet. Above 8 feet, use wire staples on 24 inch centers. Install a 5/8
inch x 10 foot ground rod at the base of the pole and exothermically weld the ground wire to the
ground rod.

10.4. METHOD OF MEASUREMENT

Actual number of wood poles for CCTV cameras and equipment cabinets with grounding

systems furnished, installed, and accepted.

No measurement will be made for installing grounding systems as these will be considered

incidental to furnishing and installing wood poles.
10.5. BASIS OF PAYMENT

The quantity of wood poles for CCTV cameras and equipment cabinets, measured as provided
above, will be paid for at the contract unit price each for “Wood Pole.”

Payment will be made under:

TWVOOA POLC.... ettt e aeeeeeeeetere et e e et aeeseesesannsnssnnnsssnnssnnnssnnnsnansnnsesssseesserennnnssanssenssseees Each
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11. GUY ASSEMBLIES

11.1. DESCRIPTION

Furnish and install guy assemblies with all necessary hardware in accordance with the plans and

specifications. Comply with the provisions of Section 1700 of the Standard Specifications.
Furnish and install guy assemblies and all necessary hardware.

11.2. MATERIAL

Material, equipment, and hardware furnished under this section must be pre-approved on the

Department’s QPL by the date of equipment installation.
Furnish guy assemblies with anchor assemblies, guy cable, and guy cable guard.

Provide anchor assemblies with all miscellaneous hardware consisting of either expanding
anchor with rod and tripleye attachment, screw anchor with extension rod and tripleye attachment, or
expanding rock anchor with tripleye attachment. Ensure that the anchor assembly size is adequate
for site conditions. Provide rods constructed of hotdipped galvanized steel sized according to the soil
bearing conditions in the area. Provide tripleye guy attachments constructed of hot-dipped

galvanized steel.
For the type of anchor assembly furnished, ensure that the following:

e Expanding anchor - provide steel construction with a protective paint or heat shrink of 6

mil plastic to protect the metal during shipping and storage.
¢ Screw anchor - provide hot-dipped galvanized steel construction.
¢ Expanding rock anchors - provide malleable iron and rust-resisting paint construction.

Provide full round guy cable guards that are 8 feet in length and constructed of ultraviolet
stabilized, high impact, bright yellow, high density polyethylene.

Provide guy cables consisting of messenger cable of the same size as the largest sized messenger

cable to be guyed.
11.3. CONSTRUCTION METHODS

Install guy assemblies with guy cable, guy guards, anchors, strandvises, three bolt clamps and
associated fittings. Except as required below, where there is room on the pole to install a two bolt
attachment in compliance with the NESC, attach the guy assembly and the guy cable to two separate
bolts with one bolt for the span and one bolt for the guy cable. Provide 8 to 12 inch separation
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between bolts or as required by the pole owner. If there is not sufficient room for two-bolt
attachment, use a Department approved one-bolt attachment method for attachment of messenger

cable and guy assemblies.

Use the Department approved one bolt attachment method for attachment of messenger cable

and guy assemblies for all communications cable installations.

Ground guy assemblies to pole grounds using Burndy Clamps (UCG25RS) or equivalent. Do not
bond to utility company grounding systems at signal and ITS equipment installations (i.e. Controller
Cabinets, CCTV Cabinets, DMS Cabinets, etc.).

When installing messenger cable at locations other than signalized intersections, use the
Department approved one-bolt attachment method for attachment of messenger cable and guy
assemblies for the purpose of supporting communications cable. Use existing pole grounds when
available. Should existing poles not have a grounding system, install a new grounding system for
bonding the messenger cable. Provide grounding systems that comply with Article 1320-3 of the
Standard Specifications.

Do not attach to existing guy assemblies unless specifically approved by the owner.
11.4. METHOD OF MEASUREMENT

Actual number of guy assemblies with anchors, guy cable, and guy guards furnished, installed,

and accepted.

No measurement will be made of guy cable as this will be considered incidental to furnishing

and installing guy assemblies.
11.5. BASIS OF PAYMENT

The quantity of guy assemblies, measured as provided above, will be paid for at the contract unit

price each for “Guy Assembly.”
Payment will be made under:

GUY ASSEINIDLY ..o st e b st st as e s s e as e s as e e Each
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12. RISER ASSEMBLIES
12.1. DESCRIPTION

Furnish and install risers assemblies with all necessary hardware in accordance with the plans

and specifications. Comply with the provisions of Section 1700 of the Standard Specifications.

Furnish riser assemblies with clamp-on, aluminum weatherheads or heat shrink tubing,

galvanized pole attachment fittings, and all necessary hardware.
12.2. MATERIAL

Material, equipment, and hardware furnished under this section must be pre-approved on the

Department’s QPL by the date of equipment installation.

Provide metallic conduit for risers. Use metallic conduit and duct which is rigid hot-dipped
galvanized steel and meets the requirements of UL Standard 6 "Rigid Metallic Conduit", with rigid
full weight sherardized or galvanized threaded fittings.

Provide Tyco ™ (Raychem ™y bart number 066193-000 or equal heat shrink tubing for the
installation of fiber-optic cable. Obtain pre-approval for any heat shrink tubing retrofit or expansion
kits.

12.3. CONSTRUCTION METHODS

A. New Installations

Install risers with required weatherheads or heat shrink tubing on poles using pole attachment

fittings.
Use separate 1/2 inch riser with weatherhead for pedestrian pushbutton cable.
Use separate 1 inch riser with weatherhead for electrical service.

Use separate 2 inch risers with weatherheads for signal cables (bundled). Use separate 2 inch

riser with weatherhead for the combination of all lead-in and twisted-pair communications cable.

Use separate 2 inch riser with heat shrink tubing for fiber-optic communications cable. Install
risers with heat shrink tubing so that fiber-optic cable can be installed without violating the cable’s
minimum bending radius. Install fiber-optic cable so that it does not share a riser with any other
cable. Install the heat shrink tubing in accordance with the manufacturer's recommendations. Provide
tubing that is a minimum of 5 inches in length with a minimum of 2.5 inches extended over the

fiber-optic cables and 2.5 inches extended over the riser after the heat has been applied. Use nylon
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filler rods with UV protection or an equal and sealing spacer clips to separate the fiber-optic cables
where multiple fiber-optic cables enter a riser. Ensure that sealing spacer clips have a sealing
compound that is heat activated with the sealing compound fully encapsulating the space between
the cables. Ensure that the heat shrink tubing provides a watertight fit around individual fiber-optic
cables and the outer walls of the risers. Do not use cut sections of the fiber-optic cable or any other
devices in lieu of filler rods. Use aluminum tape around fiber-optic cables to prevent damage to the
cables from sealing chemicals. Use a heat source that will provide even heat distribution around the

tubing. Ensure that no damage occurs to any cables.

B. Reuse Existing Risers

At locations shown in the plans, install fiber optic cable in existing riser assemblies. If required,
replace existing weatherhead with heat shrink tubing using a method approved by the Engineer. Do

not cut the fiber optic cable to replace the weatherhead.
12.4. METHOD OF MEASUREMENT

Actual number of risers of each type and size for signals and ITS equipment furnished, installed,

and accepted.

No measurement will be made for replacing weatherhead of existing riser assemblies with heat
shrink tubing as this will be considered incidental to the installation of the fiber optic cable.

12.5. BASIS OF PAYMENT

The quantity of risers, measured as provided above, will be paid for at the contract unit price

2"

each for “  -Inch Riser with
Payment will be made under:

27 Riser with Weatherhead ..........cooeouiriiiniieeee ettt ettt Each

2” Riser with Heat Shrink TUDING .......cccceviiriiiiiieieiieeieeit ettt ste e ste e e e e seesaens Each
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13. INDUCTIVE DETECTION LOOPS
13.1. DESCRIPTION

Furnish and install inductive detection loops with all necessary hardware in accordance with the

plans and specifications. Comply with the provisions of Section 1700 of the Standard Specifications.

Furnish inductive detection loops with loop slot sealant, loop wire, 1 inch conduit with fittings,

and all necessary hardware.
13.2. MATERIAL

Material, equipment, and hardware furnishéd under this section must be pre-approved on the

Department’s QPL by the date of equipment installation.

A. Loop Sealant

Provide loop slot sealant that will completely encapsulate loop wire when installed according to
the manufacturer’s instruction. Provide loop sealant that does not generate temperatures greater than
220 degrees F. Ensure that the sealant bonds with asphalt and concrete pavement saw slots so that
the sealant and the encapsulated loop wire do not come out of the slot. Ensure that the sealant is self-
leveling, but with sufficient viscosity to prevent exit from the saw slot when installed along a ten

percent grade.

Provide sealant that protects loop wire by preventing the entrance of dirt, water, rocks, sticks,
and other debris into the saw slot, and that is resistant to traffic, water, gasoline, chemical and
chemical fumes, mild alkalis, oils, and mild acids. Ensure that the sealant will not be affected by

water and the sealant does not chemically interact with the pavement and loop wire insulation.

Ensure that the loop sealant has sufficient flexibility to permit expected pavement expansion and
contraction due to weather and to permit pavement movement due to traffic without cracking for a

temperature range of -40 to 160 degrees F.

Provide sealant that has a usable life, once mixed, of at least ten minutes when the ambient
temperature is 75 degrees F. Ensure that the sealant dries to a tack free state in no more than two
hours, and does not flow within or out of the saw slot after the exposed surface has become tack free.
Tack free time will be determined by testing with a cotton ball until no sealant adheres to the cotton

ball and no cotton adheres to the sealant.

Ensure that two part sealant cures within 48 hours to attain 95 percent of the published properties

for the cured material.
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Ensure that one part sealant cures within 30 days to attain 95 percent of the published reports for

the cured material.

B. Loop Wire

Provide loop wire composed of 19-strand conductor insulated by a cross-linked polyethylene
compound. Ensure that insulated conductors are completely encased in tubes of low density
polyethylene compound. Print the manufacturer’s name, year of manufacture, and any applicable

part number on the encasing tube at intervals of 2 feet or less.

Provide Number 14 AWG copper conductors fabricated from 19 strands and that comply with
ASTM B-3 before insulating. Ensure that stranded conductors utilize either concentric or bunch
stranding and comply with the circular mil area and physical requirements of ASTM Designation B-
8 or ASTM Designation B-174 for bunch stranding.

Provide an insulating compound that is cross-linked thermosetting black polyethylene (ASTM
D-2655-80). Ensure that insulation is applied concentrically about the conductor. Provide insulation
thickness that is not less than 0.026 inches at any point and has a minimum average thickness of
0.030 inches as measured by Underwriters Laboratories, Incorporated Standard UL62 (ANSI C33.1).

Ensure that insulation of the finished conductor will withstand the application of a 60 Hertz or
3000 Hertz, 7500 volt (RMS) essentially sinusoidal spark test potential as specified in Underwriters
Laboratory, Incorporated Standard UL83 (ANSI C33.8).

Provide insulated conductors that are factory-installed in a protective encasing tube that complies

with the following:

e Have an encasing tube fabricated of a polyethylene compound conforming to ASTM D-
1248 for Type I, Class C, Grade ES.

e Have an inside diameter of 0.150 inch minimum.
e Have a wall thickness of 0.040 inch + 0.010 inch.
e Have an outside diameter of 0.240 inch + 0.010 inch.

C. Conduit
Provide 1 inch non-metallic conduit. Comply with Article 1097-5 of the Standard Specifications

except as noted herein:

Provide schedule 40 non-metallic conduit.
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13.3. CONSTRUCTION METHODS
A. General

Notify the Engineer one week prior to installing inductive detection loops.

Coordinate sawcutting and loop placement with pavement markings. For new construction or for
resurfacing, install inductive detection loops prior to placement of the final layer of surface course.
On unmarked pavement, premark locations of stop lines and lane lines prior to locating inductive

detection loops.

Prior to sawcutting, premark inductive detection loop locations and receive approval. Sawcut

pavement at approved premarked locations. Do not allow vehicles to travel over unsealed loop slots.

Install 1 inch non-metallic conduit with bushings from edge of pavement to junction box. Do not

sawcut through curb.

Remove all loose material and wash saw slots with a high-pressure method using an air and
water mixture. Dry saw slots with compressed air. Clear saw slots of jagged edges and protrusions.
Seat loop conductor at the bottom of the saw slot without damage.

Embed loop conductors in the saw slot with loop sealant. Seal saw slot and dispose of excess
sealant in an environmentally safe manner. Provide the Engineer with the Material Safety Data Sheet
and the manufacturer’s test data. Upon request, demonstrate the integrity of sealant by trial

applications.

Between corners of loops and junction boxes, twist loop conductor pairs a minimum of 5 turns
per foot. Permanently label each twisted pair in the junction box with nylon cable tie using indelible

ink. Indicate loop number and loop polarity on the tie.

B. Grounding Tests

Prior to sealing loop conductors, test that impedance from the loop wire to ground is at least 100
megohms. Perform the grounding test and document the test results in a format similar to that shown

on the following page.

Provide copy of test to Engineer and place copy of test in the signal cabinet.
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Inductive Detection Loop & Grounding Test Results

Location: Sig. Inv. #:
Inspected By: \Contractor's Name Date Tested:
Loop Megger Reading _,\_mo.@mﬂ mmm&:@ Ohm Reading @
No. @ Pull Box @ Signal Cabinet ; ;
Sealant T Dist Signal Cabinet
ealant Type Istance Length of Loop Wire
from & Lead-in Wire
Stop Bar feet/meter
(<0.00885 ohms/foot)
(> 100 megohms) (> 50 megohms) (< 0.0295 ohms/meter)
Reading Date Reading Date Reading Feet / Meter Date
=
i
Grounding Ground Rod Location
Number of Ground rods? (Draw in cabinet & locate ground rods)
(3 Rod Minimum )
How are the ground rods installed? 0] individually [ stacked

NOTES:

Ohm Reading?

Amount of ground wire?

(From cabinet to closest ground rod )

o Grounding of traffic signal controller cabinets should be in accordance to Section 1751 of the NCDOT
Standard Specifications for Roads and Structures Manual and drawing number 1751.01 of the Highway
Design Branch Roadway Standard Drawings manual
® The installation and testing of inductive detection loop systems should be in accordance to Section 1725 and 1726 of the

NCDOT Standard Specifications for Road and Structures manual.
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13.4. METHOD OF MEASUREMENT
The actual linear feet of inductive loop sawcut furnished, installed, and accepted.

No measurement will be made of loop slot sealant, loop wire, 1 inch conduit, and conduit fittings

as this will be considered incidental to furnishing and installing inductive detection loops.
13.5. BASIS OF PAYMENT

The quantity of inductive loop sawcut, measured as provided above, will be paid for at the

contract unit price per linear foot for “Inductive Loop Sawcut.”
Payment will be made under:

INAUCHIVE LOOP SAWCUL ...eeiiiiiiieetieieeieert ettt ceete ettt e stesneeebaeesese e aaeeessseessnnseeennees Linear Foot
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14. LOOP LEAD-IN CABLE

14.1. DESCRIPTION

Furnish and install loop lead-in cable with all necessary hardware in accordance with the plans

and specifications. Comply with the provisions of Section 1700 of the Standard Specifications.
Furnish loop lead-in cable and all necessary hardware.
14.2. MATERIALS

Material, equipment, and hardware furnished under this section must be pre-approved on the
Department’s QPL by the date of equipment installation.

Furnish lead-in cable with conductors of size 18 AWG that are fabricated from stranded copper,

and that complies with IMSA Specification 50-2 except as follows:

e Provide the following two pair (4 conductor) conductor insulation pair colors: clear-

yellow and red-green.

e Provide the following four pair (8 conductor) conductor insulation pair colors: clear-
yellow, red-green, clear with black stripe tracer-yellow with black stripe tracer, and red
with black stripe tracer-green with black stripe tracer. Apply continuous stripe tracer on

conductor insulation with a longitudinal or spiral pattern.

e Ensure each pair is completely covered with a spirally wrapped Aluminum Mylar tape

with aluminum side out.

e Provide cable jacket formed from black polyethylene. Ensure the finished jacket provides
environmental stress resistance, outdoor weatherability, toughness, low temperature

performance, and ultraviolet resistance.
e Provide a ripcord to allow the cable jacket to be opened without using a cutter.
¢ Install all underground lead-in cable in non-metallic conduit.
14.3. CONSTRUCTION METHODS
Install lead-in cable.

For underground runs, install lead-in cable in 2 inch non-metallic conduit. For aerial installation,
wrap lead-in cable to messenger cable with at least four turns of wrapping tape spaced at intervals
less than 15 inches or lash lead-in cable to messenger cable with one 360 degree spiral of lashing

wire per 12 inches.
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Where railroad preemption is required and if called for on the Plans, install lead-in cable (type 1)
from the signal controller cabinet to a railroad company furnished and installed lockable junction

box.

Splicing of lead-in cable will be allowed only for runs in excess of 750 feet. Splice lead-in cable

in junction boxes or condulets on poles.

Test each complete loop system installed by the Contractor from the controller cabinet by using a
megger to verify that impedance from the loop system to the ground is at least 50 megohms. After
successful completion of megger test, test the loop system resistance using an electronic ohmmeter
to verify that loop system resistance is less than 0.00885 ohms per foot. Provide copy of test to the

Engineer and place copy of test in the signal cabinet.
14.4. METHOD OF MEASUREMENT

Linear feet of lead-in cable shown on the plans as being necessary to complete the work. Where
the signal plans have been revised, the quantity as shown on the revised signal plans. No
measurement for payment will be made for this pay item, and no adjustment in the contract unit
price or quantity will be made for any variation from the approximate quantity shown except in
accordance with Article 1700-2(F) of the Standard Specifications. No measurement will be made
between 2-pair and 4-pair lead-in cable as this will be considered incidental to furnishing and

installing lead-in cable.
14.5. BASIS OF PAYMENT

The quantity of loop lead-in cable, measured as provided above, will be paid for at the contract

unit price per linear foot as “Lead-In Cable.”
Payment will be made under:

STV B 53 N O 1 o) (=TT UPR RO Linear Foot
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15. FIBER OPTIC CABLE

15.1. DESCRIPTION

Furnish and install single mode fiber-optic (SMFO) communications cable, drop cable
assemblies, and all necessary hardware in accordance with the plans and specifications. Comply with

the provisions of Section 1700 of the Standard Specifications.

Furnish SMFO communications cable with grounding systems, fiber-optic cable storage racks
(snow shoes), communications cable identification markers, lashing wire, and all necessary

hardware.
15.2. MATERIALS

A. SMFO Communications Cable

Furnish loose tube fiber-optic cable with required fiber count that complies with RUS CFR
1755.900, single mode with a dielectric central member. Use single mode fiber in the cable that does
not exceed 0.25 dB/km at 1550 nm and 0.35 dB/km at 1310 nm. Provide cable with all fibers that are
useable and with a surface sufficiently free of imperfections and inclusions to meet optical,
mechanical, and environmental requirements. Provide cable with a minimum of one ripcord under
the sheath for easy sheath removal and with a shipping, storage, installation, and operating

temperature of at least -40 to 160 degrees F.

Have a dual layered, UV cured acrylate fiber coating applied by the cable manufacturer that may

be stripped mechanically or chemically without damaging the fiber.

Provide fibers inside a loose buffer tube. Use a doped silica core surrounded by concentric silica
cladding for each fiber. Distinguish each fiber and buffer tube from others by means of color coding
meeting the requirements of EIA/TIA-598, “Color Coding of Fiber-Optic Cables.” In buffer tubes
containing multiple fibers, ensure that the colors are stable during temperature cycling and not
subject to fading, sticking, or smearing into each other or into the gel filling material. Use fillers in
cable core if necessary to provide a symmetrical cross-section of cable. Fill buffer tubes with
nonhygroscopic, non-nutritive to fungus, electrically non-conductive, homogenous gel. Ensure that

gel is free from dirt and foreign matter, and is removable with conventional nontoxic solvents.

Provide a central member consisting of a dielectric glass reinforced plastic rod. Apply binders
with sufficient tension to secure buffer tubes and binders to the central member without crushing
buffer tubes. Ensure that binders are non-hygroscopic, non-wicking (or rendered so by the flooding

compound), and dielectric with low shrinkage.
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Provide cable that has cable core interstices filled with super-absorbent, water-blocking
compound that is non-conductive and homogenous. Ensure that compound is free from dirt and

foreign matter, and is removable with conventional nontoxic solvents.

Provide cable with high tensile strength aramid yarns or fiberglass yarns that are helically

stranded evenly around the cable core.

Provide cable jacket of consistent thickness that is free of holes, splits, and blisters, and
containing no metal elements. Provide outer jacket of medium density polyethylene with minimum
nominal sheath thickness of 0.050 inch. Ensure that polyethylene contains carbon black for
ultraviolet light protection and does not promote the growth of fungus.

Provide length markings in sequential feet and within one percent of actual cable length. Ensure

that character height of the markings is approximately 0.10 inch.

B. Drop Cable
Furnish drop cable assemblies to provide communications links between aerial splice enclosures
and transceivers through interconnect centers. Furnish drop cable assemblies containing a minimum

of six individual fibers.

Furnish drop cable assemblies that conform to the REA-PE-90 specifications. Ensure that drop
cable assemblies have the same operating characteristics as the SMFO cable it is to be coupled with.

On one end of cable assemblies, furnish six ST-PC connectors for termination on the connector
panel in the equipment cabinet. Provide either factory assembled drop cables with ST-PC connectors

or field installed connectors.

Ensure that attenuation of drop cable at 1310 nm does not exceed 0.5 dB/km. The attenuation

loss for the complete drop cable assembly must not exceed a mean value of 1.5 dB.

Provide length markings in sequential feet and within one percent of actual cable length. Ensure

that character height of the markings is approximately 0.10 inch.

C. Communications Cable Identification Markers

Furnish yellow communications cable identification markers that are resistant to fading when
exposed to UV sources and changes in weather. Use markers designed to coil around fiber-optic
cable, and that do not slide or move along the surface of the cable once installed. Ensure that
exposure to UV light and weather does not affect the markers natural coiling effect or deteriorate
performance. Provide communications cable wraps that permit writing with an indelible marking

pen.
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For all fiber optic cables except those indicated on the Plans as City of Gastonia Electric

Department, furnish cable wraps containing the following text in black:

WARNING
NCDOT FIBER OPTIC CABLE
CONTACT TELEPHONE NUMBER:

WARNING
NCDOT FIBER OPTIC CABLE

Overall Marker Dimensions: 7(l) x 4 (w) inches
Lettering Height: 3/8 inch for “WARNING”, 1/4 inch for all other lettering

For all fiber optic cables indicated in the Plans as City of Gastonia Electric Department cable,
furnish cable wraps containing the following text in black:

WARNING

CITY OF GASTONIA ELECTRIC DEPARTMENT
FIBER OPTIC CABLE

CONTACT TELEPHONE NUMBER:

WARNING

CITY OF GASTONIA ELECTRIC DEPARTMENT
FIBER OPTIC CABLE

Overall Marker Dimensions: 7(I) x 4 (w) inches
Lettering Height: 3/8 inch for “WARNING”, 1/4 inch for all other lettering

Submit a sample of the proposed communications cable identification markers to the Engineer

for approval before installation.
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D. Fiber-thic Cable Storage Guides

Furnish fiber-optic storage guides (snowshoes) that are non-conductive and resistant to fading
when exposed to UV sources and changes in weather. Ensure that snowshoes have a captive design
such that fiber-optic cable will be supported when installed in the rack and fiber-optic cable’s
minimum bending radius will not be violated. Provide stainless steel attachment hardware for
securing snowshoes to messenger cable and black UV resistant tie-wraps for securing fiber-optic
cable to snowshoe. Ensure that snowshoes are stackable so that multiple cable configurations are

possible.
15.3. CONSTRUCTION METHODS

A. General

Provide cable manufacturer’s attenuation and Optical Time Domain Reflectometer (OTDR)

testing data for each reel of cable.

Install single mode fiber-optic (SMFO) communications cable with grounding systems, snow

shoes, communications cable identification markers, lashing wire, and all necessary hardware.

Comply with NESC and manufacturer’s recommendations. Install communications cable on
signal poles, utility poles, on messenger cable, and in conduits as required to bring the fiber-optic

cable into and, if necessary, out of each splice enclosure.

Take all precautions necessary to ensure that cable is not damaged during storage, handling, and
installation. Do not violate the minimum bending radius of 20 times the radius of the cable diameter
or the manufacturer’s recommendation, whichever is greater. Do not step on cable nor run over cable

with vehicles or equipment. Do not pull cable over or around obstructions, or along the ground.

Determine lengths of cable necessary to reach from termination-point to termination point.
Install cable in continuous lengths between approved splicing facilities. Additionally, provide a
sufficient amount of slack cable to allow for an additional 20 feet of cable to be present after
removal of the outer sheath for termination. Measure slack cable by extending cable straight out of

the cabinet door.

Keep cable ends sealed at all times during installation to effectively prevent the ingress of

moisture. Use approved heat shrink cable end cap. Do not use tape to seal cable ends.

Before installing cable, provide three copies of the cable manufacturer's recommended and
maximum pulling tension. Do not exceed the manufacturer’s recommended pulling tension. Use
pulling grips containing a rotating swivel. Coil cable in a “figure-8” configuration whenever cable is

unreeled for subsequent pulling.
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Install fiber-optic cable in separate 2 inch (50 mm) risers with heat shrink tubing. Do not share

risers with other type cable.

B. Aerial Installation

Double lash fiber-optic cable to messenger cable with one 360 degree spiral per foot.
Use pole attachment hardware and roller guides with safety clips to install aerial run cable.

Maintain tension during the pulling process for aerial run cable by using an approved mechanical
clutch (dynamometer) device. Do not allow cable to contact the ground or other obstructions

between poles during installation. Do not use a motorized vehicle to generate cable pulling forces.

Use a cable suspension clamp when attaching cable tangent to a pole. Select and place cable
blocks and corner blocks so as not to exceed the cable’s minimum bending radius. Do not pull cable

across J-hooks.

Store 100 feet of slack fiber-optic cable over-head on all cable runs that are continuous without
splices and are greater than 2,500 feet and as shown on the plans. This shall be for each NCDOT
fiber optic cable lashed to the messenger cable. Obtain approval for spare cable storage locations.
Store spare fiber-optic cable on fiber-optic cable storage racks (snow shoes) that may be stackable.
At aerial splice enclosures, store spare cable of each size. Do not mix Gastonia Electric Department
and NCDOT fiber optic cables on same snowshoe. Locate spare cable storage in the middle of spans

between termination points. Do not store spare fiber-optic cable over the roadway or driveways.

Install one communications cable identification marker within 36 inches of pole attachment

points and at locations where more than one cable originates or terminates.
Maintain electrical continuity of messenger cable at all poles.

C. Underground Installation
Install fiber-optic cable underground in conduit using cable pulling lubricants approved by the

fiber-optic cable manufacturer and the Engineer.

Obtain approval of cable pulling lubricant and method of pulling before installing underground

fiber-optic cable.

Use a dynamometer (clutch device) so as not to exceed the maximum allowable pulling tension
if the cable is pulled by mechanical means. Do not use a motorized vehicle to generate cable pulling

forces.

Keep tension on the cable reel and pulling line at the start of each pull. Do not release tension if

the pulling operation is halted. Restart the pulling operation by gradually increasing tension until the
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cable is in motion.

For pulling cable through manholes, junction boxes, and vaults. Feed the cable by manually
rotating the reel. Do not pull cable through intermediate junction boxes, handholds, or openings in

conduit unless otherwise approved.

Install communications cable identification markers on each communications cable entering a

junction box.

D. Installation of Drop Cable Assembly

Determine the length of drop cable needed, including slack, to reach from termination point to

termination point.

At aerial splice enclosures, store 100 feet of slack cable on cable storage racks. At below ground
splice enclosures, coil 100 feet of slack cable in the manhole or junction box where the enclosure is

located.

At the equipment cabinet end of the drop cable assembly, terminate all fibers with STPC
connectors to the connector panel. Label all connectors and the connector panel. At the aerial splice
enclosure location, cap off all unused or designated fibers and label to correspond with the connector

panel.

E. Storage at Future Traffic Signals
As shown on the plans, store cable at locations of future traffic signals. Coil drop cable from
splice enclosure. Ensure there is sufficient length of cable to route cable from splice enclosure to

proposed location of signal controller cabinet.
15.4. METHOD OF MEASUREMENT

Actual linear feet of fiber-optic cable of each fiber count furnished, installed, and accepted.
Measurement will be made by calculating the difference in length markings located on the outer
jacket of the fiber-optic cable from the start of the fiber run to the end of the fiber run for each fiber

run. Terminate all fibers before determining the length of the cable run.

Measured linear feet of fiber optic drop cable assemblies furnished, installed, and accepted. Sag
and vertical segments will not be paid for as these distances are considered incidental to the

installation of drop cable assemblies.

No measurement will be made for terminating, splicing, and testing of the fiber-optic cable, for
communications cable identification markers, for modifications to existing riser assemblies, or for

fiber-optic cable storage racks, grounding of messenger cable, as this will be considered incidental to
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the installation of the fiber optic cable.
15.5. BASIS OF PAYMENT

The quantity of optic cable, measured as provided above, will be paid for at the contract unit
price per linear foot (linear meter) for “Communications Cable (___-Fiber)” in accord with the
following conditions: 75% of the payment will be made upon acceptance of the installed cable; 25%
of the payment for the cable will be made following final acceptance of the integrated system
(including completion of the 90 day observation period).

The quantity of fiber-optic cable for use by the City of Gastonia Electric Department, measured
as provided above, will be paid for at the contract unit price per linear foot (linear meter) for

“Gastonia Electric Department Communications Cable (___ -Fiber).”

The quantity of drop cable assemblies, measured as provided above, will be paid for at the
contract unit price per linear foot (linear meter) as “Drop Cable” in accord with the following
conditions: 75% of the payment will be made upon acceptance of the installed cable; 25% of the
payment for the cable will be made following final acceptance of the integrated system (including

completion of the 90 day observation period).

Payment will be made under:

Communications Cable (12-FIDET) .....coeiuiiiiiiiiiiiiiiiiie ettt seee e e e Linear Foot
Communications €Cable (24-FIDET) .....cccciveeioiiieieee ettt et eeae e e Linear Foot
Communications Cable (36-FIDEI) ....cccciiiieriiiiiieiieeiesee ettt e Linear Foot
Communications €Cable (48-FIDET) ......ccciieeiiiieeeieee ettt et e e e e Linear Foot
Communications Cable (72-FIDET) .....ccoviiroiieeeeeieceecieeceeeeete e s eesee e e e s eeneeseaaeesenanes Linear Foot
Communications Cable (144-FIDET) .......oooriiiiiiieeieee ettt et e s Linear Foot
Gastonia Electric Department Communications Cable (144-Fiber).....ccccccevvereineeninnneen. Linear Foot
DIOP CabIE ..ttt et ettt ettt saa e s st s baesabe e s an e e e Linear Foot
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16. FIBER-OPTIC SPLICE CENTERS
16.1. DESCRIPTION

Furnish and install fiber-optic interconnect centers, fiber-optic aerial splice enclosures, and all
necessary hardware in accordance with the plans and specifications. Comply with the provisions of
Section 1700 of the Standard Specifications.

Furnish interconnect centers and aerial splice enclosures and all necessary hardware. Provide
aerial splice enclosures that are suitable for aerial, pedestal, buried, junction box, and/or manhole

installations.
16.2. MATERIALS

A. Interconnect Center

Furnish compact, modular interconnect centers designed to mount inside equipment cabinets.
Furnish 6-position interconnect centers that are rack-mountable. Design and size interconnect centers

to accommodate all fibers entering equipment cabinets with additional 50% spare capacity.

Inside buildings, furnish compact, modular interconnect centers designed to be rack mounted in a
standard 19” rack cabinet. Furnish 144-position interconnect centers from the Corning LANscape
line of equipment. Design and size interconnect centers to accommodate all fibers entering

equipment cabinets with additional 50% spare capacity.

Provide splice trays that hold, protect, and organize optical fibers, and that secure fibers inside
the splice tray. Design and size splice trays to be dielectric, to accommodate all fibers entering the
splice tray, and to provide sufficient space to prevent microbending of optical fibers. Provide

connector panels with ST-type connectors.

Furnish SMFO pigtails with each interconnect center. Provide pigtails containing connector
panels and that are a maximum of 6 feet in length with a factory assembled PC-ST connector on one
end. Ensure that the SMFO pigtails meet the operating characteristics of the SMFO cable with which

it is to be coupled.

Furnish SMFO jumpers that are a minimum of 3 feet in length with factory assembled PC-ST
connectors on each end. Ensure that SMFO jumpers meet the operating characteristics of the SMFO

cable with which it is to be coupled.

B. Aerial Splice Enclosure

Furnish aerial splice enclosures that are re-enterable using a mechanical dome-to-base seal with a
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flash test valve, and that are impervious to the entry of foreign material (water, dust, etc.). Ensure
that enclosures are manufactured in such a manner to be suitable for aerial, pedestal, buried, junction

box, and manhole installation.

Provide enclosures with a minimum of one over-sized oval port that will accept two cables and
with a minimum of four round ports (for single cables) which will accommodate all cables entering
the enclosure. Provide heat shrink cable shields with the enclosure to ensure that a weather tight seal

where each cable enters the enclosure.

Within enclosures, provide the minimum necessary number of hinged mountable splice trays to
store the number of splices required, plus the capacity to house six additional splices. Provide a fiber
containment basket for storage of loose buffer tubes that are expressed through the enclosure. Ensure

that enclosures allow sufficient space to prevent microbending of the buffer tubes when coiled.

Provide splice trays that hold, protect, and organize optical fibers, and that secure fibers inside

the splice tray.
Provide splice trays that are dielectric.

At locations where Gastonia Electric Department cable is spliced using a splice enclosure as

shown on the Plans, furnish and install aerial splice enclosure as provided above.
16.3. CONSTRUCTION METHODS
A. General

Install interconnect centers with connector panels, splice trays, storage for slack cable or fibers,

mounting and strain relief hardware, and all necessary hardware.

Install aerial splice enclosures with splice trays, basket containment assemblies, racking for slack

cable or fibers, mounting and strain relief hardware, and all other necessary hardware.
Fusion splice and secure SMFO cable in splice trays inside the splice enclosure.
Do not exceed 0.05 dB of attenuation per splice.

Furnish strain relief so that no tensile force is on the SMFO cable when it is held within the

interconnect center or aerial splice enclosure.

B. Termination and Splicing within Interconnect Center

Terminate and splice all fibers including unused fibers.

Label all fiber-optic connectors, whether on jumpers, connector panels, or other equipment, to

prevent improper connection. Obtain approval of the fiber-optic connectors labeling method.
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Ensure that all buffer tubes are contained within the splice tray so that no bare fibers are outside
the tray.

For all fibers designated for termination to a connector panel within the interconnect center,

fusion splice the fibers to the pigtails.

For all cut fibers designated to be expressed through the interconnect center, fusion splice the
fibers.

For all buffer tubes designated to be expressed through the interconnect center, neatly coil the
excess tubing inside the interconnect center. Do not damage the cable or violate the minimum

bending radius of the cable.
C. Termination and Splicing within Aerial Splice Enclosure ,
Fusion splice all fibers including fibers designated to be coupled with fibers from a drop cable

assembly and cut fibers designated to be expressed through the splice enclosure.

For all buffer tubes designated to be expressed through the splice enclosure, neatly coil the

excess tubing inside the basket provided with the enclosure.

Ensure that all buffer tubes are contained within the splice tray so that no bare fibers are outside
the tray.

Do not damage the fiber or exceed the minimum bending radius of the fiber.

Label all fiber-optic splices. Obtain approval of the method of labeling all fiber-optic

connections.

Install heat shrink cable shields using methods recommend by the manufacturer of the enclosure.
Perform a pressurization flash test on the enclosure in accordance with the manufacturer’s
recommend procedures at the conclusion of the splicing procedure and prior to the final placement

of the enclosure.

For aerial installations, secure enclosures to messenger cable using the manufacturer supplied

hardware. Secure SMFO cable and drop cable assemblies to snowshoes.

Install enclosures with a sufficient amount of slack cable to allow the enclosure to be lowered to
ground level and extended into a splicing vehicle that is located within 10 feet of the equipment

cabinet.

For underground, manhole, and junction box facility installations, place the enclosure along with

required spare cables in the facility in a neat and workmanship like manner and insure that no
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standing water remains in junction box. Do not place the splice enclosure in bottom of junction box.

Do not damage cable or violate the minimum bending radius of the cable.

Never splice, cross connect, or share splice enclosure or interconnect centers between cables
designated as Gastonia Electric Department cable and those cables without such designation.
D. Testing

Provide written notification a minimum of ten days before beginning fiber-optic cable testing.

After completion of splicing, perform the two patch cable test procedure and the OTDR test on

each fiber, including unused fibers, to ensure that the following:
o fusion splice loss does not exceed 0.05 dB,
e terminations and connections have a loss of 0.5 dB or less,
¢ and reflection loss is 40 dB or greater for each connector.

If exceeded, remake splices until the loss falls below 0.05 dB. The Department will record each

attempt for purposes of acceptance.

Furnish durable labeled plots and electronic copies on CD-ROM of test results for each fiber
including engineering calculations demonstrating that OTDR test results meet or exceed the
attenuation requirements and that optical properties of the cable have not been impaired. Label all
test results (plots and diskettes) with the manufacturer and model number of the OTDR testing
equipment. Provide engineering calculations and tests for fiber-optic cable that demonstrates the loss

budget where the fiber originates and the point where the fiber meets an electronic device.

If any fiber exceeds the maximum allowable attenuation or if the fiber-optic properties of the
cable have been impaired, take approved corrective action including replacement of complete
segments of fiber-optic cable if required. Corrective action will be at no additional cost to the

Department.
16.4. METHOD OF MEASUREMENT
Actual number of fiber-optic interconnect centers furnished, installed and accepted.

Actual number of fiber-optic splice enclosures furnished, installed and accepted. No
measurement will be made between aerial, underground, manhole, or junction box installation of the

fiber-optic splice enclosure.

No measurement will be made of splice trays, pigtails, jumpers, connector panels, and testing, as

this will be considered i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>