DESIGNER COMMENTS FOR VARIOUS PAY ITEMS ARE GIVEN
THROUGHOUT THESE SPECIFICATIONS. THESE DESIGNER NOTES
AREINITALICIZED PRINT AND SHOULD NOT BE INCLUDED IN PLAN
NOTES.

PLEASE ADDRESS ANY COMMENTS OR QUESTIONS TO DAVID
HOLSTEIN, ODOT OFFICE OF TRAFFIC ENGINEERING, PHONE 614-
644-8137, EMAIL DHOLSTEI@DOT.STATE.OH.US

GENERAL REQUIREMENTS

Thefollowing providesthe minimum standards and qualifications necessary to providea fiber optic
communication link between intersedions in an interconnected traffic signal system.

Materialsand equipment shall be the standard products of a manufacturer regularly engaged in the
manufacturing of products used for outdoor fiber optic system installations. All materials and
equipment furnished shall be new, of first quality, of latest design and be completely free from
defectsin material and poor workmanship. All like pieces of equipment shall be of thesametype
and manufacturer to assure uniformity, interchangeability of components, singleresponsibility, and
most satisfactory service.

Each major component of equipment shall have the manufacturer’ s name, address, type or style,
model or serial number and catalog number on a plate secured to the eguipment.

Thefiber opticinstallation shall be in accordance with or exceed all minimal requirements of State
codes, National codesand manufacturer codesasapplicable. Construction techniquesshall conform
to the following in order of precedence. (1) These standards and specifications; (2) Cable
manufacturer; (3) accepted industry practices.

The contractor shall furnish and instdl all necessary miscellaneous equipment to make acomplete
and operating system. The cost for all materials and labor not specificaly itemized shall be
considered incidenta to the various items of work.

APPLICABLE STANDARDS
Material sand equipment supplied as part of the fiber optic system shall comply with thelatest issue
of the following documents:

RUS Rural Utility Service Material Acceptance List
REA Specifications for Filled Fiber Optic Cables

EIA-STD-RS-455  Standard Test Procedures for Fiber Optic Fibers, Cables, Transducers,



Connecting and Terminating Devices

MIL-STD-202 Test Methods for Hectronic and Electrical Component Parts
MIL-STD-454 Standard General Requirements for Electronic Equipment
MIL-STD-810 Environmental Test Methods and Engineering Guidelines
EIA/TIA-598 Tube and Fiber Color Code

EIA-568-A Fiber Optic Cable Testing Procedures

NFPA-70-1993 National Electrical Code Article770, Optical Fiber Cable

DOCUMENTATION REQUIREMENTS FOR SUPERVISING FIBER OPTIC TECHNICIAN
In addition to the pre-qualification requirements set forth in the State of Ohio Construction and
Material Specifications (CMYS), section 102.01, the following requirements shall apply to the fiber
optic contract work. Following the opening of bids and prior to the pre-construction meeting, the
awarded contractor shall submit documentation showing their ability to comply with the following
Supervising Fiber Optic Technician (SFOT) requirements. Failure to submit this documentation
may be grounds for the low bidder being disqualified at the discretion of the Department.

Technicians other than the SFOT shall show proof of meeting their personnel requirements prior
to the beginning of any fiber optic related interconnection work. Failure to provide this proof to the
Engineer will result in the cessation of interconnection work until such atimethat proof of meeting
technician requirements is met.

Fiber Optic Technician Requirements

Any project requiring the opening of the fiber optic cable jacket, installaion of fiber optic
connectors, splicing fibers, or the testing of any fiber optic cable, drop cable, or patch cords shall
have at least one SFOT assigned to it. SFOT ‘s shall meet the following minimum requirements.

D SFOT ‘sshall have attended and successfully completed at |east one comprehensive
"installation of fiber optic products school". This school will be conducted by a
major manufacturer of fiber optic products or an approved independent school that
encompasses all aspects of fiber optic technician certification.

(2 SFOT ‘s shall document a minimum of 6 months work experience where the
splicing, termination, and testing of fiber optic cable with an optical time domain
reflectometer (OTDR) and power meter was a primary job responsibility.

3 The SFOT shall be on the job site supervising other technicians at least the first
three daysof each of thefollowing adivities: cablepulling; removal of cablejackets;
cable splicing; instalation of fan-out kits and connectors; each phase of the cable
testing procedure. The SFOT shall supervise a minimum of the fird three days



(4)

activities of each of the above listed activitiesto make surethe other technicians are
performing their work assignments correctly.

The SFOT shall also be present to review the entire installation before completion.

Technicians, other than the SFOT performing fiber optic work such as cable
cleaning, cable pulling, splicing, connectorizing and terminations shall have
successfully completed a minimum of one 16 hour fiber optic cable instdlation
course from amajor cable manufacturer or approved independent school.

General System Construction

Entry into controller cabinets from the trunk cable shall be made viathe specified drop cable. The
drop cable will be spliced to the trunk cablein aspecified splice enclosure. The drop cable inside
of the cabinet shall be fitted with afan-out kit and connectorized. Connectors shall be terminated
in the specified termination panel. A four (4) fiber patch cord shall connect thedrop cablefibersin
the termination panel to the fiber optic transceiver. See “ Typical System Construction” ddails.

CABLE INSTALLATION

1 Both aerial and conduit installations shall comply with no load and applied |oad bend
radii specified below.

MINIMUM BEND RADIUS

10 X cable diameter under no load (0-180 Ibs) (0-82 kgs)
20 X cable diameter under appliedload (181 Ibs - 400 1bs)(83 kgs-182 kgs)
Minimum bend diameter is 2 X minimum bend radius

2. No fiber optic cable shall be installed prior to the Engineer acknowledging the cable
delivered to the project is acceptable based upon the Contractar completing the pre-
installation testing given in these specifications.

3. Fiber optic cableinstalled in conduit shall be in accordance with the following:

a
b.

C.
d.
e.

f.

No more than two 90 degree changes in direction per cable pull.

Circuitous pulls and pulls exceeding 1000 feet (300 meter) shall be made by back
feeding or center feeding of cable.

After installation there shall be notension except due to cable weight.

Tension of cable shall be monitored with atensiometer during installation.

The applied tension shall not exceed cable manufacturer recommendations. 1n no
case shall tension exceed 400 pounds (182 kgs).

The central strength member and the aramid yarn shall be directly attached to the
pulling eye. “Basket grip” or “Chinesefinger” type attachments to the outer jacket
of the cable will not be permitted. A breakaway swivd shall be used on all pulls.

4, Fiber optic cableinstalled aerially shall be provided with asag of 3% to 5% unless existing
cables will be sharing the pole in which case a sag matching the existing cables shall be



provided.

5. Splicing Reels of Cable - The method of joining two reels of fiber optic cable shall be fusion
splicing all of the trunk cable fibers of one reel to the corresponding fibers on the second
reel. All splicesfor joining two fiber reelsof trunk cabletogether shall bemadeinthesplice
enclosureat thelast intersectiontheinterconned cable passed through. 1nother words, when
areel runs out of cable, any excess beyond the last traffic signal intersection splice point
shall be cut off and disposed of by the contractor. The splice joining the two cable reels
together shall be made in the intersection splice enclosure that contains the drop cable to
trunk cable splice. Cost for the quantity of cut off fiber optic cable and for the additional
16 splices beyond thefour splices required to install the drop cable shall be INCIDENTAL
to the cost of thefiber optic cable. It shall bethe Contractor’ sresponsibility to calculate his
cost tojoin fiber optic reels on the project based upon thereel lengthsthat he orders. Where
interconnect system length permits, the Contractor can avoid thecost of joining cable reels
together by ordering asinglereel of sufficient length to extend from one end of project to the
other.

The only place where fibers that are not used for interconnection can be cut iswhereit is
necessary to splice two reels of cable together. This practice of splicing reelstogether shall
be kept to a minimum and shall not occur more than once per every mile (1600 meters).

Cable Cleaning

L oose tube cable will require the Contractor to use a De-Gel solvent to remove water blocking gel
from exposed fibers prior to placement of fan-out kits, splicing or termination of each fiber. The
solvent chosen for this task shall dissolve the gel and allow for a complete removal of all solvent
residue. Thesolvent shall not removeany of the color fromindividual fiber or buffer tubesand shall
not be harmful to the outer PE jacket of the cable itself. 3M’s part number 4414 “filled cable
cleaning kit” or approved equal shall be utilized at every opening of the cable. Cost for De-Gel
solvent and cleaning of fibers shall be incidental to the cost of the cable.

632 Interconnect Misc.: 18 Fiber, L oose Tube, By Type

(By Typerefersto: Sngle Mode, Multi-mode or Hybrid; Armoredif required; Integral Messenger

Wire if required. NOTE: the 18 fiber count is not intended to be the only acceptable standard.

Fiber count, along with associated items such as the number of splices and connectors can be

changed on a project by project basis depending on the needs of a particular system. Different

cable constructions such as tight buffered cables may also be specified depending on maintaining
agency choice, however, this would requireadditional specification modifications other than just
this pay item.)

1. Thefiber optic cable supplied shall be an 18 fiber single mode (SM), multi-mode (MM), or
ahybrid cable containing both as specified. Multi-mode cable shall havea62.5 um nominal
core diameter. Single-mode cable shall have a 8.3 um nominal core diameter. Hybrid
cables, when specified, shall becomprised of 12 multi-modefibersand 6 single modefibers.

2. All fiber optic cable supplied shall utilize water blocking tape technology inside the outer
cable jacket and shall be an accepted cable with the Rural Utility Service (RUS). A list of



10.

acceptable cables can be found on the RUS web site:
(www.usda.gov/rus/tel ephone/l stmat/sec-1.htm)

All fiber optic cable glass shall be supplied by the same manufacturer and shall be part of
afiber optic cable utilizing loose tube construction with the following properties:

Multi-mode Single Mode
Cladding Dia 125+/-1.0 pm 125+/-1.0 pm
Coating Dia. 245+/-10 pm 245+/-10 pm
Numerical Aperture 0.275+/-0.015 N/A
Max. Attenuation 3.5/1.0 do/km@850/1300nm  0.4/0.3 db/km@1310/1550nm
Min. Bandwidth 160/500 Mhz-km@850/1300nm  N/A
Proof Tensile Tet 0.7 GPA 0.7 GPA

Where armored cable is specified it shall be on the RUS acceptable material list.

Where self supporting cable is specified the messenger cable shall 0.25 inch (6 mm ) and
shall be on the RUS acceptable material list.

Documentation shall be provided showing RUS acceptance.

Cables shall be packaged wound on wood spools or reels. All reels shall be the property of
the contractor and heis solely responsiblefor the return or disposal of thereelsthat the cable
isshippedon. The diameter of the drum shall be a minimum of 20 timesthe diameter of the
cable. Eachred shall contain only one continuouslength of cable. Labelsshall be attached
tothereel showing length, cableidentification nameand number, and date of manufacture.

The outer ends of the cable shall be securely fastened to the reel head so as to prevent the
cable from becoming loose during transit. Both ends of the cable shall extend a minimum
of 10 feet (3m) into the inside of the cable reel to provide accessfor testing. Test tails shall
be secured to the inside of the reel in such amanner that they will not become |oose during
transportation. End seals shall be applied to each end of the cable to prevent the intrusion
of moisture into the cable.

Documentation shall accompany each reel documenting the attenuation of each cable fiber
in db/km.

All fiber optic cable to be used as part of the traffic signal system shall be rated for outdoor
use unless specifically noted in the plans.

Fiber optic cablerip cords shall be provided and made from either standard telco nylon
material or from braided kevlar. No un-braided kevlar will be accepted.

Cable Jacketing shall bepermanently |abel ed approximately every two feet (0.6 m) with the
cable manufacturer’s name, cable type, fiber count, manufacturing date, and incremental



cable length. Cable length shall refer to the cable sheath length.

All costs to install fiber optic cable, either aerially or underground, shall include the costs for
equipment, labor, and miscellaneous materialsin the bid item price per linear measurement of Item
632 Interconnect Misc.: 18 Fiber, Loose Tube, By Type unless itemized separately.

632 Interconnect Misc.: Fan-out Kit, 6 Fiber

(6 fiber drop cables are not meant to be the only acceptable standard. Fiber count in drop cables
can be modified on a project by project bass to accommodatethe needs of aparticular system. If
the drop cable fiber count isincreased a 12 fiber or larger fan-out kit can be specified as needed.
Additional modifications would also have to be made to the connector quantities.)

Fan-out kits shall be provided for loose tube drop cable terminal ends that need to be fitted with
connectors. The fan-out kit can be an individual buffer tube kit, multiple buffer tube kit or spider
design kit. All fan-out kits shall have a minimum of 24" (600 mm) of tubing covering each fiber
when installation is complete. Prior to any work the contractor shall submit for approval; catalog
cut sheets, general specifications, and standard operating proceduresfor the kit that isto be utilized
on the project. Only onetype of fan-out kit may be used throughout the project. Fan-out kits shall
berated for outdoor use (-40°C to 70 °C). Since only 4 drop cablefibersarerequiredfor daisy chain
communication, all extradrop cable fibers at the cabinet end shall be inserted into the fan-out kit,
connectorized and terminated in the termination panel for futureuse. Cost for the connectors used
with the fan-out kit will be itemized separately. Cost for loose tube fan-out kits shall be paid at the
bid item price for each Item 632 Interconnect Misc.: Fan-out Kit, 6 Fiber and shall include all costs
for material, equipment, tools and labor to provide and install the fan-out kit.

632 Interconnect Cable Misc.: Drop Cable, 6 Fiber

(6 fiber drop cables are not meant to be the only acceptable standard. Fiber count in drop cables
can be modified on a project by project basis to accommodate the needs of a particular system.)
Drop cables for loose tube fiber optic cables shall be paid on alinear measurement basis and shall
be made from the same gass and cable manufacturer that provides the trurk cable. Since only 4
fibers are required for daisy chain communication, unused drop cable fibers shall be left for future
use. Sparedrop cablefibersat the splice enclosure end shall be placed inside of the end osure with
sufficient excess to provide 2 service loops. Spare drop cable fibers at the controller end shall be
inserted into the fan-out kit, connectorized and terminated in the cabinet termination panel. Costfor
fiber optic drop cablesshall be paid at thebid item price of Item 632 Interconnect Cable Misc.:
Drop Cable, 6 Fiber and shall include all costs for material, equipment, tools and labor to provide
and install the drop cable. Note: Drop cables routed down through a pole from aerial interconnect
shall be provided with strain relief (cable support assembly) per theinstallation details. Cost of the
cable support assembly shall be incidental to the bid item price of the drop cable. A minimum of
10feet (3 meters) slack drop cableshall be provided in the each controller cabinet. Slack drop cable
shall be coiled and bound to the cabinet viatie wrap or other approved means. Any means of
securing the slack cable shall NOT apply stress to the drop cable. Tie wraps shall be loosely
wrapped around the cable.

632 Interconnect Misc.: Fiber Optic Patch Cord, 4 Fiber
A four fiber patch cord shall be provided between each fiber optictransceiver and each termination




panel. Thefibersshall be either multi-mode or single mode asrequired to match the trunk cable and
transceiver. Patch cords shall be fitted with SC/PC type connectors unless the proposed/existing
equipment requires adifferent connector. Connectorsshall be attached to the patch cords using an
epoxy crimped methodology where the kevlar is crimped to the connector. Cost for supplying and
installing connectors on all ends of the patch cord shall be incidental to the bid item price of the
Patch Cord. The contractor at his option may supply four separate one fiber patch cords or two
duplex patch cords, however, only one4fiber patch cord quantity will beprovided at each controller.
Cost for the patch cord shall be at the bid item price for each Item 632 Interconnect Misc.: Fiber
Optic Patch Cord, 4 Fiber.

632 Interconnect Misc.: Termination Panel

(Modification to drop cablefiber count or a different system construction (such as terminating the
entire trunk cable in each cabinet) may require a larger termination panel being specified)
Termination panelsusedin NEMA cabinets shall beamodel WCH-02P as manufactured by Siecor.
The NEMA cabinet termination panel shall be attached to the side of the cabinet in a place that
provides the most room for making connections. After attaching the termination panel on the wall
of the cabinet or support member, no sharp objects such as screws shall protrude outside of the
cabinet that might causeinjury to pedestrians. Termination pandsused in 170/I TS cabinets shall be
mounted within the 19" (483 mm) cage and shall be model CCHO2U as manufactured by Siecor.
All costs including materials, tools and labor to provide and install a termination panel shall be
included in the bid item price for each Item 632 Interconnect Misc.: Termination Pand. The bid
item pricefor thetermination panel shall includethe cost of the requiredtermination bulkhead. Bulk
heads shall be appropriate for the supplied type of connector.

625 Trench for Fiber Optic Cable

In addition to Item 625.12, the Contractor shall place warning tape diredly above al new conduit
containing fiber optic cable. The warning tape shall be placed between 6" (150 mm) and 12" (300
mm) below finished grade with atape length equal to the length of the conduit or cable. The tape
shall be dielectric polyolefin film tape, 0.1 mm thick, 3" (76 mm) wide, orangein color. Materids
and ink colors shall be used that will not change when exposed to acids and other destructive
substances commonly found in soil.

Payment shall be made at the contract linear unit price of Item 625, Trench For Fiber Optic Cable
and shall include all costs for trenching, the warning tape, backfilling and restoration.

625 Pullbox Misc.: Pullbox, 713.081, 24" (610mm) X 35" (890mm) X 26" (660mm)
(Any pullbox where a spliceisrequired or changein cable direction is made should use thislarger
pullbox. The plastic pullboxes cited in this note are bell shaped at the battom to help maintain
cable minimum bend radii.)

Pullboxes shall have nominal opening dimensions of 24 inches (610mm) x 35 inches (890mm) as
manufactured by: Carson Model 2436 (box) and model 2436-2R (cover); Associated Plastics model
FCB243624C02 (box) and model PCC243600A 02 (cover); PenCell Plasticsmodel PEM-2436 (box)
withastedl lid. Theword“Traffic” shall beintegrally cast as part of the cover or securely fastened
with corrosion resistant hardware. The supplied pullboxes shall be able to support a 10,000 Ib.
minimum vertical loading without permanent damage or deflection to the unit. This item shall




include but isnot limited to the disposal of surplusmaterial and therestoration of disturbed facilities
and surfaces.

The largest bend radius possible shall be maintained for the fiber optic cable as gecified by this
specification. All costs resulting from the above requirement shall be included in the unit price bid
per each of Item 625 Pullbox, 713.081, 24" (610mm) X 35" (890mm) X 26" (660mm)

632 Interconnect Misc.: Fusion Splicer

(Thisfusion splicer noteisrequired if the plan requiresfusion splicing in lieu of mechanical splicing
and the maintaining agency wishes to be supplied with a fusion splicer for future maintenance work
at project cost .)

Thefusion splicer used aspart of thisproject shall be purchased new by the Contractor and turned over
to the maintaining agency in good working order at the conclusion of the project. Thefusion splicer
shall provide avideo display of the fibersand shall utilize adirect corelight injection system (LID),
profile alignment, 3 axis fiber alignment or V-block and shall be capable of automatically cleaning,
positioning (gap) and fusing fibersat the touch of abutton. The splice unit shall be capableof splicing
either multi-mode or singlemode fibers and shall be ableto instantly cal culatesplice lossand display
theresultsinaneasily understood manner. Thefusion spliceunit shall include an attachabl eheat shrink
oven and crimp & go type splice protection crimping device. It shall be ableto operateon battery, AC
or external DC power. The estimator should be accurateto £ 0.05 db 100% of thetime. Certification
and testing papersfor the fusion splicer shall be submitted with the unit when it isturned over to the
maintaining agency. If theunit certification expiresbeforethe project completion or if theunitisused
by the Contractor during construction, the unit shall bere-certified at the Contractor’ sexpensebefore
itisturned over tothemaintainingagency. All coststo purchaseand turn over in good working order
afusion splicer conforming to these specificationsshall beincluded in the bid item pricefor each Item
632 Interconnect Misc.: Fusion Splicer.

632 Interconnect Misc.: Fusion Splice

(Project designer will haveto decideif fusion splicesor mechanical spliceswill beusedintheproject.
Only the relevant note for chosen splice technic should beincluded in the plan. Maximumallowable
db loss can be modified on a project by project basis to accommodate the loss budget needs of a
particular system.)

Typically the only place spliceswill be permitted isto connect the |oose tube drop cableto the loose
tube trunk cable unless noted in the plan.

Fusion splice shall conform to the following:

@ Splice Loss (Fusion Splicing). The average spliceloss of each multi-mode fiber shall
not exceed 0.2 dB (per EIA-568-A) for both singleand multi-modefibers. Theaverage
splicelossisdefined asthe summeation of thelossasmeasuredin both directionsusing
an OTDR through the fusion splice, divided by two.

(b) Splice Protection. Fusion splices require adequate splice protection. When splicing
outdoors, the spliced and stripped cableshall be protected by aspliceclosure. All fiber
splicesare housed in splicetraysor organizersinside aclosure. The proper splicetray



shall be selected based on the type of protection required by the splice. Fusion splices
require additional protection and strain relief which can be provided by glass
capillaries, heat shrink tubing, or silicone sealant (commonly referred to as RTV).

Fusion splices shall be paid at the bid item price for each Item 632 Interconnect Misc.: Fusion Splice
and shall include all costs for equipment, material and labor to provide a permanent fused splice
including splice protection. A quantity of one splice will be provided for each pair of fibers that

require splicing.

632 I nterconnect Misc.: Mechanical Splice

(Project designer will have to decide if fusion splices or mechanical spliceswill be used in the
project. Only the relevant note for chosen splice technic should be included in the plan. Maximum
allowable db loss can be modified on a project by project basisto accommodate the | oss budget
needs of a particular system. )

Typically the only place spliceswill be permitted isto connect the |oose tube drop cableto the loose
tube trunk cable unless specifically noted in the plan.

Mechanical splices shall conform to the following:

@ Splice Loss (Mechanical Splicing). A maximum splice loss of 0.20 dB is
allowed for single-mode and multi-mode fiber connections.

(b) Splice Protection. When mechanical splices require storing, a mechanical
splice tray organizer shall be used.

Mechanical splices shall be made using 3M Fibrlok splicing kits.

Mechanical splicesshall bepaidat thebiditem pricefor each Item 632 Interconnect Misc.: Mechanical
Splice and shall include all costs for equipment, material and labor to provide a permanent splice
including splice protection. A quantity of one splice will be provided for each pair of fibers that

require splicing.

632 _Interconnect, Misc.:, Fiber Optic Connector

Unlessadifferent connector isrequired for compatibility with existing or proposed activecomponents,
fiber optic connectors shall be field installable SC/PC compatible, ceramic ferrule, with the fiber
permanently secured withintheferruleby epoxy (heat set), chemically cured or ahot melt adhesivein
accordancewith the connector and/or the epoxy manufacturer. When connectorsareinstalled outside
of acontrolled environmental location, the connector operating temperature shall be minimum (-40 C
to +70 C). For those applications within a controlled environmental location, the operating
temperature shall be minimum (-20 C to +60 C).

The procedure for the termination of connectors used shall meet that process set out in the connector
manufacturer's Standard Operating Procedure (SOP) for fieldinstallation. ThisSOP shall besubmitted
for approval to the Engineer. Unless recommended otherwise by the connector manufacturer, each
fiber shall be cleaved, cleaned and receive multiple polishings with increasingly fine grit polishing



pads. The approved SOP will be the basisfor inspection.

Theaveragelossfor mated pairs of connectors shall not exceed 0.4 db for both singleand multi-mode
fibers.

Payment shall be made at the contract unit price bid per each of Item 632, Interconnect, Misc.: Fiber
Optic Connector.

632 Interconnect, Misc.: Cleave Tool

(Optional Note)

Cleave tools are used during splicing to cut the individual SM or MM fibers as closeto a perfect 90
degree angleas possible, thus allowing the highest coreto core alignment and thereforethe lowest dB
spliceloss. The manufacturers of cleave tools have established "end angle” cleave averagesthat are
based on aminimum of 150 cutsutilizing aminimum of 10 cutters. Based on thesetest resultscleave
toolsshall have minimum end angleaveragesasfollows: <0.70 degree average with no cut of the 150
cleaves exceeding 1.5 degree will be allowed. Prior to the splicing of any fiber cable, the Contractor
shall submit the part number and manufacturer of thecleavetool alongwithan"endangle€" distribution
chart which demonstratesthe actua 150 cut end angles, such as Siecor part number FBC-005 or Alcoa
FujikuraCO12 or equal. The Contractor shall purchaseacleave tool that meetsthis specification to
be left in good working condition with the maintaining agency for maintenance of the fiber system.

Payment shall be made at the contract unit price bid per each of Item 632, Interconnect, Misc..
Cleave Tool.

632_|nterconnect, Misc.: Mechanical Splice Tool Kit

(Optional Note)

A mechanical splice tool kit shall include al the tools necessary for the assembly of a mechanical
splice. The tools shall alow for easy completion of cable preparation, remova of fiber coating,
cleaning and cleaving, prior to completing the splice. Mechanical splice kits typicaly include a
connector assembly tool, cleave tool, No-Nik fiber stripper, micro-strip precision stripper, cable
stripper, tel ecommuni cation snips, 20X magnifier, lint-freecloth, protectivecarrying caseand manual .

A cleave tool shall be included in the mechanica splice kit. The Contractor shall purchase a pre-
assembled mechanical splice kit that meets this specification, smilar to 3M 2530 Fiber Splice
Preparation Kit, Siecor TKT-100-02 or approved equal, to beleft in good working condition with the
maintaining agency for maintenance of the fiber system.

Payment shall be made at the contract unit price bid per each of Item 632, Interconnect, Misc.:
Mechanical Splice Toal Kit.

632 |nterconnect, Misc.: Fiber Optic Termination Tool Kit

(Optional Note)

A termination tool kit shall include all tools and materials listed below necessary to terminate the
connectorsused aspart of thisproject. Termination kitsshall includeahot melt oven, crimptool, one-
step lap film, polishing jig, polishing pad, cooling stand, connector holder, stripping collar, scribe




carbide, bottle of 99% isopropy! acohoal, snips, cablestripper, No-Nik stripper, view scope, lint-free
cloth and pipe cleaners, jewelers loupe, pocket ruler and instruction manuals. The Contractor shall
purchase a pre-assembled termination tool kit that meets this specification, similar to 3M 6150-A
Termination Kit, Siecor TKT-025 or approved equal, to be left in good working condition with the
maintaining agency for maintenance of the fiber system. The entire kit shall come in a hard side
carrying case.

Payment shall be made at the contract unit price bid per each of Item 632, Interconnect, Misc.: Fiber
Optic Termination Tool Kit.

[tem 632 Interconnect, Misc.: Optical Time Domain Reflectometer (OTDR)
(ThisOTDRnoteisrequiredif the planrequiresthecontractor to providethe maintai ning agency with
an OTDR for future maintenance work at project cost.)

The contractor shall purchasean OTDR that meetsthe following requirementsand turnit over to the
maintaining agency for their use at the conclusion of the project.

The OTDR shall be supplied with the following features as a minimum:

1. Field interchangeald e source modules for single and multi-mode fiber analysis of optical links
from 300 feet (100 m) to 15,000 feet (5 km) in length.

Minimum of 3 user selectable pulse widths per wavel ength

Auto mode button for one button testing

Auto mode or simplified mode for trace naming and storing

Dual trace analysismode

Event table display

Internal hard drive for trace storage

3.5" floppy disk drive (1.44 meg)

. Peripheral support for keyboard, mouse, VGA monitor and printer

10 Individual and batch printing modes

11. PC based emulation software for Windows 95 or DOS (to be included with OTDR)
12. System shall be software upgradeable

13. Internal Battery with AC adapter/battery charger

14.Internd or externa printer

15. Bi-directional analysisthrough emulation software or internal to OTDR

©ONOUAWN

Payment shall be made at the contract unit pricebid per each of Item 632, Interconnect, Misc.: Optical
Time Domain Reflectometer (OTDR).

632 Interconnect, Misc.: Splice Enclosure (Under Grade or Aerial)

Splice enclosures shall be water proof and shall be a Siecor model UCAO, 3M 2178 or approved
equal. Included with each enclosure shall be aerial or pull box wall mounting bracketsas required by
the particular splice location. Where armored cableis specified, the armor shall be grounded in the
grounding system provided withtheenclosure. Asaminimum, al2fiber splicetray shall beprovided
with the enclosure. Where more than 12 fibers are specified, additional splicetrays shall beincluded
asnecessary to accommodatethefiber count. Thespliceenclosureshall featureamoisturetight sealing
arrangement which is re-enterable for system expansion and repair. No stress shall be placed on




finished splices within the splice enclosure.

At splice locations, aring cut methodology shall be used. Trunk cable jacketing shall be cut back a
sufficient distanceto allow unused trunk fiber tubesto be stored uncut/unopened with 2 serviceloops
inside the enclosure. The trunk cable tube that contains the interconnect fibers shall be opened to
exposetheinner fibers. Only the trunk cable fibers that will be spliced may be cut. The remaining
trunk cablefibersin the opened tube shall remain uncut and stored in the splice tray with aminimum
of two serviceloops. Theonly trunk cablefibersthat areto be cut are the 2 trunk cable fibers being
spliced into the drop cable. (To drop cable fibers R1, T1, R2, T2) Note: See “Typica System
Congtruction” details.

Payment shall be made at the contract unit price bid per each of Item 632, Interconnect, Misc.: Splice
Enclosure(Under Grade& Aeria) and shall includeall costsincluding material s, equipment and |abor
to provide a complete installed fiber optic splice enclosure. Cost for the splices will be itemized

Separately.

632 Interconnect Misc.: Slack Installation

Where designated in the plans, the contractor shall provide an aerial mounted slack cableinstallation
conforming to the plan details. Where an underground installation is required, the contractor shall
provide 50 feet (15 m) of dack cableinside of the designated pull box.

All costsincluding material s, equipment and labor to providead ack install ation shall beat thebiditem
pricefor each Item 632 Interconnect Misc.: Slack Installation. Notethe cost for the fiber optic cable
used in the dack installation (both aerial and underground) shall be included in this pay item. The
linear quantity of fiber optic cablenecessary for thedack installation shall be includedinthispay item
and is not itemized in the linear bid item price of the fiber optic back bone cable.

632 Interconnect Misc.: Pole Entrance Fitting

(The maintaining agency may opt to havethe Contractor routedrop cablesdown the outside of strain
poles. Thisalternatemethod of installation isshown in the construction details. Shouldthealternate
method be desired, this note should be deleted and a note should be provided requiring the alternate
construction method. Additional methods of transitioning from overhead to underground may be
specified by the designer.)

A pole entrancefitting shall be provided in accordance with the enclosed detailsto allow fiber optic
cableentranceinto both existing and proposed stedl poles. In proposed pol es, the contractor shall have
the 2" (51 mm) entrance holes shown in the details pre-manufactured. Blind half couplings shall be
welded into any new strain poles supplied as part of the project.

Existing strain poleswill requirethe contractor to fieldlocatethe poleentranceholeand drill two pilot
holes and use ahole saw to cut the 2" (51 mm) hole. All non-galvanized pole surfaces exposed after
cutting the hole shall have 3 coats of zinc enriched paint applied. See construction details

No pole entrance fitting holes shall be located vertically within 24" (600 mm) of any other holes or
blind half couplings.



All coststo provide a pole entrance including material, equipment and labor shall be included in the
bid item price for each Item 632 Interconnect Misc.: Pole Entrance Fitting.

632 Signalization, Misc.: Fiber Optic Cable Testing

General
1 OTDR used as part of thesetesting specifications shall be calibrated to sheath (jacket) length,
not optical length by adjusting the unit’sindex of refraction.

2. All OTDR traces shall maximize both the vertical and horizontal scalesto the greatest extent
possible and still fit the entire trace on the screen.

3. Testing shall be performed in accordance with the following requirements. Failure of alink
at any part of the testing shall result in the Contractor having to repair the problem and retest
the ingtallation. Cost for any required repairs and retesting shall be borne solely by the
Contractor.

Pre-Installation Cable Acceptance (Tested with OTDR in one direction)

Thecontractor shall utilize barefiber adaptorsor other approved meanstotestall fibersfor attenuation
loss using an OTDR set to 2-Point loss measurement parameters prior to installation (on the redl).
Marker points shall be placed at the beginning and end of each backscatter signature recorded by the
OTDR. Themanufacturer instructional guide can determine proper placement of thesemarkers. The
OTDR display shall be recorded on computer diskettes with identification and numbering sequences
to be pre-approved by the Engineer. Each trace must containasaminimum: Cable/sheathlength (not
optical fiber length), 2-Point db loss, attenuation in db/km, fiber type, wavelength used, pulse width
selection, and fiber/cableidentification. The stored trace shall allow full manipulation of the trace
when viewed with the PC emulation software.

Worst casewavelengthtesting will beappliedto all fibers. Proper pulsewidth selectionisrequired to
minimize attenuation dead zone effect (10nspulse: MM dead zone=23 feet (7 m), SM dead zone= 33
feet (10 m))

Fiber lengths in excess of 3280 feet (1000 m) worst case wavelengthis: MM=850nm/SM=1550nm
Fiber lengths less than 3280 feet (1000 m) worst case wavelength is: MM=850nm/SM=1310nm

There shall be no attenuated anomalies in the backscatter trace as viewed by the OTDR. Any
attenuated anomaly shall be considered afiber defect and will be grounds for rejecting the cablesuse
on the project.

Pre-installation Maximum Acceptable Attenuation Loss: MM @ 850nm = 5.6 db/mile (3.5 db/km)
MM @ 1300nm = 0.625 db/mile(1.0 db/km)
SM @ 1310nm = 0.64 db/mile (0.4 db/km)
SM @ 1550nm = 0.48 db/mile (0.3 db/km)



Link Testing with OLTS (Power Meter) and OTDR (After Splicing and Terminating)

OLTS (Power Meter)

All links shall betested with the OL TS after splicing and termination work iscompleted. Link testing
will be bi-directional for attenuation loss with worst case wavelengths. Test procedure shall comply
with EIA-568-A requirements.

Worst case wavelengths are defined as:. MM = 850 nm
MM = 1300 nm (link length greater than 4 km)
SM = 1310 nm (link length less than 3280 ft (1 km))
SM = 1550 nm (link Iength greater than 3280 ft(1km))

Maximum acceptablelink attenuation shall be calculated asfollows:

Maximum Acceptable Link Attenuation = Splice Loss + Connector Loss + Cable Attenuation
Maximum AcceptableLink Attenuation=0.2db + 0.2db + (Link Lengthx Attenuation* )
Note: Any additional splices such as splicing reelstogether must also be included.

* Attenuation for SM and MM are:
Attenuation: MM @ 850nm = 5.6 db/mile (3.5 db/km)
MM @ 1300nm = 0.625 db/mile(1.0 db/km)
SM @ 1310nm = 0.64 db/mile (0.4 db/km)
SM @ 1550nm = 0.48 db/mile (0.3 dib/km)

Optical fiber test results submitted shall show theloss measured on eachindividua fiber ascompared
tothereferencelaunch power. Thelink attenuation as cal culated aboveisanot to exceed value. Link
measurements, which exceed thisbudget will not be accepted and shall be brought to within accepted
maximum values at the Contractor’ sexpense. Thismay requirethe Contractor to replace connectors,
splices or the entire link.

OTDR

All linksshall betested withan OTDR that are 1000 feet (300 m) or longer for the 850nm and 1310nm
wavelengths. Links which are in excess of 3280 feet (1 km) shall include 1550nm testing on SM

fibers. OTDR testing shall be in one direction following worst case wavel ength sel ection when there
are no splice points or interconnect pointsin the link.

Any link, which islonger than 1000 feet (300 m) and has splice points or interconnect pointsin said
link, shall betested bi-directionally using worst casewavel engths. Linksthat arelonger than 3280 feet
(1 km) shall include testing at the 1550nm wavelength for SM fibers.

All fiber shal be tested for attenuation loss using an OTDR set to 2-Point loss measurement
parameters. Marker points shall be placed at the beginning and end of each backscatter signature
recorded by the OTDR. The manufacturer’s instructional guide can be used to determine proper
placement of these markers. The OTDR display shall be recorded on computer diskettes with
identification and numbering, sequencesto be pre-approved by the Engineer. Each trace must contain



as aminimum: cable/sheath length(not optical fiber length), 2-point db loss, attenuation in db/mile
(db/km), fiber type, wavel ength used, pul sewidth selection, and fiber/cableidentification. The stored
fiber trace shall alow full manipulation of the trace when viewed with the PC emulation software.
Both ahard copy print out and diskette copy of each trace shall be submitted to the Engineer for his
approval.

Linksthat contain splice pointsor interconnect pointsshall a so containan additional “ EventsDisplay
Table” to accompany the OTDR trace. Thisdisplay shall show the distance to the events, distance
between multiple events, each eventslossin db, and adescription of the event (reflective event, non-
reflective event, gains and cableend). All attenuation event loss readings shall beinthe LSA (Least
Square Average) mode of the OTDR. 2-Point attenuation measurementsat eventsare not acceptable.
Poper pulse width selection is required to minimize attenuation dead zone effect (10nspulse: MM
dead zone=23 feet (7 m), SM dead zone = 33 feet (10 m)).

All costs to perform the above testing shall be included in the bid lump sum price for Item 632
Signalization Misc.: Fiber Optic Cable Testing. Any link that fails the above tests shall be replaced
and retested at the contractor’ s expense.

633 Controller Item, Misc.: Fiber Optic Transceiver (MM or SM)

Communications on the fiber optic cable shall require fiber optic transceivers. The controllersareto
be equi pped with transceivers capabl e of communicationswith thesignal system controllers. Itisthe
Contractors responsibility to install and activate each of these modemsin the controller housing and
contact the manufacturer for replacement panelsif necessary. Price for the controllersis itemized

separately.

Payment shall bemadeat the contract unit pricebid per each of Item 633, Controller Item, Misc.: Fiber
Optic Transceiver (MM or SM)

632 Signdization Misc.: Fiber Optic Training Plan

The Contractor shall submit acomprehensivefiber optic training plan for approval within 15 days of
noticeof signed contract. Thetraining courseshall takeplace prior toinstallation and may be attended
by personnel from the maintaining agency or their designees. Thistraining shall be for up to twelve
(12) personnel to be determined by the Engineer.

Thetraining shall be conducted by an approved instructor who can demonstrateaminimum of 2 years
experiencein fiber optics and fiber optic training. The instructor(s) shall be familiar with the cable
types and equipment being installed on this project. The plan shall be for a minimum three (3) day
fiber optictraining course, including lecture, classroom* hands-on”, and project fieldtraining. Onehalf
of the total training course shall be dedicated to various cable splicing and testing equipment
workshops.

The courseshall teach personnel from the maintaining agency the processes, fine tune techniques and
verify acraftsman’ sabilities to install and inspect cable, fan-out, terminate, splice (both mechanical
& fusion), and test (hand held, mini-OTDR and full size OTDR) fiber optic cable. Specificfocuswill
be on the traffic interconnect systems, with emphasison "drop and insert" (closed loop) installations.



The following subjects shall be covered at minimum. Course content is not limited to thislist.

Safety

Fiber Optic Theory

Cable Types & Applications, Cable Manufacturer’ s Overview
Cable Placement

Sheath Removal

Armor Grounding Methods

Duct Pulling Options

Aeria Pulling Options

Testing Processes Overview (Hand Held Process, Mini-OTDR, OTDR)
Cable Splicing (Mechanica & Fusion, Splice Enclosure)

Splice Enclosure Ingtallation & Splicing Discussion And Workshop
Cable Fan-Out W/Kits

Cable Placement (Distribution Box)

Termination (Field) Discussion And Workshop

Testing The System

Closure & Slack Management

Trouble Shooting

System Restoration

The training site shall be provided by the Contractor at a mutually agreed upon location with the
maintaining agency. All costs associated for providing the above training shall be included in the
lump sum price bid for Item 632 Signalization Misc.: Fiber Optic Training Plan



