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SECTION 2900 — TRAFFIC SIGNALS

CITY OF LEES SUMMIT, MISSOURI
STANDARD SPECIFICATIONS
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TRAFFIC SIGNALS

2901 General:This work shall consist of furnishing and instadjitraffic signal equipment and

materials as shown on the plans. All work and neteshall be in accordance with the latest
requirements of the National Electrical Code (NER3tional Electrical Safety Code (NESC),
Standards of the American Society of Testing Materi(ASTM), American Standards

Associations (ASA), National Electrical ManufacttgeAssociation (NEMA), Manual on

Uniform Traffic Control Devices (MUTCD), and locaidinances.

2901.1 These Specifications may be modified or deletedappropriate items in the Project
Special Provisions or by written authorization bg City Engineer.

2901.2 Work incidental to traffic signal installation th& not covered in these Specifications
shall be performed in accordance with the City eéls Summit specifications and standards. All
incidental parts, which are not shown on the Planspecified in the Specifications and which
are necessary to complete the traffic signal itstah, shall be supplied and installed by the
Contractor to the satisfaction of the City Enginedfo additional payments will be made for
incidental work or parts. All systems shall be pbete and in operation to the satisfaction of the
City Traffic Engineer at the time of acceptance.

2901.3 All appurtenances shall be installed as showrhenPlans, or as specified in the Project
Special Provisions. Any deviations must be estabtisby the Contractor and authorized by the
City Traffic Engineer.

2901.4 The Contractor shall contact the Public Works D&pant before any project work
begins to notify the City Engineer of the constimttschedule and to request project inspections
The Contractor is responsible for obtaining allessary permits from the City, and is responsible
for all associated costs, before any work can begin

2901.4.1The Contractor is responsible for obtaining the essbuilding permit from the City’s
Codes Administration Department before electriealise can be delivered to a power supply.
The Contractor shall contact the City’s Codes Adstiation Division for an electrical inspection
when a power supply is ready for operatidime City Inspector will obtain an address for the
power supply, which the Contractor shall use whesadidg with the electrical utility company.

2901.4.2The Contractor is responsible for contacting theeteical utility company in advance to
schedule the installation of the power cables ¢éopibwer supply. The City shall pay the electrical
utility company’s fees to deliver electrical seeidhe Contractor shall be billed for all electtica
utility service charges until the test period is@ssfully completed, at which time service can be
transferred to the City.

2901.5 Existing traffic signals shall be maintained ineetive operation by the Contractor,
except for shutdowns approved by the City Traffigyieer for alterations or final removal. After
any modifications have been made or after workeigulm on an existing signal installation, the
Contractor shall maintain the signals in accordawid Section 2920. The Contractor shall
notify the City of Lee’s Summit at least two daggcluding weekends and city holidays, prior to
operational shutdown of any traffic signal, andpoior to disconnecting existing vehicle or
pedestrian detection. All traffic signal equipmehat the Contractor uses or installs on the
project, whether furnished by the City or the Caaotor, either on a temporary or permanent
basis, shall, upon installation or upon initial ligethe Contractor, be operated and maintained by
the Contractor until the project is complete andepted. Any malfunction of an existing signal
installation resulting from the Contractor's opevat regardless of the nature of the work, shall
be corrected at the Contractor's expense in acgoedaith Section 2920. Signal timing will be
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TRAFFIC SIGNALS

provided by the City Traffic Engineer. Programmisfghe controller will be the responsibility of
the City, except when waived by the City Trafficgimeer. If any adjustments are required to the
operation of an existing signal installation dughte Contractor's operation, the Contractor shall
provide a minimum of two working days notice to Qi¢y Traffic Engineer.

2902 Temporary Traffic Signals: Installation of temporary traffic signals shall st of
furnishing and installing poles for span wire sighapan and tether wires, control and power
cable, power supply and connection to a power goufe controller, signal heads, detectors,
luminaires, and all mounting hardware, unless d$jgeciotherwise. Maintenance of the
installation and all other equipment and materedassary to provide the temporary installation
will be the responsibility of the Contractor. Ifethemporary traffic signal installation is not
shown on the plans, the Contractor shall submita o the City Traffic Engineer for approval
prior to the installation of temporary signals. Aewisting or City furnished signal equipment to
be used in the temporary signal shall be showrhertéamporary signal plan. Temporary signals
shall have the signal heads covered until placezparation. A minimum of two signal faces, in
accordance with the MUTCD, shall be oriented towaath street approach positioned a
minimum of 8 feet apart, center to center, and aimum of 16 feet above the surface of the
traveled way to the bottom of the signal head abgemcluding backplate. Existing signals shall
not be taken out of operation until the temporagpals are ready for operation and approved by
the City Traffic Engineer. A flashing operation BH#e used during shutdown of the temporary
signals.

2902.1 All temporary signal equipment shall be removed thg Contractor after the new
installation is in operation, or as directed by iy Traffic Engineer. Contractor furnished
equipment that will become the property of the Ghall be of new stock and shall meet all
applicable specifications. Contractor furnishedipopent that will remain the property of the
Contractor may be new or used. City owned equipmalhtremain the property of the City,
unless specified otherwise, and shall be dispo$ed shown on the plans or as directed by the
City Traffic Engineer.

2902.2 The Contractor shall pay all electrical costs imedrby operation of the temporary

signals. For temporary signal installations wherexisting signal power supply is not available,
the Contractor shall make any necessary arrangen@provide power to the temporary signals.
Portable generators shall not be used to proviadeepto temporary signals. No direct payment
will be made for power costs. All wire and cable femporary signals shall be suspended
overhead with proper clearance or buried a mininofid8 inches underground.

2902.3Temporary signal installations shall be installedrieet the construction schedule. The
Contractor shall provide a minimum of two workingys notice to the City Traffic Engineer

prior to the signal turn-on. The Contractor shakimtain the signals in proper operating
condition, in accordance with Section 2920. Any dgeto the traffic signal installation from

any cause whatsoever shall be repaired by the &uatrat the Contractor's expense.

2903 Span Wire AssembliesSpan wire assemblies shall include 3/8-inch steetsanger
wire, 1/4-inch tether wire, guy wire, all bolts, tauywashers, clamps, cable straps, and other
appurtenances shown on the plans or necessarydperminstallation. Messenger wire shall be
Class A galvanized, high-strength grade, seven-stirand in accordance with ASTM A 475.
Tether wire shall be seven-wire high-strength staele. Splicing of messenger and tether wires
will not be permitted. Clamps shall be fabricateahf low alloy steel. Steel poles for span wire
assemblies shall have wire inlets and cable guidds 1-1/2 inch watertight insulator bushings
and other features specified in the contract, dadl ve in accordance with Section 2909. Wood
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TRAFFIC SIGNALS

poles shall be in accordance with Section 2905. o#Vpoles and steel poles for span wire
assemblies shall be as specified in the contradtasnshown on the plans. Luminaire bracket
arms, if specified, will be at the Contractor’'s erpe. Conduit, junction boxes, service entrance
caps, attachment hardware or other appurtenancdseamood poles or steel poles as shown on
the plans will be at the Contractor’s expense.

2904 Power SuppliesPower supplies shall conform to the requirementSextion 2800 of
the City of Lee’s Summit Design and Constructionnivial.

2904.1For temporary traffic signals, the configuratiordanstallation of equipment mounted on
substation and service poles shall be in accordaitbethe requirements of the utility company
furnishing electrical power.

2905 Electric Substation, Service and Span Wire Asmbly Poles:

2905.1 Electric Substation and Services PolBtectric substation and service poles shall be of
the length and class specified in the contract s, and shall be in accordance with ANSI
05.1. Poles shall be of the species Southern Ridéhave either a 0.38 (pounds per cubic foot of
wood) minimum retention of Pentachlorophenol presigon or 0.60 (pounds per cubic foot of
wood) minimum retention of ACA or CCA preservatitieated in accordance with AWPA C4
Specification. Poles may be gained and drillechanfteld after treatment. Areas exposed shall be
treated in accordance with Section 2905.5 befayessarms or equipment are mounted.

2905.2 Span Wire Assembly PoleSpan wire assembly poles shall be of the lengthifspe in

the contract and shall be in accordance with ANS10Class IV, unless otherwise specified. The
poles shall be of the species Southern Pine anel éithver a 0.38 (pounds per cubic foot of wood)
minimum retention of Pentachlorophenol preservator®.60 (pounds per cubic foot of wood)
minimum retention of ACA or CCA preservation trehtih accordance with AWPA C4
Specification. All poles shall have a minimum didemeof 6 3/4 inches, measured at the top of
the pole.

2905.3 Pole CrossarmsThe species, grade and treatment of crossarms terdeted on
substation and service poles will be shown on thes

2905.4 Timber Preservatives:

2905.4.1Pentachlorophenol: Pentachlorophenol shall be tor@ance with AWPA P8 in a
hydrocarbon solvent meeting the requirements of AVIPB, Type A.

2905.4.2 Ammoniacal Copper Arsenate (ACA) or Chromated Coppesenate (CCA):
Ammoniacal Copper Arsenate and Chromated Coppeenats shall be in accordance with
AWPA P5.

2905.4.3Copper Naphthenate For Repair: Copper Naphthehatélse prepared with a solvent
in accordance with AWPA Standard P9. The presematbncentration shall contain a minimum
of 2 percent copper metal.

2905.4.4 Responsibility for Quality: The Contractor shalleupreservatives that meet these

specifications or the treated material will be gabjto rejection, or to approved retreatment with
an approved preservative.
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TRAFFIC SIGNALS

2905.4.5Final Steaming: All substation, service and spam\pbles; except material treated with
ACA or CCA, shall be cleaned by a final steam bathccordance with AWPA C2, C4 or C5, as
applicable. In lieu of steam cleaning, sign polesy/ e strip stacked and air-dried for a minimum
of 60 days after treatment.

2905.5 Care After Treatment: Care shall be taken in hagdtiressure-treated material to avoid
damage. Cant hooks, peavies, pickaroons and ertdhoaks shall not be used on the side
surfaces of treated material. All handling of teshtound stock with pointed tools shall be
confined to the ends. If damaged material is peechifor use by the City Engineer, or framing at
site is required, such injuries, cuts or holesldbaliberally field-treated with the preservatioe

the same type used for the original treatmentfaopper napthenate. A second coat shall not be
applied until after the first coat has been abarbimles shall be treated by plugging one end and
filling with preservative.

2905.6 Inspection Requirements:

2905.6.1Inspection: All material shall be inspected for qgdiance with these specifications in
accordance with AWPA Standard M2.

2905.6.1.1Timber products treated within the State of Missaurwithin 100 air miles of the
border may be inspected by City personnel.

2905.6.1.ZThe inspection of poles shall be performed by thgpBer or an approved inspection
agency, and the cost for inspection shall be aCibvéractor’'s expense.

2905.6.2Inspection Agency: An approved inspection agendl/ lve a laboratory, accredited by
the American Lumber Standards Committee, P.O. Bdx &ermantown, MD, or an experienced
testing laboratory approved by the City Engineaspkction agencies not accredited by the
American Lumber Standards Committee shall submitfiproval a resume to the City of Lee’s
Summit Public Works Engineering Department. Thsunee of the agency shall include the
agency'’s history of inspection of timber and trelgbeoducts, a listing of state highway agencies
which have approved the inspection agency and tmdisof state agencies for which the
inspection agency has performed inspection.

2905.7 Certification: Electric substation, service andrspére assembly poles will not require
certified test reports.

2905.8Acceptance: Acceptance of material will be basedatisfactory supplier's certification
or inspection agency certifications, and upon tesol any tests deemed necessary by the City
Engineer at destination to ascertain complianch thiése specifications.

2906 Material: All material, equipment and incidental parts shoalof new stock unless the
contract provides for relocation of existing uratsuse of units furnished by others to be retained
by others. New equipment and material shall belaimnhanufacturer and be the product of
reputable manufacturers and shall be in accordavitte Caltrans 170 Specifications, ICEA,
IMSA, ITE, MUTCD, NEMA, RETMA, NEC and the regulatis of the National Board of Fire
Underwriters, as applicable, and shall meet theayap of the City Traffic Engineer. The cost of
incidental materials not mentioned in the PlanSpecifications shall be considered subsidiary to
other items in the contract.
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2906.1 Materials for traffic signal equipment, poles, caitdcable, and other items not specified
under section 2906 are covered elsewhere withisetl@pecifications or on the Plans or Project
Special Provisions.

2906.2 Stainless Steel Bolts, Nuts and washers. Nut@Afahor Bolts shall be in accordance
with ASTM A 563, Grade C, D or DH or ASTM A 194, &fe 2 or 2H. Stainless Steel Bolts,
Screws and Washers shall be in accordance with ASTIP3, Grades B5, B6, B7 or B16.
Stainless Steel Nuts shall be in accordance witiM® 194.

2906.3 Bolts, nuts and washers, except stainless steall, Isé galvanized in accordance with
AASHTO M 232, Class C or mechanically galvanizedaittordance with AASHTO M 298,
Class 55. Except for anchor bolts, galvanizingkhéss shall not exceed 6 mils. Anchor bolts
shall have a minimum yield strength of 55,000 p&l @ minimum elongation of 14 percent in 2
inches or 12 percent in 8 inches. For anchor laoits nuts, and for high strength bolts and nuts,
except those in accordance with AASHTO M 164, thent€@ctor shall furnish to the City
Engineer a test report certified to be the lastmeted set of mechanical tests for each size in
each shipment. For high strength bolts and nutsdocordance with AASHTO M 164, the
Contractor shall furnish a copy of the manufactar@spection test report for each production lot
or shipping lot furnished to the City Engineer asioall certify the bolts furnished are in
accordance with the requirements specified. Baits rauts specified to meet ASTM A 307 shall
be accompanied by a manufacturer's statement hieabalts and nuts were manufactured in
accordance with ASTM A 307.

2906.4 ConcreteConcrete shall be as specified in the contractc€dea construction, including
but not limited to, material, proportioning, mixingjump, transporting, placement, finish, curing,
and surface seal shall be in accordance with AQl S@andard Specifications for Structural
Concrete. All reinforcing steel shall meet the uiegments of reinforcing steel for concrete
structures.

2906.4.1All material will be subject to the inspection aacteptance by the City Inspector.

2906.5 Reinforcing Steel for Concrete StructuresThis work shall consist of furnishing and
placing reinforcing steel of the designated shame and grade as shown on the Plans. All
material shall meet the requirements of steel Barsconcrete reinforcement. AASHTO
specifications, when referenced, will control theygical properties, chemical properties and
handling and storage of the material, except asraike specified herein or shown on the Plans.

2906.5.1Unless otherwise specified, reinforcement shalldbeormed bars in accordance with
AASHTO M 31, AASHTO M 42 or AASHTO M 53. Bars in @ardance with AASHTO M 42
and M 53 shall be in straight lengths only.

2906.5.2Spiral reinforcement shall be in accordance witletia 2906.5.1, except that the
reinforcement may be plain or deformed or shallcblel drawn steel wire in accordance with
AASHTO M 32 or deformed steel wire in accordancthwvASHTO M 225.

2906.5.3Welded steel wire fabric shall be in accordancd WWASHTO M 55 or AASHTO M
221.

2906.5.4Epoxy coated reinforcing steel shall be in accocdanith AASHTO M 284/M284M-2

except as otherwise specified herein or shown erPtansOnly steel in accordance with Section
2906.5shall be used.
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TRAFFIC SIGNALS

2906.5.4.1Coated bars shall not be spliced except as shovineoRlans.
2906.5.4.20rganic coatings, other than epoxy, shall not leelus

2906.5.4.3Patching or repair material shall be compatibléhwilite coating, inert in concrete and

in accordance with the epoxy resin manufacture®@mmendations. The material shall be epoxy
and be suitable for application at the plant othim field to uncoated areas and damaged areas of
the coating.

2906.5.5Documentation of uncoated steel shall include tbel snanufacturer’s certified mill test
report showing complete chemical and physicalresilts for each heat.

2906.5.6Documentation of coated steel shall include theiogaapplicator's certification that all
material used, the preparation of the bars, coatind curing are in accordance with these
Specifications, and that no bar contains more than holiday per linear foot. The certification
shall include or have attached specific resultgests of coating thickness and flexibility of
coating.

2906.5.7Reinforcing steel shall be accurately cut and berthe dimensions and shapes shown
on the Plans. Cutting and bending tolerances fofaeing steel shall be in accordance with the
Concrete Reinforcing Steel Institutddanual of Sandard Practice. Flame-cutting of uncoated
reinforcing steel will not be permitted.

2906.5.8Reinforcing steel shall be protected from damagalldaimes. When placed in the work
and before concrete is placed, reinforcing steall §le free from dirt, oil, paint, grease, loosél mi
scale, thick rust, any dried mortar and other fmesubstances. A thin layer of powdery rust may
remain. All reinforcing steel required for supeusture concrete, such as slabs, girders and
beams and top slabs of culverts with more thanf@oéspan, shall be held securely in correct
position with approved metal or plastic bar suppartd ties. Reinforcing bars shall be positively
secured against displacement. For bridge decksognslabs of culverts, bars in the top mat shall
be firmly tied with wire at each cross or lap. Aher locations, the bars shall be firmly tied at
alternate crossings or closer. The steel shalldokin the correct position with proper clearance
maintained between the forms and the reinforcen¥dme. Contractor shall construct the unit as
shown on the Plans. Measurements to reinforcingl stédl be made to the centerline of bar,
except where the clear distance from face of céadseshown on the Plans.

2906.5.9Bars shall not be spliced, except as shown on thesFor as directed by the City
Engineer.

2906.5.10Mechanical bar splice systems, as shown on thesP#nall be capable of developing
125 percent of the specified yield strength of bHae being spliced and shall be installed in
accordance with the manufacturer's recommendatsiodss modified herein.

2906.5.10.1The Contractor shall furnish to the City Engineemanufacturer's certification
stating that the mechanical bar splice systemsirar@ccordance with this specification. The
certification shall include or have attached speadiésults of tests showing yield and ultimate
tensile load capacities.

2906.5.10.ZThe splicing system may attach directly to the Ihaisag coupled or may be of a type
that provides reinforcing bars of like size thgh \aith the bars being joined. A threaded type
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splice system will be required where clearance idenations require the splicing device to be
placed flush to the face of the construction jéamtthe initial concrete placement.

2906.5.10.3 Reinforcing bar lengths shown in the bill of reirdfimg steel may require
modification to accommodate the specific mechaniaal splice system that will be used. The
Contractor shall determine the actual reinforciag lengths to accommodate the manufacturer's
recommendations for installation of the mecharbealsplices.

2906.5.11 High Strength Anchor Bolts, Nuts and Wagas: All accessories shall be
galvanized to ASTM A-153 standards. The anchotsbshall be hot dipped galvanized on
threaded end after threading. The galvanizingl shalude all threads and not less than six
inches of the adjacent unthreaded portion of thisb&nchor bolts shall be threaded to a length
shown on the Plans or in the standard detailsedds shall be Coarse Thread Series as specified
in ANSI B1.1 and may be formed by cutting or rajlinNuts for anchor bolts shall be Heavy Hex
leveling nuts and Heavy Hex nuts as specified ir6AR18.2.2. Nuts shall comply with the proof
load or Brinell hardness requirements of ASTM A30QKfter galvanizing, the thread fit of the
bolt-nut combination shall be snug and shall bendihat the nuts can be turned on the bolts
without the application of excessive torque.

2906.6 Shop Drawings:Before commencing the installation of any mateoiakquipment, the
Contractor shall submit four (4) copies of complsb®p drawings for manufactured materials
and equipment to the City Traffic Engineer for apya. Manufacturers’ bulletins, leaflets and
other descriptive data that contain cuts, dimerssigpecifications and wiring diagrams will be
acceptable for standard cataloged equipment. Bultétins, leaflets and other descriptive data
shall be clearly marked to show the item to be ueeshtisfy a required item in the schedule of
materials shown on the Plans, or as specifiedarPtioject Special Provisions. The City Traffic
Engineer may require other descriptive data, drgsyinand diagrams for non-cataloged
equipment or materials. In the event any itemsaferial or equipment contained on the shop
drawings fail to comply with the specification réguments, such items may be rejected by the
City Traffic Engineer. Orders for material and gopent shall not be placed until written
approval is obtained from the City Traffic EngineerA list of pre-approved equipment and
material is available through the Public Works TicaEngineering Division. Only items on the
latest revision of the pre-approved list will becapted for use. Approval of the items on the
equipment and material list will not relieve the nractor of responsibility for satisfactory
performance of the installation.

2907 Signal HeadsEach signal head of one or more signal faces Bleatlonventional or, if
designated on the Plans, optically limiting. The nactor may furnish aluminum or
polycarbonate signal heads. Each vehicle signall seall be a watertight assembly of one or
more signal faces of the sizes shown on the Platisbrackets and fittings necessary for proper
mounting with the type of signal support designaiedhe Plans shall be furnished. Each signal
face shall consist of one or more signal sectiagi]ly and securely fastened together, capable
of being positively positioned to control the mowerhof one direction of traffic. Each signal
section shall be a self-contained assembly congigif an optical unit with housing, housing
door, and visor. All signal heads on a projectidhathe product of one manufacturer and shall
be single model number for like items. For sigmaidification projects, new signal heads shall
match existing signal heads with respect to manufac and model. The position of signal
indications shall be as specified in the Plans @pdcifications. Each traffic signal face shall
consist of a number of identical signal sectiondiogs rigidly fastened together. Signal heads
shall not be painted in the field. 5-Section slghaads mounted on mast arms shall be
“doghouse” style. 5-Section signal heads mountedades shall be inline.
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2907.1 Housing, Door and Visolf existing housings are to be combined with newdiogs, the
new housings shall be adaptable to the existinty.h@using, doors and visors shall be made of
durable polycarbonate and shall be black in coleach shall be clean, smooth and free from
cracks, and other imperfections. The housing dtelllesigned as a self-contained unit capable
of separate mounting or inclusion in a signal fagetaining two or more signal sections securely
fastened together. Housings shall be equippedneithd openings in the top and bottom so that
it may be rotated between waterproof supportingh®® and thus be capable of being directed at
any angle in the horizontal plane. Housings sbelkequipped with positive locking devices to
maintain a specific angle of direction when in plad’he doors shall be suitably hinged and held
securely to the body of the housing by simple &amsteel locking devices. All other door parts
shall also be of stainless steel material. Doeowiged on 5-section “doghouse” style signal
heads shall open in opposite directions such thatear opening is provided between two
adjacent housings. Neoprene gasketing shall behetagen the lenses and reflectors to exclude
dust and moisture. Signal visors shall not be fleaa 0.05 inches thick and shall be tunnel type.
Pedestrian visors shall not be less than 0.06 smthiek. Signal visors shall be at least 9.5 inches
long for 12-inch diameter signals and shall angghdy downward. Pedestrian visors shall have
a 9-inch to 9.75 inch length. All visors shall besifjned to fit tightly against the door and shall
not permit any perceptible filtration of light besen it and the housing door. The optical unit and
visor shall be designed as a whole so as to elisitiee return of outside rays entering the unit
form above the horizontal.

2907.2 Louvers: Louvers, if specified in the Plans, shwlinstalled in a tunnel visor with the
fins or baffles in a vertical position.

2907.3 Hardware Fittings shall be secured to the signal housing lojosed threaded nipple and
hex nut. Cast nipples shall not be used.

2907.4 Signal Head Mounting: Vertical bracket mountedhsigheads, as shown on the Plans,
shall be supported by a one-piece mounting bravlegertight assembly made entirely of a
durable polycarbonate and be black in color. Ehccket shall be either plumb or level,
symmetrically arranged and securely assembled. h Haacket shall have serrations for
positioning traffic signals in increments of 5 degg. Construction shall be such that conductors
are concealed within the assembly. Brackets sleadittached to the pole of pedestal by approved
stainless steel banding and brackets. Mast armakigead assemblies shall be rigid mounted
utilizing a universally adjustable bracket consigtof both top and bottom brackets with a center
vertical extruded aluminum support tube and teringmempartment (box) attached to the mast
arm by means of a clamp kit with steel cable. Véical support tube shall allow wire entry at
any point and be equipped with a vinyl insert t@iceals the wiring. The vertical support shall
not extend more than 3 inches beyond the horizdwatket. The lower bracket arm shall be
hollow for wiring entry into the signal head. Tieafsignal heads and pedestrian signal heads
shall not share mounting hardware.

2907.5 Backplates: Stainless steel bolts, nuts and flashees shall be used to fasten the
backplate to the head. Bolt lengths shall be sedetti not interfere with maintenance operations.
Any connection to the top of any signal sectionldiea watertight. Backplates shall be provided
on all signal heads as shown on the Plans. Bagghall be black in color and constructed of
flat pre-cut or preformed thermoplastic. Flat pte-thermoplastic backplates shall have a
minimum thickness of 0.250 inch. Preformed thertasiic backplates shall have rolled out
edges and a minimum final thickness of 0.10 inch.
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2907.6 Indications: All signal indications for new signal installatiorss well as signal
modification projects shall be Light Emitting DiofleED) displays, LED indications shall be 12-
inch diameter, 120-volt LED’s in a self-containettl®sure with a 10-year life expectancy. LED
indications shall comply with the latest edition loktitute of Transportation Engineers (ITE)
specifications for LED vehicle traffic signal modsl Pedestrian indication legends shall
conform to the ITE specification for pedestrianfficacontrol signal indications. Pedestrian
WALK and Countdown indications shall be lunar whitecolor. Pedestrian DON'T WALK
hand symbol shall be orange in color.

2907.7 Signal FacesVehicle and pedestrian signal faces shall be covergurned away from
approaching traffic until placed in operation. Wheady for operation, the signal faces shall be
securely fastened in position facing approachiaffitec Vehicle and pedestrian signal faces shall
be aimed laterally at the approximate center ofdhe or lanes the signal face controls.

2907.8 Optically Limiting Signal HeadsThe signal section shall be a self-contained askemb
consisting of an optical unit, section housing, $ing door, terminal block and necessary gaskets
to ensure a weatherproof unit. The optically limgtisignal head shall be capable of separate
mounting or inclusion in a signal face containing tor more signal sections. If existing housings
are to be combined with new housings, the new hgssshall be adaptable to the existing. Each
signal section shall be installed and directed tedoptical limiter masked in accordance with
manufacturer's recommendations to provide indioaticn accordance with the Plans or as
directed by the City Traffic Engineer.

2907.9 Painting and FinishingAll aluminum signal head parts, including the hogsihousing
door, visors, louvers and backplates, except thentivng brackets and other hardware, shall be
primed and painted flat black in their entirety! pblycarbonate signal head parts, including the
housing, housing door, visors and backplates dbellconstructed from ultraviolet stabilized
black-impregnated polycarbon resin. The mountirackets and hardware, except the aluminum
pipe brackets and polycarbonate brackets, shaljdbeanized steel or unfinished aluminum.
Aluminum pipe brackets shall have a spun finishniireg of the mounting brackets and hardware
will not be permitted. All metal parts reused fopdification of a signal installation shall be
painted in accordance with the requirements for meaterial. If the painted surface of any
equipment is damaged, the surface shall be repawoetthe satisfaction of the City Traffic
Engineer.

2908 Signs:Signs for signal installations shall be furnishedtihe Contractor. Signs shall be
mounted to the mast arms using strap supports wo-8sackets. There shall be a minimum of
two supports per street name sign placed no mame 3hfeet apart with a maximum of 1 foot
from the edge of the sign. Sign installation atdnaterial required for any sign mounting, shall
be furnished by the Contractor. All permanent icadfgns and street name signs shall conform to
the requirements of the MUTCD and Section 3000hef City of Lee’s Summit Design and
Construction Manual. Any signs not detailed on Bkens shall be in accordance witandard
Highway Sgns by the U.S. Department of Transportation, Federghttay Administration.
Signs shall be mounted as shown on the Plans.

2909 Poles and Mast ArmsPrior to installation, manufacturer and drawing ins shall be
submitted by the Contractor to the City Traffic lreger for approval in writing. Four copies of
applicable pre-approved drawings shall be supph@t the poles. A grounding lug shall be
provided for all units. A grounding conductor dhmbvide grounding continuity for all metallic,
non-current carrying poles in one circuit.
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2909.1 Steel Pedestal PoleSteel pedestal poles shall be 4 1/2 —inch outdimmeter schedule
40 steel pipe. The base shall be cast iron, fima fmperfections, and shall be provided with a
suitable plastic, fiberglass or cast door for wgrgxccess. The grounding lug shall be inside the
base. The bolt circle and hole diameter shalldel®mwn on the Plans. After fabrication, poles
and bases shall be fully galvanized.

2909.2 Aluminum Pedestal PolesAluminum pedestal poles shall be schedule 80 gittai
tubing of 6063-T6 aluminum alloy in accordance W&8TM B 210, with a 4 1/2-inch outside
diameter. The pedestal base casting shall be g#trenanent mold casting of Alloy 356.0 F, in
accordance with ASTM B 108, or sand castings 0byAB56.0 F, in accordance with ASTM B
26. The base shall be free from imperfections arall e provided with a suitable door for
wiring access. The base and pole shall be joined thyeaded connection. Welded connections
will not be permitted. The grounding lug shall bewpded inside the base. All hardware shall be
non-ferrous metal or stainless steel.

2909.3 Signal Pole and Mast Arm Pre-Approvalfabricators shall submit six copies of shop
drawings and supporting calculations to City of 'se&ummit Public Works Engineering
Division. Submittals shall be approved in writinggp to fabrication of the signal poles and mast
arms. Shop drawings shall indicate complete desigtails required for pole and mast arm
fabrication, including material grades and thicleess welding and orientation of any
longitudinal seams. The projected areas and weaftgigns and signals used in the design of the
pole and mast arms shall be shown on the shop migawbDesign details for all possible pole and
mast arm combinations shown on the Plans may baitteld. Shop drawings shall provide pole
and mast arm installation and hardware detailsw&liding procedures shall be prepared by the
manufacturer as a written procedure specificatiwh hall be submitted with the shop drawings
for approval. Approval of the weld procedures vl required before approval of the shop
drawings. Shop drawings shall indicate the speeifiproved welding procedure to be used for
each joint. Shop drawings and supporting stressutzalons shall be signed and sealed by a
registered professional engineer in the State aSbliri. Manufacturers shall submit all required
documentation, in accordance with Section 2909.4Bon written approval, pre-approved
drawings may be used on any project where the weasigditions of the shop drawings are not
exceeded.

2909.4 Steel Poles and Mast ArmsSteel poles and mast arms shall be round, contstyiou
tapered, hollow shafts fabricated as one contingba#t or as individual segments at least 10 feet
long, joined together using electrically weldediemrmediate, transverse, full penetration,
circumferential joints. Steel poles and mast arh@l $e fabricated from basic oxygen or open-
hearth steel sheet. The continuous, tapered, hofibafts or individual segments shall be
manufactured from one or two lengths of steel sheg#h one or two continuous, welded,
longitudinal seams. The longitudinal seams in tlestarm shall be located outside of the upper
half of the cross section of the member. Wherestrarse, full penetration, circumferential welds
are used, the fabricator shall furnish to the Eihgineer written certification that 100 percent of
all such welds have been radiographed or ultrastested by an independent testing agency
using a qualified non-destructive testing techmgces described in Section 6.14.7 of ANSI/AWS
D1.1 Structural Welding Code-Steel and equipmelibreded annually. The testing agency shall
be approved by the City Engineer prior to fabrmatiPole base and mast arm attachment plates
shall be plate steel attached to the larger ertbeoEhafts by continuous welds on the inside and
outside of the shaft. After manufacture, the mateshall have a minimum yield strength of
48,000 psi.
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2909.4.1A handhole equipped with a suitable metal covell &igaprovided in the pole near the
base, and 12 inches above the mast arm connedtibmminaire mounting is specified. A
grounding lug or connector shall be provided indide pole near the handhole. A removable
raintight metal pole cap shall be provided on tiedf the pole and on the small end of each mast
arm. All handhole covers and metal caps shall oeirsty attached to the pole or arm with a
galvanized steel chain and shall be held in placediews. The chain shall be attached to the
inside of the pole or arm and shall be of suffitilength to allow maintenance access. An
aluminum or stainless steel identification tag kbal provided with all poles and mast arms as
shown on the Plans. The letters and numbers otaghshall be embossed or engraved. The pole
tag shall be attached to the pole 6 inches abavéofhof the handhole. The mast arm tag shall be
attached 3 inches from the base of the end capb@bke plate shall be equipped with four cast
steel or cast iron nut covers in accordance wittSAAO M 103 or M 105, or four aluminum nut
covers and shall have four galvanized or stairdé=sl screws for securing covers to the pole. All
poles, shoe bases, base plates and cast stealt @rocanut covers shall be fully galvanized after
fabrication. All anchor bolt nuts shall be complgteovered by nut covers. Luminaire bracket
arms, when specified, shall be included with thie @md mast arm. The Contractor may furnish
poles with the shape, gage and dimensions meetiegageding those required by the Plans and
Specifications, provided shop drawings are subthithed approved in accordance with Section
2909.3

2909.4.2Welding and fabrication of the assemblies shalirbaccordance with the ANSI/AWS
D1.1 Structural Welding Code-Steel. All requirengeat the welding code for tubular structures
will apply to the fabrication for the pole and masin shafts and shall include any welds used to
attach these members to plates or other hardwdre. mianufacturer shall employ qualified
personnel to perform all visual and nondestructesting (NDT) required. In addition to the
visual inspections and NDT that may otherwise bgquired by the welding code, the
manufacturer shall perform 100 percent magnetitighar(MT) testing of circumferential fillet
welds used to attach the flange plate to the laggdrof the mast arm shaft. NDT personnel shall
be qualified as set forth in paragraph 6.14.7 ofSNNWS D1.1 Structural Welding Code-Steel.
Qualifications of NDT personnel shall be submittedhe City Engineer for approval.

2909.4.3The pole and mast arm manufacturer shall be amtifinder the AISC certification
program, Conventional Steel Building, or higheregairy. Evidence of current AISC certification
will be required prior to the approval of shop diags, and lapsing of the certification will be
cause for the manufacturer's removal from the amgutdist of suppliers.

2909.4.4Steel poles, luminaire bracket arms, mast armscongtrs and plate steel bases shall be
hot-dip galvanized inside and out after fabricatiorASTM A-123 standards, visual inspections
and NDT testing. Galvanized material shall be hesdah such a manner to avoid damage to the
surface. Any galvanized material on which the ec@ahas been damaged will be rejected or may,
with approval from the City Engineer, be repaineéccordance with Section 2909.4.5.

2909.5 Fabricator's Certification: Prior to erection of the poles and mast arms, tbeti@ctor
shall furnish to the City Engineer a fabricatorstification. The certification shall specifically
state the fabricated poles and mast arms havedesgity control inspected by the fabricator and
all material and manufacturing processes used wefall compliance with the specification
requirements and the approved shop drawings and welcedures. Certification shall be
accompanied by supporting documentation, includivey results of the visual inspections and
NDT in accordance with Section 2909.42d copies of the pre-approved drawings required by
Section 2909.3.
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2910 Traffic Signal/lntersection Lighting: All lighting equipment shall conform to the
requirements of Section 2800 of the City of Leelsn#it Design and Construction Manual. All
luminaire bracket arms shall be oriented to ruralprwith the signal mast arm unless otherwise
noted on the Plans.

2911 Traffic Signal Controller Assemblies:The actuated controller and cabinet shall be a
NEMA Type Traffic Signal Controller System. Traffaontroller assemblies will be defined as
the complete assembly of all required equipment @adponents for control of traffic signal
indications. The type of controller assembly reggifor each location shall be as specified in the
Plans. The traffic signal controller, cabinet anthted equipment shall be delivered to the City
for testing prior to installation. All signal tings will be provided by the City Traffic Engineer.
The Contractor shall coordinate material delivangd pick-up with the Public Works Operations
Department (969-1870) at least 48 hours priordaadportation. A minimum of 4 weeks shall be
permitted for testing between delivery and pick-ipe Contractor assumes all damage liability
and should inspect all materials before and aftersportation of equipment.

2911.1 NEMA TS1:Each NEMA TS1 controller assembly shall consisaaontroller cabinet,
signal controller, back panel, conflict monitoryadaack assembly, all required wiring, switches
and connectors and all other equipment as defingtldse Specifications and as shown on the
Plans. Double controller assemblies to control imersections shall consist of a controller
cabinet, two signal controllers, two back paneisy tonflict monitors, two card rack assemblies,
all required wiring, switches and connectors and atther equipment as defined in these
Specifications and as shown on the Plans.

(a) Each controller and associated equipment sleatlesigned to operate on 120 volts,
60 hertz, single phase, alternating current.

(b) Variations in the voltage of the power supply ® 10 percent or sustained
temperatures inside the cabinet between -20 and-1€5all not change the total time cycle of
pretimed controllers or the length of any interyadrtion, period or unit extension of actuated
controllers by more than five percent or causetetad or mechanical damage. Heater elements
shall not be used to attain compliance with thesgirements.

(c) Vibration shall not affect normal operationasfy equipment.

(d) All controllers and other specified auxiliarguépment shall be properly protected
with fuses on each applicable unit. Fuses shalinbtalled in 1/4-twist or screw-in type fuse
holders. Pop-out fuse holders will not be permitted

2911.2 Controller Cabinets: Controller cabinets shall be cast aluminum or 0.i26h
reinforced sheet aluminum alloy and shall be oamleut design and appearance. The cabinet
shall provide ample space for housing all equipnaect components. Controller cabinets housing
solid state controllers shall be furnished with sgdi cabinet space measuring 18 inches wide by
12 inches high by 12 inches deep, unless coordmaguipment is specified on the Plans. For
pretimed and actuated NEMA controllers, the cabéhetl support a sixteen-position back panel.
Double controller cabinets for two controllers $tsaipport two sixteen-position back panels. All
double cabinets shall have two doors that are dirayethe outside corners of the cabinet such
that the doors open away from each other. Douldnets shall have a divider between the two
halves of the cabinet with an 8-inch opening betwtee compartments at the bottom of the
divider for wiring between the compartments. Theicet shall contain a rigid mounting table,
sliding ways or hinged support of such constructiwet the controller and auxiliary equipment
may be withdrawn from the cabinet without breakamy electrical connections or interrupting
normal controller operation. Hinged supports shalwelded to the controller cabinet. Electrical
connectors on the controller and auxiliary equiptrierall circuits shall be NEMA 1/4 twist or
MS type. Components of controller cabinets shaktntiee following requirements.
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(&) A hinged door or doors shall provide completeeas to the interior of the cabinet.
Door holds shall secure the door in an open postioeast 90 degrees from the closed position
and shall be furnished with each cabinet. The debadl fit against a raintight gasket. Each door
shall have a stamped or raised outside designatibraffic Control* or other approved
identification. Each main cabinet door shall havda 2 Corbin cabinet lock and provisions for
locking with a padlock. The handles for each ddwmallsswing outward. An auxiliary door,
positioned on each main cabinet door, equipped withintight gasket, shall allow access to a
police panel and shall be equipped with a lock whiosy will not unlock the main door. Two
keys shall be furnished for each type lock usea dtor hinges and pins shall be of corrosion-
resistant metal. Pins shall be rolled or solid mtdeast 1/8 inch in diameter, except if contirsiou
hinges are furnished, the pins shall be contintloaigull length of the hinges, and shall be no less
than 1/16 inch in diameter.

(b) The back panel in all controller cabinets sh&lhinged at the bottom to permit the
top of the panel to be rotated forward and dowartcangle of no less than 45 degrees with all
components, including load switches, attached faintenance purposes. The bottom of the back
panel shall be no less than 6 inches above therbait the cabinet.

(c) Cabinets housing solid state controllers siaVe a thermostatically controlled
ventilating fan with exhausting capability in arckysure of at least 150 cubic feet per minute for
cabinets up to 30.5 cubic feet and at least 25@dekt per minute for cabinets 30.5 cubic feet
and more, installed in the top of the cabinet. Getsi shall be supplied with a replaceable
furnace-type fiberglass filter of at least one squUaot area mounted behind louvers in the lower
one-fourth of the door.

(d) Each controller cabinet shall be furnished vaittiearly labeled switch mounted in the
access or police panel to place the signals oh.flaperation of this switch shall not affect the
electrical power supply to the controller. Thislsba the only control switch accessible from the
police panel.

(e) Each cabinet shall be provided with a grounsiadice outlet and a switch controlled
lamp receptacle.

(f) Each cabinet shall contain a separate alumipamer panel containing the following
equipment.

(1) Two Type B circuit breakers in accordance wathCity of Lee’s Summit
lighting specificationsOne breaker shall interrupt power to the controied signals.

The frame size and trip rating will be shown on titadfic signal plans or designated in

the contract. The second Type B circuit breakedl db@ an auxiliary breaker that

interrupts power to the cabinet lamp and receptddie frame size and trip rating shall
be 15 amperes.

(2) One mercury contactor controlling power to signal bus.

(3) One radio frequency line filter.

(4) One line surge protector.

(5) One terminal block for alternating current pouveput.

(6) One ground bus terminal block.

(7) One isolated neutral bus terminal block.

(9) If specified, a manual operation push buttaalldte installed in the police panel. The
push button shall be wired for manual operatiorthef signals. The push button shall be water-
resistant, designed to protect the user againstriel@ shock, and shall be supplied with a coiled
cord with a nominal 6-foot stretched length. A digdabeled switch shall also be installed in the
police panel to switch between manual or autonggiaration of the controller.

(h) A separate grounded service outlet shall bevigea in the controller cabinet for
supplying power to auxiliary equipment.
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2911.3 Flasher Unit:Each controller, through terminal options, shalinpié yellow-red or red-
red flash operation. Indications shall be flashea@less than 50 or more than 60 flashes per
minute, with approximately 50 percent dwell timetwo-circuit flasher, alternate flash and three
flasher field circuits for each of the two flastoércuits will be required. A separate flasher shall
provide flashing pedestrian indications when reggliby the contract. The timing of flashing
pedestrian intervals shall be separately adjusfathe all other timed intervals. The flasher shall
be solid state with ratings of at least 15 ampgmscircuit and shall comply with the latest
revision of NEMA Standards Publication TS. The lilasunits shall have a 150-volt metal oxide
varistor (MOV) placed on each output flash terminidhiform code flash circuitry will be
required for each controller. Flashing operatioalldbe in accordance with the MUTCD.

2911.4 External Time SwitchesExternal time switches shall be solid state, keyth@amtry and
shall contain filtering and shielding circuitry fwrotect the unit's operation against electrical
interference. Timing shall be based on the 60-hpawer supply frequency. Each unit shall
contain a programmable automatic central daylighetcompensation feature and a back-up
power source to maintain time and memory functidusng loss of alternating current power.
Each unit shall provide a weekly program with aiske?20 event changes per week.

2911.5 Wiring: The controller cabinet shall be equipped with a-60l0 heavy-duty one piece
mechanical screw connector offset tang assembBclatl to a barrier terminal strip for
terminating field conductors. Each mechanical sazemnector shall accommodate up to four No.
14 AWG conductors. The connector shall be mountedzdntally on the inside back of the
cabinet, approximately 6 inches from the bottonthef cabinet. All wiring to the terminal strips,
except the incoming field circuits, shall be penfied by the controller manufacturer. The
terminal strips shall accommodate at least:

(a) Two terminals for the power supply.

(b) An unfused terminal for neutral side of powepgly line.

(c) One terminal for each signal lamp circuit ama derminal for the common return
from each signal face.

(d) If detectors are used:

(1) Two terminals for each detector.

(2) Screw terminal strips mounted vertically on #iée of the cabinet approximately 6
inches from the bottom of the cabinet.

(3) All inductive loop detector inputs shall be m@acted with two 30-volt MOVs with a
30+j rating. An MOV shall be connected between daill terminal and cabinet ground.

(e) Terminals for interconnect cable when the ailar is to be hard-wire interconnected
shall be fused and provided with a 150-volt MOVhnain 80 j rating.

(f) Terminals for closed loop system interconneattle shall be fused and provided with
a 30-volt MOV with a 30 j rating.
All wiring shall be insulated, stranded copper wared shall be neatly bundled and secured with
plastic cable ties. For double controller cabineth, wiring for each intersection shall be
terminated in the same compartment of the cabisg¢ha signal controller for that intersection.
Incoming field circuits shall be routed horizonyaffom the conduit to the back of the cabinet,
then vertically to the terminal block. All termisashall be labeled and not be visibly obstructed.
All field leads shall be identified by means of moualuminum identification tags with a
minimum thickness of 0.1 mils attached to the cablh a copper wire to correspond with the
Plans. The outgoing signal circuits shall be of shene polarity as the line side of the power
supply, and the common return of the signal ciecahtall be of the same polarity as the ground
side of the power supply. The power supply shallpbavided through three single conductor
cables. The ground side of the power supply shallcarried throughout the controller in a
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continuous circuit, and shall be secured to a gidoms bar in an approved manner. All field
conductors shall be terminated in the controlldyirat.

2911.6 Back Panel Wiring:All wiring on the backside of the controller backnel shall be
neatly bundled and secured with plastic cable thesy multi-conductor cable between the
controller or auxiliary equipment and the back pamall be contained in an expandable braided
sleeve. All wiring shall be discrete insulated wirnd shall be soldered directly to lugs on the
back of terminal blocks and sockets. Printed cirboiards shall not be usefegardless of the
number of phases specified on the Plans, all l@attls positions shall be completely wired for
use. If pedestrian phases are not specified, twmbsdion back panels for actuated NEMA
controllers shall be configured for operation ofhdi phases and four overlaps. If pedestrian
phases are specified, 12-position back panels beadonfigured for operation of eight phases
and four pedestrian phases or a combination oflap®@and pedestrian phases if specified on the
Plans. Twelve-position back panels for pretimedtrmdiers shall be configured for operation of
36 circuit outputs from the controller unless othise specified on the Plans. A flash transfer
relay socket shall be provided for each pair ofilsaitch positions. Flash circuit one shall be
wired to positions one, 3, 5, 7, 9 and 11. Flasbudi 2 shall be wired to positions 2, 4, 6, 8, 10
and 12. All flash transfer relay sockets shall bikyfwired for operation. All controller harness
wiring shall be connected to labeled terminalshanftont of the panel.

2911.7 Solid State Controllers:This section describes the general specificationsa€tuated
solid state controllers. If requested by the Citaffic Engineer, the Contractor shall provide a
prototype controller for testing and evaluation.

(a) Each controller shall be solid state keyboarttyeand the circuit design shall use
microprocessor techniques.

(b) Timing shall be accomplished in a digital manbg counting the 60 hertz power
supply frequency. Timing circuits, interval and paawitching functions shall be accomplished
by solid state circuitry. Removing, changing wi@susing any tools to make timing interval
adjustments shall not be necessary. The contishiglt indicate the right of way conditions of the
phase timing interval in effect, detector or adraton each phase and memory conditions or
demand on each phase for vehicles and pedestiyamselof status lights or display panels.

(c) Opening and closing of signal lamp circuitslsha performed by plug-in solid state
load switches, rated at no less than 10 amperetaddd at a maximum of 6.7 amperes, located
external to the controller. All load switch jacksadl be completely wired to field output terminal
strips. Actuated and pretimed controllers shallehawminimum of twelve load switch jacks. Each
load switch shall provide three independent ciecwith "on" indicator lamps and shall comply
with the latest revision of NEMA Standards PubiigafTS.

(d) Each controller assembly shall contain a confiionitor external to the controller
circuitry conforming to NEMA Standards Publicatidis. The monitor shall cause immediate
transfer to flashing operation when conflictingatasent indications occur or when a voltage fault
occurs. When the conflict monitor actuates flastopgration, the controller shall freeze or stop
timing in the condition causing the actuation untiinually reset. A single lamp failure in any
signal head shall not cause the monitor to actuate.

(e) Each controller cabinet shall be furnished it following switches:

(1) Power Interrupt Switch - A switch located irsithe main cabinet shall
interrupt electrical power to the controller duringaintenance on the controller.
Operation of this switch shall not affect the flagberation. This switch shall not be
accessible via the police panel.

(2) Flash Switch - A switch mounted in the poli@npl shall place the signal on
flash. Operation of this switch shall not affece tlelectrical power supply to the
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controller. When the signals are returned to noroperation the external start shall be
activated causing the controller to revert to tregpammed initialization phase(s).

(3) Stop Time Switch - A three-position switch meachinside the main cabinet
shall provide the following functions:

(i) Stop Time - Causes the controller to stop time.

(i) Normal - Allows the controller to cycle all pkes, but during conflict
monitor flash causes the controller to stop time.

(i) Run - Allows the controller to cycle all phes and during any
flashing operation allows the controller to conénaycling all phases without
displaying them on the signal heads.

For double controller cabinets, two sets of switchleall be provided, one set for each controller
installed in each compartment.

(f) During flash condition, controller operationathpermit the cycling of all signal
phases without an external load being connectéuktfield terminals.

(g) Solid state controllers shall have electroniters to prevent interference caused by
the opening and closing of circuits in electro-nagghbal auxiliary equipment.

(h) The controller shall be of modular design carged for individual removal and
replacement in the controller by multiple prongkmor outlets without modifying wiring. Hand
operable positive locking devices shall be usdubld the modules securely in the controller.

() The functional operating circuits and assodatemponents shall be grouped in plug-
in printed circuit assemblies. Similar assembliballsbe interchangeable between controllers
manufactured by the same company.

() The controller shall contain the necessary phesguence, interval sequence timing,
power supply and monitoring equipment required upesvise the operation for the phasing
shown on the Plans, including any future contradepansion. If future phases are specified, the
controller shall be completely configured to acdéetfuture phases.

(k) Controllers that are interconnected shall haveordinated/free operation switch to
allow the controller to operate in coordinationiwiihe system or run free.

() High energy transient surge protection shallpbavided on all solid state controllers
to minimize damage to the controller and auxiliaguipment. This device shall be located on the
incoming 120 volts, 60 hertz power service betwiencontroller and signal circuit breaker and
the power inputs to the controller and auxiliaryuipgnent. The arrestor shall meet the latest
NEMA specifications for surge protection.

(m) All flash operation called from a source extdno the controller shall occur through
the flash transfer relay.

(n) Any multi-conductor cable shall be containeédimexpandable braided sleeve.

(o) Switches or relays that completely interruptvpoto the signal heads other than the
protective circuit breaker shall not be installedhe cabinet.

(p) All controllers shall be capable of downloadelyprogramming data to a printer via
a front panel RS-232 connection. The controllelldb& capable of printing directly to a printer
or via an external computer. If an external compigaequired, the required software shall be
provided with the controller.

(q) All controllers shall be provided with interrmale-emption functions and circuitry.

2911.8 Solid State Actuated Controller:Each solid state actuated controller shall meet the
latest revision of NEMA Standards Publication T$tuated controllers shall meet the following
requirements:

(@) Recall by keyboard entry shall be provided dach phase to furnish continuous
recall. With the recall function in the "OFF" pasit, the controller shall operate normally with
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the right of way being transferred only upon ped@stor vehicle actuation or external force-off
control.

(b) Controllers shall be furnished with provisidins external maximum control for each
signal phase complete with wiring to permit ingtdin of a coordination unit. All wiring to
facilitate coordination shall be terminated on tiexahstrips and complete information stating the
function of each terminal shall be shown on therabler-wiring diagram.

(c) All phases shall contain a non-locking memaggtiire that can be energized or de-
energized by keyboard entry.

(d) All phases shall be capable of being activateithiactivated by keyboard entry.

(e) On the cabinet inside door test panel, an eatgrush button switch for each vehicle
and pedestrian phase shall be provided. Each swlitath provide call to the phase assigned and
ability to extend the phase. This detector inpatldbe independent of the circuitry between the
amplifier and back panel.

(f) A Full D Panel (37 PIN) shall be provided.

(h) Actuated controllers shall be fully configuréamt operation of a minimum of eight
vehicle phases, four pedestrian phases and foutapge regardless of the number of phases
shown on the Plans.

2911.9 Timing Function: Timing intervals or periods shall be set by meankeyboard entry.
Each timing interval shall be adjustable to anyuealvithin the following minimum ranges for
each phase. Zero may be satisfied by a time inereafaup to 100 milliseconds.

Interval Range (seconds
Minimum Initial 0-99
Unit Extension or Passage Time 0-9.9
Yellow Clearance 0-9.9
Red Clearance 0-9.9
Maximum | Green 0-99
Maximum Il Green 0-99
Walk 0-99
Pedestrian Clearance 0-99
Seconds per Actuation 0-9.9
Maximum Initial 0-99
Time Before Reduction 0-99
Time to Reduce 0-99
Minimum Gap 0-9.9

2911.10 Auxiliary Equipment and Interfaces for Cotrollers: Interface panels shall be
aluminum panels installed in the controller cabimeintaining the required terminals and
equipment. Interface panels shall be neatly lait] naatly wired and easily accessible. Each
auxiliary unit shall be enclosed in a suitably $imtd metal case and shall be mounted in the
controller cabinet unless otherwise specified. Thection of each auxiliary unit shall be
indicated by an identification plate on the casaxiary equipment cases shall be ventilated.
Temperature, voltage and frequency shall be inrdere with Section 2911.

2911.11 Pre-Emption Interface:The pre-emption interface shall consist of inteqpr@emption

functions in the controller, any field wire termiimen panels, relays, wiring and connectors
required for proper operation. The pre-emptionriatee shall be wired to transfer control of the
signals to the pre-emption sequence when actuatkdtall provide the color sequence specified.
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After release of pre-emption, normal controller @pien shall be automatically resumed except
that actuated controllers shall be on recall far oomplete cycle.

2911.12 Master and Local Coordination InterfaceThe coordination interface shall consist of
internal coordination functions in the controlland of any field wire termination panels, wiring
and connectors required for proper operation. Thsten coordination interface shall supervise
the actuated controller operating the signals @itthersection at which the actuated controller is
located. Local coordination interfaces shall beesviged by the master coordination interface
and shall in turn supervise the actuated contsldgrerating the signals at the intersections where
the controllers are located. Coordination interéashall be connected to one another or to a
telephone interconnection unit by a multi-conduatable. The master coordination interface
shall be furnished with internal time-based funasian the controller. The coordination interface
shall provide the following:

(a) Fully actuated operation.

(1) Cycle length of the actuated controller mayyvaiith traffic demand, but
shall not exceed the cycle length set on the coatiin interface.

(2) Vehicle and pedestrian detectors shall remaangzed.

(3) During periods of light traffic, the actuatedntroller shall respond to
detector demand on any signal phase.

(4) When there is continuous demand for all sigol@hses, the coordination
interface shall cause termination of each signasphin accordance with the time
intervals set on the coordination interface forresignal phase.

(5) The actuated controller shall not be forcettansfer right of way to a signal
phase if there is no demand.

(b) Semi-actuated operation.

(1) Signal phases, controlling the street on wtlsigmal progression is desired,
shall be placed on maximum recall.

(2) Vehicle and pedestrian detectors shall remagargzed.

(3) Transfer of right of way from the coordinatagrnal phase(s) shall not occur
until there is detector actuation for a non-coaatid signal phase and only after the
coordination interface has terminated the coordithaignal phase(s).

(4) The right of way interval awarded the coorditasignal phase(s) shall be
governed by the time interval set on the coordamaiinterface.

(5) If detector actuations for a non-coordinatednal phase(s) causes the
phase(s) to time to maximum, the phase(s) shalfobeed off and the coordinated
phase(s) awarded right of way.

(6) If demand for the non-coordinated signal phalsiss( not sufficient to extend
the phase(s) to maximum, right of way shall transtethe coordinated phase(s) and
remain there until demand for the non-coordinateasp(s) occurs and the coordination
interface times the coordinated phase(s) to maximum

(7) Detector actuation on a non-coordinated sigialse(s) occurring during the
coordinated phase(s) right of way interval shallseaa call to be placed and retained for
the non-coordinated signal phase(s).

(c) Fixed cycle length operation.

(1) All signal phases shall be placed on maximucalie

(2) Vehicle and pedestrian detectors shall remaangzed.

(3) The coordination interface shall control thendi interval that each signal
phase is awarded right of way.

(d) Free operation.
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(1) When permitted by internal time-based functjahg coordination interface
shall provide free operation of associated actuatedrollers. During this operation the
actuated controller shall operate without supeovidily the coordination interface.

(2) Pretimed controllers, in a signal system suiged/by a master coordination
interface, shall revert to dial 1, reset 1 or intdrtime based coordination during free
operation at the user's option.

2911.12.1 Each coordination interface shall have the follayimminimum operational
characteristics:

(a) Three cycles.

(b) Eight splits.

(c) Eight force off periods per split.

(d) Three offsets per cycle.

(e) Selectable recall by signal plan.

2911.12.2 Each coordination interface shall have all of tbkofving methods of synchronizing
to the master sync pulse:

(a) Dwell. The coordinator shall establish a nefgetfby stopping the cycle timer in the
coordinated phase(s) green, until the new offsketevis reached.

(b) Dwell with Interrupt. The coordinator shall @slish a new offset by stopping the
cycle timer in the coordinated phase(s) green.magimum time the coordinator can dwell shall
be adjustable from 1 to 99 seconds.

(c) Shortway. The coordinator shall establish a néget by the shortest route possible.

2911.12.3 Each master coordination interface shall be fuedshvith necessary relays and
internal functions in the controller to provide tieiowing supervisory functions:

(a) Semi-actuated operation.

(b) Fixed cycle length operation.

(c) Free operation.

(d) Cycle Transfer (cycle 1 to cycle 2, cycle Xgcle 4 and vice versa; cycle 2 to cycle
3 or cycle 4 and vice versa, cycle 3 to cycle 4 vnd versa).

2911.12.4Each controller shall be capable of permittingrifenual selection of the following:
(a) Cycle Length 1, 2, 3, 4 or System.
(b) Offset 1, 2, 3, 4 or System.
(c) Semi-actuated operation, fixed cycle lengthrapen or free operation.

2911.13 Remote "ON - OFF" Switch (Pedestrian Interal Sequence)The following type of
"On - Off" switches shall be furnished as specified

(a) Type I. Type | switches shall consist of onenaally operated heavy-duty switch in a
circuit not exceeding 18 volts. Necessary relayallgbe located in the controller cabinet for
including or excluding the pedestrian phase inghasing sequence or switching signals between
flashing and sequence operation. This shall beragtished by energizing or de-energizing the
pedestrian signal indications and push-button detec The switch shall be enclosed in a
weatherproof, cast aluminum housing equipped fde poounting. The housing shall have a
suitable lock, the key of which shall not unlocle thontroller cabinet. The housing shall be
tapped for conduit.

(b) Type II. The Type Il switch shall be operatibpadentical to the Type I, except the
switch may be 120 volts and shall be located ingidepolice panel of the controller cabinet.

2911.14 Detectors:All detectors shall conform to Section 2912.
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2911.15 NEMA Card Rack AssembliesThe supporting and connecting rack shall contaatep
for a minimum of two power supplies and shall hav@inimum of eight card positions for two-
channel detector units. Upper and lower slide gugteall be provided for the power supply and
each detector card. Where detectors are specifiedack and power supplies shall be included
with the detectors, and no direct payment will zdm

(a) The card mounting rack shall be attached tactimroller cabinet by a hinge or pivot
assembly, which allows the rack to rotate horiziyntn as to expose the rack wiring to facilitate
maintenance operations. The rack shall be posdidoerotate out freely 90 degrees without
conflicting with other wiring, equipment or the ¢oller cabinet. Sufficient wire lengths shall be
provided for rotation. The rack shall not block treck panel or other termination panels.

(b) The power supply shall be capable of supplgmginimum of 200 milliamps to each
detection channel position. The power supply sballcapable of operating a full rack of time
delay detectors regardless of the amount and typdetectors required. Each power supply
channel shall power no more than one detector &ach channel shall be individually fused.

(c) Each card rack detector shall have a regufatathe power input. The regulator shall
have the appropriate power and voltage rating f@ration of the detector.

(d) Card racks shall mate with a 44-terminal, deutdw, 0.156-inch contact spacing,
Cinch Jones card edge connection 50-44A-30M or vedpmt. Input/output connector pin
terminations shall be in accordance with NEMA Spegiion TS. All useable functions shall be
fully wired for use.

(e) All circuitry shall be of solid state, tempeans compensating components.

(f) Unless shown otherwise on the Plans, each tetan the card rack shall be
associated with the appropriate phase as follows:

Channel Card Position
1 2 3 4 5 6 7 8
1 Phase 1 Phase 1 Phase 6| Phase|6 Phasa%hhase 3 Phase 8§ Phase|8
Phase 6 ase 8
2 Phase 5 Phase 5 Phase 2/ Phase|2 Phasa?hase 1 Phase 4 Phasel4
Phase 2 hase 4

(g) Each detector channel shall be clearly labeli¢ld phase and direction.

2911.16 Card Rack DetectorsCard rack detectors shall meet the following rezjuients:

(a) Card rack-mounted detectors shall incorporatedetection channels.

(b) Each detector channel shall have at least drsguency selection capability, at least
two levels of operational sensitivity and shall d@pable of tuning to a minimum inductance
range of 70 to 1000 micro henries.

(c) All controls and indications shall be mountedthe front panel of the sensing unit,
with the exception of extension and delay timingtoals on card rack mounted detectors.

(d) A manual control shall be provided for eachrofe to select pulse or full presence
operation.

(e) Each detector channel, after installation amitial adjustment, shall automatically
tune to various loop configurations ranging in simem 6 x 6 feet minimum to 6 x 100 feet
maximum. The maximum lead-in length shall be 7%.fe

(f) Each detector channel shall time out and retatematically if a continuous vehicle
occupation of the loop field for a nominal timeldf to 30 minutes is sensed.

(9) In the event of power loss to the detectorl@mmmel, a continuous call shall be made
to the controller.
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(h) All circuitry shall be of solid state, digitalesign and incorporate temperature
compensating components, with the exception obthput relay.

(i) If specified, each channel shall have extensiod delay timing features, as follows:

(1) Delay timing range from 0 to 30 seconds inde@eond increments.
(2) Extension timing range from 0 to 7.5 secondsa imaximum of 0.5-second
increments.

() The sensing unit shall have a light that wiliininate when a vehicle is within the
loop field. Other visual indications of relay clesumay be used if approved by the City Traffic
Engineer.

(k) Each detector and channel shall be in accoelanth NEMA Standard Publication
TS.

2911.17 Dual Output Card Rack Detectors:Dual output card rack detectors shall be in

accordance with NEMA and shall provide two relaypoiis per induction loop detector. One

output shall be capable of pulse detection for plepose of traffic counting, speed and

occupancy measurements. The other output shalybebte of presence detection. Each detector
output shall be assigned to a separate detectot iimjo the controller.

2911.18 Calling Detector RelayA calling detector relay shall operate with anyedédr and
allow the detector to place only one actuation wtienred indication is being displayed to the
associated phase. The relay shall be self-contained

2911.19 Warranty: All traffic signal controller assemblies, excludingleo detection systems,
shall be warranted by the manufacturer to be fre® defects in workmanship and material for at
least one year from the date of project acceptateg.components found to be defective during
the warranty period shall be replaced free of ohaidl warranties provided shall be transferred
to the City upon project acceptance. Video detactigstems shall be warranted in accordance
with Section 2912.4

2912 Detectors:

2912.1 Induction Detector Probes:Detector probes installed under bridge decks shall
protected by completely encapsulating the proba tonduit system. Probes shall be oriented
such that the detection zone is above the bridgk, dand shall be installed in gasketed junction
boxes anchored to the bottom of the deck. The jomdtoxes shall have a minimum size of 6 x 6
x 4 inches and the probes shall be rigidly anchardtie box. The probes shall be no more than
18 inches below the top of the bridge deck. Consludll be sized such that the probe and cable
can be pulled through the conduit. Any conduit lesldall be such that the probe and cable can
be pulled through the bend. External conduit onstingcture shall be in accordance with Section
2916.

2912.1.1The encapsulated induction detector probe shadictie¢he passage or presence of all
vehicles with a standard induction loop detectopldiar. The induction detector probe shall
operate in a temperature range from -35 to 165tk Wito 100 percent humidity. The operating
field intensity range shall be 0.2 to 1.0 oerstdthwa nominal inductance of 20 micro henries
plus 20 micro henries per 100 feet of cable. Theninal direct current resistance shall be 0.5
ohm plus 3.2 ohms per 100 feet of probe cable.dtioln detector probes shall be as specified on
the Plans and shall meet the following:

(a) The sensing probes shall be cylindrical havimagximum dimensions of 7/8-inch
diameter by 4 inches long. The sensing probes &iakuitable for installation in a one-inch
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diameter bored hole. The interconnecting four-cetalucable and lead-in cable shall be suitable
for installation in a 1/4-inch wide pavement sawstat.

(b) The jacket on the interconnecting cable andcdseng on the sensing probe shall be
an abrasion resistant polyurethane elastomer. B shall be impervious to moisture and
chemically resistant to all normal motor vehiclgrpkeum products. Lead-in cables shall be
shielded, chemical resistant and completely waterfpr

(c) The combined probe sets, manufacturer speciéad-in cable and detector probe
shall detect all vehicles up to a lead-in cablgtkrof 750 feet with up to six probes per set.

(d) The conductor cable from the probes to theafetganel in the controller assembly
shall be as specified by the detector manufactshe) be continuous and unspliced and shall be
a minimum of 50 feet in length. Probes shall becedded in a set to form a vehicle detector as
shown on the Plans. No more than six probes skeaidsembled as a set. The cables between
probes shall be long enough to provide the spagimogvn on the Plans plus 5 feet. If spacing is
not shown on the Plans, 15 feet of cable shallrogiged between probes. Each set of probes
shall have one lead-in cable.

2912.2 Induction Loop Detectors:A slot for the installation of induction loop cabdball be
sawed in the pavement as shown on the Plans. 8iatk not be sawed until seven days after
placement of Portland cement concrete. Each lo@ll $iave a separate lead-in slot to the
conduit. A separate conduit shall be installed leetwthe sawed loop slot and the first pull box
for each loop. The conduit opening at the end efldad-in slot shall be at the bottom of the
sawed slot. The slot shall be clean, and freegifgd edges or sharp corners. The cable shall be
pushed into the slot without damaging the insulatisfter the loop cable is spliced to the lead-in
cable, and before the slot is sealed, the resistafithe loop and lead-in cable to ground shall be
checked. The resistance test shall be performethéyContractor in the presence of the City
Traffic Engineer, or designee, and documented.rAdtsatisfactory test, showing a resistance no
less than 10 mega ohms, the slot shall be seatexcdnduit opening at the end of the lead-in slot
and any drilled conduit holes in the pavement dhalsealed with a pliable duct sealant prior to
the application of loop sealant. All sawed slotalisthen be sealed with an approved detector
loop sealant. All detector cable between the loop @etector amplifier shall be twisted at least
three turns per foot.

2912.2.1Induction loop vehicle detectors shall detect aialehstopped within the field of the
loop or passing over the loop at speeds up to 8@ mnpluction loop detectors shall be card rack
mounted. For double controller cabinets, card @sdemblies and detectors shall be installed in
the same compartment as each respective assocaatedller.

2912.3 Microwave and Ultrasonic DetectorsMicrowave and ultrasonic detectors shall be
mounted at the locations shown on the Plans in rdaocce with manufacturer's

recommendations. All wiring shall be continuous amtpliced from the detector unit to the
controller. The Contractor shall make any necessajystments for proper operation of the
detector.

2912.3.1The unit shall detect all vehicles moving withire tfield of detection at speeds from 2 to
80 mph. The unit shall have a minimum detectiorgeaftom 3 to 200 feet for all vehicles. The
pattern spread of the detection field shall be raverthan 16 degrees. The unit shall be self-
tuning and capable of continuous operation overnagperature range of -35 to 165 F. The unit
shall be microprocessor based using Doppler micvewst an operating frequency of 10.525
GHz. The unit shall have FCC certification and kHa¢ tested to the applicable FCC
specifications. The unit shall be capable of side4nount or overhead mount. The enclosure
shall be constructed of aluminum or stainless siadlshall be water resistant. The unit shall be
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capable of detecting directional traffic and theediion shall be user selectable. All user operated
controls and adjustments shall be clearly marketeasily accessible. The unit shall have a relay
detection output to the controller with a minimurafmp rating and shall be designed to place a
constant call to the controller in the event of &ijure. The unit shall have an easily accessible
indicator showing activation of detection relay.gdiged wiring shall be as specified by the
manufacturer. Mounting hardware for the type of nimwg shown on the Plans and power supply
equipment shall be as specified by the manufacandrshall be provided with the unit.

2912.4 Video Detection System&his work shall consist of furnishing, installingdaplacing
into operation a vehicle detection system thatasteehicles by processing video images and
providing detection outputs to a traffic signal trolier. The system shall include all equipment
shown on the Plans and described in these Spemfisaand shall include any incidental items
necessary for the satisfactory operation and meaamee of the system. The video detection
system shall be installed per the manufacturet®menendations. All cable runs shall be
continuous without splice from the cabinet to themera. If requested by the City Traffic
Engineer, a factory certified representative frome tsupplier shall be available for on-site
assistance for a minimum of one day during indiala

2912.4.1System Requirements:The video detection system shall provide flexibktedtion
zone placement at any location and at any oriemtatiithin the combined field of view of the
image processors. Preferred presence detectorcomfigurations shall be a box or lines placed
across lanes of traffic or lines placed parallethwianes of traffic. Detection zones shall be
capable of overlapping.

2912.4.1.1The detection zones shall be created by usingci trall to draw the detection zones
on the video image. A graphical user interface Ishal built into the automatic control unit
(ACU) and displayed on a video monitor or computediting of previously defined detector
configurations to fine-tune detection zone placerséall be possible.

2912.4.1.2Nhen a vehicle is detected by crossing a detezboe, there shall be a visual change
on the video display, such as a flashing symba ohange in color or intensity to verify proper
operation of the detection system.

2912.4.1.30verall performance of the video detection systéiadlsbe comparable to inductive
loops. Using camera optics and in the absence dfision, the system shall be able to detect
vehicle presence with 95 percent accuracy undenaloday and night conditions with only slight
deterioration in performance under adverse weatbaditions, including fog, snow and rain.
When visibility exceeds the capabilities of the eaa) the system shall default to placing a call
on all detectors.

2912.4.1.4The video detection system shall be programmalal@re dial up modem connection
at a minimum of 19,200 bytes per second to the ca(ske Still image and real time detection
displays to a remote computer using supplied systeftware through the modem shall be
provided.

2912.4.2 System Componentsthe video detection system will be defined as tbenmete
assembly of all required equipment and componemtsidtection of vehicles. Each system shall
consist of the video camera(s), lightning arreiierideo cabling, an ACU, a track ball, software
and license, if applicable, for system control @iaomputer, one dial-up modem, 56.6 kilobytes
per second maximum connection and V.90 compliadtamonitor. All camera views shall be
obtainable without requiring the disconnection aexbnnection of cables within the system.
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2912.4.2.1 System Softwarefhe system shall include software that detectsclesin multiple
lanes using only the video image. Detection zomedl $e defined using a video monitor and a
pointing device to place the zones on a video imadeéch may include a laptop computer. A
minimum of 12 detection zones per camera shalvbdable.

2912.4.2.2 Automatic Control Unit (ACU): The bus connections used to interconnect modules
of the ACU shall be gold-plated DIN connectors.i@erommunications to a computer shall be
through an RS-232/RS-422 serial port. The portldmae the capability to access detection
system data as well as the real-time imagery netxiedow detector actuations. A subminiature
"D" connector on the front of the ACU shall be usedserial communications with a computer
running supplied system software.

2912.4.2.2.1The equipment shall be provided with a NEMA TSleifdce as shown on the
Plans.The ACU process unit shall be equipped with a T8tedor interface for a minimum of
16 detector outputs or 32 detector outputs, if ireguby specifications. NEMA red/green inputs
for each phase shall be available to provide deldghd functions, either through the detector or
the controller. Logic output levels shall be conilglat with the TS1. A subminiature "D"
connector on the front of the ACU shall be usedriterfacing to these outputs.

2912.4.2.2.2ZThe video detection system shall be provided fidwegisingle camera or multiple
camera installations as shown on the Plans.

2912.4.2.2.2.1For single camera installations, the ACU shall hameRS-170 (NTSC) video
input to process the camera or any other synchmrimeo source in real-time. The ACU shall
have an RS-170 (NTSC) video output.

2912.4.2.2.2.For multiple camera installations, the ACU shaNéa minimum of four RS-170
(NTSC) composite video inputs to process the symobus video cameras or any other
synchronous video source in real-time. A fifth vadaput shall be provided to allow connection
of a local surveillance camera or other non-detectideo source. The video from the auxiliary
input shall not be processed for video detectiohe RCU shall have an RS-170 (NTSC)
composite video output, which may correspond to @nghe video inputs, as selected remotely
via RS-232 or locally by front panel switch. MulBpvideo inputs requiring external cable
connections will not be permitted.

2912.4.2.2.3The ACU or computer shall store a minimum of twgasate detection zone
configurations. The ACU shall be capable of switghio any of the different detector patterns at
the request of the user and shall be a menu smtestth a track ball.

2912.4.3 Video Camera and HousingThe video camera shall be mounted according to the
Plans. The ACU supplier shall furnish the videmeea for traffic detection. The camera shall
produce a video image of vehicles under normalwagdighting conditions regardless of time of
day. The video shall produce a clear image for asemith a luminance from 0.009 to 929
footcandles.

2912.4.3.1The camera shall provide a minimum resolution d 60es horizontal and 350 lines
vertical.

2912.4.3.2The camera shall include an electronic shutterubo &is control based on average
scene luminance and shall be equipped with aniastens.
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2912.4.3.3The camera shall have a variable focal length.niagimum aperture of the lens shall
not be smaller than 1.8 and the minimum aperthedl it be larger than f300. The camera shall
have a horizontal field of view ranging from a nminim angle of view between 5 degrees and 10
degrees wide to a maximum angle of view 45 degoeenore. The adjustments for focus and
focal length shall be made without opening up ti®era housing.

2912.4.3.4The camera shall be contained in an enclosureishataterproof and dusttight to
NEMA-4 specifications. A heater shall be incorpethin the camera to prevent the formation of
condensation and to assure proper operation ofeti® iris mechanism. The heater shall not
interfere with the operation of the image sensectebnics and shall not cause interference with
the video signal. The enclosure shall allow the examto be rotated in the field during
installation.

2912.4.3.5The housing shall be equipped with a sun shielt ghevents sunlight from directly
entering the lens. The sun shield shall includeavipion for water diversion to prevent water
from flowing in the camera field of view.

2912.4.3.6The total weight of the enclosure, camera, lensisimg, sun shield and mounting
bracket shall be less than 10 pounds.

2912.4.4 CableCoaxial cable shall be a 75 ohm, precision viddadecavith 20 AWG solid or
stranded bare copper conductor, maximum of 10.1sgéhnNom. Direct current resistance, solid
polyethylene insulating dielectric, 96 percent mmnm tinned copper double-braided shield with
a black polyethylene outer covering. The signaratation shall not exceed 0.8 decibels per 100
feet at 10 megahertz. Nominal outside diameted bleah minimum 0.305 inches. The cable shall
be in accordance with Belden Type 8281, West P&d6 Br approved equal.

2912.4.4.1Seventy-five ohm BNC plug connectors shall be wsild coaxial cable. The supplier
of the video detection system shall approve theiebaable, BNC connectors and crimping tool.
The manufacturer's instructions shall be followed.

2912.4.4.2Multi-conductor cable shall be per the manufactsreecommendations and in
accordance with Section 2918.

2912.4.5 Maintenance and SupportThe supplier shall maintain an ongoing program of
technical support and software updates for theovitigection system following expiration of the
warranty period. The supplier shall maintain an gadée inventory of parts to support
maintenance and repair of the video detection syste

2912.4.6 Warranty of Video Detection SystemThe video detection system shall be warranted
to be free of defects in material and workmanshkip & minimum of two years. During the
warranty period, technical support from factorytifed personnel or factory certified installers
shall be available from the supplier. Ongoing safevsupport by the supplier shall include
updates for the ACU and computer software and $ealbrovided at no cost to the City during
the warranty period. The update of the ACU softwdoe be National Transportation
Communications for ITS Protocol (NTCIP) compliahtil be included.

2912.4.7 Training of Video Detection SystemA minimum of one day of training shall be
provided in the operation, setup and maintenant¢leovideo detection system.
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2912.4.3 Extra Service Outlet:A separate grounded service outlet shall be praovidethe
controller cabinet for supplying power to the viddsiection system. Use of the grounded service
outlet located on the cabinet door will not be péed.

2912.4.3 Monitor: The monitor shall be installed to automatically poven when the cabinet
door is opened and automatically power off whendakinet door is closed. A manual on/off
switch shall also be provided.

2912.4.3.1The monitor shall have a 9-inch screen, an NTSCybtesn and BNC video in-out
connections.

2912.5 Detector Loop Sealanttoop sealant shall be proportioned, mixed and ilestgper the
manufacturer's specifications and recommendatidiiger the loop slots are cut into the
pavement, the surface shall be thoroughly cleaard,all loose debris shall be removed. After
application of the sealant, the roadway shall lek-feee and capable of being open to the
motoring public within four hours without trackingoop sealant shall fully encapsulate the loop
wires as shown on the Plans. Backer rods shallldeeg to ensure one-inch depth coverage of
loops. Excessive overfill will not be permitted.

2912.5.11 oop sealant shall have the following minimum cleégastics:

(a) The loop sealant used to fill the saw cuts@hér gaps shall be of a type intended for
and designed to be used as traffic loop embedding.sealant shall be designed for installation
when the surface temperature of the roadway is detwd0 and 120 F and exhibit minimal
shrinkage and stringing during and after installatiThe curing time of the sealant shall be a
maximum of 72 hours. Cured sealant shall retairmpeent flexibility to O F, be temperature
stable and ensure the integrity of the loop detaogiallation from -40 to 200 F. The loop sealant
shall adhere to the roadway pavement and resiseffieets of weather, including freeze-thaw
cycles, de-icing chemicals, salts, gasoline andmuits, such that the operation of the detector is
not affected.

(b) The three types of allowable loop sealant wél two-part polyester resin, one-part
moisture curing polyurethane and hot-melt bitumsou

(c) The loop sealant shall provide a minimum sHiéf of nine months. Prior to the
installation of any detector loop sealant, the MS@&San OSHA Form 20 along with the
manufacturer's technical data sheet, shall be dtduirtio the City Traffic Engineer. Any sealant
used on loop detectors shall meet the approvdileoCity Traffic Engineer.

2912.6 Pedestrian Push Buttons:Pedestrian push buttons shall be direct push cotype.
Each push button shall be a removable contact ddgenounted in a durable natural aluminum
cast finished case, black in color. The housirgl e shaped to fit the curvature of the pole to
which it is attached and shall provide a rigid afistion. Contacts shall be normally open,
entirely insulated from the case and operatingdotand have connecting terminals. The
operating button shall be recessed and made o$ lorasther corrosion resistant metal alloy or
non-metallic material and shall be sturdy. Therajieg voltage shall not exceed 24 volts. The
entire assembly shall be waterproof, secure agaiesirical shock to the user, and of such
construction as to withstand continuous hard usddp pedestrian push button shall be mounted
directly to the pole with a watertight assemblyhmito external pipe or mounting hardware and
shall be the large button type meeting ADA requeats.

2913 Emergency PreemptionThe Contractor shall furnish and install Opticomeegency

preemption equipment as shown on the Plans. Opteguipment shall be mounted inside the
controller cabinet, no housing boxes outside ofctiginet will be allowed. The cable shall be run
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continuous from the detector to the controller nabiwith no splices. The detector shall be
installed as shown on the Plans or as approveteébZity Traffic Engineer. The Contractor shall
be responsible for the proper alignment of thealeteo ensure maximum detection time for the
emergency preemption equipment.

2914 Pull and Junction BoxesPull and junction boxes shall be installed as showrthe
Plans. Pull boxes placed in traveled ways, auyilianes, shoulders and low profile islands shall
be concrete. Pull boxes may be cast-in-place ctacmrecast concrete, preformed polymer
concrete or preformed fiberglass reinforced poly@mncrete. Pull box dimensions shall be as
shown on the Plans. Each pull box shall be equippéu cable hooks as shown on the Plans.
Cable hooks shall be galvanized steel or brass withinimum diameter of 3/8 inch and a
minimum length of 5 inches.

2914.1Conduit shall enter the pull box in the side of box and shall extend a minimum of 2
inches and a maximum of 4 inches as shown on gresPConduit shall enter from the direction
of the run. If it becomes necessary to increasesttavation depth and extend the pull box, no
direct payment will be made. The excavated opeairigide the pull box shall be wide enough to
allow compaction of the backfill material. Cindebspken concrete, broken rock or other hard or
undesirable material shall not be used for baahkdjll The backfill material shall be placed in
layers not to exceed 6 inches deep, and each sagdirbe thoroughly compacted before the next
layer is placed. Where preformed pull boxes are use holes for the conduit shall be drilled as
recommended by the manufacturer. The holes shalbiwed and no more than 1/2 inch larger
than the conduit.

2914.3A pull box placed in an unpaved area shall havera&rete pad around the perimeter as
shown on the Plans. Concrete pads will not be reduor pull boxes installed in concrete. Pull
boxes shall not be installed in sidewalk ramps.dCete for the pad shall be a KCMMB 4k psi, or
higher, approved concrete mix. The top surfacdlgfudl boxes shall be flush with surfaced areas
and approximately one inch above earth or soddeskar

2914.4If preformed pull boxes are specified, the Contiaatay use standard concrete pull boxes
in lieu of the Class 1 or 2 preformed pull boxasthe Type A double concrete pull box in lieu of
the Class 3 preformed pull boxes. For installaticetquiring different voltages for lighting and
signal applications, the Type B double concreté Ipok may be used in lieu of two preformed
pull boxes at the Contractor's expense. If the TBp#ouble concrete pull box is specified, no
substitutions will be permitted.

2914.5Class 5 preformed pull boxes shall be in accordavitteall requirements in the contract
documents. Installation of Class 5 pull boxes shallas shown on the Plans and in accordance
with the manufacturer's recommendations.

2914.6Pull boxes with covers exceeding 36-inches in lersgiall be split lid Class 3.

2914.7Cast-in-place concrete pull boxes shall be constcuasing a KCMMB 4k psi, or higher,
approved concrete mix. Concrete construction dhalin accordance with ACI 301 Standard
Specifications for Structural Concrete. Pull boxemll be cast in a neat and workmanlike
manner. Forms will be required for the inside stetaof the pull box walls; and if the excavation
is irregular, forms will also be required for thatside surfaces of the walls. An outside form
shall be installed across all trenches leadingtimopull box excavation. The ends of all conduits
through the walls shall fit tightly against therfor
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2914.8 Precast concrete pull boxes shall be constructéty s KCMMB 3k psi, or higher,
approved concrete mix. Concrete construction dhalin accordance with ACI 301 Standard
Specifications for Structural Concrete.

2914.9Preformed pull boxes shall withstand a wheel 10820000 pounds. Pull box walls may
be either flared or vertical. Pull boxes shall haveollar or ring at the top that will allow for
securing the concrete apron. Metal conduit, if usegreformed pull boxes, shall be electrically
bonded to one another inside each pull box.

2914.10 Pull Box CoversEach pull box shall be equipped with a bolt downeroThe threaded
hole that receives the cover lock-down bolt shallopen at the bottom to allow the cleanout of
sand, dirt and other debris. Lock-down bolts sballstainless steel or brass with a hex-head.
Frames and covers for cast-in-place and precastretn pull boxes shall be cast iron in
accordance with AASHTO M 105, Class 30, and shalbbthe dimensions and weights shown
on the Plans. Preformed pull box covers shall Hgnper concrete and shall have a minimum
wheel load rating of 20,000 pounds. A lift opensiwall be provided on all covers. Covers for
pull boxes to be used for traffic signals, or a boration of traffic signals and street lighting,
shall be embossed with "TRAFFIC SIGNALS". Covers fall boxes to be used for fiber optics
shall be embossed with “FIBER OPTICS".

2914.11 Metal Junction Boxes (PowerMetal Junction boxes shall be flanged and designed for
flush mounting if encased in concrete, or desigitedsurface mounting if external mounting is
specified. Metal junction boxes shall be drilled tapped for all conduit connections. Metal
junction boxes shall be installed such that coegesremovable. Metal junction boxes shall be
stainless steel, watertight NEMA 4 enclosures. Metaction boxes shall be in accordance with
the following minimum sizes unless otherwise spedif

Maximum Entering Conduit Size, Inches Minimum Badzxes Inches
2 (L)12 x (W)12 x(D) 4
4 (L)16 x (W)12 x (D)6

2914.11.1PVC and metal conduit shall be joined to metal fiomcboxes to make a rigid and
waterproof connection. If metal conduit is usedjresulated bushing shall be provided at the end
of the metal conduit on the inside of the junctiax to prevent scuffing of the cable insulation.

2914.11.2The metal junction box cover shall be made watbttigith a suitable gasket and
secured with stainless steel or cadmium platedvscoz bolts.

2915 Concrete BasedExcavation for bases shall be made in a neat amkamlike manner.
While concrete is being placed, forms shall be llewa sufficiently rigid to prevent warping or
deflection. Concrete shall be a KCMMB 4k psi, ogher, approved concrete mix. Conduit and
anchor bolts shall be held rigidly in place befanel during concrete placement. Tops of all bases
shall be finished level and the perimeter edgea tadius of 1/2 inch. Exposed surfaces of bases
shall be finished in a workmanlike manner as so®practical after removing forms. Concrete
construction shall be in accordance with ACI 304n8trd Specifications for Structural Concrete.

2915.1 Pole BasesConcrete bases for poles shall be in accordandethé dimensions shown
on the Plans. Metal forms no less than 26 inchgls élhall be used for all Type A bases. The top
12 inches of Type B bases shall be formed. Reiinfgrsteel for concrete bases shall be in
accordance with Section 2906.5. Anchor bolts feelspoles and mast arms shall be as shown on
the fabricator's approved shop drawings. Conduéllstxtend above all pole bases a nominal 4
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inches and be covered prior to pouring concretdl.thdeaded portions of anchor bolts shall be
taped during the concrete pour. Any concrete Bpld®n poles when pouring shall be cleaned
off.

2915.2 Controller and Power Supply BasesConcrete bases for controllers and power supplies
shall be constructed as shown on the Plans. Amdhbe considered part of the controller base.
A minimum of four anchor bolts shall be used farghe controller cabinets and a minimum of six
anchor bolts shall be used for double controlldrireets. The size of anchor bolts for controller
cabinets shall be as specified by the cabinet naaturfer. A ground rod shall be placed into the
ground with a minimum of 8 feet of earth contacshswn on the Plans. Ground rods shall not
be in concrete. Conduit shall extend above all rodlet bases no more than one inch. Bases for
double controller cabinets shall have multiple agtedto the first pull box, with a minimum of
one positioned in each compartment. All conduitrapgs in the controller cabinet or controller
cabinet base shall be sealed with a pliable dataseafter wiring is completed. The sealant shall
be readily workable, soft, sealing compound. Th@pound shall be workable at 30 F and shall
not melt or run at temperatures up to 175 F.

2916 Conduit SystemsThe location and type of conduit shall be as showrthe Plans or
Standard Drawings. The Contractor may furnish anstiail polyvinyl chloride (PVC), or high-
density polyethylene (HDPE) conduit for the distitibn system. Galvanized Rigid Steel (GRS)
conduit shall be used where conduit is to be ilesta¢xternally on a structure. It shall be the
privilege of the Contractor, at his own expensajde larger size conduit if desired, as approved
by the City Traffic Engineer. Where larger size dwoit is used, it shall be for the entire length of
the run from outlet to outlet. No reducing coupsngill be permitted. No additional payment will
be made for larger conduit.

2916.1 Polyvinyl Chloride (PVC): Rigid non-metallic conduit shall be polyvinyl chide
(PVC), Schedule 40 or Schedule 80, and shall canforNEMA Standard TC-2 and NEMA TC-
3. The conduit shall bear an Underwriters' Labateso(U.L.) label and shall conform to Federal
Specification WC-1094A (latest version). The condshiall be clearly and durably marked at
least every 10 feet with the material designatinaminal duct size, and the name and/or
trademark of the manufacturer. Fittings for PVC dgit shall be in accordance with U.L. 514.
Cement used for the fittings shall be in accordamgéh the conduit manufacturer's
recommendations. Conduit, fittings, and cementl ffsasupplied by the same manufacturer.

2916.2 High Density Polyethylene (HDPE)FIexible non-metallic conduit shall be high-densit
polyethylene conduit (HDPE). The conduit shall bmosth walled inside and out, and shall be
gray in color. The conduit shall be a plastic dwttich is intended for underground use and
which can be manufactured and coiled or reeleditticuous transportable lengths and uncoiled
for further processing and/or installation withoadversely affecting its properties of
performance. The conduit shall be manufactured EBMN Standard TC-7 and ASTM D 3035
SDR11 specifications. The conduit shall be clearlg durably marked at least every 10 feet with
the material designation, nominal duct size, amdntéme and/or trademark of the manufacturer.
An approved factory coupling shall be used for @mion of the HDPE conduit to a 90° factory
PVC elbow or between two lengths of HDPE condutie Tcoupling shall be of high-density
polyethylene. Fittings for HDPE conduit shall beaitcordance with ASTM D 2683. Epoxy used
for the fittings shall be in accordance with thedwoit manufacturer's recommendations.

2916.3 Galvanized Rigid Steel (GRS)Galvanized rigid steel conduit shall be shall be i

accordance with ANSI C80.1. GRS conduit shall bdvanized on both the inside and the
outside surfaces. The weight (mass) of zinc coatiradl be no less than 0.5 ounce per square foot
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of coated surface, as determined in accordance AMSHTO T 65. The interior or exterior
surface, or both, may be given a coating of sugtabhterial to facilitate installation of wires and
cables and to permit the conduit to be readilyimtysished from pipe used for purposes other
than electrical. All metal conduit ends shall beyided with a bushing to protect the cable from
abrasion. Fittings shall be in accordance with ANGEO0.4. A sufficient number of conduit
hangers shall be supplied to attach the GRS conduite structure, as recommended by the
manufacturer. One (1) No. 6 AWG, bare copper growind shall be attached to each end of the
GRS conduit with a grounding bushing. The grouncevehall be connected to a ground rod at
each end of a GRS conduit run, or extended to mtewt GRS conduit or ground rod.

2916.4 Conduit Installation: Conduit shall be bored under pavement. Wherevenduit passes
beneath a curbed street, aluminum conduit markex$ lse installed in the curb immediately over
the conduit location. Conduit markers shall be i&had by the Contractor as detailed in the
Standard Drawings and shall be installed in thedfojhe curb by drilling the curb and epoxying
the conduit marker in place. Conduit markers alesigliary to the installation of conduit.

2916.4.1The ends of all conduits shall be well-reamed toaee burrs and rough edges. All
conduits shall be cleaned and swabbed prior tallatibn of cable. Field cuts shall be made
square and true so that the ends will butt or ctogether for the full diameter thereof. The end
of each conduit run shall be covered to prevenemat debris from entering the conduit while
the system is being constructed. Existing undemptoconduit to be incorporated into a new
system and GRS conduits shall be cleaned with alrehand blown out with compressed air.

2916.4.2An approved factory coupling shall be used for @miion of the HDPE conduit to a
90° factory PVC elbow or between two lengths of HD&Nnduit. The coupling shall be of high
density polyethylene material. The coupling shedvide an airtight and watertight lock.

2916.4.3Conduit bends, except factory bends, shall havedais of not less than six times the

inside diameter of the conduit. Where factory beads not used, conduit bends shall be made
without crimping or flattening, using the longeatius practicable and utilizing an appropriate

conduit bending tool.

2916.4.4The conduit shall be installed continuous from ewib outlet or as otherwise shown on
the Plans. With respect to HDPE conduit, no coggliar joints will be allowed at intermediate

points unless approved by the City Traffic Enginéte conduit may be directional bored to
minimize disruption to the existing improvementsway be plowed or trenched. Conduit shall be
installed under pavement sections at a depth st tlean 24 inches (24”); and where laid in
trenches in unpaved areas, conduit shall be la@depth of 24 to 36 inches (24" to 36”) below
natural ground level or finish grade.

2916.4.5At all outlets, conduit shall enter from the diieat of the run. Where conduit enters a

pull or junction box the side of the box shall bdleld per the manufacturer's recommendations.
The hole shall be no more than one-half inch (“&fyér than the conduit. The gap between the
box and conduit shall be filled with sealing compadu

2916.5 Trenching:Conduit may be installed by trenching in unpaveshar Trenches shall be
excavated to a maximum width of six inches (6”) deeép enough to provide the minimum cover
for conduits as shown in the Standard Drawings.dQinshall be allowed to "snake" in the
trench, but there shall be no sharp bends anddfdwmore conduits are placed in a common
trench, the conduits shall not cross each otheéhelbottom of the trench is in rock or rocky soil,
the conduit shall be placed on a six inch (6") getve layer of clean, tamped backfill material.
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Trenches shall be backfilled as soon as practiftal ghe installation of conduit, but after
inspection of the trench by the City Engineer csigieee. Backfill material installed within six
inches (6”) of the conduit shall be free of rockotiner solid material that might cause mechanical
damage to conduit. The backfill material shall teced in layers not to exceed 6 inches (6”)
deep, and each layer shall be thoroughly compactede approximate density of the adjacent
material before the next layer is placed. Redabuape imprinted with "CAUTION - BURIED
CABLE BELOW" shall be installed in all trenchesagiproximately 1/3 to 1/2 of the depth of the
trench. The four to six inches (4" to 6”) of badkfhaterial directly below finished grade shall be
topsoil. All disturbed areas shall be restorechtogatisfaction of the City Inspector.

2916.6 Plowing:Conduit may be installed by plowing in unpaved ardde equipment used for
plowing conduit is designed specifically for thairpose with the power and versatility to easily
and accurately bury the various sizes of conduiteurall normal soil conditions. This equipment
places the conduit without twisting, kinking, omaiaging the material in any way. The vibrating
unit shall be attached to a tractor unit in suchmanner that the tractor does not dampen the
vibration. The cable way and guides shall be smadog&le of obstructions and sharp edges and
shall not cause bending of the conduit at shohi&n the minimum bending radius recommended
by the manufacturer, nor cause excessive straimeteonduit. Conduit reels may be mounted on
the tractor or conduit unreeled along the propaeatk before plowing in such a manner to allow
as direct a line as possible to the trench to aunitecessary bending of the conduit or rubbing of
the conduit against the reel. The plow shall nhobheked onto the conduit. If an underground
obstruction is encountered, the plow shall be diftut of the ground and the obstruction
removed. Conduit may be installed utilizing the lpgplow method if approved by the City
Engineer. After installation of conduit by plowinthe disturbed earth shall be leveled and, if
necessary, compacted by a device approved by ttye Ebigineer. Ends of conduit shall be
capped immediately after cutting to prevent mosestand debris from entering the conduit. Red
burial tape imprinted with "CAUTION - BURIED CABLBELOW" shall be installed in all
trenches at approximately 1/3 to 1/2 of the degthhe trench. All disturbed areas shall be
restored to the satisfaction of the City Inspector.

2916.7 Boring: Pavement shall not be disturbed without the writpemmission of the City
Engineer and then only in the event insurmountablgructions are encountered. Conduit shall
be placed under existing pavement by boring. Theti@otor shall complete the boring as to
maintain minimum permissible clear distances, bbtirizontally and vertically, from all
underground utilities. Boring pits shall be keptotfeet (2') clear of the edge of any type of
pavement wherever possible. Boring alignment dbalberpendicular to the curb line in order to
achieve the shortest possible crossing distanasedsive use of water such that pavement might
be undermined or subgrade softened, will not benjtezd. The Contractor shall at all times and
for the entire length of the boring alignment béeaio demonstrate the horizontal and vertical
position of the alignment. All disturbed areas El& restored to the satisfaction of the City
Inspector. Boring may be used instead of trencldhall other locations at the Contractors
expense.

2916.8 External Conduit on Structure: GRS conduit shall be used when conduit is to be
installed externally on structures. Conduit onatices will include conduit on bridges, retaining
walls or other structures, and shall be installeglzown on the Plans or as directed by the City
Engineer or designee. The final location of all ciah and junction boxes shall be approved by
the City Engineer before installation begins. Cahdiall not be attached to prestressed concrete
girders or prestressed, precast concrete deckarted conduit shall be secured to the concrete
with clamps at no more than 5-foot intervals. Ceteranchors shall be in accordance with
federal specification FF-S-325, Group Il, Type 4a<3 |, and shall be galvanized in accordance
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with ASTM A 153, B 695-91 Class 50, or constructefl stainless steel. The minimum
embedment in concrete shall be 1 3/4 inches. i§ necessary to anchor the conduit to steel
bridge members, the attachment method shall noblvav drilling, grinding or welding.
Attachment method to steel members shall be apgdrbyehe City Engineer. Expansion fittings
shall be installed at each end of a bridge and &audtion where the conduit crosses a bridge
expansion joint. The expansion fitting shall pr@via minimum movement in either direction as
shown on the Plans or as specified by the City law®yi. Clamps, concrete anchors, expansion
fittings, and any hardware or material requireddonduit installation on structures shall be at the
Contractor’s expense.

2916.9 Ground Wire Installation: A bare No. 6 AWG stranded copper ground wire shall
installed in each conduit and attached to the gtoluig in signal poles, except as otherwise
specified in this section. All bare ground wireslslhe electrically bonded by means of a clamp
or crimp type connection. All bare ground wireghie controller base shall be electrically bonded
to the power company ground. Conduit containing ditder optic cable shall contain a bare or
green-jacketed No. 14 AWG stranded copper traces mistead of a bare No. 6 AWG copper
ground wire. Tracer wire shall not be pulled inte tontroller cabinet or bases. An additional 6
feet of tracer wire shall be coiled in each pulkhibrough which the fiber optic cable passes.
Tracer wire in pull boxes shall be capped, nottelsdly bonded to any ground wires labeled
"TRACER" and tagged in accordance with Sec 2919u@d wire and tracer wire shall be at the
Contractor’s expense.

2916.10 Certification: The Contractor shall furnish a manufacturer's tieation that the
material supplied is in accordance with all requieats. If requested by the City City Traffic
Engineer, the Contractor shall also furnish typteat results representative of the material.

2917 Pole Erection:Pole bases shall be securely anchored to concastesbPedestal poles
shall be erected vertically without the use of leye nuts. Metal poles for span wire and
cantilever mast arms shall be adjusted by levetuats. All poles for span wire and cantilever
mast arms shall be raked as directed by the Caifi€rEngineer.

2918 Wiring: Installation of wiring shall be in accordance witte Plans and Specifications
and appropriate articles of the NEC. Electricaldwgriors and associated equipment shall be in
accordance with applicable requirements of ICEASIM NEMA, RETMA, NEC, NFPA and
regulations of the National Board of Fire Underendt and shall meet the approval of the City
Traffic Engineer. Contractor furnished equipmerdt till become the property of the City shall
be of new stock unless stated otherwise in thesPlan

2918.1 Except as noted, all conductors shall be soft dravlass B or C stranded copper wire in
accordance with ICEA S-6-402, Part 2. Solid condrgctmay be used only for grounding where
connected to a ground rod.

2918.2 All cable runs, with the exception of street ligigfi cable, shall be continuous and
unspliced from the connections in the terminal klotthe signal head to the terminal strip in the
controller cabinet, from the signal terminal bldokanother signal terminal block or as shown on
the Plans. When a terminal compartment is providéd;able runs shall be continuous from the
terminal compartment to the terminal strip in tlomteoller cabinet. When parallel connections
are required from an overhead signal head on a amasto a side-mounted signal head, cable
shall be routed from the controller to the termicampartment of the signal on the mast arm and
then parallel-circuited back to the side mounteghal. All other conductor cable combinations to
signal heads shall be as shown on the Plans oirexgedl by the City Traffic Engineer. Where

LS2900 33 11/03/2009



TRAFFIC SIGNALS

double controller cabinets are specified, wiredldba sorted between the controllers and first
pull box such that field wires enter the associatedtroller compartment. All cables shall be
supported within the pole at the mast arm conneaiging cable hooks so that the cables do not
rest on the mast arm connection.

2918.2.1Multi-conductor cable for traffic signals shall b®. 14 AWG, rated at 600 volts. The
cable shall be in accordance with IMSA Specificatito. 19-1.

2918.3Power cable runs shall be continuous and unspliced the power disconnect switch
located on the power supply to controller cabiriminals. Power cable shall be encased in
conduit of the size shown on the Plans. Energizadep cables shall run to circuit breakers. The
neutral cable shall be terminated on the grounddausn the controller cabinet.

2918.3.1The voltage rating for high voltage power cablepyipg primary electrical power shall
be 5 KV for primary voltages less than 5000 voiisd 15 KV for voltages of 5000 volts and
greater. The specific type of cable shall be asmeended and approved by the utility company
or municipality supplying power.

2918.3.2Low voltage power cable shall be 600-volt, singbaductor cable and thermoplastic or
thermosetting polyethylene insulated. All cablelisba plainly marked on the outside with the
manufacturer's name and identification in accordamith industry practice. Insulation type shall
be THW, RHH, RHW, RHW-2 or USE. Average thickneg¢snsulation shall be no less than
specified in the following table, with a minimumdkness of 90 percent thereof.

AWG No. Thickness, Mils
14-10 45
8-2 60
1-4/0 80
213-500 95
501-1000 110

2918.3.3Cable-conduit shall consist of one to four low agkk power cables with an insulated
sized electrical neutral and a bare safety grotaxdory installed in black polyethylene conduit
intended for direct burial. The conduit shall baiply marked on the outside with manufacturer's
name and identification in accordance with indugirgctice and shall be in accordance with
ASTM D 3485. Cable-conduit shall be accompaniedh®y manufacturer's certification stating
the conduit is in accordance with the requiremehtlis specification.

2918.4Where luminaires are required, they may be conddcia street lighting system or they
may be powered from the traffic signal power supplighting cables shall not run through the
traffic signal controller. Cables can be run thriowsggnal conduits and pull boxes. Lighting cable
may be spliced in pull boxes using copper type Kt §wlt connectors. All splices shall be

protected with a waterproof resin splice kit ingdlin accordance with the manufacturer's
recommendations.

2918.4.1All lighting cables that are to be installed underghd must meet the requirements for

low voltage power cables. Break-away connectorsiat@equired to be installed in traffic signal
poles.
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2918.5Induction loop dimensions shall be as shown onPllams. All loop conductors shall be
wound in the same direction with the start and eledrly marked on the conductors at the
junction box or pull box. The City Traffic Engineer designee will determine the exact location
of loops. When construction of a loop is startédhall be completed the same construction day.
Should the Contractor start a loop installation &ailto satisfactorily complete it, the entire fpo
may be subject to replacement at the discretioth@fCity Traffic Engineer. Construction of
loops shall only be started when the ambient aipirature is 40 degrees F and rising. Wire
shall be installed so as to minimize stress at erofocations. Wire shall be kept dry when
installing in the saw slot and shall be insertedusg of a blunt, preferably nonmetallic, flat
paddle. Each induction loop shall be connectetieadietector by a separate lead-in cable. Single-
conductor No. 14 AWG cable shown on the Plans iagproximation of cable quantity required
to construct the induction loop. If the number wins shown on the Plans is not in accordance
with the manufacturer's recommendation for theisgnmits furnished, the Plans will be revised,
and the induction loop cable will be field measuaed quantities adjusted accordingly. Induction
loop detector cable shall be installed in accordaméth manufacturer's recommendations.
Induction loop detector lead-in cable will be shoemthe Plans as two-conductor No. 14 AWG
cable. Should the manufacturer recommend a diffengre of cable, the two-conductor cable
shall be revised to the manufacturer's specificatiot will be considered completely covered by
the contract unit price for loop detector lead-@ble. Cable for loop detectors shall be continuous
from the terminal strip in the controller cabineta splice with the detector leads in the pull box
adjacent to the detector. The conductor splicel df@lsoldered without an open flame. The
soldered splice shall then be capped and insertedhidirect buried splice Kkit.

2918.5.1Induction loop detector cable shall be single cataiuNo. 14 AWG wire, with Type
XHHW insulation, marked as such, rated at 600 vdltse cable shall be in accordance with
IMSA Specification No. 51-7.

2918.5.2L ead-in cable used between the loop detector amddhtroller shall be two-conductor,
twisted, shielded No. 14 AWG wire rated at 600 solEhe cable shall be in accordance with
IMSA Specification No. 50-2.

2918.6Where practical, color codes shall be followed aditwy to the following tables for each
type of multi-conductor cable:

2 — Conductor (Pedestrian Push Button) Terminal
Black Push Button Actuation
White Neutral

5 — Conductor (Pedestrian Head) Terminal

Red Don’'t Walk Indication
Orange N/A
Green (or Brown) Walk Indication
Black N/A
White Neutral
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7 — Conductor (3 Section & 5 Section Headl) Terinina
Red Red Ball Indication
Orange Yellow Ball Indication
Green (or Brown) Green Ball Indication
Blue Green Arrow Indication
Black Yellow Arrow Indication
White Neutral
White With Black Trace Neutral for Arrow Indicatisn

Circuits shall be properly labeled in the congpltabinet and all pull boxes by means of round
aluminum identification tags with a minimum thicleseof 0.1 mils, attached to the cables with a
copper wire. Information stamped on the tags shalhtify equipment served by the conductor
cable in accordance with designations used on ldresP

2918.7Cables shall be pulled through conduit by a cabig jgroviding a firm hold on exterior
coverings. Cable shall be pulled with a minimunddgging on the ground or pavement. Frame-
mounted pulleys or other suitable devices shalides for pulling cables out of conduit into pull
boxes. Lubricants may be used to facilitate pulttagle. Polyester rope will not be permitted to
facilitate pulling of cable. Slack in each cablalsive provided by a 6-foot loop coiled in each
pull box and a 3-foot loop coiled in each junctioox. All signal poles and controllers shall be
grounded by bare No. 6 AWG stranded copper wire.

2918.8 Certification. All cables and conductors shall be accompanieddsiification from the
supplier indicating: (1) the supplier is familiaitivthe requirements of these Specifications and,
(2) cable furnished was from a lot manufacturedqrbgnufacturer's name) whose test results are
in accordance with these Specifications.

2919 Test Equipment:During installation of equipment and material, @entractor shall
furnish to the City Traffic Engineer suitable equignt to test all or part of the completed facility
to establish compliance with requirements of thetiet. Minimum test equipment shall be a
voltmeter, ohnmmeter and ammeter. For testing indndbop detectors, the Contractor shall also
provide a suitable 500-volt, direct current, 0 i1 mega ohm range, hand-operated, resistance
measuring device.

2920 Test Period:After the project is open to normal traffic, ther@actor shall notify the
City Traffic Engineer in writing the date the sigrm signal system will be ready for testing.
Upon concurrence from the City Traffic Engineeg tBontractor shall place the signal or signal
system in operation for a 15 consecutive day teso@. The signal turn-on shall be performed by
the Contractor, City personnel shall be presetitetctivation. The signal turn-on shall not occur
on Fridays, holiday or weekends and shall be cotaglbetween the hours of 9:00 a.m. and 2:00
p.m., unless otherwise noted in the Plans or dickbly the City Traffic Engineer. At locations
without previous traffic signal control, the nevaffic signal shall flash for a period of five
business days prior to full signal system turnAsignal operated independently of other signals
or signal systems shall be tested as a singlellatgta. A signal operated as part of a system
shall not be tested until all signals in the systemready to be tested. A system shall be tested a
a unit. Any failure or malfunction of equipment thg the test period shall be corrected at the
Contractor's expense, and the signal or signaésyststed for an additional 15 consecutive day
period. This procedure shall be repeated until dlgmal equipment has operated to the City
Traffic Engineer's satisfaction for 15 consecutils/s. The Contractor shall, in the presence of
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the City Traffic Engineer or designee, demonsttiageproper action of the controller's monitor as
part of the testing system, if applicable.

2920.1When the test period is initiated and until the¢ peyiod is completed, following the turn
on of temporary traffic signals or after work isgbe on an existing signal installation, the
Contractor shall provide at least one service tetdm to remain in the area and be available for
day, night and weekend trouble calls. The Contrastwall furnish the name, address and
telephone number where each designated techniarabe reached at all times. In the event of a
malfunction, the Contractor shall provide adequedéfic control for the intersection until the
signals are restored to normal operation. Adequatéc control shall be as shown on the Plans
or as directed by the City Traffic Engineer. If thignal or signal system malfunctions and a
designated technician cannot be reached or camme¢ at the intersection in a reasonable time
in the judgment of the City Traffic Engineer, thére City Traffic Engineer may exercise the
option to direct City personnel or a third partycmrrect the malfunction in the presence of the
City Traffic Engineer or designee. If this optianinvoked, the entire cost of the work performed
by City personnel or the third party will be compditand deducted from the payments due the
Contractor.

2920.2Whether or not the City Traffic Engineer electxtorect the signal malfunction, nothing
in this specification shall be construed or inteted to relieve the Contractor of any liability for
personal injury or property damage that resultbeeitdirectly or indirectly from a signal
malfunction during the test period. The Contraetod surety shall indemnify and save harmless
the City, the City’s agents, employees and asdignany legal liability incurred for such a signal
malfunction.

2921 Maintenance Information: Before acceptance of the work, the Contractor doatiish

the City Traffic Engineer with three copies of thanufacturer's instructions for maintenance and
operation of all signal equipment including, but hmited to, controllers, conflict monitors, load
switches, detectors, software, interconnect andiliaggx equipment. At a minimum, the
manufacturer's instructions shall include organiagdtten instructions, wiring diagrams,
diagrams showing component layouts and partsvigtspart numbers and serial numbers, where
applicable. Serial numbers listed by the supplidéirve verified with the shipping invoice and on
the controller and conflict monitor received fostallation. The Contractor shall furnish three
copies of wiring diagrams of the installation ost®mn. The cabinet wiring diagrams shall include
labeling for all field terminal connections and klpsovide an orientation of the terminal layout
that conforms to the intersection information sfiedi

2921.1Prior to acceptance of the work, the Contractatlsubmit marked-up plans showing in
detail all construction changes, especially thation and depth of conduit.

2921.2The Contractor is responsible for making all repaind replacements, including downed
poles, damaged or cut cables, and burnt out iriditgtto the traffic signal system, regardless of
the cause or responsible party, until the entigtesy is completed, inspected, and accepted as
substantially complete by the City.

2922 Final Clean Up:.Before final acceptance, the Contractor shalloresto a condition
equal to or better than that existing prior to ¢arion, for all property, both public and private
within, adjacent to and beyond the limits of comstion that have been disturbed or damaged
while executing the work. This includes, but riatifed to, existing curb and gutter, sidewalk,
pavement, drainage structures, irrigation systeinset lighting and traffic signal equipment. All
unpaved areas damaged during construction shakdiered to the original condition. Unless
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otherwise directed, grassy areas which were ofigis@dded shall be re-sodded. Restoration
work shall be at the Contractor’'s expense. Altaegion work shall be acceptable to the City
Inspector.

2923 Measurement and PaymentSee Division | — General Requirements for CIP, iBact
01120.
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