647.3.07 Contractor Warranty and Maintenance

A. Traffic Signal Equipment Maintenance

See Section 150.

If a signal that is the responsibility of the contractor is not functioning properly:

1.

Non-Emergency

Commence work on this signal within three (3) days of the written notice from the Engineer. Failure to
respond shall result in a per calendar day charged against monies due or that may become due until the
maintenance work is started. See Section 108.

The Contractor shall be responsible for all materials, equipment and expertise necessary to correct
signal malfunction or repair.

The Department or local municipality will not be held responsible or liable for any alleged damage to the
signal or as a result of the signal malfunction due to problems that may occur after the Department or
local municipality forces make repairs.

Upon Notice to Proceed, The Contractor shall check and make any needed adjustments to time clocks
on a monthly basis. No additional payment shall be made for this requirement.

Emergency

If the Engineer determines that the signal malfunction or failure is an operational hazard, the Contractor
is to take corrective action within three (3) hours of the first attempt of notification. Response shall be
considered only when qualified personnel and equipment are provided.

Failure to respond within three (3) hours will result in a non-refundable deduction of money of
$1,000.00 with an additional charge of $500.00 per hour after the first three (3) hours until qualified
personnel and equipment arrives on site and begins corrective action.

In addition, the cost of labor and material will be charged by the Department if the Department takes
corrective action using its own forces or local municipality forces.

Total charges will not exceed $5,000.00 (per emergency call) in addition to the material cost and labor
incurred to make repairs by the Department or local municipality forces responding ta the malfunction.
The Department will not be held responsible or liable for any alleged damage to the signal or as a result
of the signal malfunction due to problems that may occur after Department or local municipality forces
make emergency repairs.

The Contractor shall be responsible for all materials and equipment necessary to correct signal
malfunction or repair.

Final Acceptance will not be given until payment for such work is received.

B. Warranties

Provide manufacturer’s warranties or guarantees on electrical, electronic, or mechanical equipment
furnished, except state-supplied equipment.
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Ensure that warranties and/or guarantees are consistent with those provided as customary trade and
industry standard practices; or as otherwise specified in the Plans, Standard Specifications, or Special
Provisions.

Upon Final Acceptance, transfer the manufacturer and Contractor warranties or guarantees to the Engineer.
Ensure that warranties are continuous and state that they are subject to transfer.

Acceptance or approval of the Work does not waiver warranties or guarantees where required by the
Specifications. Final Acceptance will not be granted until all warranties and guarantees are received.
C. Guarantees

Repair and/or replace all equipment and material supplied under these Contract Documents which has been
determined by the Engineer to not meet Specifications.

The Engineer reserves the sole right to determine suitability or unsuitability of the supplied equipment and
material. The Contractor shall bear the total cost of delivery and transportation related to the repair and
replacement of equipment and material throughout the duration of the Contract unless otherwise approved
by the Engineer.

Transfer to the Engineer any warranties and guarantees remaining on all items after Final Acceptance.
Perform transfer at 12:01 AM of the day following Final Acceptance.

647.4 Measurement

647.4.01 General
Traffic signal items complete, in place, and accepted of the kind, size, and type specified are measured as

follows:
A. Traffic Signal Installation

Signal installation will be paid for by lump sum, including furnishing labor, materials, tools, equipment, and
incidentals required to complete the work unless otherwise specified in this Subsection.

B. Communications Wire, Fiber Optic Cable

The number of feet (meters) of communications cable, wire or fiber optic cable is the actual number of
linear feet (meters) of the size installed and accepted. Communications cable shall be paid for under Section

935.
B. Strain Poles, Traffic Signs

Highway signs are measured and paid for under Section 636. Strain poles are measured and paid for under
Section 639,

C. Type4,4s,5,5S, 6 and 7 Pull Boxes

The number of pull boxes will be the actual number of pull boxes installed and accepted.
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D. Loop Detector — Maintenance Milling and Resurfacing Projects

The number of loop detectors will be the actual number of loop detectors installed as specified in the Plans
or as directed by the Engineer and accepted. Loop detector lead-in cable will not be measured separately for
payment but will be included in the price submitted for Loop Detectors.

647.4.02 Limits
General Provisions 101 through 150.
647.5 Payment

647.5.01 General
The lump price bid for Traffic Signal and/or Ramp Meter Installation covers all items of work in this Specification
including furnishing labor, materials, tools, equipment, and incidentals required to complete the work.

Costs for installation, operation, maintenance, and removal of the traffic signal equipment are included under
this ltem.

Include payment for removal; disposal of existing pavement, shoulder surface, base and sub-grade; and
restoration to original condition in the Contract Price for the items to which they pertain. They will not be paid

for separately.

Furnishing, installing, and removing sheeting, bracing, and supports will not be paid for separately, but is
included in the Contract Prices for other items.

No additional payment will be made for testing and storing State-supplied or Contractor-furnished traffic signal
equipment.

No payment will be made for individual items unless a pay item is included in the Plans for the specific item.
Type 4, 45, 5, 5S, 6, and 7 pull boxes will be paid for per each. Loop Detector will be paid for per each.

Payment will be made under:

Iltem No 647 Traffic signal installation no- Per lump sum
Item No. 647 Pull Box PB4 Per each
Item No. 647 Pull Box PB4S Per each
Item No. 647 Pull Box PB5 Per each
Item No. 647 Pull Box PB5S Per each
ltem No 647 Pull Box PB6 Per each
ltem No. 647 Pull Box PB7 Per each
ltem No. 647 Loop Detector Per each

Payment for various elements of traffic signals will be as shown on the Plans.

A. Partial Payment

The Contractor may initiate a partial payment process for the lump sum traffic signal Items by submitting a
written request to the Engineer. If the Engineer approves this request, payment will be made as follows:
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—Underground (loops, pull boxes, and conduits) 20%
_-CSverEead (_span, heads, pog, -p_us_h“buttons_)_ N R 30% B

Cabinet, contents, and base 20%

Successful completion of operational test 10%

B. Additional Items

Payment Items related to Section 647 are described in the following sections:

Section 639

_Strain Pdlés
Highway Lighting Section 680
Lighting Standards and Luminaries Section 681
Electrical Wire, Cable, and Conduit* Section 682
Grassing Section 700

 Timber Poles. | Ssection 639 and Subsection 861.2.02
Sign Blanks Section 912
Reflectorization Materials Section 913
Traffic Signal Equipment/Ramp Metering Equip. Section 925
* Payment for conduit installation shall be as described in Section 682 unless conduit installation is
performed as part of a traffic signal installation, in which case measurement and payment is a part of
the complete traffic signal installation. Payment is Lump Sum, unless listed as a separate pay item.

647.5.02 Adjustments
General Provisions 101 through 150.

Office of Traffic Operations
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August 22,2014

DEPARTMENT OF TRANSPORTATION
STATE OF GEORGIA

P.I. NUMBER 0013163
SIGMAN RD WIDENING
ROCKDALE COUNTY

SUPPLEMENTAL SPECIFICATION

Section 925—Traffic Signal Equipment

Delete Section 925 and substitute the following:

925.1 General Description

This section provides Specifications for a variety of traffic signal equipment. Ramp Meters are defined as a form of traffic
signalization and all general provisions for traffic signalization are applicable unless otherwise noted in the Plans and
Specifications.

925.1.01 Related References
A. Standard Specifications

Section 500—Concrete Structures

Section 639—Strain Poles for Overhead Sign and Signal Assemblies

Section 647—Traffic Signal Installation

Section 682—Electrical Wire, Cable and Conduit

Scction 833—Joint Fillers and Sealers

Section 861—Piling and Round Timber

Section 870—Paints (Field Painting)

Section 915—Mast Arm Assemblies

Section 922—Electrical Wire and Cable

Section 923—Electrical Conduit

Section 926—Wireless Communication Equipment

Section 935—Fiber Optic System

Section 937 — Video Detection System

Section 939—Communications and Electronic Equipment
B. Referenced Documents

= National Electrical Manufacturers Association ( NEMA) Standards Publication TS 1 Section 15

e NEMA Standard Publication TS 2- 1998
s Institute of Transportation Enginects (ITE)Vehicle Traffic Control Signal Heads Specification
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Section 925—Traffic Signal Equipment

ITE Vehicle Traffic Control Signal Heads: Light Emitting Diode (LED)Circular Signal Supplement June 27, 2005
Specification

[TE Vehicle Traffic Control Signal Heads — Part 3: Light Emitting Diode (LED) Vehicle Arrow Traffic Signal
Modules Specification

ITE Pedestrian Traffic Control Signal indications — Part 2: Light Emitting Diode (LED) Pedestrian Traffic Signal
Modules Specification

International Municipal Signal Association (IMSA) #20-1 Specification

IMSA #20-4Specification

IMSA #20-6Spccification

IMSA #50-2Specification

IMSA #51-1Specification

Underwriters Laboratory Inc. (UL) 94 Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances

UL 493 Standard for Safety for Thermoplastic-lnsulated Underground Feeder and Branch-Circuit Cables

Traffic Signal Control Equipment Specifications, January 1989 edition and applicable addenda, State of California
Business, Transportation & Housing Agency

State of California Department of Transportation (CALTRANS) Qualified Products List ( QPL) Controller
Assemblies for the Model 170/2070 Traffic Controller,

CALTRANS Transportation Electrical Equipment Specifications (TEES) August 16, 2002 and applicable addenda

Georgia Department of Transportation Qualified Products List 75“Polyurethane Sealant for Inductive
Loops”(American Society of Testing and Materials(ASTM) A36 Standard Specification for Carbon Structural Steel

ASTM A53 Standard Specification for Pipe, Steel, Black and Hot Dipped, Zinc-Coated, Welded and Seamless
ASTM A123 Standard Specification for Zinc (Hot-Dip Galvanized) Coating on Iron and Steel Products
ASTM A153 Standard Spccification for Zinc Coating (Hot Dip) on Iron and Steel Hardware

ASTM A325 Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105 ksi Minimum Tensile
Strength

ASTM A475 Standard Specification for Zinc-Coated Steel Wire Strand
ASTM A572 Standard Specification for High- Strength Low-Alloy Columbium-Vanadium Structural Steel

ASTM C1028 Standard Test Method for Determining the Static Coefficient of Friction of Ceramic Tile and Other
Like Surfaces by the Horizontal Dynamometer Pull-Meter Method

ASTM D256 Standard Test Methods for Determining the 1zod Pendulum Impact Resistance of Plastics
ASTM D638 Standard Test Methods for Tensile Properties of Plastics
ASTM D785 Standard Test Method for Rockwell Hardness of Plastics: Electrical Insulating Materials

ASTM D790 Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical
Insulating Materials

ASTM D2444 Standard Test Methods for Determination of the Impact Resistance of Thermoplastic Pipe and
Fittings by Means of a Tup

ASTM D543 Standard Practices for Evaluating the Resistance of Plastics to Chemical Reagants

Electronic Industries Standards (E1A)

925.2 Materials

925.2.01 General
A. Requirements

Ensure that the traffic sighal equipment and materials meet the Plans and Specifications.

All equipment furnished shall be new and meet the requirements of the following:

Underwriter’s Laboratory Incorporated (UL)
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Section 925—Traffic Signal Equipment

e Electronic Industries Association (EIA)

e National Electric Code (NEC)

e  American Society of Testing and Materials (ASTM)

e  American National Standards [nstitute (ANSI)

e [nternational Municipal Signal Association (IMSA)

e National Electrical Manufacturers Association (NEMA)

s Applicable Standards, Specifications, and Regulations of the:
Georgia Department of Transportation
Traffic Signal Electrical Facility & NaviGAtor Support (TSEF)
935 E. Confederate Avenue, Building §
Atlanta, GA 30316

B. Fabrication

General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.

D. Materials Warranty

*  Provide to the District Signal Engineer or maintaining agency all manufacturers’ warranties and guarantees for all
signal equipment items listed in this document as well as any signal equipment listed in the Plans, except for state
supplied equipment.

s  Ensure that warranties and guarantees are consistent with Lhose provided as customary trade practices; or as
otherwise specified in the Plans, Standard Specifications, Supplemental Specifications or Special Provisions.

e Ensure, and state, that manufacturer’s and supplier’s warranties and guarantees are transferable to the agency or user
that is responsible for traffic signal maintenance. And said warranties and guarantees are continuous throughout
their duration.

e Ensure equipment provided under this specification shall be warranted by the manufacturer to be free from defects
in materials and workmanship for a minimum period of two years from date of receipt or one year from date of
acceptance of installation. The exception is the other malerials stated in this specification which have longer
warranty durations.

¢  Ensure the manufacturer will repair any faulty equipment during this period at no charge to the Department for parts,
labor or shipping to and from the factory.

925.2.02 Type 2070 Controller Assemblies
A. Requirements
For 2070 controller cabinet assemblies, use 2070 controller units that meet the requirements of the following or are
previously approved by TSEF:
o Traffic Electrical Equipment Specifications (TEES) published by the State of California Business, Transportation,
and Housing Agency; Department of Transportation, current edition and current addenda
o CALTRANS Qualified Products List (QPL)
e Ensure the unit supplied is compatible with current GDOT licensed firmware.
The following Specifications augment the CALTRANS Specifications and take precedence over conflicting
CALTRANS Specifications.

1. Input/output (I/0) and Configuration:
The 2070 Controller shall be supplied in one of the following configurations, as specified in the Plans (all modules
are specified in TEES, but these configurations supersede the defined configurations in TEES):
e  2070L: Provide Chassis, 2070- B Single-Board CPU, 2070-2A Field 1/0 Module, 2070-3B Front Panel (8x40
display), 2070-4B 3.5-amp Power Supply, and a 2070-7A Module. This unit is intended for interfacing in Type
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170E or ITS cabinets and shall provide the default input and output configuration as shown in Tables 925-13,
925-15 and 925-16 for TS cabinets using a traffic signal application.

e 2070E: Provide Chassis, 2070- | E Single-Board CPU, 2070-2A Field /O Module, 2070-3B Front Panel (8x40
display), 2070-4B 3.5-amp Power Supply, and a 2070-7A Module. This unit is intended for interfacing in Type
170E or ITS cabinets and shall provide the default input and output configuration as shown in Tables 925-13,
925-15 and 925-16 for ITS cabinets using a traffic signal application.

e 2070LC: Provide Chassis, 2070-1B Single-Board CPU, 2070-2B Field I/O Module, 2070-3B Front Panel (8x40
disptay), 2070-4B 3.5-amp Power Supply, and a 2070-7A Module. This unit is intended for interfacing in [TS
cabinets only and shall provide the default input and output configuration as shown in Tables 925 -13, 925-15
and 925-16 for ITS cabinets using a traffic signal application.

* 2070 LB: Provide Chassis, 2070-1B Single ~Board CPU, 2070-2A Field I/O Module, 2070-3C Front Panel,
2070-4B 3.5-amp Power Supply. This unit is intended for interfacing in Type 170E or ITS cabinets where a
user interface is not required and shall provide the default input and output configuration as shown in Tables
925 -13, 925-15 and 925-16 for ITS cabinets using a traffic signal application.

e 2070 LNT: Provide Chassis, 2070-1B Single-Board CPU, 2070-2B Field /0 Module, 2070-3B Front Panel
(8x40 display), 2070-4NB 3.5-amp Power Supply, 2070-8 NEMA Interface Module, and a 2070-7A Module.
This unit is intended for interfacing in NEMA TS 1 ot NEMA TS 2 Type 2 cabinets.

e 2070 LN2: Provide Chassis, 2070-1B Single-Board CPU, 2070-2N Field I/0 Module, 2070-3B Front Panel
(8x40 display), 2070-4NB 3.5-amp Power Supply, and a 2070-7A Module. This unit is intended for inlerfacing
ina NEMA TS 2 Type | cabinet.

2. Power Supply Modules:
Either the 2070-4A, 2070-4B, 2070-4NA or 2070-4NB module shall be provided as required in the configuration
requirements in the preceding [tem. [n addition to all requirements of the TEES, the power supplies shall be clearly
marked as a “2070-4A”, “2070-4B”,”2070-4NA”, or “2070-4NB”. The Vendor may supply a 2070-4A or 4NA
power supply module in lieu of a 2070-4B or 4NB, as long as it is so marked and adds no additional cost to GDOT.
3. Documentation:

[nclude with each controller, manuals that document the programming, operation, and maintenance of the unit,
Include schematic drawings and pin assignment charts in the manuals for maintenance. Documentation shall include
all components, including communications modules. Specific reference is made to section 1.2.4 Documentation in
the CALTRANS TEES concerning required documentation to be provided.

4. Testing:
Provide for complete testing of unit before it is shipped. [f unit is shipped with applications firmware installed, it
must be tested with the application (e.g. Traffic Signal Control). If a random sample of greater than 10 percent of the
units tested is rejected then the total shipment shall be rejected and vendor will be responsible for all costs 1o test and
repair all units provided.

B. Fabrication
General Provisions 101 through 150,

C. Acceptance
See Subsection 925.2.02 for compliance with CALTRANS QPL. Also see item 4 Testing in Section A above.

D. Materials Warranty:
(See Subsection 925.2.01 D for Materials Warranties).

925.2.03 Type 2070 Controller Subassemblies

A. Requirements
For 2070 controllet subassemblies, use 2070 controller subassembly units that meet the requirements of the following or
are previously approved by TSEF:

¢ Traffic Electrical Equipment Specifications (TEES) published by the State of California Business, Transportation,
and Housing Agency; Department of 'I'ransportation, current edition and current addenda

s CALTRANS Qualified Products List (QPL)
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Section 925—Traffic Signal Equipment

The following Specifications augment the CALTRANS Specifications and take precedence over conlflicting
CALTRANS Specifications.

1. 2070 1B Module:

The 2070 1B module may be supplied as a separate item to be used in all versions of the 2070 controller. The 2070
1B module shall be supplied complete with the operating software. Ensure it contains the required files to be
compatible with the current GDOT applications software.

2. 2070 1E Module:

The 2070 1E module may be supplied as a separate item to be used in all versions of the 2070 controller. The 2070
1E module shall be supplicd complete with operating software. Ensure it contains the required files to be compatible
with the current GDOT applications software.

3. 2070 1C Module:

The 2070 1C module may be supplied as a separate item to be used in all versions of the 2070 controller. The 2070
1C module shall be supplied complete with operating software. Ensure it contains the required files to be compatible
with the current GDOT applications software.

4. 2070 2A Field I/O Module

The 2070 2A Field I/0 module may be supplied as a separate item. The 2070 2A Field /0 module shall consist of
the Field Controlier Unit; Parallel Input/Output Ports; other Module Circuit Functions (includes muzzle jumper);
Serial Communication Circuitry; Module Connectors C18, CI1S and C12S mounted on the module front plate;
VDC Power Supply (+12VDC to + 5VDC) and required software. Ensure it contains any configuration jumpers to
be compatible with current GDOT Applications software. Ensurc the 2070 2A field [/O Module functions with a
Model 2070L or 2070LB Controller Assembly and is compatible with current GDOT applications software.

5. 2070 2B Field I/0 Module:

The 2070 2B Field /0 module may be supplied as a separate item and consist of the Serial Communication
Circuitry, DC power Supply, and Module Connector 128 mounted on the module front plate only. Ensure it contains
any configuration jumpers to be compatible with current GDOT Applications software. Ensure the 2070 2B field 1/0
Module functions with a Model 2070 LC or 2070LN1 Controller Assembly and is compatible with current GDOT
applications software.

6. 2070 2N Field [/O Module:

The 2070 2N Field 1/0 module may be supplied as a separate item and provides a NEMA TS2- lcompatible SDLC
interface via Serial Port 3. AC power to the 2070 Unit and Fault Monitor Logic Output via 2070 Serial Port 5 and
Output Frame Byte 9 Bit 6 to the NEMA TS2 Cabinet Monitor Unit (CMU). Ensure it contains any configuration
Jjumpers to be compalible with current GDOT Applications software. Ensure the 2070 2N field 1/0 Module functions
with a Model 2070 LN2 Controller Assembly and is compatible with current GDOT applications software.

7. 2070 3B Frout Panel Display Module:

The 2070 3B Display Module may be supplied as a separate item and provides a Front Panel Assembly controller,
two keyboards, AUX switch alarm bell and an § line by 40 character display. This assembly shall also include a
pancl with latch assembly and two TSD #1 hinge attaching devices, assembly PCB, external serial port connectots,
CPU active LED indicator, contrast adjustment knob, and Front Panel Harness. Ensure it contains any configuration
Jjumpers to be compatible with current GDOT Applications software. Ensure the 2070 3B Front Panel Assembly
Module functions with Models 2070L, 2070LC, 2070LN1 and 2070 LN2 Controller Assetblies and is compatible
with current GDOT applications software. Ensure the hardware hinge attaching devices mate with existing 2070
assemblies. Ensure the Front Panel Harness is connected to the front panel via a removable connector. Ensure the
front panel connector supports the aux switch.

8. 2070 3C Front Panel Display Module:

The 2070 3C Display Module may be supplied as a separate item and provides a System Serial Port 6Lines, Isolated
and vectored to Connector C60S. This assembly shall also include a panel with latch assembly and two TSD #1
hinge attaching devices, assembly PCB, external serial port connectors, CPU active LED indicator, and Front Panel
Harness. Ensure it contains any configuration jumpers to be compatible with current GDOT Applications software.
Ensure the 2070 3B Front Panel Assembly Module functions with Model 2070LB Controller Assembly and is
compatible with current GDOT applications software. Ensure the hardware hinge attaching devices mate with
existing 2070 assemblies. Ensure the Front Panel Harness is connected to the front panel via a removable connector.
Ensure the front panel connector supports the aux switch.
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9.

2070 4B Power Supply Module:

The 2070 4B Power Supply Module may be supplicd as a separate item and is an independent, self contained
module. Ensure that it is vented and cooled by convection only. Provide module that slides into power supply
compartment from the back of the chassis and is attached to the Backplane mounting surface by its four TSD #3
Devices. Ensure the module supplies at least 3.5 amperes of +5VDC. Ensure the 2070 4B Power Supply Module is
compatible with Models 2070L., 2070LB, and 2070LC Controller Assemblies and is compatible with current GDOT
applications software. Ensure the connection harness PS 2 on existing units can be mated with the 4B module
supplied. A 2070 4A Power Supply Module may be provided in place of a 4B module as long as it is labeled as such
and thete is no additional cost to GDOT. Ensure the module supplied is appropriately marked as a 4B or 4A module.

10. 2070 4NB Power Supply Module:

12.

The 2070 4NB Power Supply Module may be supplied as a scparate item and is an independent self contained
module. Ensure that it is vented and cooled by convection only. Provide module that slides into power supply
compartment from the back of the chassis and is attached to the Backplane mounting surface by its four TSD #3
Devices. Ensure the module supplies at least 3.5 amperes of +5VDC. Ensure the 2070 4B Power Supply Module is
compatible with Models 2070 LN1 and 2070 LN2 Controller Assemblies and is compatible with current GDOT
applications software. Ensure the connection harness PS 2 on existing units can be mated with the 4B module
supplied. Ensure the 4NB power supply module supports the NEMA TSt and TS2 Standards. A 2070 4A Power
Supply Module may be provided in place of a 4B module as long as it is labeled as such and there is no additional
cost to GDOT. Ensure the module supplied is appropriately marked as a 4NA or 4NB module,

. 2070 6B Communications Module:

The 2070 6B Communications Module is supplied as a separate item. The 6B communications module is a dual
async/modem serial module. Ensure the module supports both Serial and modem FSK communications on both of
two separate ports. Ensure the Modem data baud rate supports 0 to 9600. Ensure the module is configured to support
FSK communications on the C28 connection. Ensure it contains any configuration jumpers to be compatible with
current GDOT Applications software.

2070 7A Communications Module:

The 2070 7A Communications Module may be supplied as a separate item. The 7A communications module is a
dual async serial communications module. Ensure the module supports serial communications on both ports. Ensure
it contains any configuration jumpers to be compatible with current GDOT Applications software.

. 2070 8 Field [/O Module:

The 2070 8 Field 1/0 Module may be supplied as a scparate item. The 8 Field /O Module consists of the module
chassis, madule power supply, Field Control Unit Controller, parallel input/output ports, serial communications
circuits and module connectors. Ensure the EX1 connector is provided with appropriate mating connections to
interface with either 6B or 7A communications modulcs. Ensure the 2070 8 Field [/O module is provided with the
appropriate mating connector to mate with the C12S connector on the 2070 2B Field 1/O module. Ensure the 2070 §
Field I/0 module functions as part of a Model 2070 LLN1 controller,

14, 2070 D Panel:

The 2070 D panel is supplied as a separate item. The 2070 D panel supports the inputs and outputs of the “D”
connector provided on a 2070-8 module which is also part of a Modct 2070 LN 1. Ensure the “D” Connector pane!
supports all 61 pins with a connecting MS “D” connector and terminal blocks. Ensure the 2070 D Panel provides
adequate cable length to allow attachment in an existing NEMA Cabinet. Ensure that the terminal blocks allow for

two connections.

B. Fabrication

General Provisions 101 through 150.

C. Acceptance
{See Subsection 925.2.02 for compliance with CALTRANS QPL).

D. Materials Warranty:
(See Subsection 925.2.01.D for Materials Warranties).
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925.2.04 Cabinet Assemblies
A. Requirements
In addition to the CALTRANS Specifications, ensure that the cabinet assembly conforms to the requirements listed
below, which take precedence over conflicting CALTRANS Specifications.

I, Cabinet configuration:

Supply cabinets in accordance with these Specifications. Equip the cabinets with auxiliary equipment as follows:

a. Model 332A Cabinet:
Lower input field termination panel
1 — Model 242 DC Isolator in Slot 14 of Upper Input File
4 Flash Transfer Relays
2 — Model 204 Flashers
1- 4 Position Power Strip
1- Manual push button assembly
1- Auxiliary Output File

b. Model 336S Cabinet:
1-Model 242 DC Isolator in Slot 14 of Input File
4- Flash Transfer Relays
2-Model 204 Flashers
1- 4 Position Power Strip
1- Manual push button assembly
1-"M" Base Adapter installed (Base Mount Cabinets Only)
1-Aluminum Cover Plate for Cabinet Bottom (Pole Mount Cabinets Only)

¢. Model 337 Cabinet
3-Flash Transfer Relays
1-Mode! 204 Flasher
1- Manual push button assembly

d.  Model 334 Cabinet with Auxiliary Output File for Ramp Metering Operations
|- Output/PDA Type 3 with Model 206 24 Volt DC Power Supply with flash transfer relay
|- Model 208 Monitor Unit
1-Load Switch Model 200
1- 4 Position Power Strip
1- Lower Input Field Termination Panel
I- Detector Test Switch Panel

NOTE: Include above components in cabinet at time of delivery.

Other auxiliary cabinet components such as controllers, monitors, load switches, etc. will be ordered as separate items,

2. Finish
Use cabinets that have a bare aluminum finish (scc Subscction 925.2.04.B.1 for controller-cabinet minimum
fabrication Specifications).

3. Locks
Equip the main cabinet door with locks that accept No. 2 Corbin keys. Provide two sets of keys with each cabinet.
One set of keys is defined as one — No. 2 key and one - pofice panel key.

4. Power

Equip the cabinet assemblies with a power distribution assembly to generate AC and DC power for the electronic
components, except the DC power for the controller units. Provide the Model 332 and 3368S cabinets with a DC
isolator for stop time/flash sense, located in slot [4 of the input file.

7 of 94 Office of Traffic Operations



Section 925—Traffic Signal Equipment

5.

Mounting
Equip the cabinets for pole or base mounting, as specified in the Plans.
a. Base Mount
Supply Model 336S cabinets, when specified as base mount, with an “M” base-mounting adapter installed.

b. Pole Mount
Supply Moedecl 3368 or 337 cabinets, when specified as pole mount, with two exterior pole mounting brackets
that allow for mounting on steel, concrete, and timber poles.
Ensure that the bracket mounting holes are properly reinforced with metal plates of adequate size and strength,
welded longitudinally across the inside depth of the cabinet.
Ensure that the exterior-mounting bracket is shipped installed on the cabinet housing. Additionally, provide an
aluminum plate, which covers the bottom cabinet opcning.
Unused Phase Monitoring
Provide odd-phase reds with ballast resistor (2K, 10 watt) dummy loads. Do not wire the cabinet to monitor
pedestrian ycllow indications. When auxiliary output file is used provide resistors for overlaps.
Neatly lace, label and bundle the wiring from the signal monitor for pedestrian yellow monitoring on the back panel.

Red Monitoring

Provide a connector and terminal assembly designated as P20 for monitoring the absence of red as an integral part of
the output file. Terminate the connector and ensure compatible with the cable and C connector of a Type 2010
conflict monitor unit capable of monitoring the absence of red.

Provide the pin assignments of the P20 connector and terminal assemble with the cabinet Plans.

Ensure that the P20 connector is physically alike to the cable and connector of a Type 2010 conflict monitor unit to
prevent the absence of red cable connector from being inserted into the P20 connector 180 degrees out of alignment.

Submit details for programming of the unused red channels for approval.

. Cabinet Light

Include in each cabinet one fluorescent strip lighting fixture mounted inside the top front portion of the cabinet. Do
not use screw in type fluorescent lamp.
The fixture includes a cool white lamp, covered, and operated by a normal power factor, UL listed ballast.

Install a door-actuated switch to turn on the cabinet light when cither door is opened.
Cabinet fan and light shall be fed from 15 amp equipment breaker.

Cabinet [nterlock
Do not install the interfock circuit, as detailed in the CALTRANS Specifications.

10. Laptop Shelf

Equip each Model 334, 332A, and 336S cabinet with a hinged aluminum shelf and integrated storage compartment
mounted on the front door, inside the cabinet assembly. To allow proper ventilation throughout the cabinet, a sliding
shelf/drawer shall not be mounted in the rack assembly. The shelf shall have a smooth, non-slip surface, sufficient
for use as a writing platform and of sufficient size and stability to support a typical laptop computer when extended.
The shelf shall have rounded or insulated edges that do not have the potential to harm the user. The shelf shall lock
into place when folded for storage. Locking the shelf for storage and/or extending it for use shall not require the use

of any tool.

. Red Enable Board Cover

The Output File Assembly shall implement a hinged, clear, polycarbonate cover to protect the Red Enable Board
during normal operation. This cover shall be hinged on the left or right side. When closed, the side opposite the
hinged shall be secured to the Output File Assembly without the use of any hardwarc or tool. When tully opened,
the cover shall not inhibit the removal, replacement or configuration of the Red Enable Board. Removal and
replacement o the Red Enable Board shall not require the removal of the protective cover.

12. Power Strip

Equip each cabinet with a metal power strip (minimum of 4 outlets) to support AC power for external
communications devices in cabinet. Provide metal strip that is mounted vertically on the rear rail. Ensure that the
power strip may be uscd by block power supplies such that the block power supply does not block other outlets.
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Attach power strip to a permanent location that is easily accessible to devices in the rear of the cabinet. Provide hard
wire connection to the Cabinet AC power, controlled by a 15 amp breaker. Do not use plug in power strips.

13. Surgc Protection
Equip each cabinet with devices to protect the control equipment from surges and over voltages.

Design the surge protector panels to allow for adequate space for a wire connection and surge protector replacement
without the removal of terminal blocks or panels. Provide surge protectors for the input sections as detailed below
and as shown in the [nput Terminal and Surge Arrestor Detail.

Supply surge protectors that meet the following Specifications.
a. AC Service [nput

* Include a surge protection unit for each cabinet on the AC service input that meets or exceeds the following
requirements: Provide a hybrid type power line surge protection device on the cabinet service panel.

* [nstall the protector between the applied line voltage and earth ground.

e Use a surge protector capable of reducing the effect of lightning transient voltages applied to the AC line
that conforms to the following:

Peak surge current for an 8 x 20 us wavcform: 20,000A for 20 occurrences

Clamp voltage @ 20,000A; 280V max

Maximum continuous operating current: @ 120V /60 Hz 10A

Series Inductance: AC Line/AC Neutral - 200 micro henries
Response time: Voltage never exceeds 280V during surge
Spike suppression for +/- 700 V spike: +/- 40 V deviation from sine wave at all phases

Angles between 0 and 180 degrees.
e Provide a protector that is modular and uses a 12 pin Beau connector with the following terminals:
Main Line (AC line first stage terminal)
Main Neutral (AC neutral input terminal)
Equipment Line In (AC line second stage input terminal, 10A)
Equipment Line Out (AC line second stage output terminal, 10A)
Equipment neutral out (neutral terminal to protected equipment)
GND {Earth connection)
*  Supply a protector that is epoxy encapsulated in a flame-retardant material.
»  Configure the Equipment Line Out to provide power to the Type 2070 and to the 24 V power supply.
b. AC+ Interconnect Cable Inputs

Use a surge protection device to protect each AC interconnect line as it enters the cabinet with a surge
protection device that meets or exceeds the following requirements:

e 3-clectrode gas tube type of surge arrestor
» Siriking voltage of 300-500 V DC with a minimum holder over voltage of 155V DC

* A three terminal device, one of which is connected to ground, the other two are connected across each input
respectively
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e The units must meet the following minimum requirements:

[mpulse breakdown: Less than 100V in less than 1.1 ps at 10 kV/ps

Impuise breakdown balance:  0.01 microsecond (or less) difference at 10 kV/ps impulse

Energy application: Withstands 20A AC for one (1) second applied ten (10) times at
three (3) minute intervals on either section

Current rating: 10,000A (8 x 20 us impulse)

Capacitance: 6 pF, line to ground

c. Inductive Loop Detector Inputs

Provide surge arrestors in the cabinet as shown in Table 925-5, Table 925-7 or Table 925-9 for the applicable

cabinet. Protect each inductive loop detector channel input by an external surge protection device that meets or

exceeds the following requirements:

* A three-terminal device, two (2) of which arc connected across the signal inputs of the detector with the
third connected to the chassis ground to protect against common mode damage.

* Instantly clamps differential mode surges (induced voltage across the loop detector input terminals) via a
semiconductor array. The array appears as a low capacitance to the detector.

»  Clamps common modc surges (induced voltage between the loop leads and ground) via solid state
clamping devices.

e Withstand 25-100A surge current occurrences of a 10 x 700 ps waveform.

e  Have the following clamp characteristics:

Maximum break over voltage: 170 v
Maximum on-stage clamping voltage: 3V
Response Time: <5 ns
Off-stage leakage current: <10 pA
Capacitance: less than 220 pf
¢ Ensure that the unit also meets the following minimum requirements:
Peak surge current: 6 times
Differential mode: 400 A (8 x 20 ms)
Common mode: 1,000 A (8 x 20 ms)
Estimated occurrences: 500 @ 200 A
Response time: 40 ns
Input capacitance: 35 pF typical
Temperature: -40° F to +185° F (-40° C to 85° C)
Mounting: No. 10-32 x 3/8-inch (No. 5 x 10 mm) bolt
Clamp voltage @400 A diff. Mode: 30 V max.
Clamp voltage @1,000 A comm. Mode: 30 V max.

d. Signal Load Switches (Switchpacks)
Provide the output of all switchpacks in all output files and output/PDAs with metal oxide varistors (MOV) tied
from the AC positive field terminal to the chassis ground to protect switchpacks from surges on the AC output

lines

Ensure that these MOVs meet or exceed these requirements:

® Steady state sinusoidal voltage (RMS) rating al 50 to 60 Hz of at least 150 V at 77 °F (25 °C)

»  Steady state applied DC voltage rating of at least 200 V at 77 °F (25 °C)

o  Transient encrgy rating is of at least 80 J for a single impulse of 10/1,000 ps current waveform at 77 °F (25
OC)

e Peak current rating of 6,500 A for a single impulse of 8/20 ps waveform with the rated continuous voltage
applied

®  Varistor voltage of at least 212 V at 1.0mA of DC current applied for the duration of 20 us to Ss
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s Clamping voltage of at least 395 V with an applied 8/20 us impulse of 100 A
® Typical capacitance at a frequency of 0.1 to 1.0 MHz of 1600 pF

* Two-terminal device, one of which is connected to the AC output of the signal load switch on the output
file terminals (backside of the field terminals) with the other connected to AC neutral

Communication Inputs
Protect low voltage communications input as it enters the cabinet with a solid-state surge protection unit that
meets or exceeds these requirements:

e Dual pair (4-wire) module with a printed circuit board connector, double sided and gold plated for
reliability
*  Ability to mate with and be installed in a 10-circuit Buchanan connector Part Number PCB1B10S or Tyco
Part Number 2-1437410-3 ot equivalent
o  Usable as two independent signal pairs
e The data circuits pass through the protection in a serial fashion
¢ C2 connector of the 2070 controller that terminates on the line side of the unit
e Communication field wires for this local side that terminate on the line side of the unit
e Ground terminals connected to power ground
*  Ensure that the unit meets the following minimum requirements:
Peak surge current: 10 kA (8 x 20 ps wave shape)
500A (10 x 700 us wave shape)
Occurrences @ peak: 50 typical

Responsc time: <lns

Voltage Clamp: 8V line to line

Series Resistance: 24 O total

Temperature: -40 °F (-40 °C) to +185 'F (85 'F)

Primary protector: 3 element gas tube 5kA, (8 x 20us wave shape), per side
Secondary protector:  Silicon avalance, 1.5 kW minimum
Low Voltage DC Inputs

Provide an external surge protection device for each low voltage DC input channel which meets the same
requirements as thc communication inputs with the following exception of the Voltage clamp, which shall be 30
V line-to-line.

14. Type 2010 Signal Monitors:

a.

Introduction

This Specification sets forth the minimum requirements for a rack-mountable, sixtcen channel, solid-state 2010
Signal Monitor for Traffic Cabinet Assembly, Ensure that as a minimum, the Signal Monitor complies with all
Specifications outlined in Chapter 3 Section 6 of the California TEES, August 2002. Where differences occur,
this Specification governs. Ensure that the manufacturer of the unit is listed on the current California
Department of Transportation (CALTRANS) Qualified Products List (QPL) for signal monitors.

Provide a Signal Monitor that is capable of monitoring sixteen channels consisting of a Green input, a Yellow
input, and a Red input for each channel. Ensurc that the unit also includes the enhanced monitoring functions
described in Subsection 925.2.04.A.15.

Monitor Functions
Except for Conflict faults, compute all fault timing for each channel individually.
1.) Conflict Monitoring

Ensure that the Signal Monitor is able to detect the presence of conflicting green or yellow signal voltages
on the AC field terminals between two or more non-compatible channels. A Conflict fault (CONFLICT)
shall be a latching fault.

2.) Conflict Recognition Time
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3)

4.

5)

6.)

7.)

Ensure the Signal Monitor shall trigger when voltages on any conflicting channels are present for more
than 500 ms. Ensure that the Signal Monitor does not trigger when voltages on any conflicting channels are
present for less than 200 ms. Conflicting signals sensed for more than 200 ms and less than 500 ms may or
may not trigger the unit,

24VDC Monitoring VDC

Ensure that the Signal Monitor is able to detect that the cabinet +24 Vdc supply has fallen below 18 Vdc. A
24VDC failure (VDC FAIL) shall be a latching fault.

24VDC Recognition Time

Ensure that the Signal Monitor shall trigger when the voltage on the +24V input is below 18 Vdc for more
than 500 ms. Ensure that the Signal Monitor does not trigger when the voltage on the +24V input is below
18 Vdc for less than 200 ms. A voltage level of 122 Vdc will be required to prevent the unit from
triggering.

Controller Watchdog Monitoring

Ensure that the Signal Monitor triggers when the Watchdog input does not toggle within the programmed
time period (WDT ERROR). Ensure that the unit remains latched in the fault state until reset by the Reset

button, an External Reset input command, or AC Linc voltage restoring from an AC Line Brownout event.
Ensure that a reset resulting from an AC Line Brownout event does not clear the WDT ERROR LED.

a. Controller Watchdog Latch Option
Ensure a programming option sets the Watchdog monitoring function to a latching mode and that only
areset from the Reset button or External Reset input can clear a Watchdog fault. An AC Line
brownout condition will not reset the fault,

b. Controller Watchdog Recognition Time

Ensure 4 programming option sets the maximum Watchdog recognition time to: 1000 + or - 100 ms; or
1500 + or - 100 ms.

¢.  Controller Watchdog Enable Switch
Provide an internal switch to disable the Watchdog monitoring function. Mount the switch on the PCB
and be clearly label "WD ENABLE - ON...OFF", Ensure that placement of the switch in the OFF
position causes monitoring of the Watchdog (o be inhibited.

d. WDT ERROR LED Control
Ensure that the WD'T ERROR LED illuminates when the unit has been triggered by a Watchdog fault.
Ensure that it can only be cleared by a reset command from the front panel Reset switch or External
Reset input. If the Watchdog monitoring function is inhibited due to the Watchdog Enable switch, the
WDT ERROR LED shall flash at a 0.5 Hz rate.

AC Line Monitoring

a. AC Line Brownout Recognition
Ensure that the Signal Monitor is able to detect that the AC Line has fallen below 98 + or - 2 Vac for
greater than 400 + or - 50 ms. This shall force the output Relay to the de-energized "fault" state, cnable
the Stop-Time output, and cause the AC POWER LED to flash at a 2 Hz rate. Ensure that the unit
maintains this state until the AC Line voltage rises above 103 + or - 2 Vac for greater than 400 + or -
50 ms. Provide a jumper option which will change the AC Brownout dropout level to 92 + or - 2 Vac
and the restore level to 98 + or - 2 Vac.

b. AC Line Power-up and Brownout Delay Time

When the AC Line is greater than 103 + or - 2 volts after power-up or Brownout restore, ensure that
the Signal Monitor holds the Output Relay in the de-energized "fault" state and enable the Stop-Time
output, for a period of not less than 6.0 + or - 0.5 seconds and not greater than 10.0 | or - 0.5 seconds.
Ensure that this flash interval is terminated after at least 6.0 + or - 0.5 seconds il the Signa! Monitor
has detecled at least five transitions of the Watchdog input. If the Signal Monitor does not detect five
transitions of the Watchdog input beforc 10.0 + or - 0.5 seconds, ensure that the Signal Monitor goes to
the fault state. During this interval, ensure that the AC POWER LED flashes at a 4 Hz rate.

Red Fail Monitoring

Ensure that the Signal Monitor is able to detect the absence of an active voltage on the green and yellow
and red field signal inputs of a channel. Red Fail fault (RED FAIL) shall be a latching fault. Ensure that the
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8)

9.)

Red Fail monitoring function is enabled for all channels except when the Red Enable input is not active, or

pin #EE is active, or Special Function #1 input is active, or Special Function #2 input is active.

a. Red Fail Recognition Time
Ensure the Signal Monitor triggers when an active voltage on one of the three inputs of a channel are
absent for more than 1500 ms. Ensure that the Signal Monitor does not trigger when an active voltage
on one of the three inputs of a channel are absent for less than 1200 ms. Channels without proper
voltages sensed for more than 1200 ms and less than 1500 ms may or may not trigger the unit. Provide
an option switch (RF 2010) which will change the fault recognition time to between 700 ms and 1000
ms.

b. Red Interface Cable Fault
Ensure a programming option is provided such that opcrating without the Red [nterface cable installed
shall cause the Signal Monitor to enter the fault mode causing the Output relay contacts to close and
enabling the Stop-Time output to the controller. To indicate this fault mode, ensure that the Red Fail
indicator is illuminated with all fault channel indicators Off.

Ensure that any Red Fail preemption control to the monitor uses the Special Function inputs #1 or #2.

Dual [ndication Monitoring

Ensure that the Signal Monitor is able to detect the presence of active voltage on the green and yellow,
green and red, or yellow and red field signal inputs of a channel. GYR Dual Indication fault (DUAL [ND)
shall be a latching fault. Ensure this function is enabled on a per channel basis using dip switches mounted
on the PCB labeled "CH1" through "CH16". Ensure that the GYR Dual Indication monitoring function is
enabled for all selecied channels except when the Red Enable input is not active or pin #EE is active.

a. GY Dual Indication Monitoring
Ensure that the Signal Monitor is able to detect the presence of active voltage on the green and yellow
field signal inputs of a channel. GY Dual Indication fault (DUAL IND) shall be a latching fault.
Enable this function with a dip switch on the PCB labeled "GY ENABLE". When the switch is in the
ON position, monitor all channels for simultaneous active green and yellow inputs on a channel. When
selected by the GY ENABLE switch, ensure that the GY Dual [ndication monitoring function is
disabled when pin #EE is active.
b. Dual Indication Recognition Time
Ensure that the Signal Monitor triggers when multiple inputs are active on a channel for more than 500
ms. Ensure that the Signal Monitor does not trigger when multiple inputs are active on a channel for
less than 250 ms. Channels with multiple voltages active for more than 250 ms and less than 500 ms
may or may not trigger the unit.
Clearance (Short or Absent Yellow) Monitoring
Ensure that the Signal Monitor is able to detect that a channel has not provided an adequate Yellow
Clearance interval during a green to yellow to red sequence. A Sequence failure (SEQUENCE) shall be a
latching fault. Ensure that this function is enabled on a per channel basis using dip switches mounted on the
PCB labeled "CHI" through "CH16". Ensure that the Sequence monitoring function is enabled for all
selected channels except when the Red Enable input is not active or pin #EE is active.

10.) Clearance Recognition Time

Ensure that the Yellow Clearance interval is 2.7 seconds

11.) Flickering Indication Detection

Ensurc that the Signal Monitor provides a method of detecting Conflict, Red Fail, and Dual Indication
faults that result from intermittent or flickering field signal inputs that may not meet the duration
requirements but continue to flicker for an extended period of time. These flickering indications shall
result in a latching fault with an indication illuminated along with the resulting Conflict, Red Fail, or Dual
Indication indicator. Provide an option switch to disable this option.

12.) Configuration Change Monitoring

On power-up, reset, and periodically during operation, ensure that the Signal Monitor compares the current
configuration settings with the previously stored value and if the settings have changed, the Signal Monitor
automatically logs the new setting. Ensurc that these scttings include the permissive diode matrix, all
switches, all jumpers, and the Watchdog Enable switch.
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Provide a programming option such that any change in the configuration parameters will cause the Signal
Mouitor to enter the fault mode causing the Output relay contacts to close and enabling the Stop-Time
output to the controller. To indicate this fault mode ensure that the PCA indicator will flash at a 4 Hz rate.
Depressing the Reset button for 5 full seconds is required to clear this fault and log the new configuration
parameters.
[f the programming option is not selected, ensure that the unit does not set the fault mode but will still log
the configuration change.

13.) Program Card Ajar
Ensure that when the Programming Card is removed or not seated properly, the Signal Monitor forces the
Output Relay to the de-energized "fault" state, enable the Stop-Time output, and illuminate the PCA LED.
A reset command from the front pancl Reset switch or External Reset input is required once the Program
Card is in place.

14.) Exit Flash
When the Signal Monitor exits the flash state (Output relay de-energized) as a result of a Reset command
or AC Line brownout restore, ensure that the Stop Time output goes to the inactive state 250 + OR - 50 ms
before the Output relay transfers to the energized state. This transition will provide an carly indication to
the Controller Unit that the cabinet will transfer from flash to signal operation.

Display Functions

Ensure that it is possible to vicw the active channels for each individual color (GYR) during operation and when

latched in a fault state. When the Signal Monitor is latched in a fault state ensure that it is also be possible to

view the active channels for each individual color and fault status for each channe! for the current fault and the

two previous faults.

1) Previous Fault GYR Display
When the Signal Monitor has been triggered by a fault the channel status display will altcrnate between the
channels which were involved in the fault (fault status) for 2 seconds, and the field signals active at the
time of the fault for 6 seconds. The channels involved in the fault will flash their respective Green, Yellow,
and Red indicators simultancously at a 4 Hz rate for the 2 second interval.
The two previous faults may also be displayed individually. This status is not reset by an AC Line power
interruption. To enter this display mode remove the Program Card. The sequence is as follows:

Reset Event | PCALED Fault Status LEDs Channel Status LEDs

#1 Single flash Current Fault Status (newest) Current Field status

#1 #2 Double flash Event #2 Fault Status Event #2 Field status

#2 | #3 Triple flash Event #3 Fault Status (oldest) | Event #3 Field status
(repeats back to top)

a

Event Logging Functions

Ensure that the Signal Monitor is capable of storing in non-volatile memory a minimum of 100 events. Mark
cach event with the time and date of the event. These events consist of fault events, AC Line events, reset
events, and configuration change events. Provide a graphical means of displaying the signal states of all field
inputs for 30 seconds prior to a fault trigger event. Provide the capability to assign a four-digit identification
number to the unit shall be provided. Upload the event logs to a PC using the serial port of the Signal Monitor
and software provided by the manufacturer.

Ensure each event log report contains the following information:
e Monitor ID#: a four digit (0000-9999) ID number assigned to the monitor.
e Timc and Datc: time and date of occurrence.
e Event Number: ideatifies the record number in the log. Event #1 is the most recent event.
1) Monitor Status Report (CS)
Ensure the Current Status report contains the following information:
e Faull Type: the fault type description.

o Field Status: the current GYR field status and field RMS voltages if the monitor is not in the fault state,
or the latched field status and field RMS voltages and fault channel status at the time of the fault,
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e.

2)

3)

4)

5)

6)

e Cabinet Temperature: the current temperature if the moaitor is not in the fault state, or the latched

temperature at the time of the fault.
e  AC Line Voltage: the current AC Linc voltage if the monitor is not in the fault state, or the AC Line
voltage at the time of the fault.

e Control Input Status: the currcnt state and RMS voltages of the Red Enable input, EE input, and
Special Function #1 and #2 inputs if the monitor is not in the fault state, or the status latched at the

time of the fault.

Previous Fault Log (PF)

Ensure the Previous Faull log contains lhe following information:

e  Fault Type; the fault type description.

e Field Status: the latched field status with RMS voltages, and fault channel status at the timc of the
fault.

s Cabinet Temperature: the latched temperature at the time of the fault,
e AC Line Voltage: the AC Line voltage at the time of the fault.

° Control Input Status: the latched state of the Red Enable input, EE input, and Special Function #1 and
#2 inputs at the time of the fault,

AC Line Event Log (AC)
The AC Line log shall contain the following information:
o Livent Type: describes the type of AC Line event that occurred.
»  Power-up—AC on, monitor performed a cold start
* Interrupt—AC Line < Brownout level
® Restore—AC restored from brown-out or interruption (AC Off), no cold start
e AC Line Voliage: the AC Line voltage at the time of the event.
Monitor Reset Log (MR)
Ensure the Monitor Reset log contains the following information:

The monitor was reset from a fault by the front panel Reset button or External Reset input.

Configuration Change Log (CF)

Ensure the Configuration Change log contains the folowing information:

a.  Program Card Matrix: the permissive programming for each channel.

b. Yellow Disable Jumpers: the Yellow Disable programming for each channel.

c. Dual/Sequence Switches: the switch programming for each channel.

d. Option Switches: RF 2010, RP Disable, GY Enable, SK1 Polarity, Sequence T'iming, Minimum Flash
Enable, Configuration Fault Enable, Red Cable Fault enable, AC Brownout timing.

Walchdog Programming: Watchdog Enable, Watchdog Latch, and Watchdog timing.

Configuration CRC: A unique CRC value which is based on the configuration of items #a though #e
above.

Indicate on the log, which items have been changed since the last log entry.

oo

Signal Sequence Log

Provide a log that graphically displays all field signal states for up to 30 seconds prior to the current fault
trigger event. Ensure that the resolution of the display is at least 50 milliseconds.

Communications Functions

1))

Controller Unit Communications

Type A: Ensure that the Signal Monitor is compatible with the protocol of the current GDOT licensed
firmware for 2070 controllers and Central System Control. Ensure the 2010 Conflict Monitor supplied is
able to communicate via a serial link. to the 2010 Controller and then to a Central System using the current
licensed GDOT Central System Software for reporting, configuring and logging.
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L.

Type B: Ensure that the Signal Monitor is compatible with the protocol of the current GDOT licensed
firmware for 2070 controllers and Central System Control. Ensure the 2010 Conflict Monitor supplied is
able to communicate via a RJ-45 connector (Ethernet),

2) Personal Computer Communications
Have the manufacturer provide software to access the Signal Monitor status and event logs described in
Subsection 925.2.04.A.14.d. Ensure this software operates with current version of Microsoft Windows or
Windows XP™

Hardware

1) Red Monitoring

a.

Red Field [nputs

Ensure that the Signal Monitor is capable of monitoring sixteen Red field signals. Ensure that a Red
input is sensed active when the input voltage exceeds 70 Vrms. Ensure that a Red input is sensed not
active when the input voltage is less than 50 Vrms. A Red input may or may not be sensed active when
the input voltage is between 50 Vrms and 70 Vrms.

Red Enable [nput

Ensure that the Red Enable input provides an AC input to the unit which enables Red Monitoring, Dual
Indication Monitoring, and Sequence monitoring whcn the input is senscd active.

Ensure that the Red Enable input is sensed active when the input voltage exceeds 70 Vrms. Ensure that
the Red Enable input is sensed not active when the input voltage is less than 50 Vrms. The Red Enable
input may or may not be scnscd active when the input voltage is between 50 Vrms and 70 Vrms.

Special Function Preemption [nputs

Ensure that the Special Function Preemption inputs #1 and #2 provide an AC input to the unit which
disables only Red Fail Monitoring (Lack of Output) when either input is sensed active.

Ensure that a Special Function input is sensed active when the input voltage exceeds 70 Vrms. Ensure
that a Special Function input is sensed not active when the input voltage is less than 50 Vrms. A
Special Function input may or may not be sensed active when the input voltage is between 50 Vrms
and 70 Vrms.

Use a PCB mounted switch to providc the option to invert the active status of the Special Function #1
input. When the switch is in the ON position, ensure that the Special Function #1 input is sensed not
active when the input voltage exceeds 70 Vrms. Ensure that the Special Function #1 input is sensed
active when the input voltage is less than 50 Vrms. The Special Function #1 input may or may not be
sensed active when the input voltage is between 50 Vrms and 70 Vrms.

Red Interface Connector

This connector provides the required inputs for the unit to monitor the Red field signal outputs. Ensure
the connector is a 20 pin conneclor that mates with the P20 Cable from the output file. Provide a high
quality connector that is polarized to insure proper mating with the cable. Ensure Ejector latches are
included to facilitate removal and prevent the cable from inadvertently disconnecting. Ensure the unit
shall function as a standard 210 Signal Monitor when the cable is disconnected. Use the pin
assignments shown in Table 925-1.
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Table 925 -1 Red Interface Connector

Pin Function Pin Function

1 Channel 15 Red 11 Channel 8 Red
2 Channel 16 Red 12 Channel 8 Red
3 Channel14 Red 13 Channel 7 Red
4 Chassis Ground* 14 Channel 6 Red
5 Channel 13 Red 15 Channel 5 Red
6 Special Function #2 16 Channel 4 Red
7 Channel 12 Red 17 Channel 3 Red
8 Special Function #1 18 Channel 2 Red
] Channel 10 Red 19 Channel 1 Red
10 Channel 11 Red 20 Red Enable
*A jumper option shall be provided to allow the connection of Pin #4 to be made
with Chassis Ground

2) Front Panel

Ensure the front panel is constructed of sheet aluminum with a minimum thickness of 0.090 in. (2.286
mm), and finished with an anodized coating. Ensure the model information shall be permanently displayed
on the front surface.

a. Indicators
Ensure that all display indicators are mounted on the front panel of the Signal Monitor and are water
clear, T-1 package, Super Bright type LEDs. Ensure that all fault LEDs are red except the AC POWER
indicator which is green. Provide a separate Red, Yellow, and Green indicator for each channel. Label
the indicators and provide the information as follows:

AC POWER

Ensure the AC Power indicator flashes at a rate of 2 Hz when the unit has detected a low voltage
condition as described in Subsection 925.2.04.A.15. Ensure the AC POWER indicator flashes at a
rate of 4 Hz during the minimum flash interval as described in Subsection 925.2.04.A.15. Ensure
that the indicator illuminates when the AC Line voltage level is restored above the brownout level.
Ensure the indicator extinguishes when the AC Line voltage is less than 80 Vac.

VDC FAILED

Ensure the VDC FAILED indicator illuminates when a 24VDC fault condition is detected. This
indicator remains extinguished if the monitor has not been triggered by a 24VDC fault.

WDT ERROR

Ensure the WDT ERROR indicator illuminates when a controller Watchdog fault is detected.
Ensure the WDT Error indicator flashes ON once every 2 seconds if the WD Enable switch on the
monitor is placed in the OFF position to disable Watchdog monitoring, or the AC Line voltage is
below the Watchdog disable level.

CONFLICT

Ensure that the CONFLICT indicator illuminates when a conflicling signal fault is dctected.

DIAGNOSTIC

Ensure the DIAGNOSTIC indicator illuminates when one of the following faults is detected:
Internal Watchdog fault, Memory Test fault, or [nternal power supply fault. This indicator is
intended to inform the service technician of a monitor hardware or firmware failure.

RED FAIL

Ensure the RED FAIL indicator illuminates when an absence of signal is detected on a channel(s).
Ensure the RED FAIL indicator flashes ON once every two seconds if the RED ENABLE input is
not active, or a Special Function input is active, ot the EE input is active
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DUAL IND.

Ensure the Dual IND. indicator illuminates when a GY-Dual or GYR-Dual [ndication fault is
detected on a channel(s).

CLEARANCE

Ensure the Sequence indicator illuminates when the minimum Yellow Clearance time has not been
mct on a channel(s).

PCA

Ensure the PCA indicator illuminates if the Program Card is absent ot not properly seated.

[f the unit is in the Diagnostic Display mode, ensure the PCA indicator flashes ON (once, twice, or
three times) to indicate the fault event number being displayed. See Subscction 925.2.04.A.15.

RP DETECT

Ensure the RP DETECT indicator illuminates when the unit has detected a Conflict, Red Fail, or
Dual Indication fault as a result of recurring pulse field inputs.

CHANNEL STATUS

Ensure that during normal operation the 48 Channel Status indicators display all active signals
(Red, Green, and Yellow).

[n the fault mode, ensure that the Channe! Status indicators display all signals active at the time of
the fault for six seconds and then indicale the channels involved in the fault for 2 seconds.

Front Panel Control-Reset Button

Provide a momentary SPST Control switch labeled RESET on the unit front panel to reset the
monitor citcuitry to a non-failed state. Position the switch on the front panel such that the switch
can be operated while gripping the front panel handle. Ensure that a reset command issued from
either the front panel button or External Reset input is a one-time reset input to prevent the unit
from constant reset due to a switch failure or constant cxternal input, and causes all LED
indicators to illuminate for 300 ms.

The Resct button also provides control of the Diagnostic Display mode. For a complete
description of Diagnostic Display operation, see Subsection 925.2.04.A.15.

Serial Communications Connector

Use this connector to provide EIA-232 serial communications. Ensure that it is a high quality 9 pin
metal shell D subminiature type with female contacts. Refer to Table 925-2 for Pin assignments.

Table 925-2 Serial Communications Connector
Pin Function
1 DCD*
2 - TX DATA S
3 RX DATA
4 DTR (Data Terminal Ready)
5 SIGNAL GROUND
6 DSR
7 DSR*
B CcTs*
e — —
* Provide Jumper options to allow the connection of Pin #4 to be made with Pin #7, and the
connection of Pin #8 to be made with Pin #1.

3) Electronics
RMS Voltage Sampling

Use high speed sampling techniques to determine the true RMS value of the AC field inputs. Sample
cach AC input at least 32 times per cycle. Ensure that the RMS voltage measurement is insensitive to
phase, frequency, and waveform distortion.

a.
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b.

Internal MPU Watchdog

Use a microprocessor for all timing and contro! functions. Verify continuing operation of the
microprocessor by an independent monitor circuit, that forces the Output Relay to the de-energized
"fault” state, enable the Stop-Time output, and illuminate the DIAGNOSTIC indicator if a pulse is not
received from the microprocessor within 300 ms,

If the microprocessor should resume operation, ensure the Signal Monitor continues to operate. Ensure
that this monitoring circuit is also configurable to laich in the fault state. Ensure the unit requires a
powecr-up cycle to reset the circuit once it is triggered.

Sockets

In the interest of reliability, ensure that only the PROM memory device for the microprocessor
firmware is socket mounted. Ensure that the PROM memory socket is a precision screw machine type
socket with a gold contact finish providing a reliable gas tight seal. Low insertion force sockets or
sockets with "wiper" type contacts are not acceptable.

Internal Power Supply

Use a built-in, high-efficiency switching power supply to generate all required internal voltages.
Ensurc that all supply voltages regulated. Failure of the internal power supply to provide proper
operating voltages shall force the output Relay to the de-energized "fault” state, enable the Stop-Time
output, and illuminate the DIAGNOSTIC indicator. Provide a user replaceable slow blow fuse for the
AC Line input. Ensure the unit {s operational over the AC Line voltage range of 75 Vac to 135 Vac.
EIA-232 [nterface

Ensure the E1A-232 port interface electronics is electrically isolated from all monitor electronics
except chassis ground.

Configuration Parameters

Select user-programmed configuration settings using PCB mounted switches or jumpers. Designs
requiring a Personal Computer (PC) to program or verify the configuration parameters are not
acceptable. Ensure that user-programmed configuration settings that are transferred to memory are
stored in a programmable read-only memory (PROM or EEPROM). Designs using a battery to
maintain configuration data are not acceptable.

Field Terminal Inputs

Ensure that all 120 Vac field terminal inputs provide an input impedance of 150K SOK ohms and be
terminated with a discrete resislor having a power dissipation rating of 0.5 Waits or greater and a
voltage rating exceeding 350 volts.

Component Specifications

Ensure that all electrical components used in the Signal Monitor are rated by the companent
manufacturer to operate beyond the full unit operating temperature range of -29 F to 165 F(-34 Cto
+74 C).

Printed Circuit Boards

Ensure that all printed circuit boards meet the requirements of the California Traffic Signal Control
Equipment Specifications, January 1989, plus the following requirements to enhance reliability:

e  All plated-through holes and exposed circuit traces are plated with solder.

¢ Both sides of the printed circuit board are covered with a solder mask material.

*  The circuit reference designation for all components and the polarity of all capacitors and diodes
are clearly marked adjacent to the component. Ensure that Pin #1 for all integrated circuit
packages is designated on both sides of all printed circuit boards.

e  All electrical mating surfaces are gold plated.

e All printed circuit board asscmblies are coated on both sides with a clear moisture-proof and
fungus-proof sealant.

e All components and wire harnesses are mounted to the PCB using plated holes. "Piggy back"
connections or jumper wires are not acceptable.

15. Type 2018 Signal Monitors:

a.

Introduction
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This Specification sets forth the minimum requirements for a rack-mountable, eighteen channel, solid-state
2018 Signal Monitor for Traffic Cabinet Assembly. Ensure that as a minimum, the Signal Monitor complies
with all applicable Specifications outlined in Chapter 4 of the California TEES, January 1989, Where
differences occur, this specification governs. Ensure that the manufacturer of the unit shall is listed on the
current Caltrans QPL for signal monitors.

Provide a signal monitor that is capable of monitoring eighteen channels consisting of a Green input, a Yellow
input, and a Red input for cach channel. Ensure that the unit also includes the enhanced monitoring functions
described in 925.2.04.A.15.

Monitor Functions
1.) Conflict Monitoring
Ensure that the Signal Monitor is able to detect the presence of conflicting green or yellow signal voltages
on the AC field terminals beiween two or more non-compatible channels. A Conflict fault (CONFLICT)
shall be a latching fault. Ensure that programming of the permissive matrix is contained in the Datakey.
2.) Conflict Recognition Time
Ensure the Signal Monitor triggers when voltages on any conflicting channels are present for more than
500 ms. Ensurc that the Signal Monitor does not trigger when voltages on any conflicting channels are
present for less than 200 ms. Conflicting signals sensed for more than 200 ms and less than 500 ms may or
may not trigger the unit.
3.) 24VDC Monitoring
Ensure that the Signal Monitor is able (o delect that the cabinet +24 Vdc supply has fallen below 18 Vdc. A
24VDC failure (VDC FAIL) shall be a latching fault.
4.) 24VDC Recognition Time
Ensure that the Signal Monitor shall trigger when the voltage on the +24V input is below 18 Vdc for more
than 500 ms. Ensurc that the Signal Monitor does not trigger when the voltage on the 124V input is below
18 Vdc for less than 200°ms. A voltage level of +22 Vdc will be required to prevent the unit from
triggering.
5.) Controller Watchdog Monitoring
Ensure that the Signal Monitor triggers when the Watchdog input does not toggle within the programmed
time period (WDT ERROR). Ensure that the unit remains latched in the fault state until rcset by the Reset
button, an External Reset input command, or AC Line voltage restoring from an AC Line Brownout event,
Ensure that a reset resulting from an AC Line Brownout event does not clear the WDT ERROR LED.
a. Controller Watchdog Latch Option
Ensure a Datakey programming option sets the Watchdog monitoring function to a latching mode and
that only a reset from the Reset button or External Reset input can clear a Watchdog fault. Ensure that
an AC Line brownout condition does not reset the fault.
b. Controller Watchdog Recognition Time
Ensure a Datakey programming option sets the maximum Watchdog recognition time to 1000 + or -
100 ms; or 1500 + or - 100 ms,
c. Controller Watchdog Enable Switch
Provide an internal switch to disable the Watchdog monitoring function. Mount the switch on the PCB
and be clearly label "WD ENABLE - ON...OFF". Ensure that placement of the switch in the OFF
position causes monitoring of the Watchdog to be inhibited.
d. WDT ERROR LED Control
Ensure that the WDT ERROR LED illuminates when the unit has been triggered by a Watchdog fault.
Ensure that it can only be cleared by a reset command from the front panel Reset switch or External
Reset input. If the Watchdog monitoring function is inhibited due to the Watchdog Enable switch, the
WDT ERROR LED shall flash at a 0.5 Hz rate.
6.) AC Line Monitoring
a. AC Line Brownout Recognition

Ensure that the Signal Monitor is able to detect that the AC Line has fallen below 98 + or - 2 Vac for
greater than 400 + or - 50 ms. This shall force the output Relay to the de-energized "fault” state, enable
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the Stop-Time output, and cause the AC POWER LLD to flash at a 2 Hz rate. Ensure that the unit
maintains this state until the AC Line voltage rises above 103 + or - 2 Vac for greater than 400 + or -
50 ms. Provide a jumper option which will change the AC Brownout dropout level to 92 + or - 2 Vac
and the restore level to 98 + or - 2 Vac.

AC Line Power-up and Brownout Delay Time

When the AC Line is greater than 103 + or - 2 volts after power-up or Brownout restore, ensure that
the Signal Monitor holds the Output Relay in the de-energized "fault" state and enable the Stop-Time
output, for a period of not less than 6.0 + or - 0.5 seconds and not greater than 10.0 + or - 0.5 seconds.
Ensure that this flash interval is terminated after at least 6.0 + or - 0.5 seconds if the Signal Monitor
has detected at least five transitions of the Watchdog input. (f the Signal Monitor does not detect five
transitions of the Watchdog input before 10.0 + or - 0.5 seconds, ensure that the Signal Monitor goes to
the fault state. During this interval, ensure that the AC POWER LED flashes at a 4 Hz rate.

Ensure that the Datakey Minimum [lash Time parameter has a range of zero and from six to sixteen
seconds.

7.) Red Fail Monitoring

Ensure that the Signal Monitor is able to detect the absence ot an active voltage on the green and yellow
and red field signal inputs of a channel. Red Fail fault (RED FAIL) shall be a latching fault. Ensure that the
Red Fail monitoring function is enabled in the Datakey on a per channel basis except when the Red Enable
input is not active, or pin #EL is active, or Special Function #! input is active, or Special Function #2 input
is active,

8.)

a.

Red Fail Recognition Time

Ensure the Signal Monitor triggers when an active voltage on one of the three inputs of a channel are
absent for more than 1500 ms. Ensure that the Signal Monitor does not trigger when an active voltage
on one of the three inputs of a channel are absent for less than 1200 ms. Channels without proper
voltages sensed for more than 1200 ms and less than 1500 ms may or may not trigger the unit. Ensure
that a Datakey Red Fail Timing option is provided which will change the fault recognition time
between 700ms and 1000 ms.

Red Interface Cable Fault

Ensure a Datakey programming option is provided such that operating without the Red Intcrface cable
installed shall cause the Signal Monitor to enter the fault mode causing the Output relay contacts to
close and enabling the Stop-Time output to the controller. To indicate this fault mode, ensure that the
Red Fail indicator is illuminated with all fault channe! indicators Off.

Ensure that any Red Fail preemption control to the monitor uses the Special Function inputs #1 or #2.

Dual Indication Monitoring

Ensure that the Signal Monitor is able to detect the presence of active voltage on the green and yellow,
green and red, or yellow and red field signal inputs of a channel. GYR Dual Indication fault (DUAL IND)
shall be a latching fault. Ensure this function is enabled in the Datakey on a per channel basis for Green and
Yellow combinations, Green and Red combinations, and Yellow and Red combinations. Ensure that the
GYR Dual Indication monitoring function is enabled for all selected channels except when the Red Enable
input is not active or pin #EE is active.

a.

GY Dual Indication Monitoring

Ensure that the Signal Monitor is able to detect the presence of active voltage on the green and yellow
field signal inputs of a channel. GY Dual Indication fault (DUAL IND) shall be a latching fault.
Enabte this function with a dip switch on the PCB labeled "GY ENABLE". When the switch is in the
ON position, monitor all channels for simultaneous active green and yellow inputs on a channel, When
selected by the GY ENABLE switch, ensure that the GY Dual Indication monitoring function is
disabled when pin #EE is active.

Dual [ndication Recognition Time

Ensure (hat the Signal Monitor triggers when multiple inputs are active on a channel for more than 500
ms. Ensure that the Signal Monitor does not trigger when multiple inputs are active on a channel for
less than 250 ms. Channels with multiple voltages active for more than 250 ms and less than 500 ms
may or may not trigger the unit.

9.) Clearance (Short or Absent Yellow) Monitoring
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Ensure that the Signal Monitor is able to detect that a channel has not provided an adequate Yellow
Clearance interval during a green to yellow to red sequence. A Sequence failure (SEQUENCE) shall be a
latching fault. Ensure that this function is enabled in the Datakey on a per channel basis. Ensure that the
Sequence monitoring function is enabled for all selected channels except when the Red Enable input is not
active or pin #CL is active.

10.) Clearance Recognition Time
Ensure that the Yellow Clearance interval is 2.7 seconds

11.) Flickering Indication Detection
Ensure that the Signal Monitor provides a method of detecting Conflict, Red Fail, and Dual Indication
faults that result from intermittent or flickering field signal inputs that may not meet the duration
requirements but continue to flicker for an extended period of time. These flickering indications shall result
in a latching fault with an indication illuminated along with the resulting Conflict, Red Fail, or Dual
Indication indicator. Insure a programming option is provided in the Datakey to disable the RP Detect
function,

12.) Configuration Change Monitoring
On powet-up, reset, and periodically during operation, ensure that the Signal Monitor compares the current
conliguration settings with the previously stored value and if the settings have changed, the Signal Monitor
automatically logs the new setting. Ensure that these settings include the permissive diode matrix, all
switches, all jumpers, and the Watchdog Enable switch.
Provide a programming option such that any change in the configuration parameters will cause the Signal
Monitor to enter the fault mode causing the Output relay contacts to close and enabling the Stop-Time
output to the controller. To indicate this fault mode ensure that the PCA indicator will flash at a 4 Hz rate.
Depressing the Reset button for 5 full seconds is required to clear this fault and log the new configuration
parameters.
[f'the programming option is not selected, ensure that the unit does not set the fault mode but will stilt log
the configuration change.

13.) Program Card Ajar
Ensure that when the Programming Card is removed or not seated properly, the Signal Monitor forces the
Output Relay to the de-energized "fault" state, cnablc the Stop-Time output, and illuminate the PCA LED.
A reset command from the front panel Reset switch or External Reset input is required once the Program
Card is in place.

14.) Datakey Error
Ensure that when the Datakey is removed or when a nonvalid Datakey is inserted, the Signal Monitor
forces the Output Relay to the de-energized fault state, enables the Stop-Time output, and illuminates the
KEY indicator. Ensure that a reset command from the front panel Reset switch or External Reset input is
required once a valid Datakey is in place. Ensure that failure to read the Datakey correctly results in a
Datakey Error illuminating the KEY indicator.

15.) Exit Flash
When the Signal Monitor exits the flash state (Output relay de-energized) as a result of a Reset command
or AC Linc brownout restore, ensure that the Stop Time output goes to the inactive state 250 | OR - 50 ms
before the Output relay transfers to the energized state. This transition will provide an early indication to
the Controller Unit that the cabinet will transfer from flash to signal operation.

Display Functions

1) Ensure that it is possible to view the active channels for each individual color (GYR) during operation and

when latched in a fault state, When the Signal Monitor is latched in a fault state ensure that it is also be possible

to view the active channels for each individual color and fault status for each channel for the current fault and

the two previous faults.

2) Previous Fault GYR Display

When the Signal Monitor has been triggered by a fault, the channel status display will alternate between the
channels which were involved in the fault (fault status) for 2 seconds, and the ficld signals active at the
time of the fault for 6 seconds. The channels involved in the fauit will flash their respective Green, Yellow,
and Red indicators simultaneously at a 4 Hz rate for the 2 second interval.
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The two previous faults may also be displayed individually. This status is not reset by an AC Line power
interruption. To enter this display mode remove the Datakey. The sequence is as follows:

Reset Event | PCALED Fault Status LEDs Channel Status LEDs
#1 Single flash Current Fault Status (newest) Current Field status
# #2 | Double flash | Event #2 Fault Status Event #2 Field status
#2 #3 Triple flash Event #3 Fault Status (oldest) | Event #3 Field status

(repeats back to top)

To exit this display mode, replace the Datakey.

d. Event Logging Functions
Ensure that the Signal Monitor is capable of storing in non-volatile memory a minimum of 100 events, Mark
each event with the time and date of the event. These events consist of fault events, AC Line events, reset
events, and configuration change events. Provide a graphical means of displaying the signal states of all field
inputs for 30 seconds prior to a fault trigger event. Provide the capability to assign an eight-digit identification
number to the unit shall be provided. Upload the event logs to a PC using the serial pott of the Signal Monitor
and software provided by the manufacturer.
Ensure each event log report contains the following information:
e Monilor ID#: an eight digit (0-99999999) ID number assigned to the monitor.
¢ Time and Date: time and date of occurrence.
e Event Number: identifies the record nurber in the log. Evenl #1 is the most recent event.
1) Monitor Status Report (CS)

Ensure the Current Status report contains the following intormation:

e Fault Type: the fault type description.

e  Field Status: the current GYR field status and field RMS voltages if the monitor is not in the fault state,
or the latched field status and field RMS voltages and fault channel status at the time of the fault.

¢ Cabinet Temperature: the current temperature if the monitor is not in the fault state, or the latched
temperature at the time of the fault.

e AC Linc Voltage: the current AC Line voltage if the monitor is not in the fault state, or the AC Line
voltage at the time of the fault.

e Control Input Status: the current state and RMS voltages of the Red Enable input, EE input, and
Special Function #1 and #2 inputs if the monitor is not in the fault state, or the status latched at the
time of the fault.

2) Previous Fault Log (PF)

Ensure the Previous Fault log contains the following information:

e  Fault Type: the fault type description.

e  Field Status: the latched field status with RMS voltages, and fault channel status at the time of the
fault.

e  (Cabinet Temperalure: the latched temperature at the time of the fault.

* AC Linc Voltage: the AC Line voltage at the time of the fault,

e Control Input Status: the latched state of the Red Enable input, EE input, and Special Function #1 and

#2 inputs at the time of the fault.
3) AC Line Event Log (AC)
The AC Line log shall contain the following information:
e Event Type: describes the type of AC Line event that occurred.
= Power-up—AC on, monitor performed a cold start
* [nterrupt—AC Line < Brownoul level
* Restore—AC restored from brown-out or interruption (AC Off), no cold start

¢ AC Line Voltage: the AC Line voltage at the time of the event.
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4)

5)

6)

Monitor Reset Log (MR)

Ensure the Monitor Reset log contains the following information:

a. EventType: The monitor was reset from a fault by the front panel Reset button or External Reset
input.

b. 'I'i?ne and Date: the time and date of the event.

Configuration Change Log (CF)

Ensure the Configuration Change log contains the following information:

a. Datakey Contents and any additional programming parameters resulting from hardware configuration
settings.

b.  The log shall indicate which items have been changed since the last log entry.

c. Timeand Date: the time and date of the event.

Signal Sequence Log

Provide a log that graphically displays all field signal states for up to 30 seconds prior to the current fault
trigger event. Ensure that the resolution of the display is at least 50 milliseconds.

Communications Functions

1) Controller Unit Communications
Type A: Ensure that the Signal Monitor is compatible with the protocol of the current GDOT licensed
firmware for 2070 controllers and Central System Control. Ensure the 2018 Conflict Monitor supplied is
able to communicate via a serial link to the 2010 Controller and then to a Central System using the current
licensed GDOT Central System Software for reporting, configuring and logging.
Type B: Ensure that the Signal Monitor is compatible with the protocol of the current GDOT licensed
firmware for 2070 controllers and Central System Control. Ensure the 2018 Conflict Monitor supplied is
able to communicate via a RJ-45 connector (Ethernet).

2) Personal Computer Communications
Have the manufacturer provide software to access the Signal Monitor status and event logs described in
Subsection 925.2.04.A.14.d. Ensure this software operates with current version of Microsoft Windows or
Windows XP™

Hardware

1) Monitor Configuration Programming

Ensure a monitor parameter programming is provided in a removeable and interchangeable Datakey

nonvolatile memory device mounted on the front panel.

a. Monitor Unit Serial Memory Key
Ensure that the monitor has a Datakcy'™ modcl KC4210 Keycepticle'™ socket or equal mounted on the
front panel containing a Datakey'™ model LCK4000-RED serial memory key or equal. Ensure that the
serial memory key is rated for —40 to +80 °C operation. (Note; Datakey'™ and Keycepticle'™ are
registered trademarks of Datakey Electronics, Inc.)

b.  Monitor Unit Serial Memory Key Interface
Ensure that the Signal Monitor does not provide the capability to program the serial memory key. It
shall be used only as a read only device. Ensure that the 16 bit Frame Check Sequence (FCS)
procedure defined in clause 4.6.2 of [SO/IEC 3309 is used to verify the integrity of the read data.
Ensure that failure to read the serial memory key correctly results in a latched Diagnostic fault.
Ensure that interface circuitry to the Datakey utilizes the LOFO switch on the serial memory key
sockel to ensure the device is removed and inserted with no power applied to the interface pins (i.e.
dead socket).

c. Datakey Programming Tool
Ensure the programming tool provides all the electronics necessary to read data from and write data to
the Datakey device. Ensurc the programmer is configured to Read and Write to the Datakey model
L.CK4000 which provides 512 bytes of storage. Ensure power for the programming tool is obtained
from the personal computer communications port so that no external power supply source is required.

d. Datakey Programming Software

Ensure that the manufacturer provides software to operate the Datakey Programming Tool.
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Ensure that the Datakey programming parameters are stored in a Windows file format according to
currently used Signal Monitor identification number and name.
Parameter Forms
Ensure that a parameter form is provided for each programmable Signal Monitor function. Ensure that
Signal Monitor configuration data is entcred on a parameter form and then saved to the main data
buffer image. When all parameter forms are completed ensure that a Write function transfers the
contents of the data buffer to the nonvolatile memory of the Datakey device. Ensure that reading the
contents of a Datakey device sets the parameters of cach form for review or modification,
Datakey Parameter Verify
Ensure that a Datakey Parameter Verify function is provided that compares the contents of a Datakey
device with parameters in the data buffer. The data buffer parameters may be set by changing
parameters on the forms, reading the contents of a Datakey device, or loading a set of parameters from
a file.
Initial Parameter Setup Wizard
Ensure that an Initial Parameter Setup wizard is provided that defines and sets a basic set of parameters
for a new Datakey setup. Ensure that the wizard asks a series of questions describing basic intersection
setup and develop a templatc for the following set of parameters:

1. Red Fail Monitoring

2. Dual Indication Monitoring

3. Clearance Monitoring

4. Yellow Disable
Parameter Check Wizard
Ensure that a Parameter Check wizard is provided that will apply a set of basic configuration rules to
the data buffer and provide a warning that configuration conflicts or inconsistencies may exist.
Parameter Reports
Ensure that the contents of the data buffer are displayed in a hex format for numerical analysis. A text
report shall also be printed that specifics all parameter settings.

Red Monitoring

a.

Red Field [nputs

Ensure that the Signal Monitor is capable of monitoring sixtcen Red field signals. Ensure that a Red
input is sensed active when the input voltage exceeds 70 Vrms. Ensure that a Red inpul is sensed not
active when Lhe input voltage is less than 50 Vrms. A Red input may or may not be sensed active when
the input voltage is between 50 Vrms and 70 Vrms.

Red Enable Input

Ensure that the Red Enable input provides an AC input to the unit which enables Red Monitoring, Dual
[ndication Monitoring, and Sequence monitoring when the input is sensed active.

Ensure that the Red Enable input is sensed active when the input voltage exceeds 70 Vrms. Ensure that
the Red Enable inpul is sensed not active when the input voltage is less than 50 Vrms. The Red Enable
input may or may not be sensed active when the input voltage is between 50 Vrms and 70 Vrms.

Special Function Preemption [nputs

Ensure that the Special Function Preemption inputs #1 and #2 provide an AC input to the unit which
disables only Red Fail Monitoring (Lack of Qutput) when either input is sensed active.

Ensure that a Spccial Function input is sensed active when the input voltage exceeds 70 Vrms. Ensure
that a Special Function input is sensed not active when the input voltage is less than 50 Vrms. A
Special Function input may or may not be sensed active when the input voltage is between 50 Vrms
and 70 Vrms,

Ensure that a programming option is provided in the Datakey to invert the active status of the Special
function #1 input. When the the option is enabled, ensure that the Special Function #1 input is sensed
not active when the input voltage exceeds 70 Vrms. Ensure that the Special Function #1 input is sensed
active when the input voltage is less than 50 Vrms. The Special Function #1 input may or may not be
sensed active when the input voltage is between 50 Vrms and 70 Vrms.

Red Interface Connector
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This connector provides the required inputs for the unit to monitor the Red field signal outputs. Ensure
the connector is a 20 pin connector that mates with the P20 Cable from the output file. Provide a high
quality connector that is polarized to insure proper mating with the cable. Ensure Ejector latches are
included to facilitate removal and prevent the cable from inadvertently disconnecting. Ensure the unit
shall function as a standard 210 Signal Monitor when the cable is disconnected. Use the pin
assignments shown in Table 925-1,

Table 925 -1 Red Interface Connector

Pin Function Pin Function

1 Channel 15 Red 11 Channel 9 Red
2 Channel 16 Red 12 Channel 8 Red
3 Channel14 Red 13 Channel 7 Red
4 Chassis Ground* 14 Channel 6 Red
5 Channel 13 Red 15 Channel 5 Red
6 Special Function #2 16 Channel 4 Red
7 Channel 12 Red 17 Channel 3 Red
8 Special Function #1 18 Channel 2 Red
9 Channel 10 Red 19 Channel 1 Red
10 Channel 11 Red 20 Red Enable

*A jumper option shall be provided to allow the connection of Pin #4 to be made
with Chassis Ground,

3) Front Panel

Ensure the front panel is constructed of sheet aluminum with a minimum thickness of 0.090 in. (2.286

mm), and finished with an anodized coating. Ensure the model information shall be permanently displayed

on the front surface.

a. Indicators
Ensure that all display indicators are mounted on the front panel of the Signal Monitor and are water
clear, T-1 package, Super Bright type LEDs. Ensure that all fault LEDs are red except the AC POWER
indicator which is green. Provide a separate Red, Yellow, and Green indicator for each channel. Label
the indicators and provide the information as follows:

¢« ACPOWER

Ensure the AC Power indicator flashes at a rate of 2 Hz when the unit has detected a low voltage
condition as described in Subsection 925.2.04.A.15. Ensure the AC POWER indicator flashes at a
rate of 4 Hz during the minimum flash interval as described in Subscction 925.2.04.A.15. Ensure
that the indicator illuminates when the AC Line voltage level is restored above the brownout level.
Ensure the indicator extinguishes when the AC Line voltage is less than 80 Vac.

e VDCFAILED
Ensure the VDC FAILED indicator illuminates when a 24VDC fault condition is detected. This
indicator remains extinguished if the monitor has not been triggered by a 24VDC fault.

¢ WDT ERROR

Ensure the WDT ERROR indicator illuminates when a controller Watchdog fault is detected.
Ensure the WDT Error indicator flashes ON once every 2 seconds if the WD Enable switch on the
monitor is placed in the OFF position to disablc Watchdog monitoring, or the AC Line voltage is
below the Watchdog disable level.

« CONFLICT
Ensure that the CONFLICT indicator illuminates when a conflicting signal fault is detected.

¢  DIAGNOSTIC

Ensure the DIAGNOSTIC indicator illuminates when one of the following faults is detected:
Internal Watchdog fault, Memory Test fault, or Internal power supply fault. This indicator is
intended to inform the service technician of a monitor hardware or firmware failure.
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RED FAIL

Ensure the RED FAIL indicator illuminates when an absence of signal is detected on a channel(s).
Ensure the RED FAIL indicator flashes ON once every two seconds if the RED ENABLE input is
not active, or a Special Function input is active, or the EE inpul is active

DUAL IND.

Ensure the Dual IND. indicator illuminates when a GY-Dual or GYR-Dual Indication fault is
detected on a channel(s).

SEQUENCE

Ensure the Sequence indicator illuminatcs when the minimum Yellow Clearance time has not been
met on a channel(s).

PCA

Ensure the PCA indicator illuminates if the Program Card is absent or not properly scated.

If the unit is in the Diagnostic Display mode, ensure the PCA indicator flashcs ON (once, twice, or
three times) to indicate the fault event number being displayed. See Subsection 925.2.04.A.15.

RP DETECT

Ensure the RP DETECT indicator illuminates when the unit has detected a Conflict, Red Fail, or
Dual Indication fault as a result of recurring pulse field inputs.

CHANNEL STATUS

Ensure that during normal operation the 48 Channel Status indicators display all active signals
(Red, Green, and Yellow).

[n the fault mode, ensure that the Channel Status indicators display all signals active at the time of
the fault for six seconds and then indicate the channels involved in the fault for 2 scconds.

Front Panel Control-Resct Button

Provide a momentary SPST Control switch labeled RESET on the unit front panel to reset the
monitor circuitry to a non-failed state. Position the switch on the front panel such that the switch
can be operated while gripping the front panel handle. Ensure that a reset command issued from
either the front panel button or External Reset input is a one-time reset input to prevent the unit
from constant reset due to a switch failure or constant external input, and causes all LED
indicators to illuminate for 300 ms,

The Reset button also provides control of the Diagnostic Display mode. For a complete
description of Diagnostic Display operation, see Subsection 925.2.04.A.15.

Serial Communications Connector

Use this connector to provide E1A-232 serial communications. Ensure that it is a high quality 9 pin
metal shell D subminiature type with female contacts. Refer to Table 925-2 for Pin assignments.

Table 925-2 Serial Communications Connector

Pin Function

1 o DCD*

2 TX DATA

3 RX DATA

4 DTR (Data Terminal Ready)

5 - 'SIGNALGROUND -
6 - DSR

7 DSR*

8 CTS*

9 NC

* Provide Jumper options to allow the connection of Pin #4 to be made with Pin #7, and the
connection of Pin #8 to be made with Pin #1.

4) Electronics
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a. RMS Voltage Sampling
Use high speed sampling techniques to determine the true RMS value of the AC field inputs, Sample
each AC input at least 32 times per cycle. Ensurc that thc RMS voltage measurement is insensitive to
phase, frequency, and waveform distortion.

b. Internal MPU Watchdog
Use a microprocessor for all timing and control functions. Verify continuing operation of the
microprocessor by an independent monitor circuit, that forces the Output Relay to the de-energized
"fault” state, enable the Stop-Time output, and illuminate the DIAGNOSTIC indicator if a pulse is not
received from the microprocessor within 300 ms.
[f the microprocessor should resume operation, ensure the Signal Monitor continues to operate. Ensure
that this monitoring circuit is also configurable to latch in the fault state. Ensure the unit requires a
power-up cycle to reset the circuit once it is triggered.

c.  Sockets
In the interest of reliability, ensure that only thc PROM memory device for the microprocessor
firmware is socket mounted. Ensure that the PROM memory socket is a precision screw machine type
socket with a gold contact finish providing a reliable gas tight seal. Low insertion force sockets or
sockets with "wiper" type contacts are not acceptable.

d. Internal Power Supply
Use a built-in, high-efficiency switching power supply to generate all required internal voltages.
Ensure that all supply voltages regulated. Failure of the internal power supply to provide proper
operating voltages shall force the output Relay to the de-energized "fault” state, enable the Stop-Time
output, and illuminate the DIAGNOSTIC indicator. Provide a user replaceable slow blow fuse for the
AC Line input. Ensure the unit is operational over the AC Line voltage range of 75 Vac to 135 Vac.

e. Oulput Relay
Ensure the Signal Monitor Qutput Relay provides both normally open and normally closed contacts.
Ensure a programming option is provided to select the polarity of the EE input to accommodate the
flash drive voltage state drive on pin EE.

f. EIA-232 Interface
Ensure the E[A-232 port interface electronics is electrically isolated (rom all monitor electronics
except chassis ground.

g. Configuration Parameters
Select user-programmed configuration settings using PCB mounted switches or jumpers. Designs
requiring a Personal Computer (PC) to program or verify the configuration parameters are not
acceptable. Ensure that user-programmed configuration settings that are transferred to memory are
stored in a programmable read-only memory (PROM or EEPROM). Designs using a battery to
maintain configuration data arc not acceptable.

h. Field Terminal Inputs
Ensure that all 120 Vac field terminal inputs provide an input impedance of 150K 50K ohms and be
terminated with a discrete resistor having a power dissipation rating of 0.5 Watts or greater and a
voltage raling exceeding 350 volls.

i.  Component Specifications
Ensure that all electrical components used in the Signal Monitor are rated by the component
manufacturer to operate beyond the full unit operating temperature range of -29 F to 165 F(-34 Cto
+74 Q).

j- Printed Circuit Boards
Ensure that all printed circuit boards meet the requirements of the California Traffic Signal Control
Equipment Specifications, January 1989, plus the following requirements to enhance reliability;
e All plated-through holes and exposed circuit traces are plated with solder.

e Both sides of the printed circuit board are covered with a solder mask material.
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e The circuit refercnce designation for all components and the polarity of all capacitors and diodes
are clearly marked adjacent to the component. Ensure that Pin #1 for all integrated circuit
packages is designated on both sides of all printed circuit boards.

e All electrical mating surfaces are gold plated.

e All printed circuit board assemblies are coatcd on both sides with a clear moisture-proof and
fungus-proof sealant.

. All components and wire harnesses are mounted to the PCB using plated holes. "Piggy back"
connections or jumper wires are not acceptable.

16. Model 208 Monitor Unit
Provide Model 208 Monitor Unit in accordance with CALTRANS TEES and the following. Provide monitor that is
on the CALTRANS QPL and provides the pin assignment as shown in Table 925-3.
The Model 208 Monitor Unit shall reliably sense and cause a relay output contact (FAILED STATE) when
monitoring the following:

a.

A Watchdog Timer (WDT) Timeout Condition

Cabinet +24 VDC Power Supply below specified threshold

WDT Circuitry shall be provided to monitor a controller unit output line state routed to the monitor unit at its

assigned pin. The WDT Circuitry shall sense any line state change and the time between the last change. No

state change for 1.5 + 0.1 seconds shall cause a FAILED state. The timer shall reset at each state change in a

NON FAILED state,

1) Only the Unit Reset or a WDT inactive due to the voltage sense shall reset the WDT from a FAILED state.

2) AFAILED state caused by the WDT shall illuminate a front panel indicator light label “WDT ERROR”,
The indicator shall remain ON until Unit Reset [ssuance.

3) The WDT Circuitry shall sense the incoming VAC Line and when the voltage falls below 98 £ 2VAC for
50 + 17 ms shall inhibit the WDT Function. When the WDT Circuitry sensed the incoming VAC Line rise
above 103 + 2VAC for 50 + 2ms thc WDT shall become active. A hysteresis between the Voltage Inhibit
and the Voltage Active Setting shall be a minimum of 3 Volts.

Power Supply Monitor Requirements

1) The monitor unit shall sense the Cabinet +24 YDC Power Supply Output Voltage.

2) Voltages sensed at +18 VDC or below for a duration of 500 ms or longer shall cause a FAILDED state.

3) Voltages sensed at+22 VDC or above shall NOT cause a FAILED state.

4) Voltages sensed below +22 VDC for a duration of 200 ms or less shall NOT cause a FAILED state.

5)  All timing and voltages conditions other than those specified above may or may not cause a FAILED state.

6) A FAILED state caused by sensing the power supply shall illuminate a front panel indicator light labeled
“VDC FAILED”. The indicator shall remain ON unti! Unit Reset.

7) Only Unit Reset shall reset the power supply sense citcuitry from a FAILED state.

FAILED State Output Circuits

1) An electro-mechanical relay shall be provided to switch an output circuit during a FAILED state, The relay
coil shall be energized in a NON FAILED State.

2) The relay contacts shall be rated for a minimura of 3 amperes at 120 VAC and 100,000 operations. Contact
opening /closing time shall be 30 ms or less.

Monitor Unit Reset

1) A momentary SPST CONTROL switch labeled “RESET™ shall be provided on the unit front panel to reset
the monitor unit circuitry to a NON FAILED state. The switch shall be so positioned on the front panel that
the switch can be operated while gripping the front panel handle.

2) The unit shall be provided with provision to drive an external NE2H light through a 56K Ohm, % Watt
Series resistor (resident on unit)

3) The PDA Type 3 WDT Reset [nput shall not be sensed by the unit

4) The output relay CONTACT FOR FAILED STATE shall be OPEN,
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Table 925-3 Pin Assignments For Model
208 Monitor Unit
PIN FUNCTION
1144 DC Ground
2/43 WDT Ext. Reset
5/40 WDT IN
10/35 +24 VDC
15/30 AC-
“17758 o _NormaII;_Open, C_ir_c #E |
19/26 AC+
20/25 Normally Closed, Circ. #1
21/24 Circ. Common #1 & #2
22/23 WDT Lamp (External)
N_O'I_'E:a! conn_eztor I:e;ea;etw-é-en pin;2_&_3,_ |
and pins 11 & 12

17. Model 242 DC Isolator
Provide Model 242 DC [solators that are in accordance with the latest version of CALTRANS Specifications as
referenced earlicr in this section. Provide isolators that:

Allow the 242 isolator input signal polarity to easily be inverted without the use of tools. Acceptable methods
are removable jumpers or dip switches. Unacceptable methods are soldering or desoldering a diode or resistor.

Output is OFF for input voltages greater than 12 volts;
Output is ON for voltages of less than 8 volts that have a duration of at Icast 5 to 25 ms (optional 2-7 ms);

Minimum output pulse width is 100 ms with a valid input (can be disabled);

Output is optically isolated open collector NPN transistor;

Capable of sinking 50 ma when on;

Can register a new input within 25 ms of the old signal going away; and

Output clamped on power up and down
Compatible with 2070 controllers and latest version of CALTRANS TEES including errata
18. Model 200 Switchpack
Provide Model 200 Switchpacks that are in accordance with the latest version of CALTRANS Specifications as
referenced earlier in this section.
19. Model 204 Flasher Unit
Provide Model 204 Flasher Units that are in accordance with the lalest version of CALTRANS Specifications as
referenced earlier in this section.
20. Flash Transfer Relay
Provide Flash Transfer Relays that are in accordance with the latest version of CALTRANS Specifications as
refetenced earlier in this section.
21. Cabinet Model 332A
Ensure surge protection conforms to Table 925-5 Required Surge Arrestors for Model 332A Cabinct.
Supply Model 332A (lower input panel) cabinets, with housing Type 1B, and all components as described in these
Specifications.

Supply cabinets having two input files which conform to the CALTRANS Specifications and configured to accept
two 2070 controllers in the top portion of the cabinet. Ensure the cabinet has two shelves provided for controller(s).
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Configure the cabinet for dial up communications. Mount a two (2) circuit Buchanan connector on the right side
panel (from rear door).

Mount a phone jack with a RJ 11 connector above or to the right of the Buchanan terminal block.

Wire the phone jack to the Buchanan and to the Terminal Block (TBO) in accordance with Figure 925-2,

A manual jack shall be installed inside the cabinet. The jack shall intermate with a three circuit 1/4 inch (6.35 mm)
diameter phone plug. The tip and ring (middle) circuits of the jack shall-be connected to the logic ground and the
interval advance inputs of controller unit. When the manual hand cord is plugged into the jack and the pushbutton is
pressed, logic ground shall be connected to the interval advance input of the controller unit.

A Manual ON- OFF Switch shall be provided on the police panel which grounds thc Manual Control Enable (C1 Pin
53) input to the controller whenever the switch is in the ON position and advance input (C1 Pin 80).

A manual pushbutton with cord shall be provided. The cord shall have a minimum length of 6 feet ( [.8 m). It shall
have a 1/4 inch (6.35 mm) diameter, three circuit plug connected to one end and a manual pushbutton enclosed in a
hand held enclosure at the other end. A complete cycle (push-release) of the manual pushbutton shall terminate the
controller unit interval which is active except the vehicular yellow and all red clearance intervals. Cycling the push-
button during the vehicular yellow or all red clearance intervals shall not terminate the timing of those intervals.
Ensure that the cabinet is configured with an Auxiliary Output File. Additionally, the field wiring terminals may be
mounted on the rear of the input file.

22. Cabinet Model 336S (Base Mount)

23.

This unit meets the CALTRANS Specification with the addition of approximately 6 additional inches (150 mm) of
cabinct height exclusive of the "M" base adapter. Configure the internal component layout so that the additional
space is available in the bottom area of the cabinet cage. Ensure that the field wiring input panels and surge
protection conform to Table 925-6 Model 3368 Default [nput File Assignment Detail and Table 925-7 Required
Surge Arrestors for Model 3368 Cabinet.

Ensure that the C1 connector harness is provided with pins for all 104 inputs and outputs from the controller.

A manual jack shall be installed on the police panel. The jack shall intermate with a three circuit 1/4 inch (6.35 mm)
diameter phone plug. The tip and ring (middle) circuits of the jack shall-be connected to the logic ground and the
interval advance inputs of controller unit. When the manual hand cord is plugged into the jack and the pushbutton is
pressed, logic ground shall be connected to the interval advance input of the controller unit.

A Manual ON- Off Switch shall be provided on the police panel which grounds the Manual Contro! Enable (Cl Pin
53) input to the controller whenever the switch is in the ON position

A manual pushbutton with cord shall be provided. The cord shall have a minimum length of 3 feet (0.9 m). It shall
have a 1/4 inch (6.35 mm) diameter, three circuit plug connected to one end and a manual pushbutton enclosed in a
hand held enclosure at the other end. A complete cycle (push-release) ol the manual pushbutton shall terminate the
controller unit interval which is active except the vehicular yellow and all red clearance intervals. Cycling the push-
button during the vehicular yellow or all red clearance intervals shall not terminate the timing of those intervals.

Cabinet Model 336S (Pole Mount)
Ensure that this unit meets the requirements of Subsection 925.2.04.A.22 above, except that the cabinet is
configured for pole mounting as specified in the General Requirements for Type 170 Cabinet Assemblies.

24. Cabinet Model 3368 (Basc Mount with Auxiliary Output File)

25.

Ensure that this unit meets the requirements of Subsection 925.2.04.A.22 above, except that the cabinet is
configured with an Auxiliary Output File. Additionally, the field wiring terminals may be mounted on the rear of the
input file.

Cabinet Model 337

The Model 337 cabinet is a compact cabinet with an output capacity of four vehicle phases plus two pedestrian
phases; the dimensions not to exceed 17 inches (425 mm) deep x 20 inches (500 mm) wide x 35 inches (875 mm)
high and its shipping weight not to exceed 175 pounds (80 kg).

Supply the cabinet assembly with capacity for 11, two-channel slots in the input file.

Ensure that the pin assignments of the C1 connector are compatible with the 2070 controller as applicable according
to the required number of input/outputs.

Ensure that the 337 cabinet uses standard Type 170 input and output file units.
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Equip the cabinet with a C2 connector harness with field terminals protected with surge protectors for
communication inputs as specified under communications inputs.
Ensure that the cabinet has two full-size doors to allow complete access from the front or back of the cabinet. Design
the rack assembly to mount in CALTRANS standard rails to allow for a Model 204 flasher.
Provide a receptacle to accept the plug in power distribution assembly card guides and edge connectors for the input
file card guides to support the conflict monitor, and load switches and flash transfer relays.
Due to the compact design of this cabinet assembly, the Department of Transportation may accept a non-standard
type of power distribution assembly (PDA),
26. Cabinet Model 334 with Auxiliary Output File for Ramp Metering Operations
The Controller Cabinet shall comply with the CALTRANS Traffic Signal Equipment Specifications (1989), Model
334 Cabinet Specifications (Chapter 6). DO NOT use the February 1993 Amendments for Specifications for the
Model 334C Cabinet. Do use the Specification Clarifications dated December 20, 1993,
Provide Cabinet configured as shown in Figure 925-1.
Provide Detector Test Switch Panel, Before providing cabinet submit Detector Switch Test panel design and
mounting location for approval. Panel shall include one switch for each of the 13 detector inputs.
a. The Detector Test Switch Panel shall be mounted in the cabinet on the rails. The panel shall be fabricated from
brushed aluminum.,
b. Each switch will be labelled as to function. The label shall be silkcreened on the test panel and be at least V4
inch in height.
c. A three position switch shall be provided for each detector input. The switch shall function as follows:
e Down (Momentary) — Call is placed into the controller on the appropriate input in parallel with field input
e  Up (Lock) — Call is placed into the controller on the appropriatc input in paralle! with field input.
s Center (Lock) — Normal Operation field output of detector is connected to the controller unit.
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Figure 925-1 Typical 334 Cabinet Configuration

B. Fabrication

1. Cabinet
The signal cabinet shall be manufactured of aluminum with a minimum thickness of 0.125 inches (3 mm).

Ensure that the cabinet exterior has a smooth, uniform “bare” aluminum finish with all joints between adjoining
cabinet components (sides and bottom) continuously welded on the outside to preveat the intrusion of moisture and
dust.

Ensure that all welds arc free of cracks, blow holes and other irregularities.

Ensure that shelves inside the cabinet are vented in order to allow circulation of air throughout the cabinet.
Required shelves include but are not limited to those used for the input file, output file, and PDA.

Use a cabinet door that is double flanged on all four sides to prevent the entry of dirt and liquids when the door is
open.

Install a one-piece gasket formed around the door opening to insurc a weather tight seal when the door is secured.
Attach the door to the cabinet housing by a continuous tamper proof hinge.
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Equip each cabinet with a Corbin #2 lock and one key. Police panel type locks are not acceptable.
Install an aluminum back panel in the cabinet, mounted on standoffs, to facilitate mounting of internal components.
Install exterior aluminum mounting brackets, which extend a minimum of 1.75 inches (44 mm) and a maximum of
2.5 inches (63 mm) from the top and bottom of the cabinet.
Use brackets that extend across the full width of the cabinet back on the top and bottom.
Provide these brackets with holes for mounting to a flat surface with screws and vertical slots for banding to steel,
concrete or wooden signal poles.

C. Acceptance

Refer to Subsection 925.2.02 for compliance with CALTRANS QPL.

D. Materials Warranty
Refer Subsection 925.2.01.D for Materials Warranties.
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Table 925 — 4 Mode! 332 Default Input Files Assignment Detail

Upper  [Siot 1 2 3 4 5 6 7 B 9 10 111 12 |13 |14
Input File [Type Det |Det  |Det Det [Det |[Det |Det |Det [Det DC [bC [DC
(1) Channel |C1 Pin 56 39 63 a7 58 41 65 49 60 80 |67 |68 |61
1
Function Ph1 Ph2 Ph2 Ph2 Fh3 Ph4 Pha Pha Ph1 [INT Ph2 |Ph6 |FLASH
CALL CALL ADV __|PED |PED
Fietd TB-2 |[TB-2 [1B2 |1B-4 [1B4 [1B8-4 |18-6 |[T8-6 |[1B-6 NC  [TB-8 [TB-8 [NC
Term 1,2 5.6 9,10 1.2 5.6 9,10 1.2 5,6 9.10 46 7.9
Channel |C4 Pin 56 43 76 47 58 45 78 49 62 53 B9 70 B2
2
Function Ph1 Ph2 Ph2 Ph2 Ph3 Pnh4 Ph4 Ph4 Ph3 MCE |[Pn4 |Ph8 STOP
CALL CALL PED |PED |TIME
Field B2 |TB2 |TB-2 TB-4 |rB-4 |TB-4 [TB-6 [TB-6 [TB-6 NC TB-8 [TB-B |NC
Term 3.4 7.8 11,12 |34 78 11,12 |34 7.8 11,12 56 |89
Lower  |[Slot 1 2 3 4 5 8 7 8 9 10 1 12 |13 |14
Input File |Type Det |Det  |Det Det [Det |[Det |[Det |[Det |Det TBA |TBA |[DC
(J) Channel |C1 Pin 55 a0 |64 % |57 |az |6 Js0 |59 7 P2 T
1
Function Phs  [Ph6  [Ph6 Ph6 [Ph7 [P [Phe  [Phe  |Phs EVA [EvB [RR
CALL CALL
Field TB-3 TB-3 TB-3 TB-5 TB-5 TB-5 8-7 TB-7 TB-7 T8-9 |TB-9 |TB-9
Term 1.2 5,6 9,10 1.2 56 9,10 1,2 5.6 9,10 4.6 7.9 10,12
Channel |C1 Pin 55 44 77 48 57 46 79 50 61 75 73 74 {52
2
Function PhS Phe Ph6 Phé Ph7 Ph8 Ph8 Ph8 Ph7 EVC |EVD
CALL CALL
Field T8-3 {83 |83 |85 |85 |tB5 [TB7 [TB7 [TB-7 T8-9 [18-9 [TB-9
Term 3.4 7.8 1112 |34 7.8 11.12 (3.4 7.8 11,12 56 |88 [|11.12
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Table 925-5 Required Surge Arrestors for Model 332 Cabinet

Field Terminal Block Terminals Required Arrestor

TB-8 1-12 Section 925 2.04 A13.f

TB-9 10-12 Section 9252 04 A 13 f

TB-9 4-9 Terminal Block only Section 925.2.04 A 13.f
TB-2, TB-3, TB-4, TB-5. TB-6, TB-7 1-12 Section §25.2 04.A 13 ¢

BUCHANAN

TERMINAL BLOCK

@

%)

Red Yellow
= B
I—@ ®
Green Black

1 ‘i“*—\;

TERMINAL BLOCK

Note: For a typical signal installation, the Mode! 332 cabinet is the design standard
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Figure 925-2—Wiring Diagram for Dial-up Communications
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Table 925-6 Model 336S Default Input File Assignment Detail
Slot 1 2 3 4 5 6 7 8 9 10 11 12 (13 [14
Type Det (Det [Det |Det |Det (Det |Det [Det |DC (TBA (TBA |[DC [DC |DC
Channel ‘01 Pin 56 39 58 41 55 40 57 42 51 71 72 67 68 81
1
IFunction |Ph1 |Ph2 [Ph3 |Ph4 [Ph5 |Ph6é |Ph7 |Ph8 |SE1 |EVA |EVB |Ph2 |Ph6 |[FLASH|
PED |PED
Field TB-7 |TB-7 |TB-7 |TB-8 |TB-8 |TB-8 |TB-9 [TB-9 [TB-5|TB-5 [TB-5 |TB-4|TB-4 |[NC
Term 12 |56 [9.10 [1,2 |56 9,10 [12 |56 [1.2 |56 [9.10 [t.2 |56
Channel |C1 Pin 47 43 49 45 48 44 50 46 52 73 74 69 70 82
2
Function [Ph2 |Ph2 |Ph4 [Ph4 [Ph6 |Ph6 |Ph8 |Ph8 |[R/R |[EVC |EVD |Ph4 |Ph8 |STOP
CALL CALL CALL CALL PED [PED |TIME
|Field T8-7 |TB-7 |TB-7 (TB-8 |[TB-8 [TB-8 |TB-9 |[TB-9 |TB-5 |TB-5 (TB-5 [TB-4 |[TB-4 [NC
Term 34 |78 |11,12(34 (78 [11,12[34 |78 [34 (78 [11,12[34 |78
Table 925-7 Required Surge Arrestors for Model 3368 Cabinet
Field Terminal Terminals | Required Arrestor
Block
TB-4 1-12 Section 925.2.04 A 13.1
TB-5 14 Section 925 2.04 A 13 f
TB-5 5-12 Terminal Block only Section 925.2.04 A.13 f
TB-7, TB-8, TB-9 1-12 Section 925 2.04.A.13.¢c
Table 925-8 Model 334 Default Input File Assignment Detail
Slot 1 2 3 4 5 6 7 8 9 10 (11 12 (13 [14
Type Det |Det |Det [Det [Det |Det |Det (Det |Det |Det [Det |[TBA |TBA [TBA
|Channel C1 Pin 46 50 49 55 51 57 59 61 81 79 53 41 43 45
1
i Function | L1 | L2 | L1 | L3 | L1 | L2 | (3] La 3
D1 D2 Q1 Q3 | MLA | MLA | MLA | MLA D3
Field TB-2|TB-2| TB-2 |TB-3 | TB-3 | TB-3 | TB-4 | TB-4 | TB-4 | TB-5| TB-5| TB-5 | TB-6 | TB-6
Term 12 | 56 |910 |12 |56 |910| 12 |56 |910| 12| 56910 12 | 56
Channel C1 Pin 39 47 48 56 52 58 60 62 80 82 | 54 40 42 44
2
Function L1 L2 L2 L1 L2 L3 L4 L3
P1 P2 Q2 MLB | MLB | MLB | MLB P3
Field TB-2|TB-2| TB-2 |TB-3|TB-3 | TB-3 (TB-4 | TB-4 | TB-4 | TB-5|TB-5| TB-5 | TB-6 | TB-6
Term 34|78 (111234 | 78 |11,12| 34 | 78 [1112| 34 | 7.8 |11,12| 3.4 | 7,8

Table 925-9 Required Surge Arrestors for Model 334 Cabinet

Field Terminal Terminals | Required Arrestor
Block
TB-2, TB-3, TB-4 1-12 Section 925.2.04.A.13.c
TB-5 1-4 Section 925.2.04.A 13.c
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Table 925 - 10 Model 334 PDA Type 3 Output File

SP1 SP 2 SP3
C1 | Out Field | C1 | Out Field | C1 | Out Field
Pin | # Conn | Func | Term | Pin | # Conn | Func | Term | Pin | # Conn | Func | Term
Sp Warn Lane Lane
R 2 0 C6-1 1 T4-7 4 2 C6-3 1R T4-4 7 5 C6-6 5R T4-1
SP Lane Lane
Y 37 34 C6-9 T4-8 5 3 C6-4 1Y T4-5 8 6 C6-7 2y T4-2
SP Warn Lane Lane
G 3 1 C6-2 2 T4-9 6 4 C6-5 16 T4-6 9 7 C6-8 2G T4-3
Table 925 - 11 Model 334 Auxiliary Output File
SP9 SP 10 SP 11
C1 | Out Field | C1 | Out Field | C1 | Out Field
Pin | # Conn | Func | Term | Pin | # Conn | Func | Term | Pin | # Conn | Func | Term
SP Lane Not Not )
R 97 53 C5-14 3R A124 | 94 50 C5-11 Used A121 91 48 C5-9 used A114
SP Lane Not Not
v 98 54 C5-15 3y A125 | 95 51 C5-12 Used A122 101 | 37 C5-18 e A115
SP Lane Not Not
G 99 55 C5-16 3G A126 | 96 52 C5-13 . A123 | 93 49 C5-10 ey A116
SP 12 SP 13 SP 14
C1 | Out Field | C1 | Out Field | C1 | Out Field
Pin | # Conn | Func | Term | Pin | # Conn | Func | Term | Pin | # Conn | Func | Term
SP Not Not Not
R 88 45 C5-6 used A111 | 85 42 C5-3 used A104 | 83 40 C5-1 used A101
SPlgg |46 |c57 [ N9 |a112 e |43 [cs4 | MO [at0s [100 |36 | 517 | NOt | Ato2
Y used used used
SP g0 |47 |cse |Not la113 |e7 |44 |cs5s [N |at06 |84 |41 [cs2 [N | At03
G used used used
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925.2.05 Type ITS Cabinet Assemblies
A. Requirements

Ensure that the cabinet assembly meets the requirements of the CALTRANS Specifications as described in this
document. In addition to the CALTRANS Specitfications, ensure that the cabinet assembly conforms to the requirements

listed below, which take precedence over conflicting CALTRANS Specifications.

1. Cabinet configuration:

Supply cabinets in accordance with the following information and table 925-12.
a. Cabinet Traffic Signal Application - Series 340
e 340 - 4 Door Cabinet with “P” Base Ground Mount

e 342 -2 Door Cabinet with “170” Base (332) Ground Mount
s 346 - 2 Door Cabinet with 170" Base (336S), Adaptor Mount

b. Cabinet Traffic Management Application - Series 350

e 354 - 2 Door Cabinet with “170” Base (332) Ground Mount
e 356 -2 Door Cabinet with “170” Base (336S) Adaptor Mount

Table 925-12 ITS Cabinet Configurations

Items

ITS Cabinet Versions

340

342

346 | 354 | 356

Housing # 1/ Cage #1

Qty

K

Qty

_,_QtY _ Qty IQty

Housing # 2/Cage #2
' _}-l_ousir_fg #3/Two Cage #1

"J" Panel Cage #1

NI

)" Panel Cage #2

Service Panel Assembly with AC -/EG Bus

Raw/Clean AC power Assembly
Raw Clean AC power Extension

AC Clean Module Assembly

DC Power/Comm Assembly

DC Power/Comm Extension

Laptop Shelf Assembly

Input Assembly

Six Pack Output Assembly

-
a2 - Al Al s

Fourteen Pack output Assembly

PDA ITS Assembly
Control/Serial Bus harness

Serial Bus 3 Harness

wm..\_n_\mMNN_n_s;_x_s

Al | o

alal ol o
I
o

NOTE: Input Assembly shall include a Model 218 STU. Output Assembly shall include a Model 218 SIU,
Model 214 AMU and Model 205 Transfer Relays. The PDA ITS (Traffic Signal Application) shall include
two Model 204 Flasher Units, Model 212 CMU and two Model 216 Power Supply Units and attached
harnesses. The PDA ITS (Traffic Management System Application) shall include Model 212 CMU and
two Model 216 Power Supply Units and attached harnesses.

¢. Model 340 Cabinet:
» Field termination panels
e O Flash Transfer Relays
e 2 —Model 204 Flashers
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e Specific Equipment Layout and other cabinet devices determined on a project specific basis
d. Model 342 Cabinet:
e 1-Model 242 DC Isolator
e  6- Flash Transfer Relays
e 2-Model 204 Flashers
e. Model 346 Cabinet
e [-Model 242 DC Isolator
e  6-Flash Transfer Relays
e 2-Model 204 Flasher
e |-"M" Basec Adapter installed (Base Mount Cabinets Only)
s |-Aluminum Cover Plate for Cabinet Bottom (Pole Mount Cabinets Only)
e Model 354 Cabinet:
e Specific Equipment Layout and additional cabinet equipment determined on a project specific basis.
s Model 356 Cabinet
s Spccific Equipment Layout and additional cabinet cquipment determined on a project specific basis.
s |-"M" Base Adapter installed (Base Mount Cabinets Only)
¢ [-Aluminum Cover Plate for Cabinet Bottom (Pole Mount Cabinets Only)

bote: Include above components in cabinet at time of delivery.

Other auxiliary cabinet components such as controllers, load switches, etc. will be ordered as separate items.

2. Finish
Use cabinets that have a bare aluminum finish (see Subsection 925.2.04.B.1 for controller-cabinet minimum
fabrication specifications).
3. Locks
Equip the main cabinet door with locks that accept No. 2 Corbin keys. Provide two sets of keys with each cabinet.
One set of keys is defined as one — No. 2 key and one - police panel key.
4. Power
Equip the cabinet assemblies with an ITS power distribution assembly to generate AC and DC power for the
electronic components, except the DC power for the controller units.
5. Mounting
Equip the cabinets for pole or base mounting, as specified in the Plans.
a. Base Mount
Supply Model 346 and 356 cabinets, when specified as base mount, with a “M” base-mounting adapter
installed.
b. Pole Mount
Supply Model 346 and 356 cabinets, when specified as pole mount, with two exterior pole mounting brackets
that allow for mounting on steel, concrete, and timber poles.
Ensure that the bracket mounting holes are properly reinforced with metal plates of adequate size and strength,
welded longitudinally across the inside depth of the cabinet.
Ensure thal the exterior-mounting bracket is shipped installed on the cabinet housing. Additionally, provide an
aluminum plate, which covers the bottom cabinet opening.
6. Cabinet Light
Include in each cabinet one fluorescent strip lighting fixture mounted inside the top front portion of the cabinet. Do
not use a screw in type fluorescent lamp.
The fixture includes a cool white lamp, covered, and operated by a normal power factor, UL listed ballast.
[nstall a door-actuated switch to turn on the cabinet light when either door is opened.
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7. Cabinet Interlock
Do not install the interlock circuit, as detailed in the CALTRANS Specifications.

8. Laptop Shelf
Equip each Model 334, 332A, and 3368 cabinet with a hinged aluminum shelf and integrated storage compartment
mounted on the front door, inside the cabinet assembly. To allow proper ventilation throughout the cabinet, a sliding
shelf/drawer shall not be mounted in the rack assembly. The shelf shall have a smooth, non-slip surface, sufficient
for use as a writing platform and of sufficient size and stability (o support a typical laptop computer when extended.
The shelf shall have rounded or insulated edges that do not have the potential to harm the user. The shelf shall lock
into place when folded for storage. Locking the shelf for storage and/or extending it for use shall not require the use
of any tool.

9. Red Enable Board Cover
The Output File Assermbly shall implement a hinged, clear, polycarbonate cover to protect the Red Enable Board
during normal operation. This cover shall be hinged on the left or right side. When closed, the side opposite the
hinged shall be secured to the Output File Assembly without the use of any hardware or tool. When fully opened,
the cover shall not inhibit the removal, replacement or configuration of the Red Enable Board. Removal and
replacement of the Red Enable Board shall not require the removal of the protective cover.

10. Test Program
Supply each cabinet with a diagnostic test program, which verifies the operation of the cabinet. Ensure (hal the
program can test cabinet wiring related to the output file, input file, and police panel and flash switches. [n addition,
ensure that the program can check the operation of the SIU, AMU and CMU by generating all possible conflicts, in
sequence.

|

—_—

. Surge Protection
Equip each cabinet with devices to protect the control equipment from surges and over voltages.

Design the surge protector panels to allow for adequate space for a wire connection and surge protector replacement
without the removal of terminal blocks or pancls. Provide surge protectors for the input sections as detailed below
and as shown in the Input T'erminal and Surge Arrestor Detail.

Supply surge protectors that meet the following Specifications.
a.  AC Service [nput
e Include a surge protection unit for each cabinet on the AC service input that meets or exceeds the following
requirements:

* Provide a hybrid type power line surge protection device on a service panel which plugs into a 12 pin
Beau Connector which mounts on a service panel.

o Install the protector between the applied line voltage and earth ground. Use a surge protector capable of
reducing the effect of lightning transient voltages applied to the AC line that conforms to the following:

=  Peak surge current for an 8 x 20 ps waveform:

= 20,000A for 20 occurrences

*  Clamp voltage @ 20,000A

* 280V max

= Maximum continuous operating current:

= @ I120V/60Hz I0A

=  Series Inductance:

®=  AC Linc/AC Neutral - 200 microhenries

= Response time:

=  Voltage never exceeds 280V during surge

= Spike suppression for +/- 700 V spike:

= 1/- 40 V deviation from sine wave at all phases angles between 0 and 180 degrees.
e Provide a protector with the following terminals:

®*  Main Line (AC line first stage terminal)

=  Main Neutral (AC neutral input terminal)
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s Equipment Line In (AC line second stage input terminal, 10A)

= Equipment Line Out (AC line second stage output terminal, 10A)

*  Equipment neutral out (neutral terminal to protected equipment)

»  GND (Earth connection)

Supply a protector that is epoxy encapsulated in a flame-retardant material.

Configure the Equipment Line Out to provide power to the Type 2070 and to the 24 V power supply.

Inductive Loop Detector Inputs
Protect each inductive loop detector channel input by an external surge protection device that meets or exceeds
the following requirements:

A three-terminal device, two (2) of which are connected across the signal inputs of the detector with the
third connected to the chassis ground to protect against common mode damage.

[nstantly clamps differential mode surges (induced voltage across the loop detector input terminals) via a
semiconductor array. The array appears as a low capacitance to the detector.

Clamps common mode surges (induced voltage between the loop leads and ground) via solid state
clamping devices.
Withstand 25-100A surge current occurrences of a 10 x 700 us waveform.

Have the following clamp characteristics:

Maximum break over voltage: 170V

Maximum on-stage clamping voltage: 3V

Response Time: <5 ns

Off-stage leakage current: <10 pA

Capacitance: less than 220 pf

Ensure that the unit also meets the following minimum requirements:

Peak surge current: 6 times

Differential mode: 400 A (8 x 20 ms)

Commeon mode: 1,000 A (8 x 20 ms)

Estimated occurrences: 500 @ 200 A

Response time: 40 ns

Input capacitance: 35 pF Lypical

Temperature: -40° F to +185° F (-40° C to 85° C)
Mounting; No. 10-32 x 3/8-inch (No. 5 x 10 mm) bolt
Clamp voltage @ 400 A diff. Mode: 30 V max.

Clamp voltage @ 1,000 A comm.. Mode: 30 V max.

Signal Load Switches (Switchpacks)
Provide the output of the switchpack in the output file with transient protection via the nine position transient
protection device in the output file. Protect switchpacks from surges on the AC output lines.

Ensure that the transient protectors mect or exceed these requirements:

Steady state sinusoidal voltage (RMS) rating at 50 to 60 Hz of at least 150 V at 77 °F (25 °C)

Steady state applied DC voltage rating of at least 200 V at 77 °F (25 °C)

Transient energy rating is of at least 80 J for a single impulse of 10/1,000 ps current waveform at 77 °F (25
OC)

Peak current rating of 6,500 A for a single impulse of 8/20 ps waveform with the rated continuous voltage
applied

Varistor voltage of at least 212 V at 1.0mA of DC current applied f{or the duration of 20 ps to 5s
Clamping voltage of at least 395 V with an applied 8/20 ps impulse of 100 A

Typical capacitance at a frequency of 0.1 to 1.0 MHz of 1600 pF
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s  Two-terminal device, onc of which is connected to the AC output of the signal load switch on the output
file terminals (backside of the fteld terminals) with the other connected to AC neutral

Communication [nputs
Protect low voltage communications input as it enters the cabinet with a solid-state surge protection unit that
meets or exceeds these requirements:

e Dual pair (4-wire) module with a printed circuit board connector, double sided and gold plated for
reliability

e  Ability to mate with and be installed in a 10-circuit Buchanan connector Part Number PCBIB10S or T'yco
Part Number 2-1437410-3 or equivalent

e  Usable as two independent signal pairs
» The data circuits pass through the protection in a serial fashion
e C2 connector of the 2070 controller that terminates on the line side of the unit
o  Communication field wires for this local side that terminate on the line side of the unit
e Ground terminals connccted to power ground
e  Ensure that the unit meets the following minimum requirements:

Peak surge current: 10 kA (8 x 20 ps wave shape)

500A (10 x 700 ps wave shape)
Occurrences @ peak: 50 typical

Response time: <Ins

Voltage Clamp: 8V line to line

Series Resistance: 24 Q total

Temperature -40 °F (-40 *C) to +185 °F (85 °F)

Primary protector: 3 element gas tube 5kA, (8 x 20us wave shape), per side
Secondary protector: Silicon avalance, 1.5 kW minimum

Low Voltage DC Inputs

Provide an external surge protection device for each low voltage DC input channel which meets the same
requirements as the communication inputs with the following exception of the Voltage clamp, which shall be 30
V line-to-line.

12. Type 212 ITS Cabinet Monitor Unit

a.

[ntroduction

Supply each cabinet with Type 212 [TS Cabinet Monitor Unit (CMU). Ensure the Type 212 CMU meets the
CALTRANS TEES Specifications and functions as a unit with the a Type 214 Auxiliary Monitor Unit to
provide the following monitoring functions: Cabinet Power Supplies,; Conflicting Channel Monitor, Serial

Busl and 3 Error; Message 62; Diagnostic Error; Multiple Channel Inputs; Lack of Signal Inputs; Yellow
Clearance; Yellow plus Red Clearance; Police and Power Distribution Switch Monitor; door Switches and Main
Contactor Status; Circuit Breakers; Flash Unit Output Status; and AC Line Level Sense. Ensure the Unit
supplied is listed on the most recent California Department of Transportation Qualified Products List (QPL).

Configuration

Supply Type 212 CMU capable of monitoring up to 28 physical load switch channels (RYG) plus 4 virtual
channels for a total of 32 channels.

Programming

Ensure complete programming of the Type 212 CMU is by an interchangeable Datakey nonvolatilc memory
device. The Datakey shall store all of the configuration parameters. Ensure the programming of the datakey can
easily be accomplished by a PC and provide datakey and programming device with the delivery of the first unit
ordered. Orders of multiple ITS cabinets require delivery or | programming device with PC software for every
10 cabinets.
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Logging

Ensure the Type 212 CMU maintains a non-volatile event log recording. The complete intersection status as
well as previous fault events, AC Line events, configuration changes, monitor resets, cabinet temperature and
true RMS voltages for all field inputs. A real time clock time shall stamp each log event with the time and date.
Ensure a Signal Sequence History Log is stored in nonvolatile memory. The information stored in the signal
sequence log shall provide graphic displays of up to 30 seconds of signal status prior to the fault trigger event
with 50 ms resolution.

The Type 212 CMU shall be provided with PC Software that allows a review of status, event log review and
archival.

13. Type 214 ITS Auxiliary Monitor Unit

a.

Introduction

Supply each [TS cabinet output assembly with a Type 214 TS Auxiliary Monitor Unit (AMU). Ensure the
Type 214 CMU meets the CALTRANS TEES Specifications and functions with the a Type 212 Cabinet
Monitor Unit to provide cabinet monitoring functions to perform the following monitoring functions: Cabinet
Power Supplies, Conflicting Channel Monitor, Serial Bus 1 and 3 Error; Message 62; Diagnostic Error;
Multiple Channel [nputs; Lack of Signal Inputs; Yellow Clearance; Yellow plus Red Clearance; Police and
Power Distribution Switch Monitor; door Switches and Main Contactor Status; Circuit Breakers; Flash Unit
Output Status; and AC Line Level Sense. Easure the Unit supplied is listed on the most recent California
Department of Transportation Qualified Products List (QPL). The Type 214 AMU shall provide the field signal
sensing.

Current Monitoring

Supply Type 214 AMU capable of operating in a 14 channel mode or a 6 channel mode. Ensure the address
select is correct for the output assembly in which the Model 214 AMU is installed.

Diagnostics
Ensure the Type 214 AMU has self diagnostic tests that execute continuously to provide for cotrect operation to
properly monitor the current for use with LED signal heads.

14. Type 218 ITS Serial Interface Unit

a.

Introduction

Supply each input and output assembly with a Type 218 ITS Serial Interface Unit (SIU). Ensure the Type 218
ITS SIU supplied meets the CALTRANS TEES Specifications. Ensure the Unit supplied is listed on the most
recent California Department of Transportation Qualified Products List (QPL). The Type 218 ITS SIU shaxll
provide the interface between the 2070 controller and the input and output files.

Configuration

Supply Type 218 SIU capable of operating in all input and output modes. Provide a Model 218 SIU that is
configured correctly for the input or output file for which it is supplied.

Programming

Ensure programming of the Type 218 S1U is programmed by assembly mounted address jumpers and that no
other setup is required.

Diagnostics

Ensure the Type 218 SIU supplied has a complcte set of internal diagnostics self-tests run continuously to
monitor critical components of the unit. Provide unit with a front panel LED indicator that can be used to report

the current Input/Output assembly address assignment of the unit for cabinet configuration verification. Ensure
unite has a diagnostic ETA-232 port on the front panel to interface with the SIU 218 functions.

15. Model 242 DC Isolator
Provide Model 242 DC Isolators that are in accordance with the latest version of CALTRANS Specifications as
referenced earlier in this section. Provide isolators that:

Allow 242 isolator input signal polarity to easily be inverted without the use of tools. Acceptable methods are
removable jumpers or dip switches. Unacceptable methods are soldering or desoldering a diode or resistor,

Output is OFF for input voltages greater than 12 volts;
Output is ON for voltages of less than 8 volts that have a duration of at least 5 to 25 ms (optional 2-7 ms);
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¢ Minimum output pulse width is 100 ms with a valid input (can be disabled);
e QOutput is optically isolated open collector NPN transistor;
e Capable of sinking 50 ma when on;
»  Can register a new input within 25 ms of the old signal going away; and
e OQOutput clamped on power up and down

16. Model 200 Switchpack
Provide Model 200 Switchpacks that are in accordance with the latest version of CALTRANS Specifications as
referenced earlier in this section.

17. Model 204 Flasher Unit
Provide Model 204 Flasher Units that are in accordance with the latest version of CALTRANS Specifications as
referenced earlier in this section.

18. Flash Transfer Relay
Provide Flash Transfer Relays that are in accordance with the latest version of CALTRANS Specifications as
referenced earlier in this section.

19. Cabinet Model 342
Provide Cabinet Model 342 that meets the CALTRANS Specification with the addition of surge protection as
detailed in Table 925-13 Model 342 [TS Cabinet Default [nput Files Assignment Detail, Table 925-14 Required
Surge Arrestors for Model 342 ITS Cabinet, and Table 925-15 Model 342 & 346 ITS Cabinet Default Output File
Assignment Detail.
Supply Model 342 with lower input panel cabinets, with housing Type 1, and all components as described in these
Specifications.
Supply cabinets having two input files which conform to the CALTRANS Specifications and configured to accept
two 2070 controllers in the top portion of the cabinet.
Configure the cabinet for dial up communications. Mount a two (2) circuit Buchanan connector on the right side
panel (from rear door).
Mount a phone jack with a RJ11 connector above or to the right of the Buchanan terminal block.
Wire the phone jack to the Buchanan and to the Terminal Block (TBO) in accordance with Figure 925-3.

20. Cabinet Model 346 (Base Mount)

This unit meets the CALTRANS Specification with the addition of approximately 6 additional inches (150 mm) of
cabinet height exclusive of the "M" base adapter. Configure the internal component layout so that the additional
space is available in the bottom area of the cabinet cage. Ensure that the field wiring input panels and surge
protection conform to Table 925-16 Model 346 ITS Cabinet Default Input File Assignment Detail, Table 925-17
Required Surge Arrestors for Model 346 Cabinet, and Table 925-15 Model 342 & 346 Default [TS Cabinet Default
Output File Assignment.

21. Cabinet Mode! 346 (Pole Mount)
Ensure that this unit meets the requirements of Subsection 925.2.04.A.19 above, except that the cabinet is
configured for pole mounting as specified in the General Requirements for Type 1TS Cabinet Assemblies.
22. Cabinet Model 340
The Model 340 cabinet configuration will be determined by the special provisions of the project.

Ensure that the input and output port assignments are compatible with the 2070 controller as applicable according to
the required number of input/outputs. Ensure that the 340 cabinet uses standard ITS cabinet input and output file
units.

Equip the cabinet with a C2 connector harness with field terminals protected with surge protectors for
communication inputs as specified under communications inputs.

Ensure that the cabinet has four full-size doors to allow complete access from the front or back of the cabinet.
Design the rack assembly to mount in CALTRANS standard rails to allow for a Model 204 flasher.

Provide a receptacle to accept the plug in power distribution assembly card guides and edge connectors for the input
file card guides to support the conflict monitor, and load switches and flash transfer relays.

45 of 94 Office of Traffic Operations



Section 925—Traffic Signal Equipment

B. Fabrication

Refer to Subsection 925.2.04.B.1 for controller cabinet minimum fabrication Specifications.
C. Acceptance

Refer to Subsection 925.2.02 for compliance with CALTRANS QPL.
D. Materials Warranty

Refer Subsection 925.2.01.D for Materials Warranties.
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Table 925 — 13 Model 342 {TS Cabinet Default Input Files Assignment Detail

Input File Slot
_Fi_le_ Chan | ltem 1 2 3 4 5 6 7 8 9 10 11 12
| SwPin |5 A6 a7 n8 A3 A0 A1l A12 13 A4 A15 A16
SiUByteBit |26  [30 32 34 36 4.0 42 | 46 |50 |52 154
| SWinputy |7 EN (T (B 15 17 E 21 23 25 o7 R
Upper| 2070Input# |1/ [0 28 8 22 5 43 o5 51 32 12 38
2070 Port 32 11 45 214 a7 17 64 |42 74 51 25 57
Functi |Pr1Del [Ph2Det [Ph2Del |[Ph2Det |Pn3Del |Phd Del |Phd Del |SpDel1  |SpDel5 |Po2Det  |Pred Pre 5
Field Term 18212 18256 |tB-2010 [tB-412 [1B456 [r8-4910 [TB612 [IB656 [TB6910 |T3-846 |TA910,12|TBO66
SIU Pin B5 B6 B7 B8 B9 810 811 B12 B13 B14 B15 816
SIU Byte,Bit  |2.7 3.1 33 3.5 37 41 4.3 4,5 4,7 5.1 5.3 5,5
SiUInput# |8 10 12 14 16 18 20 22 24 26 28 30
1 |Lower| 2070input# |21 4 a1 19 2 % 10 53 £2 3 BE 33
2070 Port 36 15 62 34 s 47 23 76 75 |53 |26 |58
Function Ph 1 Det Ph2Del [Ph20Det [Ph3Del [Ph4aDet |PnaDet |Ph4 Det SpDel2 |SpDeté |[Pd4Del |[Pre2 Pre 6
Field Term 18-234 |tB-278 |1B-21112[rB-434 |TB-478 [i8411.12|TA634 |i5634 |IB611,12|i8656 |BO1:12|780488
SIU Pin 825 026 B28 A27
SiU Byte,Bit |87 5.0 0.1 9.2
Opto SIU Input # CptoIn1  [Oplotn2 |Optoin3 |Optoin4
Inputs| 2070 input8 |46 14 47 45
2070 Port 67 27 66 58
Function Flsh San  [MCE Int Adv ST
SIU Pin A5 46 A7 A8 A9 A10 Al A12 A13 A14 a15 416
| SIUByte,Bit |6 3.0 32 3.4 3.6 4,0 42 4.4 4.6 5.0 5.2 5.4
| Swimnpute |7 ls Tl 15 17 19 21 23 25 27 29
Upper| 2070 Input# |15 ! 29 ] 18 7 44 54 49 33 36 iS5
2070 Port 31 12 46 22 33 18 65 77 72 52 55 28
 Function Ph50et |PhEDel IPh6Det |Ph&Det [Ph7Del [PhBDet [Ph8Del [SpDeld [SpDel? [Pd6Del |[Pre 3 Spare 1
Field Term 78-312 |TB356 [TB3910 [1B-512 [18-5656 |[TB-5910 [TB712 |T9756 |A-7910 |1BB79 |TB946 |TB81.3
SIU Pin B5 6 B7 88 B9 810 B11 B12 B13 B14  [815 B16
SIU Byte,Bit |27 ai 33 35 7 4 43 4.5 4.7 5.1 5.3 5.5
SiUInput# [e 10 12 14 16 18 20 22 24 26 26 30
2 Lower| 2070Mmput# |20 |5 |42 18 2 31 | R 59 50 35 37 40
2070Port |35 16 63 33 14 48 24 78 73 54 56 51
Function Ph5Del |Ph6Dsl  [Ph6Dst |[Ph70et [Ph8Del |Ph8Det |Pn8Del [SpDela IspDet8 |Pd8pel |Pre4 Spare 2
Field Term 18-334 |18378 [18311.12|tB-534 |B578 |TB51112|r8734 [TB778 |1B711.12 |I8885 |1B979 |TBB23
SIU Pin B25 A26 826 427
SIU Byte,Bit  |B,7 890 a1 92
Opto SiU input # OptaIn1 |OptoIin2 [OptoIn3 |[Optoind
Inputs| 2070 Input# [NA  |NA NA  NA
2070 Port N
Function
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Table 925 — 14 Required Surge Arrestors for Model 342 ITS Cabinet

Field Terminal Block Terminals Required Arrestors for Model 342 Cabinet
TB-8 112 Section 925 205 A 10 f
TB-9 1012 Section 925 2 05 A 10.f
T8-9 4-9 Section 925205 A 10 f

"B 2718 3,70 418 578.6 197 e Section 925 2 05 A 10 ¢ o

Table 925 - 15 Model 342 & 346 ITS Cabinet Default Output File Assignment Detail

Switch Pack
Item 1 2 3 4 5 6 7 8 9 10 11 12 13 14
SIU Pin A2 83 A5 B6 AB B9 A1l 812 A14 B15 AT B18 A20 821
SIU Byte, Bit 20 23 2.6 3.1 34 3.7 4.2 4.5 5.0 53 5.6 6.1 6.4 6.7
SIU Output # 1 4 7 10 13 16 19 22 25 28 31 34 37 40
2070 Output # 3 10 8 3 2 0 29 25 24 21 18 16 53 50
2070 Output Port |2 23 21 16 13 1A {46 43 41 36 33 31 78 473
AMU Pin C16 c17 c18 c19 c20 c21 c22 c23 C24 c25 £26 c27 c28 c29
AMU Channel 1 2 3 4 5 [ 7 8 9 10 1 12 13 14
Field Term TR-142 |[TR-212 |TR-312 |TR-412 |TR-512 |TR612 |TR712 |TR-812 |TR91.2 |TR-1012|TR-111.2|TR121.2|TR-131.2 [TR-14122
Function PhiRd |Ph2Rd _|Pd20W IPh3Rd IPhd4Rd |Pd4DW [Ph5Rd _|Ph6Ra |PasDW [Ph7Rd [PnBRd [Pd8DW |OvARd [OvBRd
SIU Pin B2 Ad 85 A7 L] A10 g11 A13 B14 A18 817 A18 B20 A22
SiU Byte, Bit 21 24 p-7 32 35 4.0 4.3 46 5.1 5.4 5.7 6.2 65 70
SIU Output # 2 5 8 11 14 17 20 23 26 29 32 35 38 41
2070 Output # 14 1 32 8 Q 34 30 27 33 22 19 35 54 Bt |
2070 Output Port |27 24 51 1.2 14 53 47 14 52 a7 34 54 77 74
AMU Pin B16 B17 B18  |B19 820 B24 B22 B23 |B24a  |B25  |B26 B27 B28 829
AMU Channel 1 2 3 4 5 6 7 8 9 10 11 12 13 14
| Field Term __|TR134 |TR-234 |TR-334 |TR-434 |TR-534 |TR634 |TR-734 |TR-834 |TR-934 |TR-1034|TR-1134 |TR-1234d [TR-133,4 [TR-143.4
Function Phi1Yel |Ph2VYel |Pd2PC |Ph3Yel |PhdYel |Pg4apPC [Ph5Yel [Ph6Yel |PdsPC |Ph7vYel |PhavYel |PdBPC |ovAvel |ova vel
SIU Pin A3 B4 A6 g7 A9 B10 A12 813 A15 816 A18 819 A21 822
| SIUByte,Bit |22 25 30 |33 las  Ja1 44 la7 52 58 6.0 6.3 6.6 7.
SIU Output # 3 6 9 12 15 18 21 24 27 30 33 36 ag 42
2070 Output # 15 12 9 7 4 1 3 28 25 23 Jeo |17 55 52
2070 Output Port |2 25 22 18 15 12 48 45 42 38 35 32 78 75
AMU Pin Al6 A7 A8 A1 A20 c21 c22 c23 A24 A25 A28 A27 AZ8 A29
AMU Channel 1 2 3 4 5 8 4 B 5 10 11 12 13 14
Field Term TR-166 |TR-256 |TR-356 |TR-456 |TR-5566 |TR-656 |TR-756 |TRB56 |TR-956 [TR-1056|TR-1156 |TR-1256 |TR1356 [TR-1455
Function Ph1Gm |Ph2Gm |Pd2W [Ph3Gm [PhdGm [PdAW [Ph5Gm [PhaGm [Pd6W [Ph7Gm lPhacm lPdaw |oacm |oBcm
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Note: For a typical signal Installation, the Model 342 cabinet is the design standard
Figure 925-3—Wiiring Diagram for Dial-up Communications

Office of Traffic Operations
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Table 925 - 16 Model 346 ITS Cabinet Default Input Files Assignment Detail

File Slot
Input
File Channel | Item 1 2 3 4 5 6 7 8 9 10 11 12
SIU Pin | a5 A6 A7 A8 AQ A10 A1 A12 A13 A14 A15 A16
SIU Port | 25 3,0 a2 34 38 4.0 42 4.4 48 5.0 52 54
SWin# |7 ] 11 13 15 17 19 2 23 25 27 29
2070 In
Upper # 17 0 19 2 16 1 18 3 12 3g a2 33
2070
Port 32 11 34 153 31 12 a3 |14 25 55 51 |52
Functio
n Ph1Det | Ph2Det | Ph3Det | Ph4Det | Ph5Det | Ph6Det |Ph7Del | Ph8Det |Pret | Pred Pd 2 Det | Pd6 Del
Fld
Term T-71.2 1756 17910 [ 71812 J71856 [T78910 [T912 |T956 | 71512 1556 1412 | T-456
SIUPin | B8 89 B10 B11 812 | B13 814 815 816 B17 818 B19
SlU Port | 27 31 133 35 37 41 43 45 47 51 53 55
SiUin# |» 10 12 14 18 18 20 |22 24 %6 |28 0
2070 In
1 Lower # 8 ] 10 — 1] 5 11 7 13 37 34 35
2070
Port 21 15 23 17 22 16 24 18 26 56 53 54
Functio
n Ph2Del | Ph2Det | PhdDat | Phd4Del | Ph50et | Ph6Det | Ph7 Det | Ph8Det | Pre2 Pre 4 Pd 4 Det | Pd 8 Det
Fid 1.8
Term T-73.4 17778 77112 11834 1878 11,12 T-934 | T978 | T534 7578 | T434 |T478
SIUPin | 825 A26 B26 A27
SIU Port | 57 9.0 9.1 9.2
Opto SiUIn# | opioint | Optoin2 | Oploin3 | Optoin4
2070 In
# 46 14 47 a5
2070
Port 67 27 66 68
Functio
n Slsh Sen | MCE Int Adv ST
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Table 925-17 Required Surge Arrestors for Model 346 ITS Cabinet

Field Terminal Block Terminals | Required Arrestor
TB-4 1-12 Section 925 2.05.A.10.F
TB-5 1-4 Section 925 2.05.A.10 f
TB-5 5-12 Terminal Block Only Section 925.2.04 A.10.f
TB-7, TB-8, TB-9 1-12 Section 925.2.05.A.10.¢
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925.2.06 Battery Backup System

A.

Requirements

This specification is for establishing the minimum requirements for a complete emergency battery backup system for use
with Light Emitting Diode Traffic Signal Modules at intersections with 332 cabincts. The Battery Backup System (BBS)
shall include, but not be limited to the following: Inverter/Charger, Power Transfer Relay, Batterics, a separate manually
operated non-electric Bypass Switch and all necessary hardware and interconnect wiring. The BBS shall be capable of
providing power for full run-time operation for an “LED —only” intersection (all colors: red, yellow, green and
pedestrian heads) or flashing mode operation and intersection Red LED’s. The BBS shall be designed for outdoor
applications, in accordance with the CALTRANS TEES.

Figure 925-4 Battery Backup Block Diagram

Battery Back Up System (BBS) Block Diagram

Inverter/Charger Batteries

II I—b SPDT NO/NC contact closures — Energized

whenever system is running on batteries connect

?Oﬂ% kel Transfer to Controller Alarm Input 2

ransfer Relay

may be intem?ll R l ——————F SPDT NO/NC contact closures — Energized

to the laverter, © ay whengver system is running on batteries and
there is less than 40% ballery

#  SPDT NO/NC conlact closures — Energized
whenever system has run on batteries lor more
than two hnir

Manual Bypass (\ Model

SWltCh AC Line Power to Cabl’n:ll/ 332A
Cabinet

Utility Line Power

NOTE:

Manual Bypass Switch will be external to Inverter/Charger
If Transfer Relay is external to lnverter, then the Manual
Bypass Switch and Transfer Switch may be incorporated
together.

1. Operation:

a.  The BBS shall provide a minimum two (2) hours of full run-time operation for an “LED-only” intersection
(minimum 700W/1000V A active output capacity, with 80% minimum inverter efficiency).

b. Thc maximum transfer timc allowed, from disruption of normal utility line voltage to stabilized inverter line
voltage from batteries, shall be 65 milliseconds. The same maximum allowable transfer time shall also apply
when switching from inverter line voltage to utility line voltage.

¢.  The BBS shall include a Manual Bypass Switch which provides capability to transfer the power service to
disable the BBS and operate only from the power service provided. The Manual Bypass Switch shall be as
shown in Figure 925-5.
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Figure 825 — 5 Manual Bypass Switch (Shown in normal BBS Mode)

AC Line to AC Llne from
Transfer Relay Transfer Reloy
and Inverter and Inverter
TB T
[ L1 :

NC 1) 0| N
13| TRl ML NG
Utlity Line Pawer [ I T e i

u “II_H_AC Power to 332 Cabkinet

Notes:

1. TB - #8 Terminal Blocks

2. NO - Normally Opzn

3. NC - Normally € llusr.-d

4. NONC contacts shall all toggle simultaneously

with one single manually operated swirch,

. Manual Bypass Switeh shall ouly switeh lme.
Neutral and Equipment Ground arg not switched
and shall be connected to 332 Cabiner buses.

.

The BBS shall provide the user with 3-sets of normally open (NO) and normally closed (NC) single-pole
double-throw (SPDT) dry relay contact closures, available on a panel-mounted terminal block, rated at a
minimum 120V/1 A, and labeled so as to identify cach contact. For typical configuration, see Figure 925-6.

1) The first set of NO and NC contact closures shall be energized whenever the unit switches to battery power.
Contact shall be labeled or marked “On Batt.”

2) The second set of NO and NC contact closures shall be energized whenever the battery approaches
approximately 40% of remaining useful capacity. Contact shall be labeled or marked “Low Batt.”

3) The third set of NO and NC contact closures shall be energized two hours after the unit switches Lo battery
power. Contact shall be labeled or marked “Timer.”

4) Relay contact activation shall be annunciated on the front panel via a visual indication. This can be cithcr
discreet LED, or part of LCD screen, etc.

Figure 925 — 6 Relay Contacts (NO/NC) available on panel-mounted terminal block (typ)

On Batt Low Batt Timew

O 0 0]J0 © Ol0 O O|Terminal Black
NO C NC NO C NC NO C NC

Notes:
1. NO/NC contacts may either share or
use sgparate conumons.

Opcrating temaperature for both the inverter/charger, power transfer relay and manual bypass switch shall be —37
°C (-35F) to +74 °C (+165 F).

Both the Power Transfer Relay and Manual Bypass Switch shall be rated at 240VAC/30 amps, minimum

The BBS shall use a temperature-compensated battery charging system. The charging system shall compensate
over arange of 2.5 — 4.0 mV/ °C (5-8 F) per cell. The temperature sensor shal] be external to the
inverler/charger unit. The temperature sensor shall come with 3 meters (10 feet) of wire. Ensure temperature
sensor can be mounted to battery with ring terminal to prevent losing connectivity.

Batteries shall not be recharged when battery temperature exceeds 50 °C (122 F) £ 3 °C (6 F).
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i.  BBS shall bypass thc utility linc power whenever the utility line voltage is outside of the following voltage
range: 100VAC to 130VAC (£ 2VACQ).

J. When utilizing battery power, the BBS output voltage shall be between 110 VAC and 125 VAC, pure sine wave
output, < 3% THD, 60Hz + 3Hz.

k. BBS shall be compatible with CALTRANS Model 332A Cabinets, Model 170E Controllers, Model 2070
Controllers and cabinet components for full time operation.

I In cases of low (below 98VAC) or absent utility line power, when the utility line power has been restored at
above 105 VAC + 2 VAC for more than 30 seconds, the BBS shall transfer from battery backed inverter mode
back to utility line mode.

m. [n cases of high utility line power (above 132VAC), when the utility line power has been restored at below
125VAC £ 2 VAC for more than 30 seconds, the BBS shall transfer from battery backed inverter mode back to
utility line mode

n. BBS shall be equipped to prevent a malfunction feedback to the cabinet or from feeding back to the utility
service.

0. In the event of inverter/charger failure, battery failure or complete battery discharge, the power transfer relay
shall revert to the NC (and de-energized) state, where utility line power is connected to the cabinet.

p. Recharge time for the battery, from “protective low-cutoff” to 80% or more of full battery charge capacity, shall
not exceed twenty (20) hours,

2. Mounting/Configuration

NOTE: All references made to EIA rail or EIA 19” (482.6mm) rack shall conform to Electronic
Industries Standards EIA-310-B, Racks, Panels, and Associated Equipment, with 10-32 “Universal
Spacing” threaded holes.

a. General

[} Inverter/Charger Unit shall be shelf-mounted or rack-mounted on a standard EIA 19” rack. If the
inverter/charger is mounted inside the 332A Cabinet (Configuration 1), a shelf shall be provided that
supports the weight of the unit.

2) Power I'ransfer Relay and Manual Bypass Switch shall be mounted on EIA rail.

3) All interconnect wiring shall be provided between Power Transfer Relay, Bypass Switch and Cabinet
Terminal Service Block and shall be no less than 3 meters (9°10”) of UL Style 1015 CSA TEW with the
following characteristics:

e  AWG Rating: 6 AWG
e Stranding: 133 strands of 30 AWG tinned copper
e  Rating: 600 V, 105 °C, PVC Insulation
4) Relay contact wiring provided for each set of NO/NC relay contact closure terminals shall be a minimum of

3 meters (10 feet) of UL Style 1015 CSA TEW 18 AWG wire, same ratings as above, except 16 strands of
30 AWG tinned copper. Wiring shall be of adequate length for particular instatlation.

5) Figure 925-7 provides clarification as to how BBS Power Transfer Relay and Manual Bypass Switch are
interconnected with Model 332A Cabinets in order to ensure interchangeability betwecn all BBS
manufacturers.
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Figure 925- 7 BBS Utility Power Connection Diagram

¥ g
Inverter/ EGndl £ E—
Power ¥
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To 332 Cab.
(typlcal) -
AC= EGnd
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332A CABINET

*As a minimum, these wires shall be provided in 3-
meter (10 feet) lengths as part of the interconnect
wiring kit.
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6) All necessary hardware for mounting (shelf angles, rack, etc) shall be included in the bid price of the BBS.
All bolts/fasteners and washers shall meet the following requirements;
=  Screw type: Pan Head Phillips machine screw
*  Size and Thread pitch: 10-32
= Material: 18-8 stainless steel (Type 316 stainless stee! is acceptable as an alternate)
*  Washer: Use one flat washer (18-8 stainless steel) under the head of each 10-32 screw (provided that
the screws are properly tightened, lock washers are unnecessary.)
= Number of screws per hinge bracket: Minimum of six (6) screws per hinge bracket spaced eveuly
along bracket, with one screw near each end.
7) There shall be two (2) basic BBS mounting options:
a. Configuration [ — The BBS (Inverter/Charger, Bypass Switch and Transfer Relay only) installed inside
the 332A Cabinet, with the batteries installed in the externally mounted cabinet. See Figure 925-8 for
location of inverter in 332A cabinet.

b. Configuration 2 — The entirc BBS, including batteries, installed inside the externally mounted cabinet.
Figure 925-8 BBS Mounting Diagram

For a npical Model 3324 Cabmer

j Rear Door

Mree g Rad

- 1778~ o [EIN 19° Rack
T
1
|

Contraller
Mounting Shel#

Cantroiler Unit

I
|
Model 170/207C
|

Input Flle [

Input File J
49,00

PDA #2
i
1aad |

Upening Output File

‘l." TR . S .1,._- L] 1 1 Reserved
T Regerved 579 Reserved } | Space

Space ] Spaco

Frant View Side View Renr View

EIA 197 Rack Ll 19° Rack
Notes Mawn ting Roil

Area inside of dashed lines represents available mounting locations For BBS
Prescribed available mounting areas ore approxinate
Al dimensions shown are i nehes.

8) External Cabinet
a. The External Cabinet shall be used for housing batteries and/or BBS, which includes inverter/charger
unit, power transfer relay, manually operated bypass switch, any other control panels, and all wiring
and harnesses.
b. The same Inverter/Charger, Power Transfer Relay and manually operated Bypass Switch that fits
inside a typical fully equipped CALTRANS Model 332A Cabinet shall also be able to fit inside the
externally mounted cabinet.
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c. The External Cabinet shall be a NEMA 3R rated cabinet conforming to TEES, August 16, 2002
Chapter 7, Section 2-Housings for the construction and finish of the cabinet. The specific finish of the
external cabinet shall match the finish of the 332A cabinct. Anti-Graffiti paint shall not be used. Two
separate mounting installations shall be used. Refer to the project plans for the appropriate mounting
installation.

Mounting Installation Type A shall be typically used for installing at locations with existing 332 cabinet.

This cabinet mounting installation shall attach the external cabinet to the side of the 332 cabinet in the

relationship as shown in figure 925-9. Type A mounting installation shall use fasteners that mect the

following requirements:

=  (Total of 8 bolts per cabinet with 2 flat washers per bolt and 1 K-lock nut per bolt)

=  (Cabinet mounting bolts shall bc:

=  18-8 Stainless Steel Hex Head (Fully Threaded)

= 38”-16X1

*  Washers shall be:

= Designed for 3/8” bolt

= ]8-8 Stainless Steel 1” OD round flat type

s K-lock washer shall be:

=  18-8 Stainless Steel, Hex Nut Assembled with Free-Spinning Tooth Washer

»  3/8"—16 Screw size

Extcrnal Cabinct to 332A Cabinet couplings shall provide a conduit for power connections between the
332A Cabinet and External Cabinet. The couplings shall consist of three parts and meet the following
requirements:

» 27 Nylon Insulated, Steel Chase Nipple

= 2" Sealing, Steel Locknut

® 27 Nylon [nsulated, Steel Bushing

The external cabinet shall come provided with all bolts, washers, nuts and cabinet-cabinet coupler fittings
provided, necessary for mounting the external cabinet to the 332A Cabinet.

Mounting Installation Type B shall be typically used for locations where a new traffic controller cabinet
and foundation are being installed. This cabinet installation shall provide the external battery cabinet as a
base mount cabinet on the same foundation as the 332 cabinet. Connections between the cabincts shall be
through conduit in the cabinet base. The external cabinet shall be installed in the same relationship as
shown in Figure 925-9 to the 332 cabinet, The external cabinet shall be installed so that it is centered on the
30 inch left side of the 332 cabinet. Bolt BBS cabinet to pre-fab basc. BBS cabinct opening shall be larger
than the pre-fab base opening.

d. The specific dimensions and details of the external battery cabinet shall be as shown in Figures 925-10 through

925-12.
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Figure 925-9 External BBS Cabinet Details

External Battery Cabinet

Model 332A Cabinet

VA
|

Front

l

12.00 in. External
(304.8 mm) Battery Cabinet
56.00 in.
(1422.4 mm) Top View

[

Figure 925-10 External BBS Cabinet Details

[——  26.00 in. —¥
(660.4 mm)

Side View

e.  Four shelves shall be provided. There shall be a minimum of 304.8mm (12”) clearance between shelves. Each
shelf shall be a minimum of 263.65mm (10.38”) X 635.0mm (25”), and capable of supporting a minimum of
57kg (125 bs.). Shelf edges shall be turned down on all four sides for support and to provide a flat top surface.
Shelves shall be predrilled with EIA rail mounting holes, Shelves shall provide a vertical “passageway” for
wring in the rear of the cabinet on both the left and right.

f.  The bottom shelf shall be capable of being removed.
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Figure 925-11 EIA Rail for Mounting Inverter or PTR inside External BBS Cabinet
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The External cabinet shall be ventilated through the use of louvered vents, filter, and one thermostatically
controlled fan as per T'EES Chapter 7 Section 2-Housings. The thermostat shall be accessible without removing
the BBS controller.

External cabinet fan shall be AC operated from the same line output of the Manual Bypass Switch that supplies
power to the 332 Cabinet. A 2-position terminal block shall be provided on the fan panel, along with 3 meters
(10 feet) of connected hookup wire.

The door shall be attached to the cabinet through the use of either a continuous stainless steel piano hinge or
four, two-bolts per leaf, hinges as per TEES Chapter 7 Section 2. The door shall use a padlock clasp or latch and
lock mechanisms as described in the TEES, in order to lock the door.

Two ElA angle rails, per Detail C, Figure 925-11, along with all necessary mounting hardware (4 sets of 10-32
bolts and nuts with captive washers) shall be provided with the external cabinct (not installed). Rails shall be
symmetric to allow for installation on either right or left sides of the cabinet. Mounting holes and bracket shall
allow for EIA rail installation at any location in the external cabinet. The EIA mounting angle nominal
thickness shall be either 0.1345 inch (3.4163mm) plated steel or 0.105 inch (2.667mm) stainless steel.

EIA rail mounting bracket shall be of continuous, one-piece design bolted into the cabinet to provide adequate
support for rail-mounted equipment. See Figure 925-12.

Pressed in, flush-head threaded screw posts shall be inserted into the front face of the cabinet enclosure top sill.
These threaded posts shall be used to mount both the fan panel and the EIA rail-mounting bracket. The screw
posts shall be #10-32 thread size stud 0.625 inches in length. Refer to Figure 925-10, front views for mounting
detail.

Figure 925—12 CIA Rail Mounting Bracket for Mounting EIA Rails inside External BBS Cabinet
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Materlal used shall be 0125 Inch alumhum sheet

3. Maintcnance, Displays, controls and Diagnostics

a.

The BBS shall include a display and /or meter to indicate current battery charge status and conditions.

1) The BBS shall provide voltmeter standard probe input-jacks (+) and (-) to read the exact battery voltage
drop at the inverter input.

2) The BBS shall include a 0 to 100% battery capacity LED indicator.

The BBS shall have lightning surge protection compliant with IEEE/ANSI C.62.41.

The BBS shall be equipped with an integral system to prevent battery from destructive discharge and

overcharge.

The BBS and batteries shall be easily replaced with all needed hardware and shall not require any special tools

for installation.
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g.

The BBS shall include a front-panel event counter display to indicate the number of times the BBS was
activated and a front-panel hour meter to display the total number of hours the unit has operated on battery
power. Both meters shall be resetable.

Manufacturer shall include a set of equipment lists, operation and maintenance manuals, and board-level
schematic and wiring diagrams of the BBS, and the battery data sheets. Manual shall conform to TEES August
16, 2002, Chapter 1, Section 1.2.4.2,

The BBS shall be equipped to communicate via Ethernet connection.

4. Battery System

a.

[ndividual batteries shall be:

1.) Voltage rating: 12V type

2.) Group size: 24 maximum

3.) Batteries shall be easily replaced and commercially available off the shelf.

Batteries used for BBS shall consist of 4 to 8 batteries with a cumulative minimum rated capacity of 240 amp-
hours.

Batteries shall be deep cycle, sealed prismatic lead-calcium based AGM/VRLA (Absorbed Glass Mat/ Valve
Regulated Lead Acid).

Batteries shall be certified by the manufacturer to operate over a temperature range of - 25 °C (-13F) to + 71°C
(+160 F).

The batteries shall be provided with appropriate interconnect wiring and corrosion-resistant mounting trays
and/or brackets appropriate for the cabinet into which they will be installed.

Batteries shall indicate maximum recharge data and recharging cycles.

Battery Harness

1) Battery interconnect wiring shall be via two-part modular harness.

2) Part I shall be equipped with red (+) and black (-) 12 inch (30.48 cm) cabling that can be permanently
connected to the positive and negative posts of each battery. Each red and black pair shall be terminated
into an Anderson Power Pole Connector or AMP Power Series Connector or equivalent style connector.

3) PartII shall be equipped with the mating Power Pole style connector for the batteries and a single, insulated
Power Pole style connection to the inverter/charger unit. Harness shall be fully insulated and constructed to
allow batteries to be quickly and easily connected in any order to ensure proper polarity and circuit
configuration.

4) Power Pole style connectors may be cither one-picce or two-piece. If a two-piece connector is used, a
locking pin shall be used to prevent the connectors from separating,.

5) The length of the battery interconnect harness (Part [I) shall be a minimum of 60 inches (152.4 cm) from
the Inverter/Charger plug to the first battery in the string. The lateral length of the harness between battery
connectors shall be a minimum of 12 inches (30.48 cm).

6) All battery interconnect harness wiring shall be UL Style 1015 CSA TEW or Welding Style Cablc or
equivalent, all of proper gauge with respect to design current and with sufficient strand count for flexibility
and ease of handling.

7) Battery terminals shall be covered and insulated with molded boots so as to prevent accidental shorting.

B. Fabrication

Refer to Subsection 925.2.04.B.1 for controller cabinet minimum fabrication Specifications.
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C. Acceptance
General Provisions 101 through 150.

Each BBS shall be manufactured in accordance with a manufacturer Quality Assurance (QA) program. The QA program
shall include two Quality Assurance procedures: (1) Design QA and (2) Production QA. The Production QA shall
include statistically controlled routine tests to ensure minimum performance levels of BBS units built to meet this
specification and a documented process of how problems are to be resolved. The manufacturer, or an independent testing
lab hired by the manufacturer, shall perform Design Qualification Testing on new BBS system(s) offered, and when any
major design change has been implemented on an existing design. A major design change is defined as any modification,
material, electrical, physical or theoretical, that changes any performance characteristics of the system, or results in a
different circuit configuration. Where a dispute arises in determining if a system is a new design or if the system has had
a major design change, the State will make the final determination if Design Qualification Testing is required prior to
production consideration.

Production Quality Control tests shall be performed on each new system prior to shipment. Failure to meet this
requirements shall be cause for rejection. The manufacturer shall retain test results for seven years. Each BBS shall be
given a minimum 100-hour burn-in period to eliminate any premature failures. Each system shall be visually inspected
for any exterior physical damage or assembly anomalies. Any defects shall be cause for rejection.

D. Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties. Manufacturers shall provide a two (2) year factory-repair
warranty for parts and labor on the BBS from date of acceptance by the Department. Batteries shall be warranted for full
replacement for two (2) years from date of purchase. The warranty shall be included in the total bid price of the BBS.
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925.2.07 Flashing Beacon Assembly
A. Requirements

This specification is for a flashing signal cabinet, which consists of an aluminum cabinet containing a flasher assembly,
Field connection terminal block, surge arrestor and circuit breaker wired in a manner to operate flashing beacons. Refer

to Figure 925-13.

AC
Breaker
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FLASHER D
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Note: Front view of cabinet Door Assembly not shown
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Figure 925-13—Typical Flashing Signal Cabinet Layout

1. Cabinet Dimensions
Supply a NEMA Type 3R cabinet assembly with the following exterior dimensions:

Minimum Maximum
Height 14 inches (350 mm) 18 inches (450 mm)
Width 10 inches (250 mm) 14 inches (350 mm)
Depth 7 inches (175 mm) 10 inches (250 mm)

2. Flasher Unit
Supply a standard plug in two circuits NEMA flasher.
Ensure that the flasher is of all solid state construction, meets the requirements of the NEMA Standards and is rated
at a minimum of 10 A per circuit.
Ensure that the flasher utilizes zero voltage turn-on and turn-off current and is capable of dimming outputs.
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3. Surge Arrestor
Supply a flasher cabinet that incorporates an AC surge arrestor to protect the internal components from lighting and
over voltages on the AC service input.

The requirements for the surge arrestor are:
Two Stage Arrestor

Peak Surge Current 20000 A

Peak Surge Voltage @ 20KA 280 V

Clamp Voltage 280V @ 20 kA

Continuous AC Voltage 120 V AC RMS

Response Time <5 nsec

Operating Temp. -40 °F to 185 °F (-40 °C to 85 °C)

4. Circuit Breaker
Include a 15 A circuit breaker in the cabinet. The circuit breaker shall have the following characteristics.
¢ Thermal Magnetic 1 pole 120/240 VAC at 50/60 Hz 15 A
e Interrupting Rating of 10K A at 48 VDC
o Wire Size 14 to 2 AWG
¢ 35 MM Din Rail mounting
5. Terminal Block

[nclude a four position terminal block in the cabinet for making field connections. Properly label all field terminal
connections.

6. Construction
Assemble the flasher assembly, terminal block, surge arrestor and circuit breaker in the cabinet as shown on the
attached drawing.
Wire all components together as a working unit, thus requiring only field connections to and from the AC power and
flashing beacons.

B. Fabrication
Refer to Subsection 925.2.04.B.1 for controller cabinet minimum fabrication specifications.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.08 Flashing Signal Cabinet With Time Clock
A. Requirements

This specification is for a flashing signal cabinet with time clock which consists of an aluminum cabinet containing a
flasher assembly, time clock, field connection terminal block, surge arrestor and circuit breaker wired in a2 manner to
operate school flashing beacons. Refer to Figure 925-14.

64 of 94 Office of Traffic Operations



Section 925—Traffic Signal Equipment

e} [m] m] o]

NEMA
Flshar
®0 00
TB
[CNoNCNC
L*]
Arrestor
O @] [e] O O

Note: Front view of cabinet Door Assembly not shown
No scale

Figure 925-14—Typical Flashing Cabinet with Time Clock Cabinet Layout

1. Cabinet Dimensions
Supply a NEMA Type 3R cabinet assembly with the following exterior dimensions:

Minimum Maximum
Height 14 inches (350 mm) 18 inches (450 mm)
Width 10 inches (250 mm) 14 inches (350 mm)
Depth 7 inches (175 mm) 10 inches (250 mm)

2. Flasher Unit
Supply a standard plug in, two circuits NEMA flasher.
Ensure that the flasher is of all solid state construction, meets the requirements of the NEMA Standards and is rated
at a minimum of 10 A per circuit.
Ensure that the flasher utilizes zero voltage turn-on and turn-off current and be capable of dimming outputs,
3. Time Switch
Supply a time switch that meets the requirements of Subsection 925.2.09 of this specification.
4. Surge Arrestor
Supply flasher cabinets that incorporate an AC surge arrestor to protect the internal components from lighting and
over voltages on the AC service input.
The requirements of the surge arrestor are as follows:
Two Stage Arrestor

Peak Surge Current 20000 A

Peak Surge Voltage @ 20KA 280 V

Clamp Voltage 280V @20 kA

Continuous AC Voltage 120 V AC RMS

Response Time <5 nsec

Operating Temp. -40 °F to 185 °F (-40 °C to 85 °C)

5. Circuit Breaker
Include a 15 A circuit breaker in each cabinet. The circuit breaker shall have the following characteristics.

o  Thermal Magnetic 1 pole 120/240 VAC at 50/60 Hz 15 A
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e Interrupting Rating of 10K A at 48 VDC
e Wire Size [4to2 AWG
s 35 MM Din Rail mounting

6. Terminal Block
Include a four position terminal block in each cabinet for making field connections. Properly label alt field terminal
connections.

7. Construction
Assemble the flasher assembly, terminal block, surge arrestor and circuit breaker in the cabinet as shown on the
attached drawing.
Wire all components together as a working unit, thus requiring only field connections of the AC power and flashing
beacons.

B. Fabrication
Refer to Subsection 925.2.04.B.1 for controller cabinet minimum fabrication Specifications.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.09 Time Clock

A. Requirements

Supply time clocks that are single circuit, calendar programmable, solid state, fully self-contained units (RTC AP 22 or
Eltec TCI18 or equivalent) that meet the following Specifications:

1. Alphanumeric liquid crystal display.
2. Automatic daylight savings time and leap year compensation. Changes in the daylight savings time program made
through the keypad do not require hardware modification.
3. Minimum twenty-four (24) hour capacitive back up. Battery back up is not acceptable.

4. Keypad entry programming without the use of any external devices such as a PC, external programming unit,
another time switch, etc.

5. Operate on 95 to 135 V AC, 60 Hz line current.

6. SPDT relay output rated at 15 A.

7. Maximum size of 4.75 inches (121 mm) wide, 10.375 inches (2636 mm) high and 2 inches (50 mm) deep.

8. A programming manual is to be included with each unit.

9. Ability to do program transfer from unit to unit. Include program transfer cable with unit.

10. Ability to run minimum six (6) different day plans and minimum twenty five (25) different annual exception
plans.Temperature range of -30° F (-34° C) + 165° F (74° C).

B. Fabrication
General Provisions (01 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.10 Self Tuning Loop Detector
A. Requirements

This specification sets forth the minimum acceptable design, opcrational and functional performance requirements for
multi-channel, inductive loop vehicle detection systems.
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. General Requirements

a.

2.

Mounting
Ensure that the unit is configured for rack mount insertion into a NEMA (TS | or TS 2) card rack and/or
CALTRANS Type 2070 cabinet input file.
Environmental
Ensure that the unit is in full compliance with the environmental tests, transient tests and size requirements of
NEMA standard TS-1 Section 15, TS-2 Section 6.5 and the California Type 2070 Specifications.
Provide documentation from an independent laboratory, which certifies that the unit is in compliance with the
above Specifications.
LED I[ndicator
Ensure that each channel includes two high visibility LED indicators; one for the detect state and the second to
indicate the status of the fault monitor.
Phase Indicator
Ensure that each channcl has an erasable write-on pad to aid in identification of the associated phase or
function.

Operational Requirements
Tuning
Supply units that are fully digital and self-tuning.
Ensure that each channel of the unit can automatically tune to any loop and lead in combination within two (2)
seconds of application of power or when a reset signal is received.
Ensure that the tuning circuit is designed so that drift, caused by environmental changes or changes in applicd
power, does not cause false actuations.
Scanning
Supply units that scquentially scan each channel (only one channel enetgized at any given time) to eliminate
crosstalk from multiple loops in adjacent lanes and/or allow overlapped loops for directional control and/or
allow use of multi-conductor homerun cable when connected to the same detector unit.
Sensitivity Setting
Ensure that each channel is equipped with front panel selectable sensitivity settings in presence and pulse
modes.
Frequency
Supply units that have a minimum of three switch selectable operating frequencies.
Inductance Range
Ensure that each channel can tune to an inductive load from 50 to 2000 microhenries with a Q factor > 5.

Grounded Loops

Ensure that each channel can continue to operate with poor quality loop systems (Q>2) including those that
have a single point short to ground.

Fault Monitoring

Supply units that constantly monitor the operation of each channel.

Ensure that the unit detects shorted loops, open circuit loops or sudden changes in inductance (>25% of
nominal).

Ensure that each type of fault is indicated on a fault LED by a unique sequence of flashes until the fault is
rectified.

Ensure that while the channel is in the fault condition, the channel output remains in the detect state.

When the fault is rectified, the fault LED continues to emit the sequence signifying the last fault detected, but
the detect LED and output returns to normal operation.

Failsafe Output

Ensure that each channel output generates a continuous solid state output to the controller when power to the
detector is removed.
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Operational Modes

Supply units with each channel selectable for either pulse or presence modes and that meet the following
requirements:

e Pulse Mode

e This setting provides a single output pulse (125 ms +/- 25) in response to a vehicle entering the loop.
e Ifavehicle remains in the sensing zone in excess of two (2) seconds, the unit "tunes out" said vehicle.
e  Thc channcl is then capable of detecting another vehicle entering the same detection zone.

e Presence Mode

¢ The presence hold time is a minimum of four (4) minutes for small vehicles (motorcycles) and a minimum
of sixty (60) minutes for automobiles.

e Ensure that the unit tunes out of continuous peak hour traffic over long or multiple small loops as long as
there is vehicle motion in the sensing zone every ten (10) minutes.

Resets

Ensure that the channels are manually resettable by removing the power momentarily,

Ensure that the channels reset remotely when the voltage on Pin C falls below 8 V DC for a period > 5us, and
that the unit resumes normal operation within four (4) seconds after the application of power or after a reset
signal of I5ps.

Field Tuning

Ensure that field adjustments to the opcration of the detector do not require the use of a meter, circuit changes,
special software or any substitutions, modifications or additions to the unit.

3. Performance Requirements
[f testing should be required, provide the Department with a test unit and/or software within ten (10) calendar days
of the request.
Should the unit fail to meet the design and/or performance requirements of this specification, the unit will be
rejected.
Ensure that the units meet the following requirements:

a.

Capable of detecting passage, holding presence and accurately counting all types of licensed motor vehicles
when connected in various loop configurations and lead-in combinations without detecting vehicles in adjacent
lanes.

e Typical Loop Configurations with Lead-in of 5 feet (1.5 m) to 1,500 feet (1000 m) are:

o bHfeetx 6 feet (1.8 mx 1.8 m)

e 6 feet x 20 feet (1.8 m x 6 m)

o 6 feet x 40 feet [(1.8 m x 12 m) standard or quadrupole]

Capable of responding to an inductance change of 0.02% and sense vehicles at speeds of up to 80 mph (130
km/h).

Not detect vehicles, moving or stopped, at distances greater than three feet for any loop perimeter.

Detect all vehicles over multiple turn and/or multiple loops that may he connected in series, parallel or
series/parallel with homerun lengths from <5 feet (1.5 m) to > 1,500 feet (1,000 m).

4. Optional Features
In addition to the requirements listed in the previous sections, the units may be requested with any combination of
the following optional features:

a.

Option i- Timing Features - Delay & Extension
When this option is specified, ensure that the unit incorporates the following features:

1) Delay Timing

Minimum selectable delay time of 1 to 30 seconds in minimum 1-second increments for each
channel.
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2) Extension Timing

Minimum selectable extension time of 0.5 to 10 seconds in minimum 0.5-second increments for
each channel.

b. Option 2 - Advanced Features
When the option for advanced features is specified, supply units that incorporate the following advanced
features:
1) Serial Port Interface

When the serial port interface is specified, equip the detector with a front and rear panel RS 232 port for the
transmission of data. Provide Windows 95 compatible software for interfacing with the detector.

2) PC Interface

Ensure that PC software, when connected directly to the unit through the front panel RS 232 port, provides
a screen to display the following loop system operating characteristics, on a per channel basis, for system
setup, data collection and diagnostics.

e Loop Status
e Loop Inductance (uH)
¢  Loop Frequency (kHz)
e [nductance Change (nH)
e Last Fault: Open, Shorted, >25%  [JL
s  Fault Occurrence: Date & Time
*  Vehicle Count
3) Speed, Volume & Occupancy

The software, when connected directly to the unit, is capable of collecting and storing speed, volume and
occupancy data from each detector channel.

The software allows assignment of loop-to-loop distances to enable accurate speed and vehicle length
measurements.

The speed volume and occupancy information is uploaded and stored in the vendor-supplied software.

Upon request, supply the necessary information/protocols to allow the Department to write custom
software to retrieve speed, volume and occupancy data.

B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.11 Loop Sealant
A. Requirements

Furnish and install loop sealant according to Subsection 833.2.09, “Polyurethane Sealant for Inductive Loops”. For a list
of sources, see QPL 75.

B. Fabrication
General Provisions 101 through 150.
C. Acceptance

General Provisions 101 through 150,
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D. Materials Warraaty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.12 Vehicle Signal Heads
A. Requirements

Supply vehicle signal heads that are [2 inches (300 mm) in diameter for traffic signal control applications. For ramp
metering systems supply both 12 inches (300 mm}) and 8 inches (200 mm) as per the Plans.

Ensure that the § inch (200mm}) or 12 inch (300 mm) polycarbonate vehicle signal heads meet the current ITE
specification on Vehicle Traffic Control Signal Heads with the following modifications and / or clarifications:

[. Unless otherwise approved by the Engincer or as noted on the Plans, supply signal heads with the following
exterior color scheme:
e Signal Housing - Highway Yellow.
e Front Face including Doors and Visors: Flat Black
2. Provide housing and housing door that are one piece injection molded ultraviolet and heat stabilized polycarbonate
resin with the color impregnated in the material.
3. Terminate the wiring from each signal section in the top section of the head assembly. Ensure that the cable jacket is
a minimum of 6 inches inside the signal head assembly.
4. Provide the appropriate Vehicle Signal LED Signal in each section either Circular or Arrow Module.
5. Provide an effective seal with the LED module to make the assembly weather tight.
6. Mount one aluminum reinforcing support plate in the top of the red section of each three and four section signal
head for the installation of mounting hardware.

7. All five section heads or heads equipped with 2-way mounting hardware shall have aluminum mounting support
plates installed in the top and bottom of the red section/sections for mounting hardware.

8. Install a support plate between each section of all signal heads. Place these plates such that there is a plate in the
bottom of and/or top of any sections where sections adjoin to another section.

9. Provide Signal Heads that use stainless steel hardware and are weather tight. Ensure signal heads that are supplied
are sealed for mounting in all possible configurations.

10. Provide Signal Heads that have housing door that “positively” latches using two eyebolts and wing nuts. Ensure the
Signal door has hinge lugs molded on one side and two latch jaws are molded on the other side.

11. Provide signal heads that provide a positive method of holding the lens such that the lens does not rotate. Ensure
the lens is weather tight. Lens clips which do not apply firm pressure to the lens gasket to avoid rotation are not
acceptable. When constructing side by side signal sections ensure that both doors can open at the same time
(butterfly). When doors are open ensure that the door will remain attached to housing. Ensure bottom section has
drainage holes.

B. Fabrication
Refer to ITE Standards for material composition and finish Specifications,
C. Acceptance
Refer to ITE Standards for material composition, finish Specifications, and wind loading requirements.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.13 Pedestrian Signal Head
A. Requirements

Provide each section with a visor encompassing the top and sides of the signal face of a size and shape adequate to shield
the lens from external lighted sources.

An acceptable option is a “Z-crate” or louver type visor for mounting over the Pedestrian signal face.
p p p 2 g

Coastruct the housing of one piece cast aluminum alloy with two integrally hinge lugs, screw slots and openings at each
end. Construct the door of one piece cast aluminum alloy with two hinge lugs cast on top of the door and two latch
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points cast on the bottom. Provide hinge pins of stainless steel to attach the door to the housing and two eye bolts and
wing nuts on the other side of the door.

Ensure that the door is provided with a ncoprene gasket capable of making a weather resistant, dustproof seal when
closed. Supply Pedestrian signal heads with a black face and a yellow body, unless otherwise specified on the Plans.

Ensure that Pedestrian indications are distinguishable to the Pedestrian both day and night and at all distances from 10
feet (3 m) to the full width of the areas to be crossed.

Use symbols that are 12 inches (300 mm) high. Use only internal illumination.

Ensure that when illuminated, the “HAND™ symbol is Portland Orange and the “PERSON?” symbol is Lunar White,
meeting the ITE Standards. Ensure that an opaque material obscures all areas of the face or lens, except for the message.
Ensure that when not illuminated, the symbols are not to be distinguishable by Pedestrians at the far end of the crosswalk
they control,

B. Fabrication

General Provisions 101 through 150.

C. Acceptance

General Provisions 101 through 150.

D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.14 Optically Programmed Signal Head
A. Requirements

Supply signal heads that permit the visibility zone of the indication to be determined optically and require no hoods or

louvers.

The projected indication may be selectively visible or veiled anywhere within 15 degrees of the optical axis.

Ensure that no indication results from external ilumination and that one light unit does not illuminate a second. The
components of the optical system include the lamp, lamp collar, optical limiter-diffuser, and objective lens.

Ensure that the optical system accommodates projection of diverse, selected indications to separate portions of the
roadway such that only one indication will be simultaneously apparent to any viewer,

Ensure that the projected indication conforms to ITE transmittance and chromaticity Standards.

L.
a.

Construction

Provide an LED Lamp Module that is a direct replacement for the incandescent lamp. Ensure the Lamp modules
are on the latest CALTRANS QPL for LED Programmed Visibility Modules. Ensure the unit provided operates
ovcr the voltage rangce of 80 to 135 VAC and the temperature range of -40 C (-40 F) to 74 C (165 F). Provide
modules that conform to the applicable portions of section 925.2.15. Ensure the unit provides a minimum
luminous intensity of 500 candela and does not exceed 18 watts at 25 C (77 F).

Couple the lamp to the diffusing element with a collar including a specular inner surface. The diffusing element
may be discrete or integral with the convex surface of the oplical limiter.

Supply an optical limiter with an accessible imaging surface at focus on the optical axis for objects 900 to 1,200
feet (270 to 360 m) distance and permit an effective veiling mask to be variously applied as determined by the
destired visibility zone.

Ensure that the optical limiter is provided with positive indexing means and is composed of heat-resistant glass.

Ensure that the objective lens is a high-resolution planar incremental lens hermetically sealed within a flat
laminate of weather resistant acrylic or approved equal,

Supply a lens that is symmetrical in outline and that may be rotated to any 90-degree orientation about the
optical axis without displacing the primary image.
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2. Mounting
a.  Supply signals that mount to standard 1.5 inch (38 mm) fittings as a single section, as a multiple section face, or
in combination with other signals.

Provide signal sections with an adjustable connection that permits incremental tilting from 0 to 10 degrees
above or below the horizontal while maintaining a common vertical axis through couplers and mounting.

Ensure that terminal connections permit external adjustment about the mounting axis in 5-degree increments.
b.  Ensure that the signal is mountable with ordinary tools and capable of being serviced with no tools.
Supply attachments such as back plates or adapters that conform and readily fasten to existing mounting
surfaces without affecting water and light integrity of the signal. Supply heads with tri-studs for mounting.
3. Electrical
Supply lamp fixtures that comprise a separately accessible housing and integral lamp support indexed ceramic
socket and self-aligning, quick release lamp retainer.

Ensure that electrical connection between case and lamp housing can be accomplished with an interlock assembly,
which disconnects lamp holder when opened. Include a covered terminal block for clip or screw attachment of lead

wires for each signal section.
Use concealed No. 18 AWG, stranded and coded wires to interconnect all sections to permit field connection within
any section.
4. Photo Controls
Ensure that each signal includes integral means for regulating its intensity between limits as a function of the
individual background illumination.
Ensure that lamp intensity is not less than 97% of uncontrolled intensity at 10 750 lux, and reduces to 15 + 2% of
maximum at less than 10.75 lux.
Ensure that response is proportional and essentially instantaneous to any detectable increase of illumination from
darkness to 10 750 lux, and damped for any decrease from 10 750 lux.
Ensure that the intensity controller is comprised of an integrated, directional light sensing and regulating device
intcrposcd between lamp and line wircs.
Ensure that it is compatible with 60 Hz input and responsive within the range 105 to 135 V AC.
Output may be phase controlled, but ensure that the device provides nominal terminal impedance of 1,200 Q open
circuit and a corresponding holding current.
B. Fabrication
General Provisions 101 through 150,

C. Acceptance
General Provisions 101 through 150.

D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.15 LED Signal Modules

A. Requirements
This specification covers Type | Light Emitting Diode (.LED) red, green and ycllow modules for vehicle signals for both
Circular and Arrow indications. It also covers LED Pedestrian “HAND & PERSON” signal modules.

1. General Requirements All Modules

Ensure that Type | LED signal module include a LED circuit board with LEDs and required circuit components, 36
inch (900 mm) 16 AWG wire leads with strain relief and spade terminals, a rigid housing, and a one piece neoprene
gasket.

Supply Type | LED signal modules that are watertight when mounted in the traffic signal housing.

Submit life data on the LEDs from the LED Signal Module manufacturer to calculate the expected useful life.

Supply modules with permanent markings of date of manufacture and date of installation.
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Ensure that the Type 1 LED signal modules utilize the same mounting hardware that is used to secure the
incandescent lens and gasket assembly.

2. Optical All Modules
Provide test data from an independent taboratory to verify that the performance of the product meets current ITE
requirements.
Ensure that the individual LEDs are wired such that a calastrophic failure of one LED will result in the loss of not
more than 5% of the signal module light output.
The failure of a single LED in a string or cluster of LED’s causes loss of light from only that LED, not the entire
string or indication.
Provide control circuitry that prevents the current flow through the LEDs in the “off” state to avoid any false
indications as may be perceived by the human eye during daytime and nighttime hours.
Ensure that the LED signal module is operationally compatible with existing or new supplied conflict monitors
(NEMA TS-1, NEMA TS-2, Model 210, Model 2010, ITS Cabinet CMU and AMU).,
Ensure that the LED Signal Module is operationally compatible with existing or new supplied load switches.

3. Electrical All Modules
Supply LED signal modules that operate over the temperature range of 40 °F to 165 °F (-40 °C to 74 °C).

Ensure that the power factor is 90% or greater, at nominal rated voltage, at 77 °F (25 °C), after 60 minutes of
operation. Provide modules that do not exceed the maximum power consumption as shown in Table 925-18.

Table 925-18 Maximum Power Consumption (in Watts) at 25 C (77 F) & 74 C (165 F)

Vehicle Indications Red Yellow Green

Temperature 25C 74 C 25C 74 C 25C 74C

12 Inch (300 mm) Circular | 11 17 22 25 15 15

8 inch (200 mm) Circular | 8 13 13 16 12 12

12 Inch (300 mm) Arrow 9 12 10 12 1 11

Pedestrian Indications | Hand Man
 Temperature | 25C 74C 25C 74C 25C 74C

12 Inch (300 mm) 10 12 9 12

Ensure that the total harmonic distortion (THD) is less than 20% at rated voltage, at 77 °F (25 °C) and that all LED
traffic signal modules are in compliance with FCC noise regulations.

Ensure that the LED signal modules operate on line voltage, 120 V AC nominal, and are able to operate over the
voltage range of 80 V AC to 135 V AC. Power Supply must be integral to the module.

Provide transient voltage suppression rated at 1,500 W for | millisecond and fusing with a maximum rating of 2 A
to minimize the cffect and repair cost of an extreme over voltage situation or other failure mode.

Ensure the lens of the modules that are polymeric and are not frosted have a surface coating to provide front surface
abrasion resistance. Ensure the Red and Yellow section module lens are tinted to correspond with the wavelength
(chromaticity ) of the LED. Ensure Green Section modules are clear.

Ensure the modules allow a reduction of the intensity of the light oulput in response to an input from the traffic
signal controller. Ensure the minimum light output when dimmed is not less than 30% of the minimum maintained
luminous intensity as defined in the applicable Signal Head Module.

4. Circular Signal Modules

Supply LED Circular Signal Modules that fit in standard incandescent vehicle traffic signal housings and meet the
Performance Specification of the ITE Vebicle Traffic Control Signal Heads: LED Circular Signal Supplement. [n
case of conflict, this specification shall govern. Before delivery of any modules supply certification that module is to
be in compliance with these specifications. In addition substantiating documentation must be supplied from an
independent test laboratory to show the product has passed design qualification testing in accordance with section
6.4 of the ITE Vehicle Traffic Control Signal Heads: LED Circular Signal Supplement. Ensure the report includes a
Minimum Maintained Luminous Intensity chart for the module being provided that uses the same horizontal and
vertical angles as shown in Table 1 of the [TE Vehicle Traffic Control Signal Heads: LED Circular Signal
Supplement. Ensure all modules are provided with a signed copy of the production and test and inspection as
detailed in section 6.3 of the ITE Vehicle Traffic Control Signal Heads: LED Circular Signal Supplement.
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Supply lenses for that are made of ultraviolet stabilized polycarbonate. Ensure that the external lens surface is
smooth, with no raised features, to, minimize the collection of dirt, diesel smoke, and other particulatc contaminates,
and to facilitate periodic cleaning.

Ensure that Circular Signal Modules have prominent and permanent markings to designate the proper orientation of
the signal module in the traffic signal housing. This marking should be an up arrow or the word “UP” or “TOP”.
Ensure Circular Signal Module meets the photometric requirements as indicated and described in the [TE VTCSH
LED Circular Signal Supplement.

Supply Red and Yellow LEDs that utilize AlinGap technology, either AS (Absorbing Substrate or TS (Transparent
Substrate) and do not exhibit degradation of more than 30% of their initial light intensity following accelerated life
testing (operating at 185 F (85 C) and 85% humidity, for 1000 hours). AlGaAs technology is not acceptable.

Supply Green LEDs that utilize gallium nitride technology.

5. Vehicle Arrow Signal Modules

Supply LED Arrow Signal Modules that fit in standard incandescent vehicle traffic signal housings and meet the
Performance specification of ITE Vehicle Traffic Control Signal- LED Vehicle Arrow Traffic Signal Supplement.

Ensure that Arrow Signal Modules provided are omni directional and marked as OD so that they may be rotated at
any angle. Ensure the Arrow modules Photometrics support the luminous intensity as indicated in table 925-19.
Before delivery of any modules supply certification that module is to be in compliance with Lhese specifications. In
addition substantiating documentation must be supplied from an independent test laboratory to show the product has
passed design qualification testing in accordance with section 6.4 of the ITE Vehicle Traffic Control Signal Heads:
LED Circular Signal Supplement. Ensure the report includes a Minimum Maintained Luminous Intensity chart for
the module being provided that uses the same horizontal and vertical angles as shown in Table 1 of the ITE Vehicle
Traffic Control Signal Ileads: LED Vehicle Arrow Traffic Signal Supplement. Ensure all modules are provided with
a signed copy of the production and test and inspection as detailed in section 6.3 of the ITE Vehicle Traffic Control
Signal Heads: LED Vehicle Arrow Traffic Signal Supplement.

Supply lenses for that are made of ultraviolet stabilized polycarbonate. Ensure that the external lens surface is
smooth, with no raised features, to, minimize the collection of dirt, diesel smoke, and other particulate contaminates,
and to facilitate periodic cleaning. Supply Red and Yellow LEDs that utilize AllnGap technology, either AS
(Absorbing Substrate or TS (Transparent Substrate) and do not exhibit degradation of more than 30% of their initial
light intensity following acceleraled life testing (operating at 185° F (85° C) and 85% humidity, for 1000 hours).
AlGaAs technology is not acceptable.

Supply Green LEDs that utilize gallium nitride technology.

Bi-Modal signal heads shall meet the standards for both Yellow and Green LEDs mentioned above,

Supply LED Arrow Signal Modules that fit in standard incandescent vehicle traffic signal housings and meet the
“ITE Vehicle Traffic Control Signal Heads Part 3: Light Emitting Diode (LED) Vehicle Traffic Signal Modules”.
Use Table 925-19 for all references to minimum maintained [ntensity values. Ensure the LED arrow modules meet
the required luminous intensity as shown in Table 925-19,
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Table 925-19 Minimum Maintained Luminous Intensity Values
for Arrow LED Indications
Angle Angle
Ver | Hor 12 inch (300 mm) Ver | Hor 12 inch (300 mm)
+ +0or- | Red | Yellow | Green |- +or- | Red | Yellow | Green
25| 56.8 1416 73.9 25| 568 141.6 739
7.5 47 117.1 61.1 75| a7 117 1 61.1
25 12.5 || 32.1 80.1 18| ,p 12.5 || 32.1 80.1 418
175 | 182 453 23.7 175 182 453 23.7
225 85 21.2 11.1 225 85 21.2 111
275( 33 8.2 43 27.5| 33 82 43
25| 47 117 1 61.1 25| 47 1171 61.1
75| 389 97 506 7.5 389 97 50 6
7.5 125 | 267 665 347 75 125 || 26.7 66.5 34.7
175 | 15.1 37.7 19.7 175 151 377 19.7
225( 71 17.7 92 225 7.1 17.7 9.2
275 238 6.9 3.6 27.5|| 28 6.9 36
25| 32.1 80.1 418 25| 321 80.1 41.8
75| 26.7 66.5 34.7 75| 267 66.5 347
125 18.3 457 23.9 125 || 18.3 457 23.9
25 175 105 26.1 13.6 b 17.5 ([ 105 26.1 13.6
225 5.0 12.4 6.4 225 50 12.4 6.4
27.5 . = - 27.5 - . -
25| 182 453 237 25| 182 453 237
7.5 15.1 377 197 7.5 15.1 37.7 19.7
125 | 105 26.1 13.6 12,5 | 105 261 136
S 175| 60 15.0 7.8 S 17.5| 60 15.0 7.8
225( 29 72 3.8 225| 29 7.2 38
27.5 x = = 27.5 - B -
25| 85 212 11.1 25| 85 212 11.1
75| 71 17.7 9.2 75( 71 177 9.2
125| 50 12.4 6.4 125 50 12.4 6.4
25 178 | 29 7.2 28 e 175 29 7.2 28
22.5 22.5
27.5 - - = 27.5 s - -
25| 33 8.2 43 25| 33 8.2 43
75| 28 69 36 75| 28 6.9 36
12.5 12.5
27.5 17.5 27.5 175
225 22.5
27.5 27.5

6. Pedestrian Signal Modules
Supply LED Pedestrian Traffic Signal Modules that fit in standard pedestrian one section signal head manufactured
in accordance with the ITE Pedestrian Traffic Control Signal Indications (PTCSI) housings and meet the [TE
Pedestrian Traffic Signal Modules specification.
Ensure that the Pedestrian [ndications for the “Hand” and “Man” are filled in so as to provide a solid indication. Do
not supply Pedestrian Indications for the Hand and Man that are “outlines”.

Ensure that Pedestrian Signal Modules have prominent and permanent markings to designate the proper orientation
of the signal module in the pedestrian signal housing. This marking should be an up arrow or the word “UP” or

“TOP”.
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Ensure Pedestrian Sighal Module meets the photometric requirements as indicated and described in the ITE PTCSI
LED Pedestrian Traffic Signal Module Specification.

Supply Portland Orange LEDs that utilize AllnGap technology, cither AS (Absorbing Substrate or TS (Transparent
Substrate) and do not exhibit degradation of more than 30% of their initial light intensity following accelerated life
testing (operating at 185° F (85° C) and 85% humidity, for 1000 hours). AlGaAs technology is not acceptable.
Supply White LEDs that utilize InGaN technology.

B. Fabrication

General Provisions 101 through 150.
C. Acceptance

General Provisions 101 through 150.
D. Materials Warranty

Ensure that LED traffic signal modules.and LED Pedestrian modules are performance warranted to be in compliance
with the minimum intensity values as shown in Table 925-19. Provide independent laboratory test results indicating that
LED indications satisfy the minimum intensity Standards for LED traffic signal modules, measured at 120 V AC and
165 °F (74 °C), for a period of five (5) years.

Ensure that the manufacturer’s name, part number, date code, and clectrical characteristics of the LED signal module is
visible on the assembly, and that each LED signal module is identified for warranty purposes.

9256.2.16 LED Pedestrian and Countdown Signal Module

A. Requirements
This specification covers LED traffic signal module designed as a retrofit replacement for the message bearing surface of
nominal 16” x 18” (400 mm x 450 MM) traffic signal housing built to the PTSCI Standard. The message bearing surface
of the module consists of an overlapping “l{and” and “Man” Symbols with a numerical display of numbers from 00 to
99.

1. General Requirements

Ensure that the unit supplied meets the applicable portions of section 925.15 of this specification.

Ensure that the message numbers “00” to “99” are a minimum of 9 inches (228 mm) in height and consist of two
rows of LEDs.

Ensure the module fits in the Pedestrian Signal Housing without modification to the housing and requires no special
tools for installation.

Supply LED signal modules that are watertight when mounted in the traffic signal housing.

Supply life data from the LED Signal Module manufacturer to calculate the expected useful life

Supply modules with permanent markings for date of manufacture and date of installation.

2. Optical

Provide test data from an independent laboratory to verify that the performance of the product meets current [TE
requirements.

Ensure that the individual LEDs are wired such that a catastrophic failure of one LED will result in the loss of not
more than 5% of the signal module light output.

The failure of a single LED in a string causes loss of light from only that [LED, not the entire string or indication.
Provide control circuitry that prevents the current flow through the LEDs in the “off” state to avoid any false
indications as may be perceived by the human eye during daytime and nighttime hours.

Ensure that the LED signal module is operationally compatible with existing or new supplied conflict monitors
(NEMA TS-1, NEMA TS-2, Model 210, Model 2010, [TS Cabinet CMU and AMU.

Ensure that the LED Signal Module is opcrationally compatible with existing or new supplied load switches.
Ensure that the intensity ol the LED signal module does not vary by more than 10% over the allowable voliage
range as specified in the electrical section below.

Ensure that the LED signal modules maintain not less than 90% of the required intensity, as defined by the ITE
intensity Standards for LED traffic signal modules.
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Ensure that each module provides an average luminous of at least 3750 candela per square meter of lighting surface
for the “Hand" and 5300 candela per square meter for the Man symbol.
Ensure this over the temperature range of 40 °F to 165 °F (—40 °C to + 74 °C) at 120 V AC, when new and after
four (4) years of field installation.
Provide an exterior lens which is uniform and frosted to reduce sun phantom effect.

3. Electrical
Supply LED signal modules that operate over the temperature range of —40 °F to 165 °F (-40 °C to 74 °C).
Ensure that the power factor is 90% or greater, at nominal rated voltage, at 77 °F (25 °C), after 60 minutes of
operation.

Ensure that the total harmonic distortion (THD) is less than 20% at rated voltage, at 77 °F (25 °C) and that all LED
traffic signal modules are in compliance with FCC noise regulations.

Ensure that the LED signal modules operate on line voltage, 120 V AC nominal, and are able to operate over the
voltage range of 80 V AC to 135 V AC.

Provide transient voltage suppression rated at 1,500 W for 1 millisecond and fusing with a maximum rating of 2 A
to minimize the effect and repair cost of an extreme over voltage situation or other failure mode.

Ensure the modules allow a reduction of the intensity of the light output in response to an input from the traffic
signal controller. Ensure the minimum light output when dimmed is not less than 30% of the minimum maintained
luminous intensity as defined in the applicable [TE Signal Head Module.

4. Operation
Supply LED Modules which start counting when the flashing “Don’t Walk” Indication starts and will countdown to
“0” when the steady “Don’t Walk” signal turns on. Ensure that the countdown numbers remain continuously
illuminated through the flashing don’t walk interval. Ensure that the unit maintains a consistent countdown during a
short power failure (i.¢. Traffic Controller does not reslart). Ensure that if Traffic Controller restarts that the
countdown timer display is turned off until one full pedestrian clearance Cycle is timed. Ensure that the unit will
turn off the counter if the steady Don’t Walk Display starts while the countdown timer is displaying a number other

than 00.
B. Fabrication

General Provisions 101 through 150.

C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty

Ensure that LED traffic signal modules and LED Pedestrian modules are performance warranted to be in compliance
with the latest ITE and CALTRANS minimum intensity Standards for LED traffic signal modules, measured at 120 V
AC and 165 °F (74 °C), for a period of five (5) years.

Ensure that the manufacturer’s name, part number, date code, and clcctrical characteristics of the LED signal modulc is
visible on the assembly, and that each LED signal module is identified for warranty purposes.

925.2.17 Blank-Out Signs

A. Requirements

Ensure thal each sign provides a clearly visible and definable legend for 500 feet with ample safety factors.

Provide hardware to mount the sign on standard 1.5 inch (38 mm) pipe brackets or to mount directly to signal mast arms
or span wire or as outlined in the Plans.

Ensure LED blank-out signs conform to the requirements of section 925.2.15 for LED modules and optical requirements,
Supply blank-out signs capable of displaying one message at a time in one direction.

1. Case

Use a case formed from aluminum extrusion F1-6-E and a special aluminum door frame angle.

For Alloy 6063-T5, ensure that the wall is at least 0.075 inches thick and the corners and joints are at least 0.080
inches (2 mm) thick.
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Use filler arc for all welding. Ensure all hinges and fastening hardware, nuts, bolts, fasteners on the housing and
internal components are stainless steel
Use a BR-type take-apart door hinge and draw bolt. Furnish one P-15 1.5 inch (38 mm) hub on the top surface.

Prime the entire case with zinc chromate, bake the inside with two coats of non-yellowing white, and paint the
outside with two coats of highway yellow.

2. Electrical
Ensure that all blank-out signs are LED and conform to current ITE Standards. Supply all signs with the necessary
mounting hardware to provide for mounting as shown on the Plans. Provide mounting for one way or two way
configurations.
Obtain approval for messages and letter dimensions from the Engineer.

3. Sun Phantom Screen

Attach to each sign a heavy-duty aluminum louver-type sun phantom screen covering the entire sign face. Slant the
touvers down enough to ¢liminate the sun glare without obstructing the view of the sign face.

4. Painting

Paint the signal surfaces, inside and out, with two coats of oven-baked enamel in addition to the primer coat. Paint
the non-illuminated portions of the signal face black. Paint the housings, brackets, fittings, etc. highway yellow.

5. Lens
Use a fabricated, three-section Plexiglas lens clear face, with or without legend, which can accept a silk-screened
legend on the first surface. Providc a thickncss of at least 0.31 inches (8 mm).

6. Legend
Acceptable legends are as follows:
Text:
¢ NOLEFT TURN
e NORIGHT TURN
e SIGNAL AHEAD
* NO TURNS
Symbols:
e NOLEFT TURN SYMBOL
¢ NORIGHT TURN SYMBOL
B. Fabrication
General Provisions 101 through [50.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.18 Lane-Use Control Signal
A. Requirements
Ensure that all signals are LED and conform to current ITE Standards. Supply all signals with the necessary mounting
hardware to provide for mounting as shown on the Plans, Provide mounting for one way or two way configurations.
1. General Requirements
a. Weight
Ensure that one-way units weigh not more than 50 pounds (23 kg) and two-way units weigh not more than 60
pounds (27 kg), regardless of messages.

b. Color
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Ensure that the color of lane-use control signal indications is clearly visible for 0.25 mile (0.38 km) at all times
under normal atmospheric conditions. Provide lane-use control signals with a visibilily angle of a minimum of
60 degrees.

Housing

Ensure that the housing of each signal is polycarbonate or a one-piece corrosion resistant aluminum alloy die
casting or equal and meets current related ASTM Specifications.

Ensure that all configurations are balanced to provide a plumb hanging unit. Ensure that all components are
readily and easily accessible from the open door.

Housing door

Ensure that the housing door is one-piece corrosion resistant aluminum or polycarbonate and meets current
related ASTM Specifications.

Provide two substantial door hinges with stainless steel hinge pins. Ensure hinges are on the left side of each
section with a latch boss on the right side.

Provide stainless steel dual eye bolt latches or similar approved devices to securely close and latch the housing
door. Equip the housing or door with a continuous molded neoprene gasket to make the interior of the unit
dustproof and waterproof.

Wiring

Provide each signal housing with a complete terminal board. Ensure that one side of terminal strip
accommodates socket leads and the other side accommodates field wires. Ensure that the terminal board
provides totally separate wiring of each symbol.

Ensure each lamp is separately wired to a terminal block located in each housing. Provide each lamp holder
socket with color-coded leads.

For combination symbols, color-code socket Ieads separately to distinguish between red “X?, yellow “X” or
downward arrow symbols. Provide leads that are No. 14 AWG type THW, 600 V AC, and fixture wire with 194
°F (90 °C) thermoplastic insulation.

Visors

Provide visors not less than 12 inches (300 mm) long for multiple unit and 7 inches (175 mm) long for single
unit signals for each signal face.

Ensure that the visors are constructed of sheet aluminum or polycarbonate and encompass the top and sides of
each section.

Painting

Paint all signal surfaces, inside and out, with two coats of oven baked enamel in addition to the primer coat.
Paint the insides of the visors flat black.

The non-illuminated portions of the signal face black or dark gray and all housings, brackets and fittings
highway yellow.

Hardware and fittings:

Supply all necessary fittings, pipe brackets, hangers, bubs, etc. for the type of mounting specified. Ensure all
fittings are aluminum or galvanized coated to prevent rust and corrosion.

Sun -phantom screen

Provide each signal face with a screen, which substantially counteracts sun phantom effect.

2. Signal Display
Ensure that the symbols, which are on an opaque black or dark gray background, meet ITE requirements and are
blacked out when not illuminated.

3. LED Optical System

a.

Ensure that the LEDs supplied for the lane use control signal meet the Specifications for a type module as
required in section 925.2.14. Ensure that each separate color indication in a sign face is illuminated by
independent LEDs

Ensure that the green arrow indication does not utilize the same termination points as any “X" indication.
Ensure that total power required for any single indication does not exceed 250 W.

Ensure that all modules are contained behind a water tight signal face or lens assembly.
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e.  Ensure that the entire optical system is weatherproof and is not vulnerable to extremes in temperature or
moisture.

B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties,
925.2.19 Pedestrian Push Button Station
A. Requirements

Ensure that Pedestrian push buttons are of tamperproof construction and consist of a direct push type button and single
momentary contact switch in cast aluminum housing. The pushbutton cover shall also be of cast aluminum. The housing
and cover shall be free of voids, pits, dents, molding sand excessive foundry grinding marks. Exterior surface shall be
smooth and cosmetically acceptable, free of molding fins, cracks and other exterior blemishes.

Provide housing and cover with an alodine conversion coating so as to provide a proper base for paint adhesion. Finish
the housing with baked enamel and paint the push button housing and Pedestrian heads highway yellow (unless
otherwise specified by the Engineer).

The assembly shall be capable of being mounted to a flat or curved surface. Ensure the assembly includes the appropriate
sign as shown in the Plan Details.

Ensure that any screws or bolts are stainless steel and vandal proof. Provide the unit with a 0.5 inch (13 mm) threaded
opening with plug.

Ensure that the assembly is weatherproof and so constructed that when properly installed, it will be impossible to receive
an electrical shock under any weather condition.

Ensure that Pedestrian Pushbuttons are integrated with a sign as shown in the standard details. Provide the sign size as
indicated on the Plans. GDOT will allow an adapter of cast aluminum. GDOT will allow one of three options:

1. The use ofa 9 inch (229 mm) by 15 inch (381 mm) cast aluminum plate adapter to upgrade existing push button
station, 9 inch (229 mm) by 12 inch (305 mm).
2. Push button station assembly 9 inch (229 mm) by 15 inch (381 mm) sign w/round pushbutton adapter.
3. The use ofa 9 inch (229 mm) by 15 inch (381 mm) cast aluminum plate adapter to upgrade existing push button
station, 5 inch (127 mm) by 7 inch (178 mm).
Ensure that the Pedestrian Push Button sign adapter plate is, die-cast aluminum and separate, such that it is
interchangeable.

Ensure that the Pedestrian Push Button sign adapter assembly be, die-cast aluminum and attached, prior to shipping.
The plate shall be finished with highway yellow baked enamel paint (unless otherwise specified by the Engineer).
Ensure the button assembly is configured to be a mechanical switch with ball and 2 inch (50 mm) mushroom plunger.
B. Fabrication
General Provisions 101 through 150,
C. Acceptance
General Provisions 101 through 150,
D. Materials Warranty
Refer to Subsection 925.2.01D for Materials Warranties.
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925.2.20 Signal Head Back Plate

A. Requirements
Ensure that each back plate is designed to properly shield a traffic signal head from background distractions for better
visibility.
Design the back plates to extend beyond the signal head to a minimum of 6 inches (150 mm) on all sides and have all
corners rounded with minimum 2 inch (50 mm) radii.

Construct the back plates from UV stabilized polycarbonate, ABS plastic, or metal material. Ensure that polycarbonate
back plates are at least 0.15 inches (4 mm) thick; ABS back plates are at least 0.05 inches (1 mm) thick; metal back
plates are at least 0.06 inches (1.5 mm) thick. All back plates shall be constructed with a finished color of flat black.

Design the back plates with predrilled holes to provide for simple attachment to the specified brand, size and
configuration of traffic signal head with all mounting hardware included.

Ensure that the back plates do not interfere with the signal mounting hardware. Ensure that the back plates include
louvers.

Ensure back plates project a rectangular appearance at night by having a 2 inch (50mm) yellow fluorescent TP [X
retroreflective strip along the back plate perimeter.

B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.21 Signal Head Visors
A. Requirements
Typically, visors are one piece tunnel type and removable unless specified otherwise in the signal Plans.

Ensure that visors are polycarbonate and at least 9 inches (225 mm) deep for 12 inch (300 mm) heads. Special angle
visors are full circle with the long side at least 18 inches (450 mm) deep. Ensure that visors provide a positive method of
attaching to the door of the signal head that do not allow rotation. An acceptable method is to provide tabs that use

stainless steel screws.
Unless otherwise specified by the Engincer, provide black signal head visors.

[f special tools are required for visor adjusiment, provide one set per project. Coordinate delivery of tools with District
Signal Engineer.

B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.22 Signal Head Louvers

A. Requirements

Ensure that louvers (with the vanes oriented vertically) are directional with a 7-degree cuto(T right of center. Rotating the
louver 180 degrees will produce a 7-degree cutoff left of center.

Provide twelve-inch (300 mm) louvers with 5 vanes. Finish all louvered surfaces in flat black. Ensure that programmable
louvers are directional with a 7-degree cutoff and that all louver surfaces have a flat black finish.
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Ensure that the units can be installed and programmed in accordance with the manufacturer’s instruction on visors that
are recommended by the manufacturer.

Have the programmable louver display approved by the Engineer prior to placing the signal in stop and go operation.

If special tools are required for louver adjustment, provide one set per project. Coordinate delivery of tools with
District Signal Engineer. B. Fabrication

General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties,

925.2.23 Hardware For Mast Arm Mounting
A. Requirements

Ensure that signal heads are rigidly mounted to the mast arm. Provide mounting hardware that is in accordance with the
following:
4. Adjustability

Ensure the mounting bracket is completely adjustable such that it allows; rotational adjustment about the bracket
axis; vertical adjustment; rotational adjustment about the Mast Arm; and rotational adjustment from the vertical
plane.

5. Attachment
Ensure the bracket is provided with air-craft grade galvanized steel cables with stainless steel fastening hardware
and make a minimum of two wraps around to fasten the bracket to the arm. Ensure the bracket is easily adjustable to
fit all sizes of round, elliptical or other shaped structure without special tools or equipment.

6. Signal/Sign Accommodations
Ensure the bracket attaches to the signal or sign to assure maximum rigidity. When clamping the signal top and
bottom, ensure a standard bracket accommodates all major signal manufaclurers signal for 3, 4 and 5 section signal
head configurations.

7. Wiring
All electrical wiring shall be completely concealed with the bracket. The vertical support shall be a gusseted “C”
shaped extruded aluminum tube to accommodate the signal cable regardless of vertical positioning of the tube.

8. Materials
The upper and lower arms shall be cast 319 aluminum or equivalent. The lower arm shall be internally threaded to
accommodate the threaded vertical support tube. Ensure the lower arm is furnished with plastic covers which slide
and snap into place. Both arms shall have 72 tooth serrations cast into the arm to assure a positive lock with signal
housing and shall be sccurcd about their rotational axis with setscrews. Ensure the arms have a tri-bolt arrangement
for attachment to the signal housing.
Ensure the vertical support is gusseted tube extruded from 6063-T6 aluminum. Ensure the tube includes a vinyl
closure strip.
Ensure the mast arm clamp assembly is cast from 713 aluminum alloy or equivalent. Provide an assembly that
allows for 360 degrees of rotation with no intcrnal bracing obstructing the center opening. Provide two air-craft
grade galvanized steel cables that have minimum tensile strength of 100,000 PSI (690 MPa).
Ensure that each bracket is complete with all necessary bolt, washers, gaskets and miscellaneous items to allow
assembly of the signal to the bracket and the bracket to the mast arm. Ensure all aluminum parts have an Aldine
finish. All non stainless steel parts shall have a yellow zinc di-chromate or galvanize finish.

This item will be approved upon submittal of catalog cuts. Refer to Standard Detail Drawings for additional information.

B. Fabrication

General Provisions 101 through 150.
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C.

Acceptance

General Provisions 101 through 150.

Materials Warranty

Refer to Subsection 925.2.01D for Materials Warranties.

925.2.24 Hardware For Signal Head Pole Mounting

A.

Requirements

Ensure this item consists of hardware adequate for the specific mounting. As a minimum provide the following
hardware. 1 Y inch pipe nipples of die cast aluminum that are a minimum of 12 inches (300 mm) and threaded with 1 %
inch NPS threads on either end. On the upper and lower arm thete shall be a serrated 72 tooth boss with set screw. Use a
tri-stud adaptor to attach the signal housing to thc mounting hardware. The upper arm shall have a neoprene gasket to
provide weather tight fit. Hub plates for pole mounting shall be provided and they shall be appropriate for the particular
mounting (round or flat). Hardware shall die cast atuminum alloy 380 or extruded. All die cast parts shall be cleaned in
an alkaline cleaning compound Extruded parts shall have an alodine conversion coating to provide proper base for paint
adhesion. The assembly is to be painted federal yellow and baked in an oven. Ensure the assembly is provided with all
required hardware. All other hardware shall be stainless steel.

Fabrication
General Provisions 101 through 150.

Acceptance

Ensure that this item consists of hardware as shown in the standard details.
This item will be approved upon submittal of catalog cuts.

Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranlies.

925.2.25 Balance Adjuster

A.

Requirements

Ensure this item consists of hardware that is cast from 316 Stainless Steel or 65-45-12 Ductile Iron or equivalent. Ensure
castings are free of voids, pits, dents, molding sand and excessive grinding marks. Exterior surface shall be cosmetically
acceptable and free of molding fins, cracks and other extetior blemishes. All hardware shall be supplied and be stainless

steel or galvanized.
Fabrication
General Provisions 101 through 150.

Acceptance

Ensure this item consists of hardware as shown in the Standard Details. This item will be approved upon submittal of
catalog cuts.

Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.26 Hardware For Mounting 12-Inch-(300-mm) Pedestrian Head

A.

Requirements

Ensure this item meets the same criterta as 925.2.24.A and is in accordance with the Standard Details.
Fabrication

General Provisions 101 through 150.

Acceptance

Ensure this item consists of hardware as shown in the Standard Details. This item will be approved upon submittal of
catalog cuts.
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D.

Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.27 Pedestal Pole

A.

Requirements

The Pedestal poles support vehicle signal heads, pedestrian signal heads, [VDS and push button. Furnish Pedestal poles
according to type and overall length.

Pedestal pole for vehicle display for one lane ramp metering operation shall be constructed to support one 12 (300 mm)
signal head and one 8” (200 mm) signal head assembly as shown in the Plans.

Pedestal pole for ramp meter advance warning sign and flashing beacon shall be constructed to meet the sign
manufacturer’s structural requirements. Pedestal pole mounting adapter shall rigidly attach to the sign case’s structural
bracing. Cable entrance to the sign case shall be through the inside of the pole.

1. Ensure that all poles are made of one continuous piece of bare finish spun aluminum from top to base connection
for the entire height of the pole.
The shaft, of appropriate shape, may or may not be uniformly tapercd from butt to tip. A pole used to support only a
traffic signal may be tapered.
2. Fabricate pole caps, when required, of cast material, and secure in place with set-screws.

Fabrication

General Provisions 101 through 150.

Acceptance

General Provisions 101 through 150.

Materials Warranty

Refer to Subsection 925.2.01.D for Matcrials Warranties.

925.2.28 Pedestal Pole Base

A.

Requirements

Ensurc that all design radii are smooth and intact. Ensure that the exterior surface finish is smooth and cosmetically
acceptable by being free of molding fins, cracks and other exterior biemishes.

Fabricate from new aluminum ingot. Do not use scrap materials.

Minimum requirements are as follows:

ALUMINUM ALLOY NO. 319
ELONGATION [% IN 2 IN. (50 mm)] 2.5

TENSILE STRENGTH, KSi (MPa) 34 (234)
BRINELL HARDNESS 85

YEILD STRENGTH, KSI (MPa) 19 (131)

SHEAR STRENGTH, KSI (MPa) 232 (1600)

1. Ensure this item consists of square cast aluminum with bare finish, and has a minimum weight of 21 pounds (9.5
kg). Thread the upper end to receive a 4 inch (100 mm) National Pipe Thread (NPT) pipe shaft.

2. Design the base so that it may be fastened to a foundation with four (4) 0.75 inch (19 mm) anchor bolts located 90
degrees apart on the bottom of the base. Provide slots in the bottom of the base 1.5 inch (38 mm) wide and 2.5
inches (63 mm) long measured along the circumference of the bolt circle, allowing a proper fit even if the bolts are
placed slightly off center.

3. Design the base to accommodate bolt circles of 2 minimum of 12 inches (300 mm) through a maximum of 14.5
inches (363 mm) and anchor bolts with a minimum of 0.63 inches (16 mm) through 1 inch (25 mm) diameter.

4. Design the base with a removable plastic door. Ensure that the door opening is free of burrs and sharp edges and is
no less that 8.5 inches (213 mm) square. Attach the door to the base using one socket button head screw to prevent
unauthorized entry.
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5. Ensure that the base meets or exceeds current AASHTO breakaway requirements. Provide test reports from an
FHWA approved independent laboratory certifying that the base has been tested and meets all applicable
requirements. In addition, supply a statement of certification from the FHWA stating such tests have been accepted
and approved.

6. In order to prove structural sounduess, provide a certification from a recognized independent structural laboratory
certifying that the base will withstand a bending moment of 10,750 f-1bs (14 575 N-m).

7. Ensure that the door is injection molded from ABS plastic to deter vandalism and theft, and has the following

properties:
%ESTi - - ASTM METHODVALUE -
Tensile @ Yield [0.13 inches (3 mm)] D638 6600 psi (45 500 kPa)
Flexural @ Yield D790 11,000 psi (75 850 kPa)
Rockwell Hardness D785 101 (R Scale)
Notched izod D256 5 ft-Ib./in. (0.03 N-m/mm) )

8. Ensure that the door exhibits the following properties:
e  Has an edge thickness of 0.25 inches (6 mm) and a minimum thickness of 0.156 inches (4 mm)
e Contains flame-retardant material, meeting or exceeding underwriters laboratories UL 94 test H.B
e  Gray aluminum tone in color, unless otherwise specified
¢  Contains ultra-violet inhibitors and stabilizers for protection against UV degradation
¢ I[s injection molded with a smooth front finish
e Has flat and straight surfaces without blisters, buckling or warping; have reinforcing ribs
¢ Contains two (2) injection molded lugs on the bottom of the door with slots of the proper width and depth to fit
the base door opening.
9. Supply the base with a set of four (4) anchor bolts, 0.75 inch (19 mm) diameter by 18 inches (450 mm) in length,

material per ASTM A 572A 572M, Galvanized per ASTM A 153/A 153M. Supply (1) hex nut and (1) flat washer
with each bolt.

B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
General Provisions 101 through 150.
925.2.29 Pedestal Pole Foundation Anchor Assembly

A. Requirements

Provide Foundation Anchor asscmbly that is 4 inches (100 mm) in diameter by 56 inches (1400 mm) with a singlc
helical blade and a square fixed baseplate with combination underside holt-head retainer and dirt scrappers allowing
flush- mount with the ground.

Provide Baseplate that is steel and conforms to ASTM A-36 material. Provide pipe with helical blade that is
manufactured from ASTM A-53ERW Grade B Steel. Ensure 4 inch pipe has 2 inch (50 mm) by 3 inch (75mm) entrance
hole 18 inches below the steel plate. Ensure the anchor assembly is hot dipped galvanized finish after fabrication and
complies with ASTM A-123.

Ensure base plate has four slotted mounting holes to fit bolt circles from 7 % inch (195mm) to 14 % inch (375 mm.
Provide 4 slotted mounting hole with a % inch keyhole slot to permit bolt installation and replacement from the top
surface without digging under the baseplate.

Ensure assembly is furnished with;
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»  Quantity of four % inch(20 mm) -1ONC x 3 inch(75 mm) square head galvanized ASTM 325 anchor bolts;
¢ Quantity of four % inch(20 mm) plain flat gaivanized washers;
*  Quantity of four 3/16 inch(5 mm) thick galvanized plate washers;
e  And, quantity of four % inch (20 mm) galvanized hex nuts.
B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through [50.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.30 Timber Poles
A. Requirements

Ensure that all timber poles meet the requirements of Section 861. Poles must be inspected and tested by the GDOT
Office of Materials and Research and hammer stamped by the inspector.

Ensure that all poles have a brand or stamp 10 feet (3 m) from the butt that notes the type wood, date of manufacture,
manufacturer, class and length.

Ensure that all timber poles that have guy attachments or support span wire or arms that suspend signal heads over the
roadway or sidewalk are Class II,
Poles that support loop lead-in, messenger or communications cable that does not have guy attachments may be Class IV
size.
Ensure that all poles meet the requirements in the table below unless otherwise noted on the traffic signal Plans or list of
materials.

Minimum Circumference

Class Nominal Length, ft (m) At 6 feet (2.4 m) from butt, in. (mm)

Il 30 (9) 34.0 (850)
I 35 (10.5) 36.5 (913)
[ 40 (12) 38 5 (963)
I 45 (13.5) 40.5 (1013)
I 50 (15) 42.0 (1050)
\Y; 30 (9) 29.5 (738)
\Y; 35 (10.5) 31.5 (788)
v 40 (12) 33.5 (838)
v 45 (13.5) 35.0 (875)

B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.31 Traffic Signal Pull Box
A. Requirements

Ensure traffic signal pull boxes are matched assemblies consisting of boxes and covers from the same manufacturer,
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For all pull boxes except Types 4 and 5, use pull boxes manufactured in a single unit for the full depth required in the
size in an open bottom configuration. Do not use stacked pull boxes.

For pull boxes Types 4 and 5, use stacked pull boxes as shown in the Plans, where the top unit is open bottom and the
bottom unit is closed bottom manufacture. In the bottom unit provide a drain hole.

Provide pull boxes that are non-metalic and gray or tan color.

Ensure that pull boxes meet all requirements of ANSI 77 2007 or current edition Tier 5. Provide compliance test
documentation.

Provide a Ya-inch (6 mm) galvanized wire mesh between the gravel base and the open bottom box or closed bottom box
drain hole for all pull box types.

Use Type 1 pull boxes [12 inches x 12 inches (300 mm x 300 mm)] for loop lead-ins, When loop lead-ins and splices
and other cables are required, use Type 2 pull boxes [11 inches x 18 inches (275 mm x 450 mm)] or Type 3 pull boxes
[17 inches x 30 inches (425 mm x 750 mm)].- Use Type 4, 4S, 5, 5S, 6 and 7 pull boxes for fiber optic cable. Furnish
one-piece covers for all pull boxes except Types 5, 58, and 7. Furnish two-piece covers for Types 5, 55, and 7.

Furnish covers with a skid-resistant surface with a minimum coe(Ticient of friction of 0.5 when tested in accordance wilh
ASTM C1028.

Furnish covers with stainless steel hold-down bolts, minimum size 3/8-16.

Furnish covers with the logo “TRAFFIC SIGNAL” for pull box Types 1, 2 and 3, and with other pull box types when
installed for traffic signal cabling at a traffic signal.

Unless otherwise shown in the Plans or installed for traffic signal cabling at a traffic signal, furnish covers with the logo
“GDOT COMMUNICATIONS?” for pull box Types 4, 4S, 5, 58, 6 and 7.

Furnish pull box Types 4, S, 6 and 7 with factory-installed cable racks and rack hooks.
Cable racks and rack hooks shall be hot-dipped galvanized steel.

Each cable rack rail shall be minimum 24 inches (600 mmy) in length with rack hook mounting holes on the entire length.
Install two racks on each of the pull box long side walls. For Type 4 and 5 pull boxes only, each cable rack rail may be
comprised of two minimum 12 inch (300 mm) units installed on the stacked box side walls.

Mount cable racks to the side walls using minimum 3/8-16 stainless steel hardware.

Furnish a minimum of four rack hooks, minimum 6 inch length (150 mm), per pull box. Furnish an additional four rack
hooks for each through cable stored in the pull box. Furnish an additional two rack hooks for each splice closure stored

in the pull box.

Furnish Types 6 and 7 pull boxes with factory-installed non-metallic conduit terminators for Sch. 40 and SDR 11 2-inch
(53 mm) of the quantity and location as shown in the Plans, or for a different conduit size if shown in the Plans.
Terminator bodies shall be manufactured from high-impact polystyrene or approved equivalent.

When joining conduits of dissimilar materials, furnish an airtight and watertight conduit adhesive intended for direct-
contact underground use.

Refer to thc Standard Detail Drawings and the Traffic Signal Desigh Manual for further information,
B. Fabrication

General Provisions 101 through 150.
C. Acceptance

General Provisions 101 through 150.
D. Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties.
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925.2.32 Prefabricated Controller Cabinet Base

A.

Requirements

Provide controller cabinet bases that are precast polymer concrete and grey in color. Ensure the prefabricated controllcr
cabinet base has the correct bolt pattern for the cabinet(s) to be installed. Provide prefabricated controller cabinet bases
with UNC inserts as shown on plans. UNC inserts shall be stainless steel and be designed for a minimum of 15 foot-
pounds (20 N-m) of torque.

Ensure that prefabricated controller cabinet bases are designed to withstand wind loading of 125 mph (200 km/h) with
the cabinets as shown in the Plans mounted. Ensure that prefabricated controller cabinet bases are designed for a
minimum static vertical load of 5,000 pounds (2262 kg)over a 10 inch (254 mm) by 10 inch (254 mm) by [ inch (25
mm) thick distribution plate and withstand a tested load of 7,500 pounds (3394 kg). Ensure that prefabricated controller
cabinet bases are designed for a minimum lateral load of 1800 pounds (814 kg) over an 18 inch (457 mm) by 24 inch
(610 mm) by 1 inch (25 mm) steel plate applied to the longest side and shall withstand a tested load of 2700 pounds
(1222 kg). The prefabricated controller cabinet base shall withstand a 50 foot-pound impact administered with a 12-
pound weight having a “C” tup without puncture or splitting, in accordance with ASTM D2444. The prefabricated
controller cabinet base shall meet the requirement of ASTM D543 Section 7, Procedure 1. Provide a copy of all test
reports from a certified lab along with the materials certification package.

Fabrication

General Provisions 101 through 150.
Acceptance

General Provisions 101 through 150.
Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.33 Loop Lead-In Cable

A.

Requirements
Ensure that loop detector lead-in cable is No. 18 AWG, 3-pair shielded cable that meets IMSA specification #50-2.

Ensure that identification markings are stamped on the jacket.
Fabrication

General Provisions 101 through 150.

Acceptance

General Provisions 101 through 150.

Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.34 Loop Detector Wire

A.

C.

Requirements
Ensure that loop detector wire, meets IMSA specification 51- -3 and is 14 AWG.

For special applications loop detection wire that meets IMSA specification 51-7, 14 AWG, may be used as directed by
the Engineer.

Stamp identification markings on the cable jacket.
Fabrication

General Provisions 101 through 150.
Acceptance

General Provisions 101 through 150.
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D.

Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.35 Aerial & Duct Signal Cable

A.

Requirements

Ensure that aerial or duct (conduit) No. 14 AWG, stranded, 7-conductor, with black polyethylene (PE) jacket and 600 V
AC rating meets IMSA specification #20-1. Use conductors that are straight, not twisted pairs.

Fabrication
General Provisions 101 through 150.
Acceptance
General Provisions 101 through 150.

Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.36 Self-Supporting Twisted Pair Aerial Signal Communications Cable

A.

Requirements

Ensure that self-supporting, figure eight, aerial signal communications cable, No. 19 AWG, stranded 6-pair conductors is
rated at 600 V AC and meet IMSA specification #20-4-1984.

Use conductors that are twisted pairs with copper tape shicld under a black PE jacket. Ensure that messenger strand is
0.25 inch (6 mm), 7-strand and conforms to ASTM A 475 Siemens-Martin grade or better with a Class A coating.

Fabrication
General Provisions 101 through 150.
Acceptance
General Provisions 101 through 150.

Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.37 Underground Feeder Cable, Type UF

A.

Requirements

Ensure that underground feeder cable, Type UF w/ground has two (2) conductors with pve/nylon jacket and a minimum
600 V AC rating per UL #493. Two-conductor, No. 6 AWG wire may be used.

Fabrication

General Provisions 101 through 150.

Acceptance

General Provisions 101 through 150.

Materials Warranty

Refer to Subsection 925.2.01.D for Matcrials Warranties.

925.2.38 Messenger & Guy Strand (Span Wire)

A.

Requirements

Ensure that all messenger and guy strand (span wire) conforms to ASTM A 475 Extra High Strength grade or better with
a Class A coating, 7-wire span wire.

Ensure Ya-inch (6 mm) Messcnger & guy strand shall be used to support interconnect cable or as tether spans.
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Messenger & guy strand 0.31 inch (7 mm) shall be used only where it is essential to match an existing 0.3 linch (7 mm)
span wire that will not be replaced as part of a new installation.

Ensure all span wire for signal heads, blank out sign, optically programmed heads, lane control signs, standard, aerial or
sidewalk guys uses a minimum Messenger & guy strand 0.38 inch (9 mm) as a minimum size.

Fabrication
General Provisions 101 through [50.
Acceptance
General Provisions 101 through 150.

Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.39 Power Disconnect Box

A,

Requirements

Ensure that all power disconnect boxes are NEMA 3R 240 V AC, 60 Amp Phase 1{metal non-fused 2 pole). Ensure the
disconnect box is supplied with a padlock keyed as per directions of District Signal Engineer. Provide power disconnect
box that is not fuscd and does not have a circuit breaker. Supply with a service grounding kit.

Fabrication
General Provisions 101 through 150.
Acceptance
General Provisions 101 through 150.

Materials Warranty

Refer to Subsection 925.2,01.D for Materials Warranties.

925.2.40 Cable Ties

A.

Requirements

Ensure that all cable ties are nylon, ultraviolet resistant black and consist of the following as a minimum:
Nominal Length 8 inches (200 mm)
Width 0.30 inches (7 mm)
Tensile Strength 120 pounds (55 kg)

Fabrication

General Provisions 101 through 150.
Acceptance
General Provisions 101 through 150.

Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.41 Lashing Rod

A,

B.

RequirementsEnsure that all lashing rods are sized in accordance with messenger and cable(s) diameters to be
supported. Provide lashing rods that are of the same material as the messenger or guy strand.

Fabrication

General Provisions 101 through 150.
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C.

Acceptance
General Provisions 101 through 150.
Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.42 Stainless Steel Lashing Wire

A.

Requirements

Provide lashing wire that is type 316 stainless steel with 0.045 inch (1 mm) diameter.
Fabrication

General Provisions 101 through 150.

Acceptance

General Provisions 101 through 150,

Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.43 Guy Guards

A.

Requirements

Ensure that all guy guards are high impact resistant PVC with ultraviolet stabilizers added for retention of color. Ensure
that insulators attach to the guy so that they cannot easily be removed. Use guy guards which are yellow unless otherwise
directed.

Fabrication

General Provisions 101 through 150.

Acceptance

General Provisions 101 through 150.

Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.44 Guy Strain Insulators

A,

Requirements

Ensure guy strain insulators are protected from the environment including the effects of voltage, ultraviolet rays, and
acid rain by a fully bonded, electrically tack-free, and impenctrable silicone rubber sheath. Each insulator shall be UL
proof tested, and permanently marked to show date of test.

Fabrication

General Provisions 101 through 150,

Acceptance

General Provisions 101 through 150.

Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.45 Universal Closure Kit

A.

Requirements

Supply a Universal Signal Closure Kit to seal the signal head at either the top or bottom. Ensure that the kit will fit any
manufacturer’s signal head (top or bottom) without the use of special tools or modification.

1. Ensure that the gasket is 60-70 durometer neoprene.
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2. Ensure that Closure Cap is injection molded ABS plastic. The plastic is to be loaded with UV stabilizers.
3. Ensure that Adapter Bar is made so that it will secure the closure cap and compensate for varying thickness of signal

heads.
Provide two # 10 (9mm) screws to fit any manufacturer’s signal head. Ensure that one screw is 0.75 inches (19 mm)
in length and the second screw is 1 inch (25 mm) in length.

Pack each assembly in a clear plastic bag. Mark the bag with the manufacturer’s name and part number, Include the
Universal Signal Closure Kit in a package containing the span wire clamp and Tri-Stud wire entrance fitting.

. Engure that the Closure Cap is molded Lo closely match the color of the signal head (Federal Yellow). The adapler

bar and screws are to be zinc plated steel.

B. Fabrication

General Provisions 101 through 150.

C. Acceptance

General Provisions 101 through 150.

D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.

925.2.46 Cast Aluminum Span Wire Clamp
A. Requirements

Provide Span Wire Clamps that are cast from Aluminum Alloy 713 or equivalent, free of voids, pits, dents, molding sand
and excessive foundry grinding marks. Ensure that all design radii are smooth and intact.

Provide an exterior surface finish that is smooth and cosmetically acceptable, free of molding fins, cracks and other
exterior blemishes. Ensure that span wire clamps are fabricated from aluminum ingot with minimum requirements as

follows:
ALUMINUM ALLOY No. 713
YIELD STRENGTH, ksi (MPa) 25 (172)
TENSILE STRENGTH, ksi (MPa) 35 (240)
BRINELL HARDNESS 75

ELONGATING [% in 2 inches (50 mm)]3

Ensure that the Span Wire Clamp can accommodate cables 0.25 inch (6 mm) to 0.63 inch (16 mm) diameter.
Ensure that the weight is less than 1.75 pounds (0.8 kg) with hardware.
Ensure that the Span Wire Clamp have a minimum overall length of 7 inches (175 mm).

4. Ensure that the Span Wire Clamp have a centerline dimension from cable to clevis pin of 2 inches (50 mm) [+/- 0.5

inches (13 mm)].
Ensure that the Span Wire Clamp have a cast aluminum cable bar to protect the cable when tightening the U-bolts.

- Ensure that the Span Wirc Clamp have a mounting opening of 0.75 inches (19 mm) [+/- 0.03 inches (0.8 mm)].

7. Ensure that the Span Wire Clamp have 0.5 inch (13 mm) - 13 NPT U-bolts with 0.5 inch (13 mm) lock washers and

9.

nuts.

Ensure that the clevis pin are 0.63 inch (16 mm) diameter with a length of 2.25 inches (56 mm) and secured with a
hump back stainless steel cotter pin.

Ensure that the Clamp and Cable Bar have an Alodine 1200 conversion coating to help resists oxidation.

10. Ensure that the Clevis Pin and hardware are galvanized per ASTM 123/A 123M or stainless steel.

B. Fabrication

General Provisions 101 through 150.

C. Acceptance

General Provisions 101 through 150.
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D. Materials Warranty

Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.47 Cast Aluminum Tri-Stud Span Wire Entrance Fitting
A. Requirements

Ensure that the Tri-Stud Span Wire Entrance Fittings are cast from Aluminum Alloy 713 or equivalent, free of voids,
pits, dents, molding sand and excessive foundry grinding marks.

Ensure that the all design radii are smooth and intact. Ensure that the exterior surface finish is smooth and cosmetically
acceptable, free of molding fin, cracks and other exterior blemishes.

Ensure that the material is fabricated from aluminum ingot with minimum requirements as follows:

ALUMINUM ALLOY No. 713
YIELD STRENGTH, ksi (MPa) 25 (172)
TENSILE STRENGTH, ksi (MPa) 35 (240)
BRINELL HARDNESS 75
ELONGATION [% in 2 inches (50 mm)] 3

1. Ensure that the Tri-Stud Span Wirc Entrance fitting has a mounting support at the top of the wire entrance 0.69
inches (17 mm) thick [+/- 0.07 inches (1.5 mm)).
2. Ensure that the Tri-Stud Span Wire Entrance fitting weight is not less than 1.75 pounds (0.8 kg) with hardware.
3. Ensure that the mounting support has at least six (6) clevis openings for adjustment with suspension bracing between
every two (2) openings.
4. Ensure that the Tri-Stud Span Wire Entrance has a minimum of 0.5 inch (13 mm) diameter throughout for wire
access and that wire access is free of burrs and casting webs.

5. Ensure that the Wire Entrance opening is recessed and has a neoprene grommet with sealed membrane sections.

6. Lnsure that the signal head attachment end is serrated and has a minimum of 3-signal head centering bosses
extending 0.19 inches (5 mm) from the serrations.

7. Ensure that the serrations have a 72-tooth design to match the signal head.

8. Ensure that three (3) stainless steel studs are cast into the wire entrance fitting. Ensure that the studs are 0.31 inches
(7 mm) and extend 1.5 inches (38 mm) [+/- 0.13 inches (4 mm)] beyond the serrations. Provide each Tri-Stud span
wire entrance fitting with a Tri-Stud hardware kit.

9. Ensure that the Tri-Stud Span Wire Entrance Fitting has an alodine conversion coating to provide a proper base for
paint adhesion. Ensure that the assembly matches display housing (per pians) and baked in a drying oven after
painting.

10. Ensure that the all Hardware is galvanized or stainless steel.

B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.48 Bull Rings
A. Requirements

Provide bull rings that are galvanized weldless steel 0.63 inch (16 mm) diameter. Submit catalog cuts for approval.

B. Fabrication

General Provisions 101 through 150.
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C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.49 Ramp Meter Enforcement Device
A. Requirements

For each metered lane, provide one ramp meter enforcement device mounted on the back of one signal per lane and
wired directly to the red signal display, (Refer to 647.3.05.L). This installation shall include a Red 44 LED Array
(allnGaP), Pixel housing, 6061 aluminum powder coated swivel bracket, 2 inch lens, with an aluminum hood. Mounted
and adjusted as per the Plans.

B. Fabrication
General Provisions 101 through 150.
C. Acceptance
General Provisions 101 through 150.
D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
925.2.50 Vinyl Electrical Tape

A. Requirements

Ensure electrical tape used is flame retardant, cold and weather resistant. Provide tape that is rated for 600 volts and for
use between O F (-18 C) and 176 F (80 C).

Ensure tape is 0.0085 inches (0.2 mm) thick and meets the requirements of UL 510 and Mil-1-24391. Provide tape that
remains flexible with abrasion resistance.

B. Fabrication

General Provisions 101 through 150.
C. Acceptance

General Provisions 101 through 150.

D. Materials Warranty
Refer to Subsection 925.2.01.D for Materials Warranties.
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August 22, 2014

DEPARTMENT OF TRANSPORTATION

STATE OF GEORGIA

P.I. NUMBER 0013163
SIGMAN RD WIDENING

ROCKDALE COUNTY

SUPPLEMENTAL SPECIFICATION

Section 647—Traffic Signal Installation

Delete Section 647 and substitute the following:

647.1 General Description

This work consists of furnishing materials and erecting a traffic signal installation including all traffic signal
equipment, poles, bases, wires and miscellaneous materials required for completion of the installation. Ramp
Meters are defined as a form of traffic signalization and all general provisions for traffic signalization are
applicable unless otherwise noted in the Plans and Specifications.

It also includes all test periods, warranties and guarantees as designated in subsequent sections, and response
to maintenance and operational issues as described in subsequent sections.

Apply for, obtain and pay for all utility services, communications services to, and pole attachment permits
required by all utility owners that are necessary for the signal installation and operation required in the Plans.
The Contractor will be responsible for establishing utility services and ongoing monthly costs related to utility
services until final acceptance of the signal project.

Upon completion of a successful “burn in” or operational testing period for the signal installation, the Contractor
will be responsible for an orderly and uninterrupted transfer of these services and permits to the local
government or other jurisdiction that will be responsible for subsequent maintenance and operation.

647.1.01Definitions
General Provisions 101 through 150.

647.1.02 Related References
A. Standard Specifications



Section 106—Control of Materials

Section 107—Legal Regulations and Responsibility to the Public
Section 108 —Prosecution and Progress

Section 150 —Traffic Control

Section 500—Concrete Structures

Section 501—Steel Structures

Section 535—Painting Structures

Section 615—Jacking or Boring Pipe

Section 631—Changeable Message Signs

Section 636 — Highway Signs

Section 639—Strain Poles for Overhead Sign and Signal Assemblies
Section 645—Repair of Galvanized Coatings
Section 680—Highway Lighting

Section 681—Lighting Standards and Luminaires
Section 682—Electrical Wire, Cable, and Conduit
Section 700—Grassing

Section 755—Electrical Work

Section 800—Coarse Aggregate

Section 801—Fine Aggregate

Section 832—Curing Agents

Section 833 —Joint Fillers and Sealers

Section 850—Aluminum Alloy Materials

Section 852—Miscellaneous Steel Materials
Section 853—Reinforcement and Tensioning Steel
Section 854—Castings and Forgings

Section 861—Piling and Round Timber

Section 870—Paint

Section 886—Epoxy Resin Adhesives

Section 910—Sign Fabrication

Section 911—Steel Sign Posts

Section 912—Sign Blanks and Panels



Section 913—Reflectorizing Materials
Section 915—Mast Arm Assemblies
Section 922—Electrical Wire and Cable
Section 923 —Electrical Conduit
Section 924—Miscellaneous Electrical Materials
Section 925—Traffic Signal Equipment
Section 926 — Wireless Communication Equipment
Section 927 — Wireless Communication Installation
Section 935—Fiber Optic System
Section 936—CCTV System
Section 937—Video Detection System
Section 939—Communications & Electronic Equipment
Section 940—Navigator Integration

B. Referenced Documents
National Electrical Manufacturers Association (NEMA) Traffic Control Systems Standards No. TS 1
NEMA Traffic Control Systems Standards No. TS 2
AASHTO Roadside Design Guide
The Manual on Uniform Traffic Control Devices (MUTCD), current edition
National Electrical Code
National Electrical Safety Code (NESC)
GDT 7 Determining Maximum Density of Soils

GDT 24a Determining the Theoretical Minimum Dry Density of Soils or Soil Aggregates containing > 45%
Retained on the No. 10 Sieve

GDT 24b Determining the Theoretical Minimum Dry Density of Soils or Soil Aggregates containing > 5%
Retained on 2-Inch Sieve using a 5.5 Pound Rammer and a 12 inch Drop

GDT 67 Family of Curves Method for Determining Maximum Density of Soils

647.1.03 Submittals
Use only equipment and materials that are on the Department’s Qualified Products List {QPL

These products have been evaluated by the Office of Traffic Operations and have proven their capability of
meeting the appropriate Georgia Department of Transportation Specification. Any of these products may be
used without sampling or pre-testing. The Contractor shall submit a letter to the Field Engineer, stating
which QPL items they will use. Submittal letter shall include QPL number-and product description.. The Field



Engineer and/or department designee must ascertain that the construction item is the same material
identified on the appropriate QPL and will acknowledge receipt of these items in the project diary or as
required by the Construction manual.

Written approval is required from the State Traffic Engineer or District Engineer prior to beginning any work on the
traffic signal installation and /or installing the proposed on the work site.

Review

For all traffic signal material submittals, the Engineer’s review of the material should be completed within forty five
(45) days from the date of receipt of the submission unless otherwise specified. The State Traffic Engineer or District
Engineer will advise in writing, as to the acceptability of the material submitted.

The State Traffic Engineer or District Engineer may determine that submitted equipment is approved, in
which no further action is required. In the event, materials submitted for use are rejected the Contractor is
required to re-submit materials, within fifteen (15) days of notification of material failure or rejection.
Resubmittal of subsequent materials for review will be considered the start point of a new approval cycle as

described.

The Department reserves the right to be reimbursed by the Contractor for reviewing any equipment and/or
component submittals after a second submittal of equipment proposed for use on the project.

Submittal Costs

No separate measurement or payment will be made for submittal costs. All costs associated with
reproduction of submittal material documents, samples and mailing expensed will be the responsibility of
the Contractor and are not subject to reimbursement by the Department. All submittal material becomes
the property of the Department and will not be returned to the Contractor.

Steel Strain Pole, Concrete Strain Pole or Steel Pole Certification

Instruct the supplier or manufacturer of the strain poles or steef poles with traffic signal mast arms to submit a
certification, including mill certificates to:

Department of Transportation
Office of Materials and Research
15 Kennedy Drive

Forest Park, Georgia 30297
Include the following in the certification:

e Astatement that the items were manufactured according to the Specifications, including the
Specification Subsection number
® Project number and P.l. number
Instruct the supplier or manufacturer to send copies of the transmittal letter to the Engineer.

Prepare Shop Drawings and related signal strain pole design calculations with the following criteria, 5% sag
and 18 foot signal head height. Provide “bending moment at yield” to determine the foundation size



according to the signal strain pole foundation drawings. Submit all Shop Drawings and related signal strain
pole design calculations to the Traffic Engineer. The Traffic Engineer will forward to the State Bridge and
Structural Design Engineer for review and approval. Obtain written approval prior to pole fabrication and
installation. Upon acceptance of the pole certification provide one copy of the design calculations and shop
drawings to the agency responsible for maintaining the traffic signal installation.
All pole drawings shall include roadway and pole elevations.
Show all dimensions and material designations of the designs on the Drawings. See Subsection 501.1.03 for
the certification procedure for poles and anchor bolts.

D. Signal Item Certification

Only Equipment and/or material on QPL shall be submitted for certification. All others will be rejected.
Submit four (4) copies of material catalog product humbers and descriptions to the Engineer. One copy of all
submittals is to be provided to the maintaining agency. Reference the project number, P.l. number, and QPL
number, for the following traffic signal items:

e Signal heads

e LED Signal Modules

° Mounting hardware

e Controllers

o Cabinet assemblies

e Battery Backup System (BBS)

* Detectors

e Monitors (conflict/IVDS)

e Cable

* Load switches

® Blank-out signs

e Lane usesignals

e Preformed cabinet bases

= Other related signal equipment (including but not limited to Conduit, Pull boxes, Ground Rods,
Enforcement Indications, etc.)

E. Test Results Submittal
Submit the results of the testing of the following items to the Engineer. A copy of the test result submittals
shail be provided to the maintaining agency.
e Loop Detector Testing
e Signal Cable Testing
e Intercannect Cable Testing

e Pre-emption Testing



e Controlier and Cabinet Testing from Manufacturer {(including conflict monitor)
e Traffic Signal Monitor
® Any other operational testing required by the Engineer
F. Mast Arm Pole Chart
For locations with mast arm pole installations, submit a “Mast Arm Pole Chart” for review and approval by
the State Bridge and Structural Design Engineer. The “Mast Arm Pole Chart” shall also include a sketch on an
8 Yainch x 11 inch (216 mm x 279 mm) sheet of paper showing the following:
s Curblines
e Location of mast arm pole based on utility information and field location verified by Contractor.
(Final location of mast arm pole must meet the criteria for setback from the road as specified in the
Roadside Design Guide by AASHTO and in the Standard Detail Drawings.
e Distance from both adjacent curbs to mast arm pole
¢ Distance along mast arm from pole to curb and from curb to each proposed signal head
¢ Directional arrow
e Street names
e Position of Luminaries

Label the sketched distances. Once this pole chart is approved, the Contractor shall use the distances
measured to the proposed signal head locations when ordering the mast arm to ensure that the mast arm is
fabricated with holes for signal head wiring in the correct locations.

647.2 Materials

647.2.01 Delivery, Storage, and Handling
A. State-supplied Equipment

For projects where traffic signal equipment is to be supplied by the Georgia Department of Transportation,
obtain State-supplied traffic signal equipment from the Traffic Signal Electrical Facility (TSEF):

1. Contact the Engineer by phone or correspondence within one week after receiving the Notice to
Proceed and arrange for a date, time and location to pick up the signal equipment and materials from
the Traffic Signal and Electrical Facilities (TSEF).

2. Sign GDOT’s Warehouse Issue Request Form 592 to accept delivery of the State-supplied equipment
from GDOT's Traffic Signal Equipment Warehouse. Initial Form 592 if equipment is received from a
GDOT District Field Office.

3. Inspect the equipment to ensure that it is operating properly and perform any operational tests within
ten (10) calendar days after receiving the equipment.

4. Before installation, and within ten (10) calendar days, certify to the Engineer in writing that the State-
supplied equipment was received in good condition.

5. Notify the Engineer in writing if the State-supplied equipment is defective. The State Signal Engineer
will replace the defective State-supplied equipment.



6. If no written dissent is received after ten (10) calendar days or if equipment is installed in the field, the
Engineer will consider this equipment to be satisfactory and accepted.

7. The Contractor shall supply new in like and kind State approved equipment to replace State-supplied
equipment that is damaged or lost.

B. Signal Equipment
See Section 925 for signal equipment specifications.

The signal equipment, components, supplies, or materials used in traffic signal installation may be sampled
and tested if not previously approved by the Department.

Test according to the Specifications and the Sampling, Testing, and Inspection Manual using one or more of
the following methods:

Have the Department use their own facilities.

Have the supplier or manufacturer use their facilities with an authorized Department representative

to witness the testing.

®  Provide independent laboratory test results indicating compliance with Department Specifications
referenced in Subsection 647.1.02, “Related References”, of this document.

e  When testing by the Department is required, supply the item to the Department. Acceptance of

materials tested does not exclude further testing or waive warranties and guarantees required by

the Specifications.

C. Cable

Use cable conforming to Section 680, Section 922, and Section 925 and the appropriate IMSA, NEMA, or UL
Specifications for the wire or cable.

Obtain pole attachment permits required by local utility companies or pole owners to allow joint use for
signal cable, hardware, or other auxiliary devices.

D. Interconnect Communications Cable

1 Use fiber optic interconnect cable or spread spectrum radio for all new interconnected signal systems.
See Section 935 for fiber optic cable or spread spectrum information, specifications, marking and
installation and testing techniques.
2 Use copper cable only as directed by the Engineer or where specifically shown in the Plans. Refer to
Subsection 647.3.05, “Construction”, of this document for installation.
E. Conduit on Structures

Use galvanized rigid steel materials for all exposed conduit for cabling. Use galvanized rigid steel (GRS)
conduit on the exterior of signal poles and other structures and to house signal conductors for the entire
length from the weather head on the pole to the interior of the cabinet or to the pull box and ground
conduit using an approved grounding bushing.(see Subsection 647.3.05V).

647.3 Construction Requirements
Refer to Subsection 107.07 of the Specifications regarding proper conduct of The Work.



647.3.01 Personnel
For the definition of a qualified electrician, see Subsection 755.1.01.

647.3.02 Equipment
Use machinery such as trucks, derricks, bucket vehicles, saws, trenchers, and other equipment necessary for the
work and approved by the Engineer prior to installation operations.

647.3.03 Preparation
Utility Permits

A. Application

Apply for, obtain, and pay for utility services and pole attachment permits for signal operation, traffic signal
communications including standard telephone service and signal communications as required in the Plans.

B. Maintenance
The Contractor will be responsible for establishing utility services and ongoing monthly costs related to
utility services until Final Acceptance of the signal(s) installation, or in the event of multiple installations, the
Contractor will be responsible for utility costs until overall project acceptance. After Final Acceptance, the
Contractor will provide an orderly transfer these services and permits to the local government or jurisdiction
responsible for maintenance and operation. Ensure that the transfer does not interrupt service.

C. Utility Location

1. Adjustment

Prior to ordering signal poles, locate utilities and adjust the location of poles, where necessary, to
minimize utility conflicts. Obtain approval from the District Traffic Engineer for any deviation from the

Plans.
Determine the final length of mast arms based on any field adjusted pole locations. Final location shall
be approved by the District Traffic Engineer.

2. Clearance

When installing aerial cable of any type, it is the Contractor’s responsibility to ensure that overhead
clearance and separation requirements conform to local utility company standards, the NEC and the
NESC. Refer to the Standard Details Drawings for further information on utility clearances.

3. Pre-emption
When traffic signal pre-emption is used, coordinate with the railroad, fire department or any other
agency that uses pre-emption to obtain pre-emption output and route output cable to the signal
controller operating the intersection to be pre-empted. It is the Contractor’s responsibility to obtain all
permits and approval for crossing at grade or grade separated railroad facilities.

647.3.04 Fabrication
General Provisions 101 through 150.



647.3.05 Construction

A. Acquiring and Disposing of Equipment
Do not modify the signal equipment, design, and operation without the District Traffic Operations Engineer’s
written approval.
All traffic signal equipment removed or replaced shall be returned to District Traffic Signal Shops unless
otherwise noted in the Plans or as directed by the Engineer or District Signal Engineer. Provide an inventory
list and arrange a mutually agreeable delivery time with the District Signal Engineer twenty-four (24) hours
in advance. All materials not returned to the District Signal shop shall be the responsibility of the Contractor
to remove and dispose.

B. Traffic Signal Equipment Modification and Removal

Upon the Department issuance of Notice to Proceed any existing traffic signal equipment, responsibilities for
maintenance, operations and response to traffic signal malfunction become the responsibility of the
Contractor and provisions of Subsection 647.3.07, “Contractor Warranty and Maintenance”, apply.

1. Remove existing signal equipment that is not used in the final installation when the new signal
equipment is operational.
Carefully remove equipment to minimize damage and retain it in its original form. This equipment may
include:
e  Strain poles including the foundation down to 3 feet ( 900 mm) below ground level finished
grade
e Timber poles
o Traffic signal cabinets including contents, cabinet base and work pads
e Original signal heads including span wire support
e Other equipment not retained in the final installation
Ensure that unused equipment is secured and disposed of in accordance with all Environmental
Protection Agency regulations and Department instructions.
2. Replace traffic signal equipment that the District Signal Engineer determines has been damaged or
destroyed during installation, modification, ar removal of the traffic signal, at no expense to the
Department. Replace with new material.

3. If the Engineer finds that the existing material shown in the Plans to be relocated is unsatisfactory, replace with
new material. The costs will be paid for as Extra Work.

4. Remove old signal heads by the end of the day that the new signal equipment is placed in operation.
Remove all other signal equipment within seven (7) days after operations of the newly installed
equipment.

C. Auxiliary Cabinet Equipment

Provide auxiliary cabinet equipment or special purpose equipment with cannecting harnesses, if necessary,
or as shown in the Plans or Standard Detail Drawings.



1

2.

Install the equipment in its associated cabinet. Extraneous wiring may be necessary to install the
equipment. Additional cabling shall be enclosed in NEMA enclosure and neatly secured.

Connect the auxiliary equipment to its cable harness, or insert it in premounted racks or sockets.

D. Signal Controllers

Furnish and install approved microprocessor controllers at the locations shown in the Plans or as directed by
the Engineer. All equipment furnished shall comply with Section 925,”Traffic Signal Equipment”.

1.

Identify the controiler and other auxiliary equipment by model and revision numbers. These numbers
shall agree with previously approved catalog submittals.

Assemble the controlter, cabinet, and auxiliary equipment to provide the operational sequence shown in
the Plans and future operations specified. Ensure the controller functions as a unit with the cabinet
assembly.

Ensure controller and auxiliary equipment are provided AC power from receptacles marked for
controller power.

The Department will provide controller firmware. The Contractor shall provide the controller to the
Department. The Department will load the firmware into the controller and notify the Contractor that
the controller is ready to be picked up. If the controller is purchased with applications firmware, ensure
that the firmware provided is the current Department licensed version of firmware including “boot
code”. Current firmware version shall be at the date of application “turn on”.

Unless otherwise specified in the Plans or directed by the Engineer, thirty days prior to installation of
equipment the Contractor shall deliver the controllers to and pick up the controller from the Traffic
Signal Electrical Facility (TSEF) Atlanta office. The Department shall have 30 work days to load the
controller firmware starting from the date the Contractor delivered the controllers to the Department.

For 2070 signal controllers used for Ramp Metering ensure the Watchdog Timer “Muzzle Jumper” is
selected on the field input/output module. This is required for operating with a 208 monitor.

E. Cabinet Assembly

1.

2,

Location
The cabinet should be located in accordance with the Plan location, however if the cabinet location
needs to be moved, choose a location that:

Protects maintenance personnel from vehicles when servicing the equipment

b. Allows the front panel door of the controller to open away from the intersection for view of signal
indications while servicing or performing cabinet work.

¢. Does not block a sidewalk or passageway and complies with Federal regulations for Americans with
Disabilities Act {ADA) clearance requirements.

d. Islocated away from the roadway or curb line to prevent vehicular damage to the cabinet.

€. Is not located within drainage areas or installed in areas likely to collect and hold surface water.

f.  Relocate the cabinet to avoid conflicts from proposed reconstruction projects, commercial
driveways, etc. within the right-of-way at the Engineer’s discretion.

Erection
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Install and level traffic signal controller cabinets at locations shown in the Plans and/or as directed by
the Engineer.

a. Install cabinets to conform to the Standard Detail Drawings. Install pole or base-mounted as
indicated in the Plans. Cabinet base shall not extend more than 9 inches above final grade.

b. Seal base-mounted cabinets to their base using silicone based sealer. Pliable sealant used shall not
melt or run at temperatures as high as 212 2F (100 2C).
Use prefabricated bases and work pads

d. Install technician pad in front and rear of the controller cabinet door and if applicable in front of
battery backup cabinet door. See Standard Details for pad information.

e. Close all unused conduit in the controller base with a PVC cap sized appropriately. Do not
permanently affix the conduit cap to the conduit. Seal those conduits used for signal cable with a
pliable sealant to prevent moisture and insects from entering the cabinet via the conduit.

3. Field Cabinet Wiring
All wiring shall be neat and secured and comply with NEC, NEMA, and Table 647-1, Table 647-2, Table
647-3 Table 647-4, Table 647-5, and Table 647-6 of this Specification.

a. Cut field cabinet wiring to the proper length and organize it in the cabinet. Wire lengths should be
slack (minimum 10 feet) allowing for future modifications.
e Use at least No. 6 AWG wire for the conductors between service drop and AC+ and the AC-
terminals.

b. Do not mount electrical meter to the cabinet. Submit “power pedestal” or other method of
providing location for mounting to the Engineer.
Label all field terminals and conductors so as to identify the specific field input.

d. Crimp terminal connections to conductors with a ratchet-type crimping tool that will not release
until the crimping operation is completed.

e. Do not use splices inside the controller cabinet, base, or conduit.

f. Do not use solid wire, except grounding wire.

g. Supply the cabinets with cabinet wiring diagrams, schematic drawings, pin assignment charts, and
manuals for circuits and components. Store these documents in the cabinet in a resealable,
weatherproof container.

F. Signal Monitors
Furnish signal monitor equipment as follows,

1. Mount signal monitors in a rack with appropriate connectors to attach to the wiring harness.

2. Program the monitor according to the signal operation indicated in the Signal Plans before placing the
installation in flash or stop-and-go operation. Provide any signal monitoring programming tools required
to program the monitor to the maintaining agency.

3. Configure and equip the signal monitor to monitor all red signal indications. Ensure that the red output
for unused or vacant load bays or output slots is jumpered to 120 V AC+.
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4. For ITS Cabinets configure the CMU and AMU.
5. For Ramp Metering Cabinets mount model 208 monitor in rack and provide the necessary programming
required for the Ramp Meter operation as shown in the Plans.
G. Power Disconnect
Install a power disconnect box at each intersection as shown in the Standard Detail Sheets. Ensure the

power disconnect is installed at the top of the cabinet pole or as indicated on plans. Install service cables
from disconnect box and terminate as specified on the controller cabinet-wiring or battery backup diagram.

H. Flashing Beacon
Furnish and install the flashing beacon controller at the locations shown in the Plans and/or as directed by
the Engineer. Install it as a complete unit (solid state flasher and cabinet with time clock, if applicable) and
ensure that it conforms to this Specification.

Il. Loop Detector Systems
Install and test loop detector systems according to NEMA Standards Publication TS 1-1983, Section 15,
Inductive Loop Detectors, subsequent revisions (except as shown in the Plans), Details, notes, and this
Specification.

Ensure that loop detectors are complete and fully operational before placing the signal in stop-and-go
operation.

1. General Installation Requirements

Each loop must consist of at least two turns of conductor, unless otherwise shown in the Plans or this

Specification. Do not place a portion of the loop within 3 feet (1 m) of a conductive material in the

pavement such as manhole covers, water valves, grates, etc.

a. Install pull boxes, condulets, and conduits before beginning loop installation.

b. Ensure that the ambient pavement surface temperature in the shade is at least 40 F (5 2C) before
cutting roadway and placing sealant into saw cuts.

2. Loop Saw Cuts

a. Outline the loop on the pavement to conform to the specified configuration.

b. Ensure each loop has a separate saw cut with a minimum distance between saw cuts of 6 inches.

c. Install the detector loop in a sawed slot in the roadway surface deep enough to provide at least 3
inches (76 mm) of sealant cover.

d. Ensure that the slot is at least 0.25 inches (6 mm) wide for stranded No. 14 AWG loop wire, THWN,
XHHW, or XLPE, and at least 0.31 inches (7 mm) wide for polyethylene or PVC encased No. 14 AWG
loop wire.

1) Attheintersection of the slots, drill a 2 inch (51 mm) diameter hole or make miter saw cuts in
the pavement. Overlap miter saw cuts at the intersection of saw cuts so that the slots have a
full-depth and smooth bottom.

2) Prevent the wire from bending sharply.
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3) Do notinstall detector loop wire unless sawed slots are completely dry and free of debris.
Pressure wash the slot to guarantee adhesion of the loop sealant. Use compressed air to
thoroughly dry the sawed slot.

4) Install the loop wire starting at the nearest pull box or condulet, around the loop for the
specified number of turns, and back to the pull box or condulet.

NOTE: Loop wire from the street is to be spliced in condulets or pull boxes only.

S) Refer to table 647-9 for the number of turns for Quadrupole loops. Refer to table 647-8 for the
number of turns for) Bipole loops. Bipole loops require at least three (3) turns.

Press the wire in the slot without using sharp objects that may damage the jacket.

f. Hold the loop in place every 5 feet (1.5 m}) with 1 inch (25 mm) strips of rubber, neoprene, flexible
tubing, or foam backer rod as approved by the Engineer.

g. Leave the hold down strips in place when filling the slot with loop sealant.

h. Where encased loop wire is used, apply a waterproof seal to the ends of the polyethylene tubing
that encase the wire to prevent moisture from entering the tube.

i.  Where the loop wires cross pavement joints and cracks, protect the loop wires using the method
specified in “Traffic Signal Details” in the Plans. When crossing expansion joints drill a 2 inch
diameter hole minimum 3 inches deep, or to bottom of saw cut. Do not install loop wires in an
expansion joint.

j- Twist Loop Lead-in 3 turns per foot.

Loop Sealing

After successfully testing each loop, fill the slots with sealant to fully encase the conductors.

a.
b.

C.

Seal the slot within one hour of cutting slot.

Ensure that the sealant is at least 3 inches (75 mm) thick above the top conductor in the saw cut,
Apply the sealant so that subsequent expansion does not extend the sealant material above the
pavement surface.

In case of accidental spill, before the sealant sets, remove surplus sealant from the adjacent road
surfaces without using solvents or epoxy sealants.

When the Engineer determines that the loop sealant can accommodate traffic but the surface is
tacky, dust the sealer on the pavement surface with cement dust before opening the roadway to
traffic.

Dispose of the solvents used to clean loop installation equipment according to the manufacturer’s
specifications and local, State, and Federal regulations.

Loop Connections

Connect loop conductors to a shielded lead-in cable that runs from the pull box adjacent the pavement
edge or condulet to the detector hook-up panel in the controller cabinet, unless otherwise specified in
the Plans.

a.

Use continuous (no splices) shielded lead-in cable from the puil box or condulet to the cabinet input
file terminal. Do not ground the shield in the loop lead-in cable at the cabinet.
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b. Connect each loop to an individual detector channel as specified in the Plans.

c. If the Plans specify that two or more loops will be operated on the same detector channel or
detector amplifier unit, wire them in series to their loop lead-in at the pull box or condulet.

d. Use series-parallel connections when series connections do not meet the manufacturer’s specified
operating range for the detector amplifier unit.

e. Make weather-tight and waterproof splices as detailed on the Plan Standard Detail Sheets. Make
loop splices to loop lead-in cable only after the detector system has been tested and demonstrated
under traffic conditions to the Engineer’s satisfaction.

Loop Maintenance

Locate all existing loops, determine the operational status of all loop assemblies, and notify the Engineer

prior to commencing loop construction activities at the intersection.

Maintain all existing, operational loops, unless otherwise notified by the Engineer. Repair of an existing

loop that is non-operational prior to beginning work will be considered as extra work.

Locate points of conflict between new loops and existing loops, and install all new loops and saw cuts so

as not to cut existing loop lead-ins and loop wires that are to be retained.

If an existing operational loop that is not scheduled for replacement fails during the construction time

frame, notify the Engineer and complete the replacement of the damaged loops immediately.

The Engineer may grant a twenty-four (24) hour period to repair the loops if their operation is not

critical. All costs associated with the replacement of the loops damaged during construction shall be

charged and paid for by the Contractor.

Pedestrian Push Button

Install the push button with a pedestrian instruction sign as illustrated on the Department’s Standard Detail
Sheets and according to the Plans.

1. Place the pedestrian buttons as shown on the Signal Plan Sheet and within 10 inches (254 mm) of
sidewalk or concrete landing pad. Position the pedestrian button to correspond to the appropriate signal
phase. Locate pedestrian buttons perpendicular to the appropriate signal indication and signal phase,
and as field conditions require.

2. Place the center of the buttons between 38 inches (0.965 m) and 42 inches (1.05 m) above the sidewalk
or ground level.

3. Seal all openings to prevent moisture from entering the pushbutton.

Cable

Install and connect electrical cable to the proper equipment to produce an operating traffic signal system.
Use stranded copper cable conforming to Section 925.

Install wiring in accordance with IMSA, NEMA, UL, and the Department’s Traffic Signal Wiring Standards,
shown in Tables 647-1, 647-2, 647-3, 647-4, 647-5, and 647-6 of this Specification.

In addition to the information provided below, see Section 682, Section 922, and Section 925 for cable
equipment and installation specifications.

14



Table 647-1 Vehicular Signals Georgia DOT Wiring Standards

Four Conductor Cable

Seven Conductor Cable

Ten Conductor Cable

Black Tracker

Signal Phases Phases Phases Phases Phases Phases
Indications 2,4,6,8&8 (1,3,5,& |2,4,6,& (1,35 &7 2,4,6,88 1,3,5, &7
7 8

Red Red Wire Red Wire Red Wire
Yellow Black Wire Orange Wire Orange Wire
Green Green Wire Green Wire Green Wire
Red Arrow Red Wire White Wire with Red Wire with

Black Tracker Black Tracker
Yellow Black Wire Black Wire Orange Wire with
Arrow Black Tracker
Flashing Green Wire Orange Wire Blue Wire
Yellow
Arrow
Green Green Wire Blue Wire Green Wire with
Arrow Black Tracker
Aucxiliary Black Wire Black Wire
Neutral White Wire White Wire White Wire White Wire White Wire White Wire
Spare White Wire with | White Wire with

Black Tracker
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Table 647-2 Vehicular Loop Detectors Georgia DOT Wiring Standards

Phases 3, 4, 7, and 8 Presence Phases 2 and 6 Sethack Pulse

Detectors Loops Loops and Phases 1 and 5
Presence Loops

Loop Shielded Loop Lead- | Loop Shielded Loop Lead-

Wires in Cable, 3 Pair Wires in Cable, 3 Pair
hi_gh_t_glig_l__ane . Red Wire Red/Black Pair (1) Red Wire o Red/Black Pair (1)
Second Lane Green Wire Green Black Pair (1) Green Wire Green Black Pair (1)
Third Lane White Wire White/Black Pair (1) White Wire White/Black Pair (1)
Fourth Lane Red Wire Red/Black Pair (2) Red Wire Red/Black Pair (2)

| Fifth Lane Green Wire | Green/Black Pair (2) GreenWire | Green/Black Pair (2)

Sixth Lane White Wire White/Black Pair (2)
First Left-Turn Lane Red Wire Red/Black Pair (3)
Second Left-Turn Green Wire Green/Black Pair (3) o
Lane

Table 647-3 Pedestrian Signals Georgia DOT Wiring Standards

Four Conductor Cable Seven and Ten Conductor
Signal Cable
Indications Phases 2 and | Phases 4 and | Phases 2 and | Phases 4 and
6 8 6 8
Don’t Walk Red Wire Red Wire Red Wire Orange Wire
Walk Green Wire Green Wire Green Wire Blue Wire
Neutral White Wire White Wire White Wire White Wire

Table 647-4 Pedestrian Detectors Georgia DOT Wiring Standards

Push Buttons

3 Pair Shielded Cable

Phase 2 and 6

Phase 4 and 8

Call

Green and Black Pair

Red and Black Pair

NOTE: Do not use aluminum cable.
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Table 647-5 Ramp Meter Signals Georgia DOT Wiring
L Ctnncdarda

Signal 3-Section Signal Heads Seven

Indications Conductor Cable L1,L2,L3

Red Red Wire

Yellow Orange Wire

Green Blue Wire

Neutral White Wire

r Table 647-6 Ramp Meter Loop Detectors Georgia DOT Wiring Standards
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- ) l_)ér;and Detector Loops Queuel Detector Loops- .
Loop Wires | Shielded Loop Lead- | Loop Shielded Loop Lead-
in Cable, 3 Pair Wires in Cable, 3 Pair
Lane 1 Red Wire Red/Black Pair (2) Red Wire Red/Black Pair (1)
Lane 2 Green/Wire Green Black Pair (2) Green Wire Green/Black Pair (1)
Lane 3 White Wire White/Black Pair (2) White Wire White/Black Pair (1)
T Passage Detector Loops | Mainline Detector Loops (if used)
Loop Wires | Shielded Loop Lead- | Loop Shielded Loop Lead-
in Cable, 3 Pair Wires in Cable, 3 Pair
Lane 1 Red Wire Red/Black Pair (3) Red Wire Red/Black Pair (4)
Lane 2 Green Wire Green/Black Pair (3) Green Wire Green/Black Pair (4)
Lane 3 White Wire White/Black Pair (3) White Wire White/Black Pair (4)




L.

Signal Cable for Vehicular Signal Heads and Pedestrian Heads
Install cable for signal heads and pedestrian heads as follows:

1. For vehicle signal heads, install one 7-conductor signal cable for each intersection approach from the
controller cabinet to the through-signal head on each approach as directed by the Engineer. From this
leftmost signal head, install a 7-conductor signal cable to each of the other signal heads on the same
approach in sequence.

2. For pedestrian signal heads, install one 7-conductor signal cable from the controller cabinet to each
pedestrian head installation location to operate either one or two pedestrian heads.

3. Make a minimum 1 foot (300 mm) diameter 3 turn weather drip loop as shown in the Standard Detail
Drawings in the Plans at the entrance to each signal head.

4. Neatly tie signal cables leaving a structure or weatherhead to enter a signal fixture. Tie the cables to the
messenger cable as illustrated in the Standard Detail Drawings.

5. For Ramp Meter signal heads install one 7-conductor signal cable for each lane of the Ramp Meter
operation from the controller cabinet.

. Interconnect Communications Cable

Use fiber optic interconnect cable as specified in the Plans for all new interconnected signal systems. See
Section 935 for fiber optic cable information, specifications and installation and testing techniques, and all
other signal interconnect methods. Install interconnect communications cable as follows:

1. Provide support for the interconnect cable on new or existing utility poles or signal poles; install
underground in conduit.

2. Use fiber optic standoff brackets as needed to prevent damage from poles, trees and other structures.

3. Pull cables with a cable grip that firmly holds the exterior covering of the cable.

4. Pull the cables without dragging them on the ground, pavement or over or around obstructions. The
Engineer will inspect and approve the cable prior to installation. Use powdered soapstone, talc, or other
approved inert lubricants to pull the cable through the conduit.

5. When using a separate messenger cable, spirally wrap the communications cable with a lashing machine
according to the IMSA-20-2 Specifications.

6. Do not splice outside the signal cabinet except at the end of full reels of 5,000 feet (1500 m).

7. Ensure that splice points are near support poles and accessible without closing traffic lanes.

8. Unless drop cable assemblies for communications are used, loop the cable in and out of the control
cabinets. Coil and tie 10 feet {3 m) of cable in the controller cabinet foundation. Tape the cable ends to
keep moisture out until the terminals are attached.

9. Prevent damage to the cable during storage and installation.

NOTE: Do not allow anyone to step on or run over any cable with vehicles or equipment.
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N. Loop Detector Lead-in Cable

Use 3-pair shielded lead-in cable in compliance with Section 925 and manufacturer’s recommendations for
Detector loop lead-in installed for loop detectors. Ensure the three pair has 3 separate distinguishing colors.
Use a shielded lead-in cable connecting the loop to the detector hook-up panel in the controller cabinet,
unless otherwise specified in the Plans. Provide a separate 3- pair for each phase or future phase.

1. Splice the loop detector wire to a shielded loop detector lead-in cable in a pull box adjacent to the loop
detector installation.

2. Use continuous (no splices) shielded lead-in cable from the pull box or condulet to the cabinet input file
terminal. If induced voltage is present, the shield in the loop lead-in cable shall be grounded to cabinet
per NEC. Otherwise do not ground the shield in the loop lead-in cable at the cabinet.

Connect each loop to an individual detector channel as specified in the Plans.

4. Each detection loop shall be connected to the control cabinet via separate lead-in pair.

5. Set back loops with aerial loop leads to the control cabinet shall be supported by % inch messenger
cable with no splices between the control cabinet and the initial point of aerial attachment.

6. Make weather tight and waterproof splices between lead-in and loop wire. Loop installation may be
approved only after the detector system has been tested and demonstrated under traffic conditions to
the Engineer’s satisfaction, during the Operational Test Period.

0. Pedestrian Push Button Lead-in

Use 3-pair shielded lead-in cable compliant with Section 925 for pedestrian push buttons. Install one 3-pair

shielded lead-in cable to each pedestrian push button station(s} location to operate either one or two push

buttons. Do not ground the shield for the push button lead-in cable at the controller cabinet. Do not use the
same 3 pair cable for loop and pedestrian detectors.

P. Messenger Cable, Stranded-Steel

The messenger is used to support signal cable indicated in the Plans as overhead cable. Use devices such as
aluminum wrap, aluminum wire ties or lashings to attach the cable.

s Before erecting the messenger strand, determine the suspension strand length to span the distance
between the poles.

® Run the messenger strand from structure to structure without splicing.

» The minimum allowable sag is two and one-half percent (2.5%) for timber poles, five (5%) for strain
poles of the longest diagonal distance between the signal poles unless pale manufacturers
specifications exceed 2.5%.

® Calculate attachment points for the messenger strand at the signal pole according to the Plan Detail
Sheet.
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Set messenger strands so that the height conforms to the clearances on the Standard Detail Drawings.

Attach cables to messenger cable using lashing wire, aluminum ties, or lashing rods (Subsection 925.2.43). If

lashing rods are used use lashing rods sized for the cables and messenger strand. Only use lashing rods that

are of the same material as the messenger strand. Lashing wire shall only be used to support aerial loop

lead-in and fiber optic.

1. Drill wood poles to receive the eye bolts so that the span wire and eyebolt at each connection form a
straight angle.

2. Never pull or strain the messenger on the eye bolt to an angle of variance greater than ten degrees
(109).

3. Attach down guy wires to guy hooks, Use a minimum 3/8 inch messenger cable for down guys. Never
attach them directly to the eye of an eyebolt.

4. Ensure that messenger strand clearances conform with local utility company Standards.

5. Make stranded messenger cable attachment points with the appropriate size strand vises or 3 bolt
clamps. Stranded steel messenger cable is not paid for separately under this Specification.

6. Use minimum % inch messenger cable.

7. Use standoff brackets as needed to prevent damage from poles, trees or other structures.

NOTE: Never splice messenger cable between structures or stand off brackets.

Underground Cable for Signal Circuits

Underground cable for signal circuits includes cable, with conduit, as shown in the Plans. Install cable under
existing pavement or surfaced shoulder, according to Subsection 680.3.05.

1. Cable in Conduit

Pull cable into conduits as follows:

a. Pull cables into conduits without electrical or mechanical damage. Pull cables by hand only. The use
of trucks or other equipment is not permitted, unless approved by the Engineer. If mechanical
pulling is approved, do not exceed the manufacturer’s tension rating for the cable.

b. Pull cables with a cable grip that firmly holds the exterior covering of the cable.

¢. Use powdered soapstone, talc, or other inert lubricants to place conductors in conduit according to
manufacturer’s recommendations.

d. Handle and install the conductors to prevent kinks, bends, or other distortion that may damage the
conductor or outer covering.

e. Pullall cables in a single conduit at the same time. When pulling cables through hand holes, pole
shafts, etc., use a pad of firm rubber or other material between the cable and the opening edges to
prevent cable damage.

f. When installing cable in conduit with existing signal cable circuits remove all existing cables and pull
them back into the conduit with the new cables.
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g. The distance between pull boxes in a run of conduit shall not be greater than 100 feet (30 m), unless
otherwise shown in the Plans or approved by the Engineer or District Signal Engineer, with the
exception of fiber optic cable.

h. The distance between pull boxes in a run of conduit for fiber optic cable shall not exceed 750 feet
{225 m), unless otherwise shown in the Plans or approved by the Engineer. Identification tape and
tone detection wire shall be used for fiber optic cable in conduit. All unused conduit shall have a
continuous pull cable installed between pull boxes.

2. Splices
Required splicing shall be performed according to the National Electric Code; use materials compatible
with the sheath and insulation of the cable.
Insulate required splices with electrical insulation putty tape, plastic, pressure sensitive, all-weather 1.5 mil (0.038

mm) electrical tape in accordance to standard details.

a. Make the spliced joints watertight.

Note: Splice detector wires to shielded loop detector lead-in at pull boxes located immediately
after the loop wire leaves the roadway. No splices will be permitted in shielded loop detector lead-

in cable from this point to the controller cabinet.

R. Conduit and Fittings

Install conduit by type (GRS, HDPE, PVC) as shown in the Plans and the Standard Detail Drawings. Refer to
the NEC, for conduit full percentages.

Separate the power cable to the controller cabinet from all other cables in its own 1in (25 mm) galvanized
rigid steel conduit except inside poles. Ensure that conduit conforms to Section 682, Section 923 and Section
925 with the following addition:

s Use flexible conduit only where shown in the Details or as directed to do so in writing by the District
Signal Engineer.
Use the conduit size specified in the Plans, unless otherwise directed by the Engineer. Obtain written
approval from the Engineer prior to installing conduit other than the size specified in the Plans.

All 2 inch (50 mm) conduit elbows shall be “sweep” type. The minimum radius for the elbow is 18 inches
(450 mm), unless otherwise approved by the Engineer.

NOTE: Do not use multi-cell conduit.

Install conduit and fittings as follows:
Ensure that exposed conduit on poles are galvanized rigid steel (GRS) conduit.
Ream the ends of metallic conduit after cutting the threads. Ream other conduit as necessary,

Cut the ends square, and butt them solidly in the joints to form a smooth raceway for cables.

AW ope

Make conduit joints to form a watertight seal.
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10.

11.

Coat metallic conduit threads with red- or white-lead pipe compound, thermoplastic or Teflon seal.

Ensure that they are securely connected.

Make plastic conduit joints with materials recommended by the conduit manufacturer.

Install bushings in the conduit to protect the conductors. When conduit is installed for future use,

properly thread and cap the ends of the metallic conduit runs.

a. Plugthe ends of nonmetallic conduit runs to prevent water or other foreign matter from entering
the conduit system.

b. Seal the exposed conduit ends with a permanently malleable material.

c. Ensure that empty conduit installed for future wire or cable has a nylon pull string or cord inside
that is impervious to moisture and rot and can withstand a load of 50 pounds (23 kg) without
breaking. Secure this pull cord at each open end and at each pull box.

Ensure that conduit on pole exteriors are mounted with galvanized, two-hole straps or clamps. Place the
clamps not more than 3 feet (1 m) from junction boxes, condulets, or weatherheads. Place it at 3 foot
(0.9 m) intervals elsewhere.

a. Fasten the clamps to wood poles with galvanized screws or lag bolts.

b. Do not install conduit risers on concrete, steel, or mast arm poles unless approved by the Engineer.
Install a weatherhead at the end of exterior conduit runs on a pole or other structure to prevent
moisture or other matter from entering the conduit.

After installation, ensure that the conduit or fitting placement has not warped or distorted any condulet,
terminal, control or junction box.

Ensure Conduit that is terminated at poles is grounded at the pull box.

Underground Conduit

Underground conduit includes encased or direct burial conduit.

1.

Install the conduit in a trench excavated to the dimensions and lines specified in the Plans.
a. Provide at least 18 inches (450 mm) finished cover, unless otherwise specified.
b. Under pavement, excavate at least 36 inches (900 mm) below the bottom of the pavement.
Before excavation, the Contractor is responsible for determining the location of electrical lines,
drainage, or utility facilities in the area to prevent damage.

Place the conduit where it will not conflict with proposed guardrail, sign posts, etc.

Change locations of conduit runs, pull boxes, etc., if obstructions are encountered during
excavation. Changes are subject to the Engineer’s approval.

¢.  Where possible, provide at least 12 inches (300 mm) between the finished lines of the conduit runs
and utility facilities such as gas lines, water mains, and other underground facilities not associated
with the electrical system.

When the conduit run is adjacent to concrete walls, piers, footings, etc. maintain at least 4 inches (100
mm) of undisturbed earth or firmly compacted soil between the conduit and adjacent concrete or, when
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10.

11.

12

13.

the conduit is encased, between the encasement and the adjacent concrete. Unless specified in the
Plans, do not excavate trenches in existing pavement or surfaced shoulders to install conduit.

When placing conduit under an existing pavement, install the conduit by directional boring, or other
approved means. See Section 682 for directional boring pipe specifications. Obtain the Engineer’s
approval prior to installing conduit by means of boring-method.

When the Plans allow trench excavation through an existing pavement or surfaced shoulder, restore the
pavement shoulder surface, base, and subgrade according to the Specification.

Cut trenches for conduit on a slight grade (0.25 percent minimum) for drainage, unless otherwise
specified. When the grade cannot be maintained all one way, grade the duct lines from the center, both
directions, down to the ends.

Avoid moisture pockets or traps. Excavate vertical trench walls.

Tamp the bottom of the trench to produce a firm foundation for the conduit.

When necessary to prevent damage, sheet and brace the trenches and support pipe and other
structures exposed in the trenches.

Conduit installed for fiber optic cable installation shall have identification tape and detectable tone wire
installed for detection as specified and detailed in the Project Standard Detail Sheets.

Install direct burial conduit as shown in the Plans. Use rigid galvanized steel, or polyethylene conduit.
Excavate at least 36 inches (900 mm) below the top of the finished ground or 36 inches (900 mm) below
the bottom of the pavement.

When rock is in the bottom of the trench, install the conduit on a bed of compacted, fine-grain soil at
least 4 inches (100 mm) thick.

Conduit installed for fiber optic cable installation shall have detectable tone wire installed for detection
as specified in Section 682 and detailed in Standard Detail Sheets.

Encased Conduit

Place encased conduit in the locations shown in the Plans unless otherwise specified. Construct as follows:

1.

& IGh B o

Construct the encasement using Class A concrete that meets requirements in Section 500 .

Extend the encasement or conduit under roadway pavements or surfaces 6 inches (150 mm) past the
outer edge of paved shoulders or sidewalks, or past curbs if no shoulder or sidewalk is present.

Extend the conduit at least 3 inches (75 mm) beyond the encasement.
Place 3 inches (75 mm) of concrete in the bottom of the trench and place the conduit on top of it.
Temporarily plug the ends of the conduit to prevent concrete or foreign materials from entering.

Cover the conduit with at least 3 inches (75 mm) of concrete. Wait to encase the conduit with concrete
until the Engineer inspects and approves the conduit.

Cure the concrete encasement according to Subsection 500.3.05.Z, except curing may be reduced to
twenty-four (24) hours. Use a precast encasement if approved by the Engineer.
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U. Backfilling

Immediately backfill the conduit after the Engineer’s inspection and approval, except for encased conduit,
which must complete a twenty-four (24) hour cure period.

1
2.
3.

Backfill with approved material free of rocks or other foreign matter.
Backfill in layers no greater than 6 inches (150 mm) loose depth, up to the original ground level.

Compact each layer to one hundred percent (100%) of the maximum labaratory dry density as
determined by GDT 7, GDT 24a, GDT 24b, or GDT 67 whichever applies.-

Conduit on Structures

Install conduits, condulets, hangers, expansion fittings, and accessories on structures according to the Plans
and, unless otherwise specified, the following:

1
2.
3.

5.

Run the conduit parallel to beams, trusses, supports, pier caps, etc.

Install horizontal runs on a slight grade without forming low spots so they may drain properly.

Run conduits with smooth, easy bends. Hold the conduit ends in boxes with locknuts and bushings to
protect the conductors.

When not specified in the Plans or Special Provisions, submit the type and method for attachment to
structures to the Engineer for submission to the District Signal Engineer for approval.

Ground galvanized rigid steel conduit in pull boxes.

All exposed conduit shall be galvanized, rigid conduit unless otherwise specified.

Testing Conduit

After installing the conduit, test it in the presence of the Engineer.

1.

Test conduit using a mandrel 2 inches (50 mm) long and 0.25 inches (6 mm) smaller in diameter than the
conduit.

Repair conduit to the Engineer’s satisfaction if the mandrel cannot pass through. If repairs are
ineffective, remove and replace the conduit at no additional cost to the Department.

Thoroughly clean the conduits. When installing conduit but wiring at a later date:
a. Perform the mandrel test.

b. Ream the duct opening to remove burrs or foreign matter.

c. Thoroughly clean the duct.

d. Provide and install 2 weatherproof cap at each open end.

e. Allinstalled conduit not used or containing cable shall have a continuous nylon pull string installed
between junction boxes.

X. Grounding

Ground the cabinets, controller, poles, pull boxes, and conduit to reduce extraneous voltage to protect

personnel or equipment.

NOTE: Grounding shall meet the minimum requirements of the NEC.
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Provide permanent and continuous grounding circuits with a current-carrying capacity high enough and an
impedance low enough to limit the potential above the ground to a safe level.

Perform grounding as follows:

1. Bond the grounding circuits to nonferrous metal driven electrodes. Use electrades that are at least
0.625 inches (15 mm) in diameter, 8 feet (2.4 m) long, and are driven straight into the ground.

2. Use the shortest possible ground lead that leads directly to a grounding source,

3. Ensure that the maximum resistance between the ground electrode and the earth ground is no greater
than twenty five (25) ohms.

4. Connect the ground electrodes and the ground wire with an exothermic weld or ground rod clamp as
approved by Signal Engineer.

5. Connect neutral conductors to the cabinet buss-bar and ground them at each terminal point.

6. Ground the cabinet with a No. 6 AWG solid copper wire between the buss-bar to the ground electrode.
Bends shall not exceed 4 inch (100 mm) radius bends.
Permanently ground the poles by bonding the No. 6 AWG solid copper wire to a separate ground rod.

8. Ground pole-mounted accessories to the pole.

9. Underground metallic conduit or down guys are not acceptable ground electrodes. Do not use Snap-On
connections.

10. For extended distances between Ramp Meter and VDS additional grounding may be required by the
manufacturer,

Ground Rod

Install copper clad ground rods adjacent to the traffic signal pole bases, controller cabinet bases, and in pull
boxes to shield and protect the grounding system.

When ground rods are not protected, bury them at least 2 inches (50 mm) below the finished ground level.

1.
2.

Use 0.625 inch (15 mm) diameter ground rods at least 8 feet (2.4 m) long. Use copper clad ground rods.

Drive single ground rods vertically until the top of the rod is no more than 2 inches (50 mm) above the

finished ground.

Attach a length of No. 6 AWG solid copper wire to the top of the ground rod using an exothermic weld.

When controller cabinets are mounted on timber poles, ground them with No. 6 AWG solid copper wire

attached to the ground rod. Run the wire inside a minimum 0.75 inch (19 mm) rigid conduit attached to

the timber pole and to the chassis ground in the controller cabinet.

When ground penetration is not obtained:

a. Place a horizontal ground rod system of three (3) or more parallel ground rods at least 6 feet (1.8 m)
center-to-center and 30 inches (720 mm) below the finished ground.

b. Ensure that this grounding system produces a resistance of 25 ohms or less.

¢. loin the ground rods and connect them to the grounding buss of the traffic signal cabinet with No. 6
AWG solid copper wire.
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6. Install a ground wire on wood poles.
a. Use at least No. 6 AWG solid copper wire bonded to the grounding electrode and extending upward
to a point perpendicular to the uppermost span.
b. Place wire staples no greater than 2 feet (0.6 m) apart to secure the ground wire to the pole.
¢. Connect the span wire to the pole ground using copper split bolt connectors. Provide a separate
ground rod for pole mount cabinets. Do not use the pole ground. Bond the pole ground to the pole
cabinet ground rod.
7. Ensure that grounding for signal strain poles conforms to the grounding assembly typical eraction Detail
Sheet in the Plans.
8. Permanently ground cabinet and cabinet conduits to a multi-terminal main ground buss.
Use a No. 6 AWG solid copper wire bonded between the buss and grounding electrode.
Connect the power company neutral, conduit ground, and grounds of equipment housed in the
cabinet to the buss-bar.
¢. Do not ground to a permanent water system instead of the driven ground rod. Ensure that
grounding devices conform to the requirements of the NEC and NEMA.
9. When testing for resistance ensure the ground is dry. The Contractor is responsible for submitting the
ground test results.
Z. Signal Poles
See Section 501 for signal pole materials certification and Subsection 925.2.27, Subsection 925.2.28,
Subsection 925.2.29, Subsection 925.2.30 and Subsection 925.2.31 for traffic signal equipment. Refer to the
Plans for pole locations.

Where necessary, adjust pole location to avoid utility conflicts. Provide minimum clearance distances
between the signal pole and the roadway as specified in the Plans and on the Standard Detail Drawings.

1. Strain Poles
Provide signal strain poles that conform to Section 639.
Provide caissons or foundations that conform to the “Construction Detail for Strain Pole and Mast Arm
Pole Foundations” in the Plans,
Determine the required foundation size based on the manufacturer’s specified “bending moment at
yield” for each pole.
Provide strain poles with manufacturer-installed holes for pedestrian heads and push buttons. Seal
unused holes with water tight plugs that match the pole finish provided by the manufacturer of the
pole. All steel strain pole holes that are used shall have a rubber grommet or weather head.

Rake the poles during installation to provide a pole that is plumb once the load is applied.
2. Metal Poles
Install metal poles as follows:

a. Ensure that anchor bolts, reinforcing bars, and ground rods conform to Section 639 and Section 852
and are placed in the excavation.
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Support the anchor bolts with a template to provide the proper bolt circle for the pedestal or pole to
be installed. Anchor bolts shall be installed without any modifications. Refer to signal details for
proper installation.

Wire the reinforcing bars together or to the anchor bolts.

Wire the conduits in the base to the reinforcing bars for support. Ensure that they are accessible
above and beyond the foundation.

Before pouring the foundation concrete, determine that the anchor bolt orientation is correct so
that the tensile load is divided between at least two anchor bolts. Pour and vibrate the concrete
with the Engineer present.

Ensure that the pole foundations and pedestals with the anchor-type base conform to Section 500
and Section 639. Do not install or locate poles without the Engineer’s approval. Ensure the
foundation meets AASHTO guidelines.

1) The Engineer may take a concrete test cylinder as it is being poured.

2) Cure the cylinder and submit it for testing to the Office of Materials and Research.

If the concrete foundation fails to meet the requirements of the Specifications and is not accepted,
replace the foundation upon notification of failure.

After installing poles and applying the load of the signal span, inspect them for plumb and for the
proper horizontal position of the mast arm, when applicable. Make sure all threads of the nut are
threaded onto the anchor bolt.

Correct deficiencies by using the leveling nuts on the anchor bolts or by adjusting the mast arm.
The Engineer will examine the pedestals and poles for damaged paint or galvanizing. Restore the
finish coating where necessary.

After the Engineer approves the pole installation, provide an acceptable method of protecting the
area between the pole base and the top of the foundation to prevent the accumulation of debris.
If the finish or galvanized steel materials is scratched, chipped, or damaged, the material will be
rejected. The finish may be replaced as specified under Section 645, with the Engineer’s approval.
For poles or arms that need galvanization, thoroughly clean the steel poles and arms and touch up

non-ealvanized varts with i-d red or original-tvoe orimer

NOTE: Never add holes or openings to the metal pole or mast arm without approval from
the Office of Bridge and Structural Design.

Install a service bracket and insulator on one pole at each intersection to attach power service wire
as specified in the Plan Details. Install a disconnect box on the cabinet pole at each intersection to
attach power service where the power service is provided overhead.

Install poles to which controller cabinets are attached with mounting plates, bolts, nipples, and at
least two, 2.5 inch (64 mm) threaded openings at the top and at least two (2) 2 inch (50 mm) at the
bottom of the pole.

Attach the fittings to the poles as specified by the manufacturer in the Plans or as the Engineer
directs. The fittings may include:
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e Cast aluminum cap
* Pole clamp hardware for span wire attachment
*  Weatherhead with chase nipples and couplings
® Galvanized elbow with bushing installed by cutting the pole and welding in place around
the entire circumference
g. The Office of Materials and Research will inspect the anchor bolts. If approved, the Office of
Materials and Research will display the inspector's hammer stamp mark on the top of the bolt.
3. Concrete Strain Poles
a. Ensure that concrete strain poles meet the requirements of Section 639 and detailed construction
drawings.
b. Install concrete strain poles so that the angle of variance between the eye bolt on the pole and the
span wire is less than ten degrees (102).

c. Verify pole hole orientations for pedestrian heads, pedestrian push button stations, luminaries arms,
etc., with the Engineer prior to proceeding with traffic signal installation. For poles at cabinet
location provide at least two 2.5 inch (64 mm) openings at the top of pole and at least two 2.0 inch
(50 mm) threaded openings at the bottom.,

d. Plug all unused holes. Use Grout or threaded fittings. Match the finish of the pole.
4. Mast Arms

Install mast arms that can accommodate traffic signal mounting hardware and that adhere to the
manufacturer’s recommended procedures and Section 925 and Section 915. Do not add holes.

a. Sealthe openings in the mast arms to prevent pests from entering.

Align the mast arm to allow the signal heads to hang plumb at the correct height without using
extensions.

c. AllMast arms are to be galvanized unless indicated otherwise in the Plans.

NOTE: The Contractor shall submit a “Mast Arm Pole Chart” to the Engineer and the Office
of Bridge and Structural Design for review and approval as described in Subscction 647.1.03.F

_ of this Specification.

Verify pole hole orientations for pedestrian heads, pedestrian push button stations, luminaries arms,
etc., with the Engineer prior to proceeding with traffic signal installation.

5. Aluminum Pedestrian Pedestals Poles

Install aluminum pedestal poles, which adhere to Section 850 on breakaway aluminum bases that meet
the requirements for breakaway construction. See Section 925 for breakaway base requirements. See
the Standard Detail Drawings for Pole and Foundation Details.

a. Secure at least four anchor bolts in a concrete foundation as shown in the construction Detail.

b. Asan alternate to a concrete foundation install a Pedestal Foundation Anchor Assembly (Subsection
925.2.29). Install the foundation until the top of the base plate is level with the ground. Slide bolt
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heads through the keyhole and under the base plate against the bolt head keepers with threads up.
Bolt the pole base to the foundation. Adhere to the manufacturers instructions for installation.

1) Use a Universal Driving Tool with the correct kelly bar adaptor and bolts supplied with the tool.

2) Attach driving tool assembly to the foundation base plate using the bolts provided with each
foundation. Be sure to align the tool soothe holes in the tool line up with the proper bolt circle
on the foundation.

3) Stand the foundation, with the attached drive tool assembly, upright and attach the drive-tool-
foundation to the kelly bar.

4) Raise the kelly bar until the foundation swings free of the ground. Maneuver the kelly bar until
the point of the foundation is over the marked installation location.

5) Lower the kelly bar until the point of the foundation is forced into the ground and the helix is
flush with the ground surface.

6) Ensure the shaft of the foundation is plumb by checking the shaft with a level on two sides that
are at least 90 degrees from each other. Recheck the shaft to be sure it is plumb when the
foundation has penetrated 1 foot into the ground.

7) When the base plate of the foundation is 1 {25 mm) to 2 (50 mm) inches above the ground line
remove driving tool.

Contain the wiring inside the pole or in approved hardware. Do not allow conduit outside the pole.

d. Position the pedestal pole plumb and high enough to clear the pedestrian’s head as shown in the
Plans. Ensure that the bottom of the pedestrian signal housing including brackets is not less than 10
feet (3 m) from the ground line. If using a vehicle signal housing ensure pole is adequate to give
signal head a height of 12 feet (3.6 m)

e. Instruct the supplier to furnish a mill certificate that shows the alloy and physical properties of the
steel used in fabricating the anchor bolts. The bolts may be subjected to a tensile and shear strength
test.

6. Timber Poles

Timber poles do not require the use of concrete for filling the cavity around the pole base.

Use timber poles that meet the requirements of Section 861 and Section 639. Use Class Il for all signal

support poles. Use Class IV for aerial loop lead-in or communication cable if approved by the Engineer.

Poles shall be inspected and include AWW stamp.

Drill wood poles to receive the eye bolt so that the angle of variance between the eye bolt and span

wire at each connection is less than ten degrees (109). See the Standard Detail Drawings for additional

information.

Guy timber poles use single or double guy wires as shown in the Plans and as directed by the Engineer.

Guy helper cables with separate guy wires when helper signal span cables are indicated in the Plans.

NOTE: Never attach down guy wires to eye bolts. Attach down guy wires to angle guy
attachment only and install insulating rods on all down guy installations as detailed on

Ctandard Natail Chante

29



AA. Pull Boxes

Ensure that pull boxes conform to the Standard Detail Drawings or Plan Detail Sheet. Install pull boxes as
required by the Specifications and Plans.

A

5.

Include provisions for drains in pull box excavations as specified.
Do not place the aggregate for the drain until the Engineer approves the excavation.
Do not set the pull box until the aggregate is in place.
Set the pull boxes in place, level, and install conduits as required. Conduit entrance shall be through the
open bottom in Types 1, 2, 3, 4S and 5S. Conduit entrance shall be directly through cored holes in the
side walls in Types 4 and 5. Conduit entrance shall be through the conduit terminators in Types 6 and 7.
Adjust the location of the pull box if necessary to avoid obstacles.
Where conduit entrance will be through the side wall in Types 4 and 5, or for conduit other than the
terminator size provided in Types 6 and 7, use field cored conduit entrance holes in the side wall of the
box. All field coring shall be made with a diamond-tipped masonry hole saw and according to the pdll
box manufacturer’s recommendations.
Use an approved HDPE to EPVC coupling or an underground-type conduit adhesive where joining
conduit or conduit bodies of dissimilar materials, such as HDPE-ta-EPVC sweeps into pull boxes or
installing into pull box conduit terminators.
* Do not locate pull boxes on the curb side of the signal pole in the intersection radius return
* Install pull boxes so that the long dimension is parallel to the adjacent roadway
¢ Install the pull box at a location that is level with the surrounding ground or pavement. Do
not place a pull box in a ditch or depression. Unless otherwise shown in the Plans, when
installed either in a sidewalk or in the ground, the top of the pull box shall be level with the
sidewalk or ground surface.
Obtain the Engineer’s approval, and begin backfilling and installing the frame and cover. Ground metal
lids or covers.

BB. Span Wire and Span Wire Assemblies

Use span wire to support signal heads, cable, and other hardware only. Use messenger cable to support the
aerial cable plant. Install span wire and messenger wire where specified in the Plans and in accordance with
the Standard Detail Drawings. See Section 925 for information on span wire and messenger cable.

1.

Install signal span wire not to exceed the sag specified by the pole manufacturer. Span wire used with
timber pole installation shall have a minimum 2.5% sag. Span wire used with strain pole installation shall
have a minimum 5% sag.

Use helper cables where specified in the Plans and on the Standard Detail Drawings.

For construction of a box or modified box span, use bullrings. Be consistent throughout the intersection
in use of bull rings or strandvises. If bull rings are not used, standvises shall be interlocked.

Install 12 inch (300 mm) diameter drip loop wrapped three times at the cable entrance to signal heads.
Arrange cable so that it enters the structure from the bottom of the drip loop. Use a 24 inch (600 mm)
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diameter drip loop where cables enter a weatherhead and use 24 inch (600 mm) sag at corners of a
span.

Use aluminum ties, lashing rods, or aluminum wrap to attach cables to span wire, When using aluminum
wrap or aluminum ties spaced at 6 inch (150 mm) increments. Aluminum wrap shall have at least three
turns of wrap. Do not use lashing wire on span wire.

Ground all span wire and down guy assemblies as shown on Standard Detail Sheets. Bond all span wire
together and bond to ground at every pole.

CC. Traffic Signal Heads

Place traffic signal heads according to the signal design and Plan Detail Drawings. Deviation from the Plans
must be according to the MUTCD, current edition and at the Engineer’s approval. Ensure all Traffic Signal
Heads at an installation have the same appearance for the signal heads and the LED Modules. The Ramp
Metering enforcement device shall be mounted on the back of one signal per lane and wired to the red
display. The enforcement device shall be able to be viewed from downstream on the ramp.

1.

Install traffic signal heads at least 17 feet (5.1 m), but no greater than 19 feet (5.7 m) over the roadway.
All vertically attached signal head assemblies shall have a metal support plate installed within the top
section (RED) indication of the signal head for additional support and stability. Install Ramp Metering
traffic signal heads as shown on the Plans Detail Drawings.

Adjust signal heads on the same approach to have the same vertical clearance.

a. Measure the clearance from the pavement to the lowest part of the assembly, including brackets
and back plates.

b. Mount traffic signals on poles with a clearance of at least 12 feet (3.6 m) but no more than 19 feet
(5.8m) above the sidewalk or pavement grade of the center of the highway, whichever grade is
higher.

c. Mount and adjust Ramp Metering traffic signals as per the Plan Detail Drawings.

d. Mount and adjust Ramp Meter enforcement device (head) as per the Plan Detail Drawings.

Connect the sighal cable to the wire in each signal head to provide the correct signal indication when the

cables are connected to the controller cabinet back panels. Do not splice cables. Use wire nuts to make

the connections to the LED signal modules leadin. Make all connections in the top section. Ensure that

the black jacket is pulled into the signal head 6 inches (150 mm).

Install optically programmable (OP) signal heads as shown in the Plans and Standard Detail Sheet and as

directed by the manufacturer.

Mount OP heads securely or tether them to limit movement.

Mask the OP lamp for directing visibility under the Engineer’s supervision.

Tether signal heads that have tunnel visors longer than 12 inches (300 mm), at the discretion of the

Engineer.

Attach signal heads to mast arms using rigid mounting brackets. See Section 925 for equipment
information. Adjust signal heads on mast arms so that all red indications on the same mast arm are at
the same elevation.
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9. Install lane control heads for reversible lane systems and Ramp Metering heads as shown in the Plans
and the Standard Detail Drawings. Center each signal over the lane or lanes under signal control.

10. Leave a vertical clearance for blank-out signs as shown on the Standard Detail Drawings. Use a spirit
level to ensure that the bottom edge of each sign is horizontal.

11. All LED modules shall be labeled with their turn on date on the backside of the LED insert.
DD.Pedestrian Signal Heads

install pedestrian signal heads on wood, concrete, steel strain poles, wood or steel auxiliary poles, or metal
pedestal poles. Do not mix pole mount methods at the same intersection installation.

Install the pedestrian signal heads as shown on the Standard Detail Drawings and the intersection Plan
Sheets and Drawings.

Leave a vertical clearance from the bottom of the head to the ground level of least 10 feet (3 m) unless
specified by the Engineer.
1. Pedestal Mounts
Make pedestal mounts with a lower supporting assembly consisting of:
a. A4 inch (100 mm) slip-fitter bracket
b. Hollow aluminum arms with a minimum inside cross-sectional area equal to a 1.5 inch (38 mm) pipe
Use serrated locking devices that firmly hold the signal heads in the required alignment.
¢. For Pedestal Mounts using side hinge “clamshell”. Secure “clamshell” to pedestal using 0.75 inch
(19 mm) wide and 0.30 inch {0.75 mm) thick stainless steel bands.
2. Pole Mounts (Side of Pole)
For Metal poles, use side hinge “clamshell” mounting hardware or hardware as described in Wood Pole,
Metal Pole alternate, or pedestrian pole.
a. Side Hinge “Clamshell”
= Secure the hubs to metal or concrete poles using 0.75 inch (10 mm) wide and 0.030 inch
(0.75 mm) thick stainless steel bands. Secure the hubs to wood poles using lag bolts.
b. Wood Pole or Metal Pole alternate:
Make pole mounts with the upper and lower assembly consisting of:
e A post arm with a minimum cross-sectional area equal to a 1.5 inch (38 mm) pipe
s A post hub plate that matches the outside pole contour

e Secure the hubs to metal or concrete poles using 0.75 inch (19 mm) wide and 0.030 inch
(0.75mm) thick stainless steel bands. Secure the hubs to wood poles using lag bolts, or
banding.

Space the junctions so that each pedestrian signal head can be directed toward approaching traffic as
needed.
Use serrated locking devices that hold the pedestrian signal heads in alignment.
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EE. Blank-out Signs
Install blank-out signs as shown on Plans or as follows:

1. Securely fasten the signs to a stationary structure or to a messenger strand su pport system.
2. Center each sign over the lane or lanes under sign control, where applicable.

3. Leave a vertical clearance for blank-out signs as shown in the Plans or in Subsection 647.3.05.EE, “Traffic
Signal Heads.” Use a spirit level to ensure that the bottom edge of each sign is horizontal.

4. Use terminal strips to connect each sign electrically to the external control box or cabinet.

FF

Battery Backup System (BBS)
Install Battery Backup System (BBS) if indicated on the Plans. Install in accordance with the option as

indicated on the Plans and as directed by the Engineer.

With the Battery Backup submittal provide calculations for determining the size of the inverter and batteries
based on the actual power requirements for the intersection installation. Ensure that all auxiliary items are
included in the calculations. Ensure the submittal specifies the model number and the firmware revision that

is being supplied.

Ensure that the external cabinet supplied meets the Section 925 Specifications and is base mounted next to
the 332A cabinet as specified. Do not attach the battery external cabinet to the 332A cabinet unless
otherwise specified. The external cabinet option allows for 2 separate configurations. Ensure that the
correct configuration is installed in accordance with the Plans. Make all connections to the 332A cabinet

through the base of the cabinets.
Provide date of manufacture of all batteries provided.

Ensure the BBS functions as required by the specifications. Ensure the “ON BATTERY” relay provides an
input into the controller Alarm 2. Install the two hour run time circuitry from the normally open contacts in
the BBS controller to the AC+ and the mercury coil terminal in the traffic signal cabinet.

Ensure that the BBS is enabled to communicate via Ethernet connection.

Provide copy of all documentation (Operation and Maintenance Manual) for items supplied. Include with
documentation any communications firmware and cable required to interrogate the unit for status, setup or

logs.
GG. Power Meters

Install Power Meters per GDOT Standard Drawings and Utility Provider’s Specifications.
647.3.06 Quality Acceptance
A. Testing Loop Detector Installation

Test each loop after installing the conductors in the slots cut in the pavement and before sealing.

* Perform a test where the loop wire is spliced to the shielded lead-in wire and where the shielded
lead-in wire enters the controller cabinet
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* Ifthere are no splice points, such as in direct entry to the controller cabinet, only perform the tests
at the controller

* Record the test results on the Loop Installation Data Sheet in Table 647-10, as shown in this section.
Make copies of the data sheet as needed.
* Include the data sheets in the records, and place a copy in the controller cabinet.

Conduct the following five (5) tests to evaluate each loop installation for acceptance before sealing the loop
in the pavement:

1. Induced AC Voltage Test
Read 0.05 V AC or less on a digital voltmeter or no deflection on the pointer of an analog meter.
2. Inductance

Inductance (1) is measured in microhenries (mH), and the total inductance is equal to the inductance of
loop plus inductance of the loop lead-in.

Acceptable inductance is within 10 percent (10%) of the calculated value for a single loop with the
design criteria listed in Table 647-8 and Table 647-9:

Table 647-8 Standard (Bi-Pole) Loops
6 ftx6 ft(3turns) | =76 mH + 23 mH per 100 feet of loop lead-in cable
[1.8 mx 1.8 m (3 turns)) I'=76 mH + 23 mH per 30 m of loop lead-in cable
6 ft x 30 ft (2 turns) I =126 mH + 23 mH per 100 feet of loop lead-in cable
[1.8mx 9 m (2 turns)] =126 mH + 23 mH per 30 m of loop lead-in cable
6 ft x 40 ft (2 turns) 1 =165 mH + 23 mH per 100 feet of loop lead-in cable
[1.8 m x 12 m (2 turns)] | =165 mH + 23 mH per 30 m of loop lead-in cable

i 6 ft x 50 ft (2 turns) I =205 mH + 23 mH per 100 feet of loop lead-in cable
[1.8m x 15 m (2 turns)] =205 mH + 23 mH per 30 m of loop lead-in cable
6 ft x 70 ft (2 turns) } =285 mH + 23 mH per 100 Feet of loop lead-in cable
(1.8 mx21 m(2turns)] | =285 mH + 23 mH per 30 m of loop lead-in cable
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