RSS_A04-22-16__2015
Page 76 of 76

[bookmark: _GoBack]

Page 1 of 76


RSS. Use in all projects. Do not add. Inserted by boilerplate merge.

REVISED STANDARD SPECIFICATIONS DATED
04-22-16

ORGANIZATION
Revised standard specifications are under headings that correspond with the main-section headings of the Standard Specifications. A main-section heading is a heading shown in the table of contents of the Standard Specifications. A date under a main-section heading is the date of the latest revision to the section.
Each revision to the Standard Specifications begins with a revision clause that describes or introduces a revision to the Standard Specifications. For a revision clause that describes a revision, the date on the right above the clause is the publication date of the revision. For a revision clause that introduces a revision, the date on the right above a revised term, phrase, clause, paragraph, or section is the publication date of the revised term, phrase, clause, paragraph, or section. For a multiple-paragraph or multiple-section revision, the date on the right above a paragraph or section is the publication date of the paragraphs or sections that follow.
Any paragraph added or deleted by a revision clause does not change the paragraph numbering of the Standard Specifications for any other reference to a paragraph of the Standard Specifications.

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION I  GENERAL PROVISIONS
1  GENERAL
04-15-16
Add to the 1st table in section 1-1.06:
04-15-16
	APCD
	air pollution control district

	AQMD
	air quality management district




^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

7  LEGAL RELATIONS AND RESPONSIBILITY TO THE PUBLIC
04-22-16
Add to the end of the 2nd sentence in the 1st paragraph of section 7-1.02K(1):
04-22-16
, and hauling and delivery of ready-mixed concrete.

Add between the 4th and 5th paragraphs of section 7-1.02K(3):
04-22-16
Submitted certified payrolls for hauling and delivering ready-mixed concrete must be accompanied by a written time record. The time record must include:
1.	Truck driver's full name and address
2.	Name and address of the factory or batching plant
3.	Time the concrete was loaded at the factory or batching plant
4.	Time the truck returned to the factory or batching plant
5.	Truck driver's signature certifying under penalty of perjury that the information contained in this written time record is true and correct


Add between the 1st and 2nd paragraphs of section 7-1.11A:
02-12-16
Comply with 46 CFR 381.7(a)–(b).

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

9  PAYMENT
01-15-16
Replace may withhold in the 1st paragraph of section 9-1.16E(4) with:
01-15-16
withholds

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION II  GENERAL CONSTRUCTION
10  GENERAL
04-15-16
Replace section 10-1.02B with:
04-15-16
10-1.02B  Traffic Elements
Before starting the operational test of a traffic management system that directly impacts traffic, the system must be ready for operation, and all signs, pavement delineation, and pavement markings must be in place at the system's location.
If maintaining existing traffic management system elements during construction is shown on the Bid Item List, a list of the systems shown within the project limits and their operational status is included in the Information Handout. Before starting job site activities, conduct a preconstruction operational status check of the existing system's elements and each element's communication status with the transportation management center to which it communicates. If an existing system element is discovered and has not been identified, the Department adds the element to the list of systems. The pre- and postconstruction operational status check of the discovered elements is change order work.
If maintaining existing traffic management system elements during construction is not shown on the Bid Item List and an existing system element is discovered during the work, notify the Engineer. The Engineer orders a pre- and postconstruction operational status check of the discovered elements. The status check of the discovered elements is change order work.
Conduct the status check with the Engineer and an electrical representative from the traffic operations office of the district in which the work is located. The Department provides you a list of the preconstruction operational status-check results, including:
1.	Existing traffic management system elements and their locations within the project limits
2.	Fully functioning elements
3.	Nonoperational elements

Before Contract acceptance, conduct a postconstruction operational status check of all elements shown on the list with the Engineer and an electrical representative from the traffic operations office of the district in which the work is located.

Replace 10-3 of section 10 with:
[bookmark: _Toc384187009][bookmark: _Toc418007727]04-15-16
10-2–10-3  RESERVED

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

12  TEMPORARY TRAFFIC CONTROL
04-15-16
Replace section 12-3.32 with:
04-15-16
12-3.32  PORTABLE CHANGEABLE MESSAGE SIGNS
12-3.32A  General
12-3.32A(1)  Summary
Section 12-3.32A includes specifications for placing portable changeable message signs.
12-3.32A(2)  Definitions
Reserved
12-3.32A(3)  Submittals
If requested, submit a certificate of compliance for each PCMS.
Submit your cell phone number before starting the first activity that requires a PCMS.
12-3.32A(4)  Quality Assurance
Reserved
12-3.32B  Materials
Each PCMS must have a message board, controller unit, power supply, and a structural support system. The unit must be assembled to form a complete self-contained PCMS that can be delivered to the job site and placed into immediate operation. The sign unit must be capable of operating at an ambient air temperature from -4 to 158 degrees F and must be unaffected by mobile radio transmissions other than those required to control the PCMS.
A PCMS must be permanently mounted on a trailer, truck bed, or truck cab under the manufacturer's instructions. The PCMS must be securely mounted on the support vehicle such that it remains attached during any impact to the vehicle. If it is mounted on a trailer, the trailer must be capable of being leveled and plumbed.
A minimum of 3 feet of retroreflective material must be permanently affixed on all 4 sides of the trailer. The retroreflective material need not be continuous but must be visible on the same plane.
The sign panel must be capable of displaying a 3-line message with at least 7 characters per line. The characters must be at least 18 inches in height where the useable shoulder area is at least 15 feet wide. To prevent encroachment onto the traveled way where the useable shoulder area is less than 15 feet wide, you may use a smaller message panel with at least 12-inch-high characters.
The message displayed on the sign must be visible from a distance of 1,500 feet and legible from a distance of 750 feet at noon on a cloudless day and during the night by persons with 20/20 vision or vision corrected to 20/20.
The characters on a sign panel may be 10 inches in height if:
1.	PCMS is mounted on a service patrol truck or other incident response vehicle or used for traffic control operations on a highway facility where the posted speed limit is less than 40 mph
2.	Message is legible from a distance of at least 650 feet at noon on a cloudless day and during the night by persons with 20/20 vision or vision corrected to 20/20

A matrix sign must provide a complete alphanumeric selection.
A PCMS must automatically adjust its brightness under varying light conditions to maintain the legibility of the message. The sign must be equipped with an automatic-dimming mode that automatically compensates for the influence of temporary light sources or abnormal lighting conditions. The sign must have 3 or more manual dimming modes of different intensities.
During the hours of darkness, a matrix sign not using lamps must be either internally or externally illuminated.
The controller must be an all solid-state unit containing the necessary circuitry for the storage of at least 5 preprogrammed messages. The controller must be installed at a location that allows the operator to perform all functions from a single position. The controller must have a keyboard entry system that allows the operator to generate an infinite number of additional messages in addition to the preprogrammed stored messages. The keyboard must be equipped with a security lockout feature to prevent unauthorized use of the controller.
The controller must have:
1.	Nonvolatile memory that stores keyboard-created messages during periods when the power is not activated
2.	Variable display rate that allows the operator to match the information display to the speed of approaching traffic
3.	Screen upon which messages may be reviewed before being displayed on the sign

The flashing-off time must be adjustable from within the control cabinet.
12-3.32C  Construction
Place a PCMS as far from the traveled way as practicable where it is legible to approaching traffic without encroaching on the traveled way. Where the vertical roadway curvature restricts the sight distance of approaching traffic, place the sign on or before the crest of the curvature where it is most visible to the approaching traffic. Where the horizontal roadway curvature restricts the sight distance of approaching traffic, place the sign at or before the curve where it is most visible to approaching traffic. Where practicable, place the sign behind guardrail or Type K temporary railing.
Make a taper consisting of 9 traffic cones placed 25 feet apart to delineate the location of a PCMS except where the sign is placed behind guardrail or Type K temporary railing.
When in full operation, the bottom of a sign must be at least 7 feet above the roadway in areas where pedestrians are anticipated and 5 feet above the roadway elsewhere, and the top of the sign must be not more than 14.5 feet above the roadway.
Operate the PCMS under the manufacturer's instructions.
Keep the PCMS clean to provide maximum visibility.
If multiple signs are needed, place each sign on the same side of the road at least 1,000 feet apart on freeways and expressways and at least 500 feet apart on other types of highways.
If more than one PCMS is simultaneously visible to traffic, only 1 sign may display a sequential message at any time. Do not use dynamic message displays, such as animation, rapid flashing, dissolving, exploding, scrolling, horizontal movement, or vertical movement of messages. The message must be centered within each line of the display.
You may use an additional PCMS if more than 2 phases are needed to display a message.
Display only messages shown or ordered.
Repeat the entire message continuously in not more than 2 phases of at least 3 seconds per phase. The sum of the display times for both of the phases must be a maximum of 8 seconds. If more than 2 phases are needed to display a message, use an additional PCMS.
You must be available by cell phone during activities that require a sign. Be prepared to immediately change the displayed message if ordered. You may operate the sign with a 24-hour timer control or remote control if authorized.
After the initial placement, move a sign from location to location as ordered.
When a PCMS is not in use, move it to an area at least 15 feet from the edge of the traveled way or remove it from the job site away from traffic.
12-3.32D  Payment
Not Used

Replace section 12-4.02C(2) with:
01-15-16
12-4.02C(2)  Lane Closure System
12-4.02C(2)(a)  General
The Department provides LCS training. Request the LCS training at least 30 days before submitting the 1st closure request. The Department provides the training within 15 days after your request.
LCS training is web-based or held at a time and location agreed upon by you and the Engineer. For web-based training, the Engineer provides you the website address to access the training.
With 5 business days after completion of the training, the Department provides LCS accounts and user IDs to your assigned, trained representatives.
Each representative must maintain a unique password and current user information in the LCS.
The Department terminates your LCS accounts after Contract acceptance.
04-15-16
The project is not accessible in LCS after Contract acceptance.
01-15-16
12-4.02C(2)(b)  Status Updates for Authorized Closures
Update the status of authorized closures using the LCS Mobile web page.
For a stationary closure, use code:
1.	10-97 immediately before you place the 1st advance warning sign
2.	10-98 immediately after you remove all of the advance warning signs

For a moving closure, use code:
1.	10-97 immediately before the actual start time of the closure
2.	10-98 immediately after the actual end time of the closure

Cancel an authorized closure by using code 10-22 within 2 hours after the authorized start time.
If you are unable to access the LCS Mobile web page, immediately notify the Engineer of the closure's status.

16  TEMPORARY FACILITIES
04-15-16
Add between the 1st and 2nd sentences of section 16-2.03A(1):
04-15-16
Constructing a high-visibility fence includes the installation of any signs specified in the special provisions.

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION III  EARTHWORK AND LANDSCAPE
20  LANDSCAPE
04-15-16
Replace 86 in the 1st paragraph of section 20-2.01C(2) with:
04-15-16
87

Replace 86 in the 1st paragraph of section 20-2.01C(3) with:
04-15-16
87

Replace section 20-2.04A(4) with:
04-15-16
Perform conductors test. The test must comply with the specifications in section 87.
Where the conductors are installed by trenching and backfilling, perform the test after a minimum of 6 inches of backfill material has been placed and compacted over the conductors.

Replace the 1st paragraph of section 20-2.04C(4) with:
04-15-16
Splice low voltage control and neutral conductors under section 87, except do not use Method B.

Replace 86 in the 2nd paragraph of section 20-2.06C with:
87
Replace section 20-2.07B(5) with:
04-15-16
20-2.07B(5)  PVC Pipe Conduit Sleeve
PVC pipe conduit sleeves must be schedule 40 complying with ASTM D1785.
Fittings must be schedule 80.

Replace section 20-2.07C(3) with:
04-15-16
20-2.07C(3)  PVC Pipe Conduit Sleeve
Where PVC pipe conduit sleeves 2 inches or less in outside diameter is installed under surfacing, you may install by directional boring under section 20-2.07C(2)(b).
For sleeves 2 inches or less in diameter, the top of the conduit must be a minimum of 18 inches below surfacing.
Extend sleeves 6 inches beyond surfacing. Cap ends of conduit until used.

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION V  SURFACINGS AND PAVEMENTS
39  ASPHALT CONCRETE
04-15-16
Replace SP-2 at each occurrence in section 39 with:
01-15-16
MS-2

Add between the 3rd and 4th paragraphs of section 39-2.01A(1):
04-15-16
For HMA that uses asphalt binder containing crumb rubber modifier, submit a Crumb Rubber Usage Report form monthly and at the end of the project.

Add to the table in the 4th paragraph of section 39-2.01A(1):
01-15-16
	Asphalt Institute MS-2
	7th edition (2015)




Replace the headings and paragraphs of section 39-2.01A(3)(i) with:
01-15-16
39-2.01A(3)(i)  Reserved

Replace the 2nd sentence in the 3rd paragraph of section 39-2.01A(4)(b) with:
01-15-16
Submit 3 parts and keep 1 part.

04-15-16
Delete the 1st paragraph of section 39-2.01B(11).

Add after the 2nd paragraph of section 39-2.01B(11):
04-15-16
For miscellaneous areas and dikes:
1.	Choose the aggregate gradation from:
1.1.	3/8-inch Type A HMA aggregate gradation
1.2.	1/2-inch Type A HMA aggregate gradation
1.3.	1/2-inch dike mix aggregate gradation
2.	Choose asphalt binder Grade PG 64-10, PG 64-16 or PG 70-10.
3.	Minimum asphalt binder content must be:
3.1.	6.40 percent for 3/8-inch Type A HMA aggregate gradation
3.2.	5.70 percent for 1/2-inch Type A HMA aggregate gradation
3.3.	6.40 percent for 1/2-inch dike mix aggregate gradation

If you request and the Engineer authorizes, you may reduce the minimum asphalt binder content.
Aggregate gradation for 1/2-inch dike mix must be within the TV limits for the specified sieve size shown in the following table:
	Aggregate Gradation for 1/2-inch Dike Mix
(Percentage Passing)

	Sieve size
	Target value limit
	Allowable tolerance

	3/4"
	100
	--

	1/2"
	90–95
	TV ± 5

	No. 4
	70–75
	TV ± 5

	No. 8
	23–25
	TV ± 5

	No. 50
	15–35
	TV ± 5

	No. 200
	7.0–13.0
	TV ± 2.0




Replace 39-2.01A(3)(m)(iv) in the 6th paragraph of section 39-2.01C(3)(e) with:
01-15-16
36-3.01C(3)

Add between rectangles and with in the 4th paragraph of section 39-2.01C(16):
04-15-16
, half the lane width, 

Add between to and the in item 1 of the 4th paragraph of section 39-2.01C(16):
04-15-16
and along

Replace section 39-2.02A(3)(b) with:
01-15-16
The JMF must be based on the superpave HMA mix design as described in MS-2 Asphalt Mix Design Methods by the Asphalt Institute.

Replace the 2nd paragraph of section 39-2.03A(3)(b) with:
01-15-16
The JMF must be based on the superpave HMA mix design as described in MS-2 Asphalt Mix Design Methods by the Asphalt Institute.

Replace the requirement in the row for Voids in mineral aggregate on plant produced HMA in the 2nd table in section 39-2.03A(4)(e)(i) with:
01-15-16
18.0-23.0

Add before the 1st paragraph of section 39-2.03A(4)(e)(ii)(C):
04-15-16
CRM used must be on the Authorized Materials List for Crumb Rubber Modifier.
CRM must be a ground or granulated combination of scrap tire crumb rubber and high natural scrap tire crumb rubber, CRM must be 75.0 ± 2.0 percent scrap tire crumb rubber and 25.0 ± 2.0 percent high natural scrap tire crumb rubber by total weight of CRM. Scrap tire crumb rubber and high natural scrap tire crumb rubber must be derived from waste tires described in Pub Res Code § 42703.

Replace the row for Hamburg wheel track in the table in section 39-2.03B(2) with:
01-15-16
	Hamburg wheel track (min, number of passes at the inflection point)
Binder grade:
PG 58
PG 64
PG 70
	AASHTO T 324 (Modified)d
	


10,000
12,500
15,000




Add to the 2nd paragraph of section 39-2.05A(3)(b):
01-15-16
The material transfer vehicle must receive HMA directly from the truck.

Replace Table 6.1 at each occurrence in the table in section 39-2.05B(2) with:
01-15-16
Table 8.1

Replace SP-2 Asphalt Mixture in the 1st footnote in the table in the 2nd paragraph of section 39-2.05B(2)(b) with:
01-15-16
MS-2 Asphalt Mix Design Methods

Replace Manual Series No. 2 (MS-2) in the 1st footnote in the table in the 2nd paragraph of section 39-2.05B(2)(b) with:
01-15-16
MS-2 Asphalt Mix Design Methods

Replace 39-3.05 in the 1st paragraph of section 39-3.04A with:
01-15-16
39-3.04

Replace 39-3.06 in the 1st paragraph of section 39-3.05A with:
01-15-16
39-3.05

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION VI  STRUCTURES
49  PILING
04-15-16
04-15-16
Delete the 2nd paragraph of section 49-1.01A.

04-15-16
Delete the 3rd paragraph of section 49-1.03.
[bookmark: _Toc395791494]
04-15-16
Delete the 2nd paragraph of section 49-1.04.
[bookmark: _Toc395791585]
01-15-16
Delete the 4th paragraph of section 49-2.01C(5).

Replace the 1st paragraph of section 49-3.02A(4)(d)(i) with:
04-15-16
Section 49-3.02A(4)(d) applies to CIDH concrete piles except for piles (1) less than 24 inches in diameter, (2) constructed in dry holes without the use of slurry, or (3) constructed in holes dewatered without the use of temporary casing to control ground water.

Replace low in the last sentence of item 2 in the list in the 2nd paragraph of section 49-3.02C(5) with:
02-12-16
below

[bookmark: _Toc395791627]Replace the 2nd sentence of the 3rd paragraph of section 49-3.02C(9) with:
04-15-16
Do not vibrate the concrete.

Add to section 49-3.03A(3):
01-15-16
Submit a Pile and Driving Data Form under section 49-2.01A(3)(a) if specified in the special provisions.

Replace section 49-4.03 with:
01-15-16
49-4.03  CONSTRUCTION
49-4.03A  General
Reserved
49-4.03B  Drilled Holes
Drill holes for steel soldier piles into natural foundation material. Drilled holes must be accurately located, straight, and true.
Furnish and place temporary casings or tremie seals where necessary to control water or to prevent caving of the hole.
Before placing the steel soldier pile, remove loose materials existing at the bottom of the hole after drilling operations have been completed.
Do not allow surface water to enter the hole. Remove all water in the hole before placing concrete.
If temporary casings are used, they must comply with section 49-3.02C(3).
49-4.03C  Steel Soldier Piles
Plumb and align the pile before placing concrete backfill and lean concrete backfill. The pile must be at least 2 inches clear of the sides of the hole for the full length of the hole to be filled with concrete backfill and lean concrete backfill. Ream or enlarge holes that do not provide the clearance around steel piles.
Maintain alignment of the pile in the hole while placing backfill material.
Clean and prepare piles in anticipated heat affected areas before splicing steel piles or welding concrete anchors.

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

51  CONCRETE STRUCTURES
04-15-16
Add to the list in the 2nd paragraph of section 51-1.01A:
04-15-16
8.	Pile extensions


^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

52  REINFORCEMENT
01-15-16
Replace the 3rd paragraph of section 52-6.03B with:
01-15-16
For uncoated and galvanized reinforcing bars complying with ASTM A615/A615M, Grade 60, ASTM A706/A706M, or ASTM A767/A767M, Class 1, the length of lap splices must be at least:
1.	45 diameters of the smaller bar spliced for reinforcing bars no. 8 or smaller
2.	60 diameters of the smaller bar spliced for reinforcing bars nos. 9, 10, and 11

For epoxy-coated reinforcing bars and alternatives to epoxy-coated reinforcing bars complying with ASTM A775/A775M, ASTM A934/A934M, ASTM A1035/A1035M, or ASTM A1055/A1055M, the length of lap splices must be at least:
1.	65 diameters of the smaller bar spliced for reinforcing bars no. 8 or smaller
2.	85 diameters of the smaller bar spliced for reinforcing bars nos. 9, 10, and 11


^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

53  SHOTCRETE
01-15-16
[bookmark: _Toc395791601]Replace 632 in item 1 in the list in the 3rd paragraph of section 53-1.02 with:
01-15-16
675

Replace item 2 in the list in the 3rd paragraph of section 53-1.02 with:
01-15-16
2.	You may substitute a maximum of 30 percent coarse aggregate for the fine aggregate. Coarse aggregate must comply with section 90-1, except section 90-1.02C(4)(d) does not apply. The gradation for the coarse aggregate must comply with the gradation specified in section 90-1.02C(4)(b) for the 1/2 inch x No. 4 or the 3/8 inch x No. 8 primary aggregate nominal size.


Replace shotcrete in the 2nd sentence of the 4th paragraph of section 53-1.02 with:
01-15-16
concrete

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

59  STRUCTURAL STEEL COATINGS
01-15-16
Replace Type S in the 2nd paragraph of section 59-1.02A with:
01-15-16
Type M or Type S

Replace the paragraphs in section 59-2.01C(1) with:
01-15-16
Clean and paint all exposed structural steel and other metal surfaces.
Cleaning and painting of new structural steel must be performed in an enclosed shop as defined in AISC-420-10/SSPC-QP 3.

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION VII  DRAINAGE FACILITIES
71  EXISTING DRAINAGE FACILITIES
01-15-16
Replace items 5 and 6 in the list in the 1st paragraph of section 71-3.01D with:
01-15-16
5.	Performing postrehabilitation inspection


Add after the 4th paragraph of section 71-3.01D:
01-15-16
Record the quantity of grout that is installed and submit this quantity. The Department does not pay for grout that leaks through to the inside of the culvert. The Department does not pay for grout material that is wasted, disposed of, or remaining on hand after the completion of the work.

Replace the 2nd heading in section 71-5.03 with:
01-15-16
71-5.03B  Frames, Covers, Grates, and Manholes

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION VIII  MISCELLANEOUS CONSTRUCTION
74  PUMPING EQUIPMENT AND CONTROLS
04-15-16
Replace 87-1.03K in the 4th paragraph of section 74-3.03B(2) with:
04-15-16
87

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION IX  TRAFFIC CONTROL DEVICES
83  RAILINGS AND BARRIERS
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Toc259113345]04-15-16
04-15-16
Delete to in the 4th paragraph of section 83-1.02B.

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

84  MARKINGS
04-15-16
Replace the 2nd paragraph of section 84-9.03B with:
04-15-16
Completely remove traffic stripes and pavement markings, including any paint in the gaps, by methods that do not remove pavement to a depth of more than 1/8 inch.

Add between the 2nd and 3rd paragraphs of section 84-9.03B:
04-15-16
Submit your proposed method for removing traffic stripes and pavement markings at least 7 days before starting the removal work. Allow 2 business days for the review.
Remove pavement marking such that the old message cannot be identified. Make any area removed by grinding rectangular. Water must not puddle in the ground areas. Fog seal ground areas on asphalt concrete pavement.

04-15-16
Delete materially in the 1st paragraph of section 84-9.03D.

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION X  ELECTRICAL WORK
Replace section 86 with:
04-15-16
86  GENERAL
[bookmark: _Toc287247338][bookmark: _Toc380742091][bookmark: _Toc382035366][bookmark: _Toc382478451][bookmark: _Toc384897671][bookmark: _Toc390662100][bookmark: _Toc390667491][bookmark: _Toc393114404][bookmark: _Toc393119463][bookmark: _Toc393282605][bookmark: _Toc393877048][bookmark: _Toc398810206][bookmark: _Toc402181510][bookmark: _Toc403120505][bookmark: _Toc405971267][bookmark: _Toc416435666][bookmark: _Toc418835287][bookmark: _Toc418835393][bookmark: _Toc418835836][bookmark: _Toc418837109][bookmark: _Toc418846024][bookmark: _Toc419363515][bookmark: _Toc419363605][bookmark: _Toc419966374][bookmark: _Toc419966554][bookmark: _Toc419980411][bookmark: _Toc419981838][bookmark: _Toc419982426][bookmark: _Toc421082577][bookmark: _Toc421083159][bookmark: _Toc421090368][bookmark: _Toc421092599][bookmark: _Toc421094884][bookmark: _Toc421168275][bookmark: _Toc421168384][bookmark: _Toc421170778][bookmark: _Toc421170900][bookmark: _Toc421171007][bookmark: _Toc421172476][bookmark: _Toc421180769][bookmark: _Toc421252081][bookmark: _Toc421258504][bookmark: _Toc422209081][bookmark: _Toc425163658][bookmark: _Toc427929968][bookmark: _Toc428019422][bookmark: _Toc431284806][bookmark: _Toc431389218][bookmark: _Toc431393122][bookmark: _Toc441065186]04-15-16
86-1.01  GENERAL
[bookmark: _Toc380742092][bookmark: _Toc382035367][bookmark: _Toc382478452][bookmark: _Toc384897672][bookmark: _Toc390662101][bookmark: _Toc390667492][bookmark: _Toc393114405][bookmark: _Toc393119464][bookmark: _Toc393282606][bookmark: _Toc393877049][bookmark: _Toc398810207][bookmark: _Toc402181511][bookmark: _Toc403120506][bookmark: _Toc405971268][bookmark: _Toc416435667][bookmark: _Toc418835288][bookmark: _Toc418835394][bookmark: _Toc418835837][bookmark: _Toc418837110][bookmark: _Toc418846025][bookmark: _Toc419363516][bookmark: _Toc419363606][bookmark: _Toc419966375][bookmark: _Toc419966555][bookmark: _Toc419980412][bookmark: _Toc419981839][bookmark: _Toc419982427][bookmark: _Toc421082578][bookmark: _Toc421083160][bookmark: _Toc421090369][bookmark: _Toc421092600][bookmark: _Toc421094885][bookmark: _Toc421168276][bookmark: _Toc421168385][bookmark: _Toc421170779][bookmark: _Toc421170901][bookmark: _Toc421171008][bookmark: _Toc421172477][bookmark: _Toc421180770][bookmark: _Toc421252082][bookmark: _Toc421258505][bookmark: _Toc422209082][bookmark: _Toc425163659][bookmark: _Toc427929969][bookmark: _Toc428019423][bookmark: _Toc431284807][bookmark: _Toc431389219][bookmark: _Toc431393123][bookmark: _Toc441065187]86-1.01A  Summary
Section 86 includes general specifications for furnishing electrical equipment and materials.
Electrical equipment and materials must comply with part 4 of the California MUTCD and 8 CA Code of Regs, chapter 4, subchapter 5, "Electrical Safety Orders."
Galvanized equipment and materials must comply with section 75-1.02B.
[bookmark: _Toc418846026][bookmark: _Toc419363517][bookmark: _Toc419363607][bookmark: _Toc419966376][bookmark: _Toc419966556][bookmark: _Toc419980413][bookmark: _Toc419981840][bookmark: _Toc419982428][bookmark: _Toc421082579][bookmark: _Toc421083161][bookmark: _Toc421090370][bookmark: _Toc421092601][bookmark: _Toc421094886][bookmark: _Toc421168277][bookmark: _Toc421168386][bookmark: _Toc421170780][bookmark: _Toc421170902][bookmark: _Toc421171009][bookmark: _Toc421172478][bookmark: _Toc421180771][bookmark: _Toc421252083][bookmark: _Toc421258506][bookmark: _Toc380742093][bookmark: _Toc382035368][bookmark: _Toc382478453][bookmark: _Toc384897673][bookmark: _Toc390662102][bookmark: _Toc390667493][bookmark: _Toc393114406][bookmark: _Toc393119465][bookmark: _Toc393282607][bookmark: _Toc393877050][bookmark: _Toc398810208][bookmark: _Toc402181512][bookmark: _Toc403120507][bookmark: _Toc405971269][bookmark: _Toc416435668][bookmark: _Toc418835289][bookmark: _Toc418835395][bookmark: _Toc418835838][bookmark: _Toc418837112][bookmark: _Toc422209083][bookmark: _Toc425163660][bookmark: _Toc427929970][bookmark: _Toc428019424][bookmark: _Toc431284808][bookmark: _Toc431389220][bookmark: _Toc431393124][bookmark: _Toc441065188]86-1.01B  Definitions
accessible pedestrian signal: Accessible pedestrian signal as defined in the California MUTCD.
accessible walk indication: Activated audible and vibrotactile action during the walk interval.
actuation: Actuation as defined in the California MUTCD.
ambient sound level: Background sound level in dB at a given location.
ambient sound sensing microphone: Microphone that measures the ambient sound level in dB and automatically adjusts the accessible pedestrian signal speaker's volume.
audible speech walk message: Audible prerecorded message that communicates to pedestrians which street has the walk interval.
channel: Discrete information path.
CALiPER: Commercially Available LED Product Evaluation and Reporting. A U.S. Department of Energy program that individually tests and provides unbiased information on the performance of commercially available LED luminaires and lights.
controller assembly: Assembly for controlling a system's operations, consisting of a controller unit and auxiliary equipment housed in a waterproof cabinet.
controller unit: Part of the controller assembly performing the basic timing and logic functions.
correlated color temperature: Absolute temperature in kelvin of a blackbody whose chromaticity most nearly resembles that of the light source.
detector: Detector as defined in the California MUTCD.
electrolier: Assembly of a lighting standard and luminaire.
flasher: Device for opening and closing signal circuits at a repetitive rate.
flashing beacon control assembly: Assembly of switches, circuit breakers, terminal blocks, flasher, wiring, and other necessary electrical components housed in a single enclosure for operating a beacon.
house side lumens: Lumens from a luminaire directed to light up areas between the fixture and the pole, such as sidewalks at intersection or areas off the shoulders on freeways.
illuminance gradient: Ratio of the minimum illuminance on a 1-foot square of sign panel to that on an adjacent 1-foot square of sign panel.
inductive loop detector: Detector capable of being actuated by an inductance change caused by a vehicle passing or standing over the loop. An inductive loop detector includes a loop or group of loops installed in the roadway and a lead-in cable installed and connected inside a controller cabinet.
junction temperature: Temperature of the electronic junction of the LED device. The junction temperature is critical in determining photometric performance, estimating operational life, and preventing catastrophic failure of the LED.
L70: Extrapolated life in hours of the luminaire when the luminous output depreciates 30 percent from the initial values.
lighting standard: Pole and mast arm supporting the luminaire.
LM-79: Test method from the Illumination Engineering Society of North America specifying the test conditions, measurements, and report format for testing solid state lighting devices, including LED luminaires.
LM-80: Test method from the Illumination Engineering Society of North America specifying the test conditions, measurements, and report format for testing and estimating the long-term performance of LEDs for general lighting purposes.
luminaire: Assembly that houses the light source and controls the light emitted from the light source.
National Voluntary Laboratory Accreditation Program: U.S. Department of Energy program that accredits independent testing laboratories.
powder coating: Coating applied electrostatically using exterior-grade, UV-stable, polymer powder.
power factor: Ratio of the real power component to the complex power component.
pretimed controller assembly: Assembly operating traffic signals under a predetermined cycle length.
programming mechanism: Device to program the accessible pedestrian signal operation.
pull box: Box with a cover that is installed in an accessible place in a conduit run to facilitate the pulling in of wires or cables.
push button information message: Push button information message as defined in the California MUTCD.
push button locator tone: Push button locator tone as defined in the California MUTCD.
signal face: Signal face as defined in the California MUTCD.
signal head: Signal head as defined in the California MUTCD.
signal indication: Signal indication as defined in the California MUTCD.
signal section: Signal section as defined in the California MUTCD.
signal standard: Pole with or without mast arms carrying 1 or more signal faces.
street side lumens: Lumens from a luminaire directed to light up areas between the fixture and the roadway, such as traveled ways and freeway lanes.
surge protection device: Subsystem or component that protects equipment against short-duration voltage transients in power line.
total harmonic distortion: Ratio of the rms value of the sum of the squared individual harmonic amplitudes to the rms value of the fundamental frequency of a complex waveform.
traffic-actuated controller assembly: Assembly for operating traffic signals under the varying demands of traffic as registered by detector actuation.
traffic phase: Traffic phase as defined in the California MUTCD.
vehicle: Vehicle as defined in the California Vehicle Code.
[bookmark: _Toc380742094][bookmark: _Toc382035369][bookmark: _Toc382478454][bookmark: _Toc384897674][bookmark: _Toc390662103][bookmark: _Toc390667494][bookmark: _Toc393114407][bookmark: _Toc393119466][bookmark: _Toc393282608][bookmark: _Toc393877051][bookmark: _Toc398810209][bookmark: _Toc402181513][bookmark: _Toc403120508][bookmark: _Toc405971270][bookmark: _Toc416435669]vibrotactile pedestrian device: Vibrotactile pedestrian device as defined in the California MUTCD.
[bookmark: _Toc418835290][bookmark: _Toc418835396][bookmark: _Toc418835839][bookmark: _Toc418837113][bookmark: _Toc418846027][bookmark: _Toc419363518][bookmark: _Toc419363608][bookmark: _Toc419966377][bookmark: _Toc419966557][bookmark: _Toc419980414][bookmark: _Toc419981841][bookmark: _Toc419982429][bookmark: _Toc421082580][bookmark: _Toc421083162][bookmark: _Toc421090371][bookmark: _Toc421092602][bookmark: _Toc421094887][bookmark: _Toc421168278][bookmark: _Toc421168387][bookmark: _Toc421170781][bookmark: _Toc421170903][bookmark: _Toc421171010][bookmark: _Toc421172479][bookmark: _Toc421180772][bookmark: _Toc421252084][bookmark: _Toc421258507][bookmark: _Toc422209084][bookmark: _Toc425163661][bookmark: _Toc427929971][bookmark: _Toc428019425][bookmark: _Toc431284809][bookmark: _Toc431389221][bookmark: _Toc431393125][bookmark: _Toc441065189]86-1.01C  Submittals
[bookmark: _Toc421168279][bookmark: _Toc421168388][bookmark: _Toc421170782][bookmark: _Toc421170904][bookmark: _Toc421171011][bookmark: _Toc421172480][bookmark: _Toc421180773][bookmark: _Toc421252085][bookmark: _Toc421258508][bookmark: _Toc422209085][bookmark: _Toc425163662][bookmark: _Toc427929972][bookmark: _Toc428019426][bookmark: _Toc431284810][bookmark: _Toc431393126][bookmark: _Toc441065190]86-1.01C(1)  General
Within 15 days after Contract approval, submit a list of equipment and materials you propose to install.
Submit the list before shipping equipment and materials to the job site. The list must include:
1.	Manufacturer's name
2.	Make and model number
3.	Month and year of manufacture
4.	Lot and serial numbers
5.	Contract number
6.	Your contact information

Submit confirmation of the vendor's acceptance of the order for the electrical equipment and materials as an informational submittal.
Submit 3 sets of computer-generated, schematic wiring diagrams for each cabinet.
Diagrams, plans, and drawings must be prepared using graphic symbols in IEEE 315, "Graphic Symbols for Electrical and Electronic Diagrams."
Submit a schedule of values within 15 days after Contract approval.
Do not include costs for the traffic control system in the schedule of values.
Submit a manufacturer's maintenance manual or combined maintenance and operation manual as an informational submittal. The manual must have a master item index that includes:
1.	Specifications
2.	Design characteristics
3.	General operation theory
4.	Function of all controls
5.	Troubleshooting procedure
6.	Parts list, descriptions, stock numbers, and settings
7.	Block circuit diagram
8.	Layout of components
9.	Schematic diagrams

[bookmark: _Toc421252093][bookmark: _Toc421258516][bookmark: _Toc422209093][bookmark: _Toc425163671][bookmark: _Toc427929980][bookmark: _Toc428019434][bookmark: _Toc431284819][bookmark: _Toc431393127][bookmark: _Toc441065191][bookmark: _Toc421170783][bookmark: _Toc421170905][bookmark: _Toc421171012][bookmark: _Toc421172481][bookmark: _Toc421180774][bookmark: _Toc421252086][bookmark: _Toc421258509][bookmark: _Toc422209086][bookmark: _Toc425163663][bookmark: _Toc427929973][bookmark: _Toc428019427][bookmark: _Toc431284812][bookmark: _Toc382035540][bookmark: _Toc382478631][bookmark: _Toc384897862][bookmark: _Toc398810438]86-1.01C(2)  Pull Boxes
Submit the manufacturer's installation instructions for pull boxes, including:
1.	Quantity and size of entries that can be made without degrading the strength of the pull box below the load rating
2.	Locations where side entries can be made
3.	Acceptable method for creating the entry

[bookmark: _Toc425163667][bookmark: _Toc427929977][bookmark: _Toc428019431][bookmark: _Toc431284815][bookmark: _Toc431393128][bookmark: _Toc421170789][bookmark: _Toc421170911][bookmark: _Toc421171018][bookmark: _Toc421172487][bookmark: _Toc421180780][bookmark: _Toc421252095][bookmark: _Toc421258518][bookmark: _Toc422209095][bookmark: _Toc425163673][bookmark: _Toc427929982][bookmark: _Toc428019436][bookmark: _Toc431284820][bookmark: _Toc425163664][bookmark: _Toc427929974][bookmark: _Toc428019428][bookmark: _Toc431284813]Submit load-rating test reports for pull boxes from a NRTL.
[bookmark: _Toc441065192]86-1.01C(3)  LED Luminaires
Submit for an LED luminaire:
1.	Maximum power in watts
2.	Maximum designed junction temperature
3.	Heat sink area in square inches
4.	Designed junction-to-ambient thermal resistance calculation with thermal resistance components clearly defined
5.	L70 in hours when extrapolated for the average nighttime operating temperature
6.	Life expectancy based on the junction temperature
7.	Manufacturer's data sheet for the power supply, including the rated life

Submit the manufacturer's QC test data for LED luminaires as an informational submittal.
[bookmark: _Toc425163670][bookmark: _Toc427929979][bookmark: _Toc428019433][bookmark: _Toc431284818][bookmark: _Toc431393129][bookmark: _Toc441065193]86-1.01C(4)  Low-Pressure Sodium Luminaires
Submit the manufacturer's QC test data for low-pressure sodium luminaires as an informational submittal.
[bookmark: _Toc431393130][bookmark: _Toc441065194]86-1.01C(5)  Service Equipment Enclosures
Submit shop drawings for a service equipment enclosure to METS.
[bookmark: _Toc431284817][bookmark: _Toc431393132][bookmark: _Toc441065195]86-1.01C(6)  Signal Heads
Submit a certificate of compliance and the manufacturer's QC test data for signal heads as an informational submittal.
[bookmark: _Toc421252091][bookmark: _Toc421258514][bookmark: _Toc422209091][bookmark: _Toc425163669][bookmark: _Toc427929978][bookmark: _Toc428019432][bookmark: _Toc431284816][bookmark: _Toc431393133][bookmark: _Toc441065196][bookmark: _Toc382035493][bookmark: _Toc382478578][bookmark: _Toc384897810][bookmark: _Toc398810369]86-1.01C(7)  LED Signal Modules
Submit the manufacturer's QC test data for LED signal modules as an informational submittal.
[bookmark: _Toc441065197][bookmark: _Toc382035562][bookmark: _Toc382478653][bookmark: _Toc384897884][bookmark: _Toc398810463][bookmark: _Toc421170786][bookmark: _Toc421170908][bookmark: _Toc421171015][bookmark: _Toc421172484][bookmark: _Toc421180777][bookmark: _Toc421252089][bookmark: _Toc421258512][bookmark: _Toc422209089][bookmark: _Toc425163666][bookmark: _Toc427929976][bookmark: _Toc428019430][bookmark: _Toc431284814][bookmark: _Toc431393134]86-1.01C(8)  Visors
Submit a certificate of compliance and the manufacturer's QC test data for visors as an informational submittal.
[bookmark: _Toc441065198]86-1.01C(9)  LED Countdown Pedestrian Signal Face Modules
Submit the manufacturer's QC test data for LED countdown pedestrian signal face modules as an informational submittal.
[bookmark: _Toc431393135][bookmark: _Toc441065199]86-1.01C(10)  Accessible Pedestrian Signals
[bookmark: _Toc421170784][bookmark: _Toc421170906][bookmark: _Toc421171013][bookmark: _Toc421172482][bookmark: _Toc421180775][bookmark: _Toc421252087][bookmark: _Toc421258510][bookmark: _Toc422209087]Submit the manufacturer's QC test data for accessible pedestrian signals as an informational submittal.
[bookmark: _Toc421082581][bookmark: _Toc421083163][bookmark: _Toc421090372][bookmark: _Toc421092603][bookmark: _Toc421094888][bookmark: _Toc421168282][bookmark: _Toc421168391][bookmark: _Toc421170797][bookmark: _Toc421170919][bookmark: _Toc421171026][bookmark: _Toc421172495][bookmark: _Toc421180788][bookmark: _Toc421252104][bookmark: _Toc421258527][bookmark: _Toc422209104][bookmark: _Toc425163682][bookmark: _Toc427929986][bookmark: _Toc428019440][bookmark: _Toc431284823][bookmark: _Toc431389222][bookmark: _Toc431393137][bookmark: _Toc441065200]86-1.01D  Quality Assurance
[bookmark: _Toc421168283][bookmark: _Toc421168392][bookmark: _Toc421170798][bookmark: _Toc421170920][bookmark: _Toc421171027][bookmark: _Toc421172496][bookmark: _Toc421180789][bookmark: _Toc421252105][bookmark: _Toc421258528][bookmark: _Toc422209105][bookmark: _Toc425163683][bookmark: _Toc427929987][bookmark: _Toc428019441][bookmark: _Toc431284824][bookmark: _Toc431393138][bookmark: _Toc441065201]86-1.01D(1)  General
Electrical equipment must comply with one or more of the following standards:
1.	ANSI
2.	ASTM
3.	EIA/ECIA
4.	NEMA
5.	NETA
6.	UL/NRTL
7.	TIA

Materials must comply with:
1.	FCC rules
2.	ITE standards
3.	NEC
4.	California Electrical Code

[bookmark: _Toc441065202]86-1.01D(2)  Source Quality Control
Service equipment enclosures and cabinets must be inspected and tested at the source.
[bookmark: _Toc421190573][bookmark: _Toc421191979][bookmark: _Toc421255829][bookmark: _Toc421258257][bookmark: _Toc421280168][bookmark: _Toc422896730][bookmark: _Toc424736917][bookmark: _Toc425170757][bookmark: _Toc427906274][bookmark: _Toc427910371][bookmark: _Toc428026935][bookmark: _Toc428427245][bookmark: _Toc433967349][bookmark: _Toc440357279][bookmark: _Toc441065203][bookmark: _Toc431284832][bookmark: _Toc431393148][bookmark: _Toc418835292][bookmark: _Toc418835398][bookmark: _Toc418835841][bookmark: _Toc418837115][bookmark: _Toc418846029][bookmark: _Toc419363520][bookmark: _Toc419363610][bookmark: _Toc419966382][bookmark: _Toc419966559][bookmark: _Toc419980416][bookmark: _Toc419981843][bookmark: _Toc419982431]86-1.01D(3)  Department Acceptance
Deliver material and equipment for testing to METS.
Allow 30 days for testing. The Department notifies you when testing is complete.
If the Department accepts the material or equipment, you must pick it up from the test site and deliver it to the job site.
If the Department rejects material or equipment, remove it within 5 business days after you are notified it is rejected. If it is not removed within that period, the Department may remove it and ship it to you and deduct the costs of labor, material and shipping.
Resubmit a new sample and allow 30 days for retesting. The retesting period starts when the replacement material or equipment is delivered to METS.
[bookmark: _Toc421082582][bookmark: _Toc421083164][bookmark: _Toc421090373][bookmark: _Toc421092604][bookmark: _Toc421094889][bookmark: _Toc421168285][bookmark: _Toc421168394][bookmark: _Toc421170810][bookmark: _Toc421170932][bookmark: _Toc421171039][bookmark: _Toc421172508][bookmark: _Toc421180801][bookmark: _Toc421252118][bookmark: _Toc421258541][bookmark: _Toc422209118][bookmark: _Toc425163696][bookmark: _Toc427930000][bookmark: _Toc428019454][bookmark: _Toc431284835][bookmark: _Toc431389223][bookmark: _Toc431393149][bookmark: _Toc441065204]86-1.02  MATERIALS
[bookmark: _Toc418835293][bookmark: _Toc418835399][bookmark: _Toc418835842][bookmark: _Toc418837116][bookmark: _Toc418846030][bookmark: _Toc419363521][bookmark: _Toc419363611][bookmark: _Toc419966383][bookmark: _Toc419966560][bookmark: _Toc419980417][bookmark: _Toc419981844][bookmark: _Toc419982432][bookmark: _Toc421082583][bookmark: _Toc421083165][bookmark: _Toc421090374][bookmark: _Toc421092605][bookmark: _Toc421094890][bookmark: _Toc421168286][bookmark: _Toc421168395][bookmark: _Toc421170811][bookmark: _Toc421170933][bookmark: _Toc421171040][bookmark: _Toc421172509][bookmark: _Toc421180802][bookmark: _Toc421252119][bookmark: _Toc421258542][bookmark: _Toc422209119][bookmark: _Toc425163697][bookmark: _Toc427930001][bookmark: _Toc428019455][bookmark: _Toc431284836][bookmark: _Toc431389224][bookmark: _Toc431393150][bookmark: _Toc441065205]86-1.02A  General
Anchor bolts, anchor bars or studs, and nuts and washers must comply with section 75-1.02.
Bolt threads must accept galvanized standard nuts without requiring tools or causing removal of protective coatings.
[bookmark: _Toc431389225][bookmark: _Toc431393151][bookmark: _Toc441065206]86-1.02B  Conduit and Accessories
[bookmark: _Toc431393152][bookmark: _Toc441065207]86-1.02B(1)  General
Conduit and fittings must comply with the requirements shown in the following table:
	Conduit and Fitting Requirements

	Type
	Requirement

	1
	Must be hot-dip galvanized rigid steel complying with UL 6 and ANSI C80.1. The zinc coating must comply with copper sulfate test requirements in UL 6. Fittings must be electrogalvanized and certified under UL 514B.

	2
	Must comply with requirements for Type 1 conduit and be coated with PVC or polyethylene. The exterior thermoplastic coating must have a minimum thickness of 35 mils. The internal coating must have a minimum thickness of 2 mils. Coated conduit must comply with NEMA RN 1, or NRTL PVC-001.

	3
	Must be Type A, extruded, rigid PVC conduit complying with UL 651 or must be HDPE conduit complying with UL 651A.

	4
	Must have an inner, flexible metal core covered by a waterproof, nonmetallic, sunlight-resistant jacket, and must be UL listed for use as a grounding conductor. Fittings must be certified under UL 514B.

	5
	Must be intermediate steel complying with UL 1242 and ANSI C80.6. The zinc coating must comply with copper sulfate test requirements specified in UL 1242. Fittings must be electrogalvanized and certified under UL 514B.



Bonding bushings installed on metal conduit must be insulated and either a galvanized or zinc-alloy type.
[bookmark: _Toc441065208]86-1.02B(2)  Structures Accessories
Steel hangers, steel brackets, and other fittings used to support conduit in or on a wall or bridge superstructure must comply with section 75-3.
Precast concrete cradles for conduit must be made of minor concrete and commercial-quality welded wire fabric. The minor concrete must contain a minimum of 590 lb of cementitious material per cubic yard. The cradles must be moist cured for a minimum of 3 days.
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[bookmark: _Toc421170859][bookmark: _Toc421170981][bookmark: _Toc421171090][bookmark: _Toc421172559][bookmark: _Toc421180852][bookmark: _Toc421252169][bookmark: _Toc421258592][bookmark: _Toc422209169][bookmark: _Toc425163770][bookmark: _Toc427930083][bookmark: _Toc428019537][bookmark: _Toc431284915][bookmark: _Toc431393161][bookmark: _Toc441065210]86-1.02C(1)  General
Pull box cover must have a marking on the top that is:
1.	Clearly defined
2.	Uniform in depth
3.	Parallel to either side
4.	1 to 3 inches in height

Cover marking must be:
1.	SERVICE for service circuits between a service point and service disconnect
2.	SERVICE IRRIGATION for circuits from a service equipment enclosure to an irrigation controller
3.	SERVICE BOOSTER PUMP for circuits from a service equipment enclosure to the booster pump
4.	TDC POWER for circuits from a service equipment enclosure to telephone demarcation cabinet
5.	LIGHTING for a lighting system
6.	SIGN ILLUMINATION for a sign illumination system
7.	SIGNAL AND LIGHTING for a signal and lighting system
8.	RAMP METER for a ramp metering system
9.	TMS for a traffic monitoring station
10.	FLASHING BEACON for a flashing beacon system
11.	CMS for a changeable message sign system
12.	INTERCONNECT for an interconnect conduit and cable system

The load rating must be stenciled on the inside and outside of the pull box and the cover.
If a transformer or other device must be placed in the pull box, include recesses for a hanger.
The hardware must be stainless steel with 18 percent chromium and 8 percent nickel content.
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A nontraffic pull box and cover must comply with ANSI/SCTE 77, "Specification for Underground Enclosure Integrity," for Tier 22 load rating and must be gray or brown.
Each new pull box must have a cover with an electronic marker cast inside.
A pull box extension must be made of the same material as the pull box. The extension may be another pull box if the bottom edge of the pull box fits into the opening for the cover.
The bolts, nuts, and washers must be a captive design and galvanized. Captive bolts for securing the cover of nontraffic pull boxes must be capable of withstanding a torque from 55 to 60 ft-lb and a minimum pull-out strength of 750 lb.
[bookmark: _Toc382035546][bookmark: _Toc382478637][bookmark: _Toc384897868][bookmark: _Toc390662233][bookmark: _Toc390667624][bookmark: _Toc393114537][bookmark: _Toc393119595][bookmark: _Toc393282745][bookmark: _Toc393877188][bookmark: _Toc398810444][bookmark: _Toc402181654][bookmark: _Toc403120649][bookmark: _Toc405971411][bookmark: _Toc416435810][bookmark: _Toc421170861][bookmark: _Toc421170983][bookmark: _Toc421171092][bookmark: _Toc421172561][bookmark: _Toc421180854][bookmark: _Toc421252171][bookmark: _Toc421258594][bookmark: _Toc422209171][bookmark: _Toc425163772][bookmark: _Toc427930085][bookmark: _Toc428019539][bookmark: _Toc431284917][bookmark: _Toc431393163][bookmark: _Toc441065212]86-1.02C(3)  Traffic Pull Boxes
A traffic pull box and cover must comply with ASTM C857 for HS20-44 loading.
The frame must be anchored to the box with 2-1/4-inch-long concrete anchors with a 1/4 inch diameter. A no. 3-1/2(T) pull box must have 4 concrete anchors, one placed in each corner. No. 5(T) and no. 6(T) pull boxes must have 6 concrete anchors, one placed in each corner and one near the middle of each of the longer sides.
Nuts must be vibration-resistant, zinc-plated, carbon steel and have a wedge ramp at the root of the thread.
Before galvanizing a steel or cast iron cover, the manufacturer must apply the cover marking by one of the following methods:
1.	Use a cast iron strip at least 1/4 inch thick with letters raised a minimum of 1/16 inch. Fasten the strip to the cover with 1/4-inch, flathead, stainless steel machine bolts and nuts. Peen the bolts after tightening.
2.	Use a sheet steel strip at least 0.027 inch thick with letters raised a minimum of 1/16 inch. Fasten the strip to the cover by spot welding, tack welding, or brazing with 1/4-inch stainless steel rivets or 1/4-inch, roundhead, stainless steel machine bolts and nuts. Peen the bolts after tightening.

The steel cover must be countersunk approximately 1/4 inch to accommodate the bolt head. When tightened, the bolt head must be no more than 1/8 inch above the top of the cover.
[bookmark: _Toc427930086][bookmark: _Toc428019540][bookmark: _Toc431284918][bookmark: _Toc431393164][bookmark: _Toc441065213]86-1.02C(4)  Reserved
[bookmark: _Toc425163773][bookmark: _Toc427930087][bookmark: _Toc428019541][bookmark: _Toc431284919][bookmark: _Toc431389227][bookmark: _Toc431393165][bookmark: _Toc441065214][bookmark: _Toc421092619][bookmark: _Toc421094904][bookmark: _Toc421168305][bookmark: _Toc421168414][bookmark: _Toc421170862][bookmark: _Toc421170984][bookmark: _Toc421171093][bookmark: _Toc421172562][bookmark: _Toc421180855][bookmark: _Toc421252172][bookmark: _Toc421258595][bookmark: _Toc422209172]86-1.02D  Tapes
[bookmark: _Toc425163774][bookmark: _Toc427930088][bookmark: _Toc428019542][bookmark: _Toc431284920][bookmark: _Toc431393166][bookmark: _Toc441065215]86-1.02D(1)  General
Reserved
[bookmark: _Toc425163776][bookmark: _Toc427930090][bookmark: _Toc428019544][bookmark: _Toc431284922][bookmark: _Toc431393167][bookmark: _Toc441065216]86-1.02D(2)  Pull Tape
Pull tape must be a flat, woven, lubricated, soft-fiber, polyester tape with a minimum tensile strength of 1,800 lb. The tape must have sequential measurement markings every 3 feet.
[bookmark: _Toc425163777][bookmark: _Toc427930091][bookmark: _Toc428019545][bookmark: _Toc431284923][bookmark: _Toc431393168][bookmark: _Toc441065217]86-1.02D(3)  Reserved
[bookmark: _Toc441065218][bookmark: _Toc427930032][bookmark: _Toc428019486][bookmark: _Toc431284864][bookmark: _Toc431389228][bookmark: _Toc431393170]86-1.02E  Reserved
[bookmark: _Toc441065219]86-1.02F  Conductors and Cables
[bookmark: _Toc441065220][bookmark: _Toc421168292][bookmark: _Toc421168401][bookmark: _Toc421170827][bookmark: _Toc421170949][bookmark: _Toc421171056][bookmark: _Toc421172525][bookmark: _Toc421180818][bookmark: _Toc421252135][bookmark: _Toc421258558][bookmark: _Toc422209135][bookmark: _Toc425163715][bookmark: _Toc427930033][bookmark: _Toc428019487][bookmark: _Toc431284865][bookmark: _Toc431393171]86-1.02F(1)  Conductors
[bookmark: _Toc441065221]86-1.02F(1)(a)  General
Reserved
[bookmark: _Toc425163716][bookmark: _Toc427930034][bookmark: _Toc428019488][bookmark: _Toc431284866][bookmark: _Toc431393172][bookmark: _Toc441065222]86-1.02F(1)(b)  Reserved
[bookmark: _Toc425163721][bookmark: _Toc427930035][bookmark: _Toc428019489][bookmark: _Toc431284867][bookmark: _Toc431393173][bookmark: _Toc441065223]86-1.02F(1)(c)  Copper Conductors
[bookmark: _Toc425163722][bookmark: _Toc427930036][bookmark: _Toc428019490][bookmark: _Toc431284868][bookmark: _Toc431393174][bookmark: _Toc441065224]86-1.02F(1)(c)(i)  General
Copper wire must comply with ASTM B3 and B8.
Conductor must be clearly and permanently marked the entire length of its outer surface with:
1.	Manufacturer's name or trademark
2.	Insulation-type letter designation
3.	Conductor size
4.	Voltage
5.	Temperature rating
6.	Number of conductors for a cable

The minimum insulation thickness and color code requirements must comply with NEC.
A conductor must be UL listed or NRTL certified and rated for 600 V(ac).
Insulation for no. 14 to no. 4 conductors must be one of the following:
1.	Type TW PVC under ASTM D2219
2.	Type THW PVC
3.	Type USE, RHH, or RHW cross-linked polyethylene

The insulation for no. 2 and larger conductors must be one of the above or THWN.
Conductors must be identified as shown in the following table:
	Conductor Identification

	Circuit
	Signal phase or function
	Identification
	Size

	
	
	Insulation colord
	Band symbols
	

	
	
	Base
	Stripea
	
	

	Signals (vehicle)a, b
	2, 6
	Red, yel, brn
	Blk
	2, 6
	14

	
	4, 8
	Red, yel, brn
	Ora
	4, 8
	14

	
	1, 5
	Red, yel, brn
	None
	1, 5
	14

	
	3, 7
	Red, yel, brn
	Pur
	3, 7
	14

	
	Ramp meter 1
	Red, yel, brn
	None
	NBR
	14

	
	Ramp meter 2
	Red, yel, brn
	Blk
	NBR
	14

	Pedestrian signals
	2p, 6p
	Red, brn
	Blk
	2p, 6p
	14

	
	4p, 8p
	Red, brn
	Ora
	4p, 8p
	14

	
	1p, 5p
	Red, brn
	None
	1p, 5p
	14

	
	3p, 7p
	Red, brn
	Pur
	3p, 7p
	14

	Pedestrian push buttons
	2p, 6p
	Blu
	Blk
	P-2, P-6
	14

	
	4p, 8p
	Blu
	Ora
	P-4, P-8
	14

	
	1p, 5p
	Blu
	None
	P-1, P-5
	14

	
	3p, 7p
	Blu
	Pur
	P-3, P-7
	14

	Traffic signal controller cabinet
	Ungrounded circuit conductor
	Blk
	None
	CON-1
	6

	
	Grounded circuit conductor
	Wht
	None
	CON-2
	6

	Highway lighting pull box to luminaire
	Ungrounded - line 1
	Blk
	None
	NBR
	14

	
	Ungrounded - line 2
	Red
	None
	NBR
	14

	
	Grounded
	Wht
	None
	NBR
	14

	Multiple highway lighting
	Ungrounded - line 1
	Blk
	None
	ML1
	10

	
	Ungrounded - line 2
	Red
	None
	ML2
	10

	Lighting control
	Ungrounded - PEU
	Blk
	None
	C1
	14

	
	Switching leg from PEU unit or SM transformer
	Red
	None
	C2
	14

	Service
	Ungrounded - line 1 (signals)
	Blk
	None
	NBR
	6

	
	Ungrounded - line 2 (lighting)
	Red
	None
	NBR
	8

	Sign lighting
	Ungrounded - line 1
	Blk
	None
	SL-1
	10

	
	Ungrounded - line 2
	Red
	None
	SL-2
	10

	Flashing beacons
	Ungrounded between flasher and beacons
	Red or yel
	None
	F-Loc.c
	14

	Grounded circuit conductor
	Pedestrian push buttons
	Wht
	Blk
	NBR
	14

	
	Signals and multiple lighting
	Wht
	None
	NBR
	10

	
	Flashing beacons and sign lighting
	Wht
	None
	NBR
	12

	
	Lighting control
	Wht
	None
	C-3
	14

	
	Service
	Wht
	None
	NBR
	14

	Railroad preemption
	
	Blk
	None
	R
	14

	Spares
	
	Blk
	None
	NBR
	14

	NBR = No band required	PEU=Photoelectric unit
aOn overlaps, the insulation is striped for the 1st phase in the designation, e.g., phase (2+3) conductor is striped as for phase 2.
bBand for overlap and special phases as required
cFlashing beacons having separate service do not require banding.
dColor Code: Yel-Yellow, Brn-Brown, Blu-Blue, Blk-Black, Wht-White, Ora-Orange, Pur-Purple



The insulation color must be homogeneous throughout the full depth of the insulation. The identification stripe must be continuous throughout the length of the conductor.
[bookmark: _Toc419363527][bookmark: _Toc421170828][bookmark: _Toc421170950][bookmark: _Toc421171057][bookmark: _Toc421172526][bookmark: _Toc421180819][bookmark: _Toc421252136][bookmark: _Toc421258559][bookmark: _Toc422209136][bookmark: _Toc425163723][bookmark: _Toc427930037][bookmark: _Toc428019491][bookmark: _Toc431284869][bookmark: _Toc431393175][bookmark: _Toc441065225][bookmark: _Toc382035443][bookmark: _Toc382478528][bookmark: _Toc384897750][bookmark: _Toc390662149][bookmark: _Toc390667540][bookmark: _Toc393114453][bookmark: _Toc393119512][bookmark: _Toc393282657][bookmark: _Toc393877100][bookmark: _Toc398810285][bookmark: _Toc402181562][bookmark: _Toc403120557][bookmark: _Toc405971319][bookmark: _Toc416435718]86-1.02F(1)(c)(ii)  Bonding Jumpers and Equipment Grounding Conductors
A bonding jumper must be copper wire or copper braid of the same cross-sectional area as a no. 8 conductor or larger.
An equipment grounding conductor may be bare or insulated.
[bookmark: _Toc421170830][bookmark: _Toc421170952][bookmark: _Toc421171059][bookmark: _Toc421172528][bookmark: _Toc421180821][bookmark: _Toc421252138][bookmark: _Toc421258561][bookmark: _Toc422209138][bookmark: _Toc425163727][bookmark: _Toc427930039][bookmark: _Toc428019493][bookmark: _Toc431284870][bookmark: _Toc431393176][bookmark: _Toc441065226][bookmark: _Toc380742169][bookmark: _Toc382035444][bookmark: _Toc382478529][bookmark: _Toc384897751][bookmark: _Toc390662150][bookmark: _Toc390667541][bookmark: _Toc393114454][bookmark: _Toc393119513][bookmark: _Toc393282658][bookmark: _Toc393877101][bookmark: _Toc398810286][bookmark: _Toc402181563][bookmark: _Toc403120558][bookmark: _Toc405971320][bookmark: _Toc416435719]86-1.02F(1)(c)(iii)  Inductive Loop Conductors
Inductive loop conductor must comply with the requirements shown in the following table:
	Conductor Requirements for Inductive Loop Detectors

	Loop wire
	Requirement

	Type 1
	Type RHW-USE neoprene-jacketed or Type USE cross-linked polyethylene, insulated, no. 12, stranded copper wire with a minimum 40-mils insulation thickness at any point.

	Type 2
	Type THWN or Type XHHW, no. 14, stranded copper wire in a plastic tubing. The plastic tubing must be polyethylene or vinyl rated for use at 105 °C and resistant to oil and gasoline. The outside diameter of the tubing must be at most 0.27 inch with a wall thickness of at least 0.028 inch.



[bookmark: _Toc425163730][bookmark: _Toc427930040][bookmark: _Toc428019494][bookmark: _Toc431284871][bookmark: _Toc431393177][bookmark: _Toc441065227][bookmark: _Toc418835297][bookmark: _Toc418835403][bookmark: _Toc418835846][bookmark: _Toc418837123][bookmark: _Toc418846037][bookmark: _Toc419363525][bookmark: _Toc419363615][bookmark: _Toc419966387][bookmark: _Toc419966564][bookmark: _Toc419980421][bookmark: _Toc419981848][bookmark: _Toc419982436][bookmark: _Toc421082587][bookmark: _Toc421083169][bookmark: _Toc421090379][bookmark: _Toc421092610][bookmark: _Toc421094895][bookmark: _Toc421168293][bookmark: _Toc421168402][bookmark: _Toc421170834][bookmark: _Toc421170956][bookmark: _Toc421171063][bookmark: _Toc421172532][bookmark: _Toc421180825][bookmark: _Toc421252142][bookmark: _Toc421258565][bookmark: _Toc422209142]86-1.02F(1)(d)  Reserved
Reserved
[bookmark: _Toc427930018][bookmark: _Toc428019472][bookmark: _Toc431284850][bookmark: _Toc431389229][bookmark: _Toc431393178][bookmark: _Toc441065228]86-1.02F(2)  Cables
[bookmark: _Toc427930019][bookmark: _Toc428019473][bookmark: _Toc431284851][bookmark: _Toc431393179][bookmark: _Toc441065229]86-1.02F(2)(a)  General
Reserved
[bookmark: _Toc427930020][bookmark: _Toc428019474][bookmark: _Toc431284852][bookmark: _Toc431393180][bookmark: _Toc441065230]86-1.02F(2)(b)  Reserved
Reserved
[bookmark: _Toc427930021][bookmark: _Toc428019475][bookmark: _Toc431284853][bookmark: _Toc431393181][bookmark: _Toc441065231]86-1.02F(2)(c)  Reserved
[bookmark: _Toc427930025][bookmark: _Toc428019479][bookmark: _Toc431284857][bookmark: _Toc431393185][bookmark: _Toc441065232]86-1.02F(2)(d)  Copper Cables
[bookmark: _Toc427930026][bookmark: _Toc428019480][bookmark: _Toc431284858][bookmark: _Toc431393186][bookmark: _Toc441065233]86-1.02F(2)(d)(i)  General
The conductor wire size for a detector lead-in cable must comply with the requirements of ASTM B286.
Cable, except a detector lead-in cable, must be clearly and permanently marked the entire length of its outer surface with:
1.	Manufacturer's name or trademark
2.	Insulation-type letter designation
3.	Conductor size
4.	Voltage
5.	Temperature rating
6.	Number of conductors for a cable

[bookmark: _Toc427930027][bookmark: _Toc428019481][bookmark: _Toc431284859][bookmark: _Toc431393187][bookmark: _Toc441065234]86-1.02F(2)(d)(ii)  Conductors Signal Cables
A conductors signal cable must have a black polyethylene jacket with an inner polyester binder sheath. The cable jacket must be rated for 600 V(ac) and 75 degrees C. Filler material, if used, must be polyethylene.
The individual conductors in the cable must be solid copper complying with ASTM B286 with Type THWN insulation. The minimum thickness of insulation must comply with NEC for conductor sizes no. 14 to no.10. The minimum thickness of the nylon jacket must be 4 mils.
Cable must comply with the requirements shown in the following table:
	Cable typea
	Conductor quantity and type
	Cable jacket thickness
(mils)
	Maximum nominal outside diameter
(inch)
	Conductor color code

	
	
	Average
	Minimum
	
	

	3CSC
	3 no. 14
	44
	36
	0.40
	Blue/black, blue/orange, white/black stripe

	5CSC
	5 no. 14
	44
	36
	0.50
	Red, yellow, brown, black, white

	9CSC
	8 no. 14
1 no. 12
	60
	48
	0.65
	No. 12 - white,
no. 14 - red, yellow, brown, black, and red/black, yellow/black, brown/black, white/black stripe

	12CSC
	11 no. 14
1 no. 12
	60
	48
	0.80
	No. 12 - white,
no. 14 - red, yellow, brown, red/black stripe, yellow/black stripe, brown/black stripe, black/red stripe, black/white stripe, black, red/white stripe, brown/white stripe

	28CSC
	27 no. 14
1 no. 10
	80
	64
	0.90
	No. 10 - white
no. 14 - red/black stripe, yellow/black stripe, brown/black stripe, red/orange stripe, yellow/orange stripe, brown/orange stripe, red/silver stripe, yellow/silver stripe, brown/silver stripe, red/purple stripe, yellow/purple stripe, brown/purple stripe, red/2 black stripes, brown/2 black stripes, red/2 orange stripes, brown/2 orange stripes, red/2 silver stripes, brown/2 silver stripes, red/2 purple stripes, brown/2 purple stripes, blue/black stripe, blue/orange stripe, blue/silver stripe, blue/purple stripe, white/black stripe, black/red stripe, black



[bookmark: _Toc427930028][bookmark: _Toc428019482][bookmark: _Toc431284860][bookmark: _Toc431393188][bookmark: _Toc441065235]86-1.02F(2)(d)(iii)  Detector Lead-in Cables
Conductors for a loop detector lead-in cable must be two no. 16, 19-by-29, stranded, tinned copper wires with calculated cross-sectional areas complying with ASTM B286, table 1 and must comply with the requirements shown in the following table:
	Conductor Requirements for Loop Detector Lead-In Cables

	Lead-in cable
	Requirement

	Type B
	Insulated with 20 mils of high-density polyethylene. Conductors must be twisted together with at least 2 turns per foot, and the twisted pair must be protected with a copper or aluminum polyester shield. A minimum no. 20 copper drain wire must be connected to the equipment ground within the cabinet. Cable must have a high-density polyethylene or high-density polypropylene outer jacket with a nominal thickness of 32 mils. Include an amorphous, interior, moisture penetration barrier of nonhydroscopic polyethylene or polypropylene fillers.

	Type C
	Comply with International Municipal Signal Association Specification no. 50-2. A minimum no. 20 copper drain wire must be connected to the equipment ground within the cabinet.



[bookmark: _Toc427930029][bookmark: _Toc428019483][bookmark: _Toc431284861][bookmark: _Toc431393189][bookmark: _Toc441065236]86-1.02F(2)(d)(iv)  Reserved
[bookmark: _Toc427930030][bookmark: _Toc428019484][bookmark: _Toc431284862][bookmark: _Toc431393190][bookmark: _Toc441065237]86-1.02F(2)(d)(v)  Signal Interconnect Cables
A signal interconnect cable must be a 6-pair type with stranded, tinned, copper no. 20 conductors. The insulation for each conductor must be color-coded polypropylene with a minimum 13-mils nominal thickness. The conductors must be in color-coded, twisted pairs. Each pair must be wrapped with an aluminum polyester shield and have a no. 22 or larger, stranded, tinned, copper drain wire inside the shielded pair.
The cable jacket must be black HDPE rated for a minimum of 300 V(ac) and 60 degrees C. The jacket must have a minimum nominal wall thickness of 40 mils.
[bookmark: _Toc427930031][bookmark: _Toc428019485][bookmark: _Toc431284863][bookmark: _Toc431393191][bookmark: _Toc441065238]86-1.02F(2)(e)  Reserved
[bookmark: _Toc441065239][bookmark: _Toc421083173][bookmark: _Toc421090383][bookmark: _Toc421092622][bookmark: _Toc421094907][bookmark: _Toc421168309][bookmark: _Toc421168418][bookmark: _Toc421170876][bookmark: _Toc421170998][bookmark: _Toc421171107][bookmark: _Toc421172576][bookmark: _Toc421180869][bookmark: _Toc421252186][bookmark: _Toc421258609][bookmark: _Toc422209186][bookmark: _Toc425163791][bookmark: _Toc427930106][bookmark: _Toc428019560][bookmark: _Toc431284938][bookmark: _Toc431389230][bookmark: _Toc431393192][bookmark: _Toc398810300]86-1.02G  Equipment Identification Characters
Equipment identification characters must be 2-1/2 inch, series D lettering, except on wood poles, they must be 3-inch lettering.
The characters must be self-adhesive reflective labels or paint, except on wood poles, they must be embossed on aluminum.
[bookmark: _Toc441065240]86-1.02H  Splicing Materials
Splicing materials include:
1.	Connectors
2.	Electrical insulating coating
3.	PVC electrical tape
4.	Butyl rubber stretchable tape
5.	PVC pressure-sensitive adhesive tape
6.	Heat shrink tubing

Connectors must be C-shaped compression or butt type.
Electrical insulating coating must be a fast drying sealant with low nontoxic fumes.
PVC electrical tape must have a minimum thickness of 80 mils.
Butyl rubber stretchable tape with liner must have a minimum thickness of 120 mils.
PVC pressure-sensitive adhesive electrical tape must have a minimum thickness of 6 mils.
Electrical tapes must be self-fusing, oil- and flame-resistant, synthetic rubber and be UL listed or NRTL certified.
Heat-shrink tubing must be made of irradiated polyolefin tubing with a minimum wall thickness of 40 mils before contraction and an adhesive mastic inner wall. When heated, the inner wall must melt and fill the crevices and interstices of the covered splice area and the outer wall must shrink to form a waterproof insulation.
Heat-shrink tubing must comply with the requirements for extruded, insulating tubing at 600 V(ac) specified in UL Standard 468D and ANSI C119.1 and the requirements shown in the following table:
	Heat-Shrink Tubing Requirements

	Quality characteristic
	Requirement

	Shrinkage ratio of supplied diametera (max, %)
	33

	Dielectric strength (min, kV/in)
	350

	Resistivity (min, Ω/in)
	25 x 1013

	Tensile strength (min, psi)
	2,000

	Operating temperature (°C)
	-40–90 (135 °C in emergency)

	Water absorption (max, %)
	0.5

	aWhen heated to 125 °C and allowed to cool to 25 °C



[bookmark: _Toc380742179][bookmark: _Toc382035454][bookmark: _Toc382478539][bookmark: _Toc384897761][bookmark: _Toc390662160][bookmark: _Toc390667551][bookmark: _Toc393114464][bookmark: _Toc393119523][bookmark: _Toc393282669][bookmark: _Toc393877112][bookmark: _Toc398810297][bookmark: _Toc402181574][bookmark: _Toc403120569][bookmark: _Toc405971331][bookmark: _Toc416435730][bookmark: _Toc418835299][bookmark: _Toc418835405][bookmark: _Toc418835848][bookmark: _Toc418837125][bookmark: _Toc418846039][bookmark: _Toc419363528][bookmark: _Toc419363617][bookmark: _Toc419966389][bookmark: _Toc419966566][bookmark: _Toc419980423][bookmark: _Toc419981850][bookmark: _Toc419982438][bookmark: _Toc421082589][bookmark: _Toc421083171][bookmark: _Toc421090381][bookmark: _Toc421092611][bookmark: _Toc421094896][bookmark: _Toc421168294][bookmark: _Toc421168403][bookmark: _Toc421170835][bookmark: _Toc421170957][bookmark: _Toc421171064][bookmark: _Toc421172533][bookmark: _Toc421180826][bookmark: _Toc421252143][bookmark: _Toc421258566][bookmark: _Toc422209143][bookmark: _Toc425163739][bookmark: _Toc427930049][bookmark: _Toc428019503][bookmark: _Toc431284881][bookmark: _Toc431389231][bookmark: _Toc431393193][bookmark: _Toc441065241]86-1.02I  Connectors and Terminals
A connector and terminal must comply with SAE-AS7928 and be a crimp type, rated for 600 V(ac) and either UL listed or NRTL certified.
[bookmark: _Toc431284939][bookmark: _Toc431389232][bookmark: _Toc431393194][bookmark: _Toc441065242]86-1.02J  Standards, Poles, Pedestals, and Posts
Standards for signals, lighting, and flashing beacons, poles for closed circuit television, pedestals for cabinets, posts for extinguishable message sign and posts for pedestrian push button assemblies must comply with section 56-3.
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Luminaire must be either LED or low-pressure-sodium type.
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LED luminaire must be on the Authorized Material List for LED luminaires and must:
1.	Be self-contained, not requiring assembly.
2.	Comply with UL 1598 for luminaires in wet locations.
3.	Have a power supply with:
3.1.	ANSI/IEC rating of at least IP65.
3.2.	2 leads to accept standard 0-10 V(dc).
3.3.	Dimming control compatible with IEC 60929, Annex E. If the control leads are open or the analog control signal is lost, the circuit must default to 100-percent power.
3.4.	Case temperature self rise of 77 degrees F or less above ambient temperature in free air with no additional heat sinks.
4.	Weigh no more than 35 lb.
5.	Have a minimum operating life of 63,000 hours when operated for an average time of 11.5 hours at an average temperature of 70 degrees F.
6.	Be designed to operate over a temperature range from ­40 to 130 degrees F.
7.	Be operationally compatible with photoelectric controls.
8.	Have a correlated color temperature range from 3,500 to 6,500 K and a color rendering index of 65 or greater.
9.	Have a maximum-effective projected area of 1.4 sq ft when viewed from either side or end.
10.	Have a housing color that matches a color no. 26152 to 26440, 36231 to 36375, or 36440 of FED-STD-595.
11.	Have an ANSI C136.41-compliant, locking-type, photocontrol receptacle with dimming connections and a watertight shorting cap.
12.	Comply with LM-79, LM-80 and California Test 611.

The individual LEDs must be connected such that a catastrophic loss or a failure of 1 LED does not result in the loss of more than 20 percent of the luminous output of the luminaire.
The luminaire must be permanently marked inside the unit and outside of its packaging box. Marking consists of:
1.	Manufacturer's name or trademark
2.	Month and year of manufacture
3.	Model, serial, and lot numbers
4.	Rated voltage, wattage, and power in VA

An LED luminaire's onboard circuitry must include a surge protection device to withstand high-repetition noise transients caused by utility line switching, nearby lightning strikes, and other interferences. The device must protect the luminaire from damage and failure due to transient voltages and currents as defined in Tables 1 and 4 of ANSI/IEEE C64.41.2 for location category C-High. The surge protection device must comply with UL 1449 and ANSI/IEEE C62.45 based on ANSI/IEEE C62.41.2 definitions for standard and optional waveforms for location category C-High.
An LED luminaire and its associated onboard circuitry must comply with the Class A emission limits under 47 CFR 15(B) for the emission of electronic noise.
The fluctuations of line voltage must have no visible effect on the luminous output.
The operating voltage may range from 120 to 480 V(ac), 60 ± 3 Hz. Luminaire must operate over the entire voltage range or the voltage range must be selected from one of the following:
1.	Luminaire must operate over a voltage range from 95 to 277 V(ac). The operating voltages for this option are 120 V(ac) and 240 V(ac).
2.	Luminaire must operate over a voltage range from 347 to 480 V(ac). The operating voltage for this option is 480 V(ac).

LED luminaire must have a power factor of 0.90 or greater. The total harmonic distortion, current, and voltage induced into a power line by a luminaire must not exceed 20 percent. The L70 of the luminaire must be the minimum operating life or greater. Illuminance measurements must be calibrated to standard photopic calibrations.
The maximum power consumption and maintained illuminance of the LED luminaires must comply with the isofootcandle curves as shown.
LED luminaire must not allow more than 10 percent of the rated lumens to project above 80 degrees from vertical and 2.5 percent of the rated lumens to project above 90 degrees from vertical.
Luminaire must have passive thermal management with enough capacity to ensure proper heat dissipation and functioning of the luminaire over its minimum operating life. The maximum junction temperature for the minimum operating life must not exceed 221 degrees F.
The junction-to-ambient thermal resistance must be 95 degrees F per watt or less. The use of fans or other mechanical devices is not allowed for cooling the luminaire. The heat sink must be made of aluminum or other material of equal or lower thermal resistance. The luminaire must contain circuitry that automatically reduces the power to the LEDs so the maximum junction temperature is not exceeded when the ambient temperature is 100 degrees F or greater.
The luminaire's housing must be fabricated from materials designed to withstand a 3,000-hour salt spray test under ASTM B117. All aluminum used in housings and brackets must be made of a marine-grade alloy with less than 0.2 percent copper. All exposed aluminum must be anodized. A chromate conversion undercoating must be used underneath a thermoplastic polyester powder coat.
The housing must be designed to prevent the buildup of water on its top surface. Exposed heat sink fins must be oriented to allow water to run off the luminaire and carry dust and other accumulated debris away from the unit. The optical assembly of the luminaire must be protected against dust and moisture intrusion to at least an UL 60529 rating of IP66. The power supply enclosure must be protected to at least an UL 60529 rating of IP43.
The housing must have a slip fitter capable of being mounted on a 2-inch-diameter pipe tenon. Slip fitter must:
1.	Fit on mast arms with outside diameters from 1-5/8 to 2-3/8 inches
2.	Be adjustable to a minimum of ±5 degrees from the axis of the tenon in a minimum of 5 steps: +5, +2.5, 0, -2.5, -5
3.	Have clamping brackets that:
3.1.	Are made of corrosion-resistant materials or treated to prevent galvanic reactions
3.2.	Do not bottom out on the housing bosses when adjusted within the designed angular range
3.3.	Do not permanently set in excess of 1/32 inch when tightened

Each refractor or lens must be made of UV-inhibiting high-impact plastic, such as acrylic or polycarbonate, or heat- and impact-resistant glass. The refractor or lens must be resistant to scratching. Polymeric materials, except for the lenses of enclosures containing either the power supply or electronic components of the luminaire, must be made of UL94 V-0 flame-retardant materials.
An LED luminaire and its internal components must be able to withstand mechanical shock and vibration.
If the components are mounted on a down-opening door, the door must be hinged and secured to the luminaire's housing separately from the refractor or flat lens frame. The door must be secured to the housing to prevent accidental opening. A safety cable must mechanically connect the door to the housing.
An LED luminaire must have a barrier-type terminal block secured to the housing to connect field wires. The terminal screws must be captive and equipped with wire grips for conductors up to no. 6.
The conductors and terminals must be identified and marked.
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A low-pressure sodium luminaire must be an enclosed cutoff or semi-cutoff type and be self-contained, not requiring assembly.
The housing must be either (1) a minimum 1/16-inch-thick, corrosion-resistant, die-cast aluminum sheet and plate with concealed continuous welds or (2) a minimum 3/32-inch-thick, acrylonitrile-butadiene-styrene sheet material on a cast aluminum frame. The housing must provide mounting for all electrical components and a slip fitter. The housing must be divided into optical and power compartments that are individually accessible for service and maintenance.
The painted exterior surface of the luminaire must be finished with a fused coating of electrostatically applied polyester powder paint or other UV-inhibiting film. The color must be aluminum gray.
A sealing ring must be installed in the pipe tenon opening to prevent the entry of water and insects into the power and optical compartments. The ring must be made of high-temperature neoprene or equal material.
The power unit assembly must be accessible through a weather-tight, hinged cover secured to the housing with spring latches or captive screws.
The luminaire's hardware must be stainless steel or cadmium plated. Removable components must be secured with machine screws or bolts instead of sheet metal screws.
A semi-cutoff luminaire or a molded refractor-style cutoff luminaire must include a refractor. Other cutoff luminaires must include a flat lens. The refractor assembly and flat lens assembly must be designed to rigidly maintain their shape and be hinged and secured to the housing with spring latches.
The refractor must be either a 1-piece injection-molded polycarbonate with a minimum thickness of 3/32 inch or a 1-piece injection-molded acrylic with a minimum thickness of 1/8 inch. Alternate methods of manufacturing the refractor may be authorized provided minimum specified thicknesses are maintained.
The flat lens must be a 1-piece polycarbonate with a minimum thickness of 3/32 inch, mounted to a metal frame.
The lamp socket must be made of high-temperature, flame-retardant, thermoset material with self-wiping contacts or an equal. The socket must be rated for 660 W and 1,000 V(ac). The position of the socket and support must maintain the lamp in the correct relationship with the reflector and refractor for the designed light distribution pattern. The reflector may be an integral part of the housing.
The luminaire must comply with the isofootcandle curves as shown.
Low-pressure sodium lamp must:
1.	Be a 180 W, single-ended, bayonet-base, tubular, gas-discharge lamp
2.	Maintain a minimum of 93 percent of its initial lumens over its rated life
3.	Reach 80 percent of its light output within 10 minutes
4.	Restrike within 1 minute after a power outage or voltage drop at the lamp socket
5.	Have ANSI L74/E designation

The lamp operating position must be at ±20 degrees from the horizontal.
Lamp must comply with the minimum performance requirements shown in the following table:
	Minimum Performance Requirements

	Quality characteristic
	Requirement

	Initial lumens (lm)
	33,000

	Rated average life at 10 h/start (h)
	18,000



The low-pressure sodium lamp ballast must be an autotransformer or high-reactance type. The power factor must be not less than 90 percent when the ballast is operated at the nominal line voltage with a nominally-rated reference lamp. The lamp wattage regulation spread must not vary by more than ±6 percent for ±10 percent input voltage variation from nominal through life.
At the line voltage, the ballast must have a lamp current crest factor not exceeding 1.8 and ballast loss not exceeding 24 percent for a 180 W ballast.
The ballast must include a multi-circuit connector for quick disconnection.
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Photoelectric control types are as shown in the following table:
	Photoelectric Control Types

	Control type
	Description

	I
	Pole-mounted photoelectric unit. Test switch housed in an enclosure.

	II
	Pole-mounted photoelectric unit. Contactor and test switch located in a service equipment enclosure.

	III
	Pole-mounted photoelectric unit. Contactor and a test switch housed in an enclosure.

	IV
	A photoelectric unit that plugs into a NEMA twist-lock receptacle, integral with the luminaire.

	V
	A photoelectric unit, contactor, and test switch located in a service equipment enclosure.



The pole-mounted adaptor for Type I, II, and III photoelectric controls must include a terminal block and cable supports or clamps to support the wires.
The enclosure for Type I and III photoelectric controls must be a NEMA 3R type. The enclosure must have a factory-applied, rust-resistant prime coat and finish coat. The enclosure must be hot-dip galvanized or painted to match the color of the lighting standard.
Photoelectric unit must:
1.	Have a screen to prevent artificial light from causing cycling.
2.	Have a rating of 60 Hz, 105-130 V(ac), 210-240 V(ac), or 105-240 V(ac).
3.	Operate at a temperature range from -20 to 55 degrees C.
4.	Consume less than 10 W.
5.	Be a 3-prong, twist-lock type with a NEMA IP 65 rating, ANSI C136.10-compliant
6.	Have a fail-on state
7.	Fit into a NEMA-type receptacle
8.	Turn on from 1 to 5 footcandles and turn off from 1.5 to 5 times the turn-on level. Measurements must be made by procedures in EEI-NEMA Standards for Physical and Electrical Interchangeability of Light-Sensitive Control Devices Used in the Control of Roadway Lighting.

Type I, II, III, and V photoelectric controls must have a test switch to allow manual operation of the lighting circuit. Switch must be:
1.	Single-hole mounting, toggle type
2.	Single pole and single throw
3.	Labeled Auto-Test on a nameplate

Photoelectric control's contactor must be:
1.	Normally open
2.	Mechanical-armature type with contacts of fine silver, silver alloy, or equal or better material
3.	Installed to provide a minimum space of 2-1/2 inches between the contactor terminals and the enclosure's sides

The terminal blocks must be rated at 25 A, 600 V(ac), molded from phenolic or nylon material, and be the barrier type with plated-brass screw terminals and integral marking strips.
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The fused splice connector for 240 and 480 V(ac) circuits must simultaneously disconnect both ungrounded conductors. The connector must not have exposed metal parts except for the head of the stainless steel assembly screw. The head of the assembly screw must be recessed a minimum of 1/32 inch below the top of the plastic boss that surrounds the head.
The connector must protect the fuse from water or weather damage. Contact between the fuse and fuse holder must be spring loaded.
Fuses must:
1.	Be standard, midget, ferrule type
2.	Have a nontime-delay feature
3.	Be 3/32 by 1-1/2 inches
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Grounding electrode must be:
1.	1 piece
2.	Minimum 10-foot length of one of the following:
2.1.	Galvanized steel rod or pipe not less than 3/4 inch in diameter
2.2.	Copper clad steel rod not less than 5/8 inch in diameter

[bookmark: _Toc425163740][bookmark: _Toc427930050][bookmark: _Toc428019504][bookmark: _Toc431284882][bookmark: _Toc431389237][bookmark: _Toc431393208][bookmark: _Toc441065252][bookmark: _Toc398810302][bookmark: _Toc418835300][bookmark: _Toc418835406][bookmark: _Toc418835849][bookmark: _Toc418837126][bookmark: _Toc418846040][bookmark: _Toc419363529][bookmark: _Toc419363618][bookmark: _Toc419966390][bookmark: _Toc419966567][bookmark: _Toc419980424][bookmark: _Toc419981851][bookmark: _Toc419982439][bookmark: _Toc421082590][bookmark: _Toc421083174][bookmark: _Toc421090384][bookmark: _Toc421092612][bookmark: _Toc421094897][bookmark: _Toc421168295][bookmark: _Toc421168404][bookmark: _Toc421170836][bookmark: _Toc421170958][bookmark: _Toc421171065][bookmark: _Toc421172534][bookmark: _Toc421180827][bookmark: _Toc421252144][bookmark: _Toc421258567][bookmark: _Toc422209144]86-1.02P  Enclosures
[bookmark: _Toc425163741][bookmark: _Toc427930051][bookmark: _Toc428019505][bookmark: _Toc431284883][bookmark: _Toc431393209][bookmark: _Toc441065253]86-1.02P(1)  General
The enclosures must be rated NEMA 3R and include a dead front panel and a hasp with a 7/16-inch-diameter hole for a padlock.
The enclosure's machine screws and bolts must not protrude outside the cabinet wall.
The fasteners on the exterior of an enclosure must be vandal resistant and not be removable. The exterior screws, nuts, bolts, and washers must be stainless steel.
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A service equipment enclosure must be factory wired and manufactured from steel and galvanized or have factory-applied, rust-resistant prime and finish coats, except Types II and III.
Type II and III service equipment enclosures must:
1.	Be made of 0.125-inch minimum thickness 5052-H32 aluminum sheet complying with ASTM B209.
2.	Be manufactured using gas metal arc welding with bare aluminum welding electrodes. The electrodes must comply with AWS A5.10 Class ER5356.
3.	Be manufactured using welding procedures, welders, and welding operators that comply with the requirements for welding procedures, welders, and welding operators in in AWS B2.1, "Specification for Welding Procedure and Performance Qualification."
4.	Have full-seal weld exterior seams.
5.	Exterior welds must be ground smooth and edges filed to a radius of at least 0.03 inch.
6.	Have a surface finish that complies with MIL-A-8625 for a Type II, Class I coating, except the anodic coating must have a minimum thickness of 0.0007 inch and a minimum coating weight of 0.001 oz/sq in.

If a Type III enclosure houses a transformer of more than 1 kVA, the enclosure must have effective screened ventilation louvers of no less than 50 sq. in for each louver. The framed screen must be stainless no. 304 with a no. 10 size mesh and secured with at least 4 bolts.
The dead front panel on a Type III service equipment enclosure must have a continuous stainless steel or aluminum piano hinge. The panel must be secured with a latch or captive screws. No live part must be mounted on the panel.
The enclosure must be watertight and marked as specified in NEC to warn of potential electric-arc flash hazards.
Internal conductors for the photoelectric control unit must be 600 V(ac), 14 AWG (THHN) stranded machine tool wire. Where subject to flexing, 19 stranded wire must be used.
The meter area must be have a sealable, lockable, weather-tight cover that can be removed without the use of tools.
For Type III-A, III-B, and III-C enclosures, the meter socket must be a 5-clip type, and the landing lug must be suitable for multiple conductors.
For a Type III-D enclosure, the meter socket must be a 7-clip type, and the landing lug must be suitable for multiple conductors. The pedestal must comply with the Electric Utility Service Equipment Requirements Committee drawing no. 308 or 309.
Landing lugs must be (1) sized for the incoming service utility conductors, (2) compatible with either copper or aluminum conductors, and (3) made of copper or tin-plated aluminum. Live parts of the electrical equipment must be guarded against accidental contact.
The main and neutral busses of the enclosure must be made of tin-plated copper, be rated for 125 A, and be suitable for copper or aluminum conductors.
Each service equipment enclosure must have up to 2 main circuit breakers that will simultaneously disconnect ungrounded service-entrance conductors.
Circuit breaker for a service equipment enclosure must:
1.	Be quick-break on either automatic or manual operation
2.	Be trip indicating
3.	Be internal-trip type
4.	Be UL listed or NRTL certified and comply with UL 489 or equal
5.	Be clearly marked with the frame size
6.	Have an operating mechanism that is enclosed and trip-free from the operating handle on overload
7.	Have the trip rating clearly marked on the operating handle
8.	Have an interior made of copper

Circuit breakers used as disconnects must have a minimum interrupting capacity of 10,000 A, rms.
The interior of the enclosure must accept plug-in circuit breakers. A minimum of 6 standard single-pole circuit breakers, 3/4" nominal, must be provided for branch circuits.
Identify each circuit breaker and component by description using an engraved phenolic nameplate attached with stainless steel rivets or screws.
Nameplate must be installed:
1.	Adjacent to the breaker on the dead front panel. The characters must be a minimum of 1/8 inch high.
2.	Adjacent to the component on the back panel. The characters must be a minimum of 1/8 inch high.
3.	At the top exterior of the door panel. The nameplate must include the system number, voltage, and number of phases engraved in minimum 3/16-inch-high characters.

[bookmark: _Toc425163744]A plastic-laminated wiring diagram must be attached inside the enclosure with brass eyelets by a UL-listed or NRTL-certified method.
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A lighting and sign illumination enclosure must be manufactured from steel and either galvanized, cadmium plated, or powder coated.
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[bookmark: _Toc421168290][bookmark: _Toc421168399][bookmark: _Toc421170815][bookmark: _Toc421170937][bookmark: _Toc421171044][bookmark: _Toc421172513][bookmark: _Toc421180806][bookmark: _Toc421252123][bookmark: _Toc421258546][bookmark: _Toc422209123][bookmark: _Toc425163701][bookmark: _Toc427930005][bookmark: _Toc428019459][bookmark: _Toc431284840][bookmark: _Toc431393213][bookmark: _Toc441065257]86-1.02Q(1)  General
Cabinets must be factory wired except for battery backup system cabinets.
The fasteners on the exterior of a cabinet, except for battery backup system cabinets, must be removable and vandal resistant. The exterior screws, nuts, bolts, and washers must be stainless steel.
Terminal blocks, circuit breakers, and a power supply must be UL approved.
[bookmark: _Toc382035418][bookmark: _Toc382478503][bookmark: _Toc384897723][bookmark: _Toc390662127][bookmark: _Toc390667518][bookmark: _Toc393114431][bookmark: _Toc393119490][bookmark: _Toc393282633][bookmark: _Toc393877076][bookmark: _Toc398810258][bookmark: _Toc402181537][bookmark: _Toc403120532][bookmark: _Toc405971294][bookmark: _Toc416435693][bookmark: _Toc421170818][bookmark: _Toc421170940][bookmark: _Toc421171047][bookmark: _Toc421172516][bookmark: _Toc421180809][bookmark: _Toc421252126][bookmark: _Toc421258549][bookmark: _Toc422209126][bookmark: _Toc425163708][bookmark: _Toc427930012][bookmark: _Toc428019466][bookmark: _Toc431284844][bookmark: _Toc431393214][bookmark: _Toc441065258][bookmark: _Toc382035407][bookmark: _Toc382478492][bookmark: _Toc384897712][bookmark: _Toc390662125][bookmark: _Toc390667516][bookmark: _Toc393114429][bookmark: _Toc393119488][bookmark: _Toc393282631][bookmark: _Toc393877074][bookmark: _Toc398810247][bookmark: _Toc402181535][bookmark: _Toc403120530][bookmark: _Toc405971292][bookmark: _Toc416435691][bookmark: _Toc421170816][bookmark: _Toc421170938][bookmark: _Toc421171045][bookmark: _Toc421172514][bookmark: _Toc421180807][bookmark: _Toc421252124][bookmark: _Toc421258547][bookmark: _Toc422209124][bookmark: _Toc425163702][bookmark: _Toc427930006][bookmark: _Toc428019460][bookmark: _Toc431284841]86-1.02Q(2)  Department-Furnished Controller Cabinets
A Department-furnished controller assembly consists of a Model 170E or 2070E controller unit, a wired controller cabinet, and all auxiliary equipment required to operate the system. The Department does not furnish anchor bolts.
[bookmark: _Toc425163703][bookmark: _Toc427930007][bookmark: _Toc428019461][bookmark: _Toc431284842][bookmark: _Toc431393215][bookmark: _Toc441065259]86-1.02Q(3)  Controller Cabinets
The controller cabinet must be a Model 334L, comply with TEES, and be on the Authorized Material List for traffic signal control equipment. The cabinet must have 3 drawer shelves. Each shelf must be attached to the tops of 2 supporting angles with 4 screws.
[bookmark: _Toc421170821][bookmark: _Toc421170943][bookmark: _Toc421171050][bookmark: _Toc421172519][bookmark: _Toc421180812][bookmark: _Toc421252129][bookmark: _Toc421258552][bookmark: _Toc422209129][bookmark: _Toc425163709][bookmark: _Toc427930013][bookmark: _Toc428019467][bookmark: _Toc431284845][bookmark: _Toc431393216][bookmark: _Toc441065260][bookmark: _Toc382035420][bookmark: _Toc382478505][bookmark: _Toc384897725][bookmark: _Toc390662129][bookmark: _Toc390667520][bookmark: _Toc393114433][bookmark: _Toc393119492][bookmark: _Toc393282635][bookmark: _Toc393877078][bookmark: _Toc398810260][bookmark: _Toc402181539][bookmark: _Toc403120534][bookmark: _Toc405971296][bookmark: _Toc416435695]86-1.02Q(4)  Telephone Demarcation Cabinets
[bookmark: _Toc421170822][bookmark: _Toc421170944][bookmark: _Toc421171051][bookmark: _Toc421172520][bookmark: _Toc421180813][bookmark: _Toc421252130][bookmark: _Toc421258553][bookmark: _Toc422209130][bookmark: _Toc425163710][bookmark: _Toc427930014][bookmark: _Toc428019468][bookmark: _Toc431284846][bookmark: _Toc431393217][bookmark: _Toc441065261]86-1.02Q(4)(a)  General
The doors of a telephone demarcation cabinet must be attached using continuous stainless steel piano hinges.
[bookmark: _Toc421170823][bookmark: _Toc421170945][bookmark: _Toc421171052][bookmark: _Toc421172521][bookmark: _Toc421180814][bookmark: _Toc421252131][bookmark: _Toc421258554][bookmark: _Toc422209131][bookmark: _Toc425163711][bookmark: _Toc427930015][bookmark: _Toc428019469][bookmark: _Toc431284847][bookmark: _Toc431393218][bookmark: _Toc441065262]86-1.02Q(4)(b)  Type A Telephone Demarcation Cabinets
Reserved
[bookmark: _Toc421170824][bookmark: _Toc421170946][bookmark: _Toc421171053][bookmark: _Toc421172522][bookmark: _Toc421180815][bookmark: _Toc421252132][bookmark: _Toc421258555][bookmark: _Toc422209132][bookmark: _Toc425163712][bookmark: _Toc427930016][bookmark: _Toc428019470][bookmark: _Toc431284848][bookmark: _Toc431393219][bookmark: _Toc441065263]86-1.02Q(4)(c)  Type B Telephone Demarcation Cabinets
A Type B telephone demarcation cabinet consists of a mounting panel, outlets, circuit breaker, fan, dead front plates, and fuse.
The mounting panel must be made of 3/4-inch-thick ACX-grade plywood.
The mounting panel must be fastened to the cabinet with nuts, lock washers, and flat washers to 10 welded studs.
The cabinet must be made of 0.125-inch-thick anodized aluminum.
The cabinet door must be hung and secured with drawn latches, lockable with a padlock. The padlock latches must each have a minimum 7/16-inch-diameter hole.
Ventilation louvers must be located on the door.
The fan must be located in a ventilator housing and be controlled thermostatically. The thermostat control must have a range from 80 to 130 degrees F.
The thermostat and fan circuit must be protected with a fuse rated for 175 percent of the motor capacity. The fan capacity must be a minimum 25 cfm.
[bookmark: _Toc421170825][bookmark: _Toc421170947][bookmark: _Toc421171054][bookmark: _Toc421172523][bookmark: _Toc421180816][bookmark: _Toc421252133][bookmark: _Toc421258556][bookmark: _Toc422209133][bookmark: _Toc425163713][bookmark: _Toc427930017][bookmark: _Toc428019471][bookmark: _Toc431284849][bookmark: _Toc431393220][bookmark: _Toc441065264]86-1.02Q(4)(d)  Type C Telephone Demarcation Cabinets
Reserved
[bookmark: _Toc431393221][bookmark: _Toc441065265][bookmark: _Toc418835316][bookmark: _Toc418835422][bookmark: _Toc418835865][bookmark: _Toc418837147][bookmark: _Toc418846061][bookmark: _Toc419363539][bookmark: _Toc419363628][bookmark: _Toc419966400][bookmark: _Toc419966577][bookmark: _Toc419980433][bookmark: _Toc419981859][bookmark: _Toc419982446][bookmark: _Toc421082597][bookmark: _Toc421083181][bookmark: _Toc421090391][bookmark: _Toc421092621][bookmark: _Toc421094906][bookmark: _Toc421168307][bookmark: _Toc421168416][bookmark: _Toc421170864][bookmark: _Toc421170986][bookmark: _Toc421171095][bookmark: _Toc421172564][bookmark: _Toc421180857][bookmark: _Toc421252174][bookmark: _Toc421258597][bookmark: _Toc422209174][bookmark: _Toc425163779][bookmark: _Toc427930093][bookmark: _Toc428019547][bookmark: _Toc431284925]86-1.02Q(5)  Battery Backup System Cabinets
The cabinet for a battery backup system must comply with TEES and be on the Authorized Material List for traffic signal control equipment.
[bookmark: _Toc431389239][bookmark: _Toc431393222][bookmark: _Toc441065266]86-1.02R  Signal Heads
[bookmark: _Toc421168308][bookmark: _Toc421168417][bookmark: _Toc421170865][bookmark: _Toc421170987][bookmark: _Toc421171096][bookmark: _Toc421172565][bookmark: _Toc421180858][bookmark: _Toc421252175][bookmark: _Toc421258598][bookmark: _Toc422209175][bookmark: _Toc425163780][bookmark: _Toc427930094][bookmark: _Toc428019548][bookmark: _Toc431284926][bookmark: _Toc431393223][bookmark: _Toc441065267]86-1.02R(1)  General
A signal head consists of a signal mounting assembly, backplate, and signal face.
The head must have a terminal block attached to the back of one housing. The terminal block must have enough positions to accommodate all indications. Each position must be permanently labeled for the indications used.
[bookmark: _Toc427930095][bookmark: _Toc428019549][bookmark: _Toc431284927][bookmark: _Toc431393224][bookmark: _Toc382035582][bookmark: _Toc382478673][bookmark: _Toc384897901][bookmark: _Toc398810481][bookmark: _Toc421170866][bookmark: _Toc421170988][bookmark: _Toc421171097][bookmark: _Toc421172566][bookmark: _Toc421180859][bookmark: _Toc421252176][bookmark: _Toc421258599][bookmark: _Toc422209176][bookmark: _Toc425163781]The metal signal heads must not fracture or deflect more than half the lens diameter when tested under California Test 666.
The plastic signal heads must not fracture or deflect when tested under California Test 605.
The deflection must not be more than 10 degrees in either the vertical or horizontal plane after the wind load has been removed from the front of the signal face or more than 6 degrees in either the vertical or horizontal plane after the wind load has been removed from the back of the signal face.
[bookmark: _Toc441065268]86-1.02R(2)  Signal Mounting Assemblies
Signal mounting assembly must include:
1.	1-1/2-inch-diameter steel pipe or galvanized conduit
2.	Pipe fitting made of ductile iron, galvanized steel, bronze, or aluminum alloy, Type AC-84B, no. 380
3.	Mast arm and post-top slip fitters and terminal compartments made of cast bronze or hot-dip galvanized ductile iron

The horizontal distance between the vertical centerlines of the terminal compartment or slip fitter and of each signal face must not exceed 11 inches except where required for proper signal face alignment or to allow programming of programmed visibility signal sections.
The mounting assembly must be watertight and free of sharp edges or protrusions that might damage conductor insulation. The assembly must have positive-locking serrated fittings that prevent signal faces from rotating when the fittings are mated with similar fittings on the faces.
Each terminal compartment must be fitted with a terminal block having a minimum of 12 positions, each with 2 screw-type terminals. Each terminal must accommodate at least five no. 14 conductors. The terminal compartment must have a cover for easy access to the terminal block.
[bookmark: _Toc427930096][bookmark: _Toc428019550][bookmark: _Toc431284928][bookmark: _Toc431393225][bookmark: _Toc441065269]86-1.02R(3)  Backplates
The backplate material must be a homogeneous black color with a lusterless finish.
A metal backplate must be made of a minimum 1/16-inch-thick 3001-14 aluminum.
A plastic backplate must have a minimum thickness of 1/16 inch and be formed from sheet plastic or assembled from extruded, molded, or cast plastic sections. Sections must be factory joined using one of the following:
1.	Appropriate solvent cement.
2.	Aluminum rivets and washers painted or permanently colored to match the backplate.
3.	No. 10 machine screws with flat washers, lock washers, and nuts painted to match the backplate.

Each plastic backplate must be secured to the plastic signal face such that it resists removal or permanent deformation.
[bookmark: _Toc427930097][bookmark: _Toc428019551][bookmark: _Toc431284929][bookmark: _Toc431393226][bookmark: _Toc441065270]86-1.02R(4)  Signal Faces
Signal face consists of signal sections with signal housings, LED modules, and visors.
Signal face must:
1.	Be adjustable and allow for 360-degree rotation about the vertical axis
2.	Comply with ITE publications ST-052-E, Vehicle Traffic Control Signal Heads: Light Emitting Diode (LED) Circular Signal Supplement and ST-054, Vehicle Traffic Control Signal Heads: Light Emitting Diode (LED) Vehicle Arrow Traffic Signal Supplement
3.	Be sealed with a neoprene gasket at the top opening

A metal signal face must have a metal backplate and visor.
A plastic signal face must have a plastic backplate and visor.
If a signal face is supported by a Type MAS slip fitter, spacers are required between the 2 sections. The spacers must be made of the same material as the housing. The vertical dimension of the spacers must allow proper seating of the serrations between the slip fitter and the 2 sections. The 2 sections must be joined with at least two no. 10 minimum machine screws through holes near the front of the housing and the spacers and matching holes in a reinforcing plate installed in the housing.
[bookmark: _Toc427930098][bookmark: _Toc428019552][bookmark: _Toc431284930][bookmark: _Toc431393227][bookmark: _Toc441065271]86-1.02R(4)(a)  Signal Sections
[bookmark: _Toc427930099][bookmark: _Toc428019553][bookmark: _Toc431284931][bookmark: _Toc431393228][bookmark: _Toc441065272]86-1.02R(4)(a)(i)  General
Signal section must have:
1	Opening at the top and bottom for a 1-1/2-inch pipe
2.	Maximum height of 10-1/4 inches for an 8-inch section and 14-3/4 inches for a 12-inch section
3.	Hinge pins, door-latching devices, and other exposed hardware manufactured of Type 304/304L or 305 stainless steel
4.	Interior screws and fittings manufactured of stainless steel or steel with a corrosion-resistant plating or coating
5.	Gaskets made of a material that is not degraded if installed in a section with metal or plastic housing

Sections must be capable of being joined together to form a signal face in any combination. This interchangeability is not required between metal and plastic sections.
Each section must be joined to an adjacent section by one of the following:
1.	Minimum of 3 machine screws for 8-inch sections and 4 machine screws for 12-inch sections, installed through holes near the front and back of the housing. Each screw must be a no. 10 and have a nut, flat washer, and lock washer.
2.	2 machine screws, each with a nut, flat washer, and lock washer, installed through holes near the front of the housing and a fastener through the 1-1/2-inch pipe opening. The fastener must have 2 large, flat washers to distribute the load around the pipe's opening and 3 carriage bolts, each with a nut and lock washer. The minimum screw size must be no. 10, and the carriage bolt size must be 1/4 inch.

The holes for the machine screws must be either cast or drilled during signal section fabrication. Each hole must be surrounded by a minimum 1/8-inch-wide boss to allow contact between signal sections about the axis of the hole.
A serrated nylon washer must be inserted between each plastic signal section and the metal mounting assembly. Each serrated nylon washer must be from 3/16 to 1/4 inch thick. The serrations must match those on the signal section and the mounting assembly.
[bookmark: _Toc427930100][bookmark: _Toc428019554][bookmark: _Toc431284932][bookmark: _Toc431393229][bookmark: _Toc441065273]86-1.02R(4)(a)(ii)  Programmed Visibility Signal Sections
Programmed visibility signal section must have:
1.	Nominal 12-inch-diameter circular or arrow indication
2.	Cap visor
3.	Adjustable connection that:
3.1.	Provides incremental tilting from 0 to 10 degrees above or below the horizontal
3.2.	Maintains a common vertical axis through couplers and mountings

The terminal connection must allow external adjustment about the mounting axis in 5-degree increments.
The visibility of each signal section must be capable of adjustment or programming within the section.
The adjustment for the section must be preset at 4 degrees below the horizontal.
[bookmark: _Toc427930101][bookmark: _Toc428019555][bookmark: _Toc431284933][bookmark: _Toc431393230][bookmark: _Toc441065274]86-1.02R(4)(a)(iii)  Signal Housings
The signal housing must:
1.	Be die-cast aluminum, permanent mold-cast aluminum, or if specified, structural plastic
2.	Comply with ITE publications ST-052-E, Vehicle Traffic Control Signal Heads: Light Emitting Diode (LED) Circular Signal Supplement and ST-054, Vehicle Traffic Control Signal Heads: Light Emitting Diode (LED) Vehicle Arrow Traffic Signal Supplement if made of die-cast or permanent mold-cast aluminum
3.	Have a 1-piece, hinged, square-shaped door that is:
3.1.	Designed to allow access for replacement of modules without the use of tools
3.2.	Secured such that it remains closed during loading tests
4.	Have a watertight module or lens mounted in the door
5.	Have a terminal block attached to the back, with the terminals permanently labeled for conductors to facilitate field wiring

Each housing must have reinforcement plates. Reinforcement plates must be either sheet aluminum, galvanized steel, or cast aluminum. Each plate must have a minimum thickness of 0.11 inch and a hole concentric with a 1-1/2-inch pipe-mounting hole in the housing. Reinforcement plates must be placed as specified in the following table:
	Reinforcement Plate Placement

	Material
	Placement

	Sheet aluminum
	Inside and outside of housing

	Galvanized steel
	Inside of housing

	Cast aluminum
	Outside of housing



Reinforcement plates placed outside of the housing must be finished to match the signal housing color and be designed to allow a proper serrated coupling between the signal face and the mounting hardware. A minimum of three no. 10 machine screws must be installed through holes in each plate and matching holes in the housing. Each screw must have a round or binder head, a nut, and a lock washer.
A metal housing must have a metal visor.
Plastic housing must:
1.	Be molded in a single piece or fabricated from 2 or more pieces joined into a single piece
2.	Be a black color throughout, including the door, matching color no. 17038, 27038, or 37038 of FED-STD-595
3.	Have UV stability
4.	Be self-extinguishing

If reinforcing webs are used to connect the back of the housing to the top, bottom, and sides of the adjacent housing, reinforcement plates are not required.
The exterior of the housing must be painted as specified in sections 78-4.08 and 59.
[bookmark: _Toc427930102][bookmark: _Toc428019556][bookmark: _Toc431284934][bookmark: _Toc431393231][bookmark: _Toc441065275]86-1.02R(4)(b)  LED Signal Modules
An LED signal module must be on the Authorized Material List for LED traffic signal modules.
An LED signal module must comply with ITE publications ST-052-E, Vehicle Traffic Control Signal Heads: Light Emitting Diode (LED) Circular Signal Supplement and ST-054, Vehicle Traffic Control Signal Heads: Light Emitting Diode (LED) Vehicle Arrow Traffic Signal Supplement, except:
1.	Maximum module weight must be 4 lb
2.	Module must be a sealed unit with:
2.1.	2 color-coded conductors for the power connection except lane control modules must use 3 color-coded conductors
2.2.	Printed circuit board that complies with TEES, chapter 1, section 6
2.3.	Lens that is:
2.3.1.	Convex or flat with a smooth outer surface
2.3.2.	Made of UV-stabilized plastic or glass
2.4.	1-piece EPDM gasket
3.	Module must include 3-foot-long conductors with attached quick-disconnect terminals
4.	Identification must include:
4.1.	Month and year of manufacture
4.2.	1-inch-diameter symbol of the module type with the module color written adjacent to the symbol in 0.50-inch-high letters 
5	LED must be the ultra-bright type rated for 100,000 hours of continuous operation
6.	Module must have an integral power supply

Individual LEDs must be wired such that a loss or failure of 1 LED will not result in a loss of more than 5 percent of the module's light output. Failure of an individual LED in a string must not result in a loss of an entire string or other indication.
The symbol for a 12-inch U-turn section must be a 15/16-inch-wide inverted U with an arrow on the left end.
A lane control section must be a combination module with a red X and green arrow. The conductor function and color code must be as shown in the following table:
	Conductor Function and Color Code

	Function
	Color

	Neutral
	White

	Red X
	Red

	Green arrow
	Brown



The minimum power consumption for an LED signal module must be 5 W.
The maximum power consumption for an LED signal module must be as shown in the following table:
	Maximum Power Consumption

	LED signal module type
	Power consumption (W)

	
	Red
	Yellow
	Green

	
	25 °C
	74 °C
	25 °C
	74 °C
	25 °C
	74 °C

	8-inch circular
	8
	13
	13
	16
	12
	12

	12-inch circular
	11
	17
	22
	25
	15
	15

	12-inch arrow
	9
	12
	10
	12
	11
	11

	12-inch U-turn
	9
	12
	10
	12
	11
	11

	Bicycle
	11
	17
	22
	25
	15
	15

	Programmed visibility
	11
	17
	22
	25
	15
	15

	Lane control (X)
	9
	12
	--
	--
	--
	--

	Lane control (Arrow)
	--
	--
	--
	--
	11
	11



Red and green LED signal modules operating over a temperature range from -40 to 74 degrees C and yellow LED signal modules operating at 25 degrees C must maintain the minimum illumination values for 48 months as shown in the following tables:
	Minimum Maintained Intensities for Circular Indications

	Angle (v,h)
	Intensities (cd)

	
	8-inch
	12-inch

	
	Red
	Yellow
	Green
	Red
	Yellow
	Green

	2.5, ±2.5
	133
	267
	267
	339
	678
	678

	2.5, ±7.5
	97
	194
	194
	251
	501
	501

	2.5, ±12.5
	57
	113
	113
	141
	283
	283

	2.5, ±17.5
	25
	48
	48
	77
	154
	154

	7.5, ±2.5
	101
	202
	202
	226
	452
	452

	7.5, ±7.5
	89
	178
	178
	202
	404
	404

	7.5, ±12.5
	65
	129
	129
	145
	291
	291

	7.5, ±17.5
	41
	81
	81
	89
	178
	178

	7.5, ±22.5
	18
	37
	37
	38
	77
	77

	7.5, ±27.5
	10
	20
	20
	16
	32
	32

	12.5, ±2.5
	37
	73
	73
	50
	101
	101

	12.5, ±7.5
	32
	65
	65
	48
	97
	97

	12.5, ±12.5
	28
	57
	57
	44
	89
	89

	12.5, ±17.5
	20
	41
	41
	34
	69
	69

	12.5, ±22.5
	12
	25
	25
	22
	44
	44

	12.5, ±27.5
	9
	16
	16
	16
	32
	32

	17.5, ±2.5
	16
	32
	32
	22
	44
	44

	17.5, ±7.5
	14
	28
	28
	22
	44
	44

	17.5, ±12.5
	10
	20
	20
	22
	44
	44

	17.5, ±17.5
	9
	16
	16
	22
	44
	44

	17.5, ±22.5
	6
	12
	12
	20
	41
	41

	17.5, ±27.5
	4
	9
	9
	16
	32
	32



	Minimum Maintained Luminance for Indications

	Indication type
	Luminance (fL)

	
	Red
	Yellow
	Green

	Arrow
	1,610
	3,210
	3,210

	U-turn
	1,610
	3,210
	3,210

	Bicycle
	1,610
	1,610
	1,610

	Lane control (X)
	1,610
	--
	--

	Lane control (Arrow)
	--
	--
	1,610



	Minimum Maintained Luminance for Programmed Visibility Indications

	Indication type
	Luminance (cd)

	
	Red
	Yellow
	Green

	PV at angle v=2.5, h=2.5
	314
	314
	314



Conductors must be prewired to the terminal block.
[bookmark: _Toc427930105][bookmark: _Toc428019559][bookmark: _Toc431284937][bookmark: _Toc431393234][bookmark: _Toc441065276][bookmark: _Toc421170870][bookmark: _Toc421170992][bookmark: _Toc421171101][bookmark: _Toc421172570][bookmark: _Toc421180863][bookmark: _Toc421252180][bookmark: _Toc421258603][bookmark: _Toc422209180][bookmark: _Toc425163785][bookmark: _Toc398810482][bookmark: _Toc402181674][bookmark: _Toc403120669][bookmark: _Toc405971431][bookmark: _Toc416435830][bookmark: _Toc385914741][bookmark: _Toc393286360][bookmark: _Toc393288338][bookmark: _Toc395082202][bookmark: _Toc395604432][bookmark: _Toc382035583][bookmark: _Toc382478674][bookmark: _Toc384897902][bookmark: _Toc390662248][bookmark: _Toc390667639][bookmark: _Toc393114552][bookmark: _Toc393119610][bookmark: _Toc393282762][bookmark: _Toc393877205]86-1.02R(4)(c)  Visors and Directional Louvers
The visor must be a tunnel type.
The visor must have a downward tilt from 3 to 7 degrees with a minimum length of 9-1/2 inches for nominal 12-inch round lenses and 7 inches for nominal 8-inch round lenses.
A metal visor must be formed from minimum 0.050-inch-thick aluminum alloy sheet.
A plastic visor must be either formed from sheet plastic or blow-molded. The plastic must be a black homogeneous color with a lusterless finish. A visor must withstand a wind load applied to its side for 24 hours without permanent deformation or removal from its door when tested under California Test 605 for plastic visors and California Test 666 for metal visors.
If directional louvers are used, the louvers must fit into full-circular signal visors. Louvers must consist of one of the following:
1.	Outside cylinder constructed of sheet steel with a minimum nominal thickness of 0.030 inch and vanes constructed of sheet steel with a minimum nominal thickness of 0.016 inch.
2.	Outside cylinder and vanes constructed of 5052-H32 aluminum alloy of equal thickness.
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[bookmark: _Toc382035584][bookmark: _Toc382478675][bookmark: _Toc384897903][bookmark: _Toc398810490][bookmark: _Toc421168302][bookmark: _Toc421168411][bookmark: _Toc421170854][bookmark: _Toc421170976][bookmark: _Toc421171085][bookmark: _Toc421172554][bookmark: _Toc421180847][bookmark: _Toc421252164][bookmark: _Toc421258587][bookmark: _Toc422209164][bookmark: _Toc425163765][bookmark: _Toc427930074][bookmark: _Toc428019528][bookmark: _Toc431284906][bookmark: _Toc431393236][bookmark: _Toc441065278]86-1.02S(1)  General
A pedestrian signal head consists of a pedestrian signal mounting assembly and a pedestrian signal face comprising of a pedestrian signal housing, an LED countdown pedestrian signal face module, and a front screen.
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A pedestrian signal mounting assembly must comply with the specifications for a signal mounting assembly in section 86-1.02R, except mast arm slip fitters are not required.
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Each pedestrian signal face must include a light-duty terminal block rated at 5 A and have 12 positions with no. 6-by-1/8-inch binder head screws. Each position must have 1 screw-type terminal.
The wiring and terminal block must comply with ITE publication ST-055-E, Pedestrian Traffic Control Signal Indicators: Light Emitting Diode (LED) Signal Modules.
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Pedestrian signal housing must comply with the specifications for a signal housing in 86-1.02R(4)(a)(iii), except the maximum overall dimensions must be 18-1/2 inches wide, 19 inches high, and 11-1/2 inches deep and without:
1.	Visor
2.	Watertight module or lens mounted in the door
3.	Reinforcement plates

The housing must have a terminal block attached to the back. The terminal block must have enough positions to accommodate all indications. Each position must be permanently labeled for the indications used.
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An LED countdown PSF module must comply with ITE publication ST-055-E, Pedestrian Traffic Control Signal Indicators: Light Emitting Diode (LED) Signal Modules, except the material must comply with ASTM D3935 and the module must have:
1.	Ultra-bright-type LED rated for 100,000 hours of continuous operation.
2.	Lot number and month and year of manufacture permanently marked on the back of the module
3.	Prominent and permanent vertical markings for accurate indexing and orientation within the pedestrian signal housing if a specific mounting orientation is required. Markings must be a minimum of 1 inch in height and include an up arrow and the word up or top.
4.	Circuit board complying with TEES, chapter 1, section 6.

Individual LEDs must be wired such that a loss or failure of 1 LED will not result in a loss of more than 5 percent of the module's light output. Failure of an individual LED in a string must not result in a loss of an entire string or other indication.
Each symbol must be at least 9 inches high and 5-1/4 inches wide. The 2-digit countdown timer, Upraised Hand, and Walking Person indications must be electronically isolated from each other. The 3 indications must not share a power supply or interconnect circuitry.
The module must operate over the specified ambient temperature and voltage range and be readable both day and night at distances up to the full width of the area to be crossed. Upon initial testing at 25 degrees C, the module must have at least the luminance values shown in the following table:
Luminance Values
	PSF module symbol
	Luminance

	Upraised hand and 2-digit countdown timer (fL)
	1,094

	Walking person (fL)
	1,547



The module must not exceed the power consumption requirements shown in the following table:
Maximum Power Consumption Requirements
	PSF module display
	At 24 ºC
	At 74 ºC

	Upraised Hand
	10.0 W
	12.0 W

	Walking Person
	9.0 W
	12.0 W

	2-digit countdown timer
	6.0 W
	8.0 W
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Pedestrian signal face must have a front screen that is one of the following types:
1.	3/8-inch-thick aluminum honeycomb screen with 0.2-inch-wide cells or a 1/2-inch-thick plastic screen with 3/8-inch-wide squares with 1/16-inch wall thickness that:
1.1.	Is installed so it tilts downward at an angle of 15 ± 2 degrees from the top and completely covers the message plate.
1.2.	Includes a clear front cover made of either a minimum 1/8-inch-thick acrylic plastic sheet or a minimum 1/16-inch-thick polycarbonate plastic.
1.3.	Is held firmly in place, including the cover, with stainless steel or aluminum clips or stainless steel metal screws.
2.	Polycarbonate screen that:
2.1.	Has a nominal thickness of 1/32 inch.
2.2.	Is a 1-1/2-inch-deep eggcrate or Z-crate type.
2.3.	Is mounted in a frame constructed of aluminum alloy or polycarbonate with a minimum thickness of 0.040 inch.
2.4.	Is held in place with stainless steel screws.

The screen and frame of a pedestrian signal face must be made of either (1) plastic that is a flat black color or (2) anodized aluminum that is a flat black color or finished with lusterless, black, exterior-grade latex paint formulated for application to metal surfaces.
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Accessible pedestrian signal must comply with the California MUTCD, chapter 4E, and have:
1.	Audible speech message that plays when the push button is actuated. The message must include the name of the street to be crossed. The accessible pedestrian signal must have at least 5 audible message options.
2.	Push button locator tone that clicks or beeps.
3.	Feature that activates the pedestrian phase during a failure of the audible message, locator tone, or vibrotactile device.

An accessible pedestrian signal must function with the Department-furnished Model 170E/2070E controller assembly.
No part of the accessible pedestrian signal must be installed inside the controller cabinet.
Power for the accessible pedestrian signal must be from the pedestrian signal housing terminal block.
The housing for the signal assembly must be made of corrosion-resistant material. Theft-proof bolts used for mounting the housing to the standard must be stainless steel with a content of 17 percent chromium and 8 percent nickel. The housing must be shaped to fit the pole's curvature.
The color of a metallic housing must match color no. 33538 of FED-STD-595.
The color of a plastic housing must match color no. 17038, 27038, or 37038 of FED-STD-595.
Accessible pedestrian signal must:
1.	Have electronic switches, a potentiometer, or an access port for a device for controlling and programming the volume level and messaging
2.	Be weatherproof and shockproof

Enclosure for the accessible pedestrian signal must:
1.	Weigh less than 7 lb
2.	Measure less than 16 by 6 by 5 inches
3.	Have a wiring hole with a diameter not exceeding 1-1/8 inches
5.	Have a switch for a push button
6.	Have a vibrotactile device on the push button or on the arrow
7.	Have an internal weatherproof speaker and microphone that senses the ambient sound level

The separation between adjacent holes used for conductors and mounting must be at least twice the diameter of the larger hole.
The speaker grills must be located on the surface of the enclosure. The speakers must not interfere with the housing or its mounting hardware.
The conductor cable between the accessible pedestrian signal assembly and the pedestrian signal head must be a 9 no. 20 conductor cable complying with MIL-W-16878D.
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The housing for a push button assembly must be made of die-cast aluminum, permanent mold-cast aluminum, or UV-stabilized self-extinguishing structural plastic. The plastic housing must have a color throughout that matches color no. 17038, 27038, or 37038 of FED-STD-595.
If the push button is to be attached to a pole, the housing must be shaped to fit the pole's curvature.
The assembly must be waterproof and shockproof.
The push button's switch must be a single-pole, double-throw switching unit with screw-type terminals rated 15 A at 125 V(ac).
Switch for the push button must have:
1.	Plunger actuator and a U frame to allow recessed mounting in the push button housing
2.	Operating force of 3.5 lb
3.	Maximum pretravel of 5/64 inch
4.	Minimum overtravel of 1/32 inch
5.	Differential travel from 0.002 to 0.04 inch
6.	Minimum 2-inch diameter actuator
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Sealant for filling loop detector slots must be one of the following:
1.	Asphaltic emulsion
2.	Elastomeric sealant
3.	Epoxy sealant for inductive loops
4.	Hot-melt rubberized asphalt
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Asphaltic emulsion sealant must comply with the State Specification 8040-41A-15.
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Elastomeric sealant must be a polyurethane material that cures only in the presence of moisture if used within the stated shelf life. The sealant must be suitable for use in both asphalt concrete and concrete pavement.
The cured elastomeric sealant must comply with the requirements shown in the following table:
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	Quality characteristic
	Test method
	Requirement

	Hardness
	ASTM D2240a
	65–85

	Tensile strength (min, MPa)
	ASTM D412b
	3.45

	Elongation (min, %)
	
	400

	Flex at -40 °Cc
	--
	No cracks

	Weathering resistance
	ASTM D822d
	Slight chalking

	Salt spray resistance:
	ASTM B117e
	

	Tensile strength (min, MPa)
	
	3.45

	Elongation (min, %)
	
	400

	Dielectric constant (%)
	ASTM D150f
	<25

	aIndentation at 25 °C and 50% relative humidity (Rex. Type A, Model 1700 only)

	bDie C pulled at 508 mm/minute

	c0.6-mm free film bend (180°) over 13-mm mandrel

	dWeatherometer 350 h, cured 7 days at 25 °C and 50% relative humidity

	e28 days at 38 °C with 5% NaCl, Die C, and pulled at 508 mm/minute)

	fChange over a temperature range from -30 to 50 °C
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Hot-melt rubberized asphalt sealant must:
1.	Be in solid form at room temperature and fluid at an application temperature range from 190 to 205 degrees C
2.	Not produce toxic fumes
3.	Be suitable for use in both asphalt concrete and concrete pavement
4.	Be packaged in containers clearly marked Detector Loop Sealant with the manufacturer's batch and lot number.

The cured hot-melt rubberized asphalt sealant must comply with the requirements shown in the following table:
	Cured Hot-Melt Rubberized Asphalt Sealant Requirements

	Quality characteristic
	Test method
	Requirement

	Cone penetration (max, 1/10 mm)
	ASTM D5329, sec. 6a
	35

	Flow (max, mm)
	ASTM D5329, sec. 8b
	5

	Resilience (min, %)
	ASTM D5329, sec. 12c
	25

	Softening point (min, °C)
	ASTM D36
	82

	Ductility (min, cm)
	ASTM D113d
	30

	Flash point, Cleveland Open Cup (min, °C)
	ASTM D92
	288

	Viscosity (Pa·s)
	ASTM D4402e
	2.5–3.5

	aAt 25 °C, 150 g, 5 s

	bAt 60 °C

	cAt 25 °C

	dAt 25 °C, 5 cm/minute

	eBrookfield Thermosel, no. 27 spindle, 20 rpm, 190 °C
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A transformer must be single-phase and may be a nonsubmersible or submersible type.
A transformer must be a dry type designed for operation on a 60 Hz supply. The transformer must have a decal showing a connection diagram. The diagram must show either color coding or wire tagging with primary (H1, H2) or secondary (X1, X2) markers and the primary and secondary voltage and volt-ampere rating. A transformer must comply with the electrical requirements shown in the following table:
	Transformer Electrical Requirements

	Quality characteristic
	Requirement

	Rating (V(ac))
	120/480, 120/240, 240/480, or 480/120

	Efficiency (%)
	> 95

	Secondary voltage regulation and tolerance from half load to full load (%)
	±3



Secondary 240 and 480 V(ac) windings must be center tapped.
The transformer must withstand the application of 2,200 V(ac) from core to coils and from coil to coil for a 1-minute period when tested immediately after operation of the transformer at full load for 24 hours.
The external leads for the secondary connections must be no. 10 Type USE rated for 600 V(ac).
The transformer's leads must extend a minimum of 12 inches from the case.
The transformer's insulation must be NEMA 185 C or better.
Each transformer must:
1.	Include metal half-shell coil protection.
2.	Have moisture-resistant, synthetic-varnish-impregnated windings.
3.	Be waterproof and suitable for outdoor operation.

Each submersible transformer must:
1.	Include a handle and a hanger.
2.	Be securely encased in a rugged, corrosion-resistant, watertight case.
3.	Have leads that extend out through 1 or more sealed hubs.
4.	Be manufactured to withstand a 5-day test with 12-hour on and off periods submerged in 2 feet of salt water that is 2 percent salt by weight. The operating periods must be at full load.
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Battery must:
1.	Be deep-cycle, sealed, prismatic, lead-calcium-based, absorbed-glass-mat, valve-regulated, lead-acid type
2.	Be rated for 12 V
3.	Be rated for a temperature range from -25 to 60 degrees C
4.	Be group size 24
5.	Be commercially available and stocked locally
6.	Be marked with a date code, maximum recharge data, and recharge cycles
7.	Be new and fully charged when furnished
8.	Be free from damage or deformities
9.	Have a carrying handle
10.	Have 2 top-mounted, threaded-stud posts that include all washers and nuts
11.	Include insulating rubber covers for protecting the lugs, posts, and wiring: red for the positive terminal and black for the negative terminal

If a battery is used for a battery backup system, it must accommodate 3/8-inch ring lugs of a Department-furnished battery harness.
[bookmark: _Toc398810543][bookmark: _Toc402181701][bookmark: _Toc403120696][bookmark: _Toc405971458][bookmark: _Toc416435857][bookmark: _Toc418237804][bookmark: _Toc418835320][bookmark: _Toc418835425][bookmark: _Toc418835868][bookmark: _Toc418837153][bookmark: _Toc418846067][bookmark: _Toc419363542][bookmark: _Toc419363631][bookmark: _Toc419966403][bookmark: _Toc419966580][bookmark: _Toc419980436][bookmark: _Toc419981862][bookmark: _Toc419982449][bookmark: _Toc421082600][bookmark: _Toc421083184][bookmark: _Toc421090394][bookmark: _Toc421092625][bookmark: _Toc421094910][bookmark: _Toc421168313][bookmark: _Toc421168422][bookmark: _Toc421170882][bookmark: _Toc421171004][bookmark: _Toc421171113][bookmark: _Toc421172582][bookmark: _Toc421180875][bookmark: _Toc421252192][bookmark: _Toc421258615][bookmark: _Toc422209192][bookmark: _Toc425163801][bookmark: _Toc427930116][bookmark: _Toc428019570][bookmark: _Toc431284946][bookmark: _Toc431389247][bookmark: _Toc431393258][bookmark: _Toc441065296]86-1.03  CONSTRUCTION
Not Used
[bookmark: _Toc418835321][bookmark: _Toc418835426][bookmark: _Toc418835869][bookmark: _Toc418837154][bookmark: _Toc418846068][bookmark: _Toc419363543][bookmark: _Toc419363632][bookmark: _Toc419966404][bookmark: _Toc419966581][bookmark: _Toc419980437][bookmark: _Toc419981863][bookmark: _Toc419982450][bookmark: _Toc421082601][bookmark: _Toc421083185][bookmark: _Toc421090395][bookmark: _Toc421092626][bookmark: _Toc421094911][bookmark: _Toc421168314][bookmark: _Toc421168423][bookmark: _Toc421170883][bookmark: _Toc421171005][bookmark: _Toc421171114][bookmark: _Toc421172583][bookmark: _Toc421180876][bookmark: _Toc421252193][bookmark: _Toc421258616][bookmark: _Toc422209193][bookmark: _Toc425163802][bookmark: _Toc427930117][bookmark: _Toc428019571][bookmark: _Toc431284947][bookmark: _Toc431389248][bookmark: _Toc431393259][bookmark: _Toc441065297]86-1.04  PAYMENT
Not Used
Replace section 87 with:
[bookmark: _Toc440357270][bookmark: _Toc441217832]04-15-16
87  ELECTRICAL SYSTEMS
[bookmark: _Toc385914719][bookmark: _Toc393286340][bookmark: _Toc393288318][bookmark: _Toc395082182][bookmark: _Toc395604412][bookmark: _Toc403983185][bookmark: _Toc403983431][bookmark: _Toc405984575][bookmark: _Toc419969208][bookmark: _Toc419970456][bookmark: _Toc419982553][bookmark: _Toc421190563][bookmark: _Toc421191969][bookmark: _Toc421255819][bookmark: _Toc421258247][bookmark: _Toc421280158][bookmark: _Toc422896720][bookmark: _Toc424736907][bookmark: _Toc425170747][bookmark: _Toc427906263][bookmark: _Toc427910360][bookmark: _Toc428026924][bookmark: _Toc428427234][bookmark: _Toc433967341][bookmark: _Toc440357271][bookmark: _Toc441217833]04-15-16
87-1  GENERAL
[bookmark: _Toc385914720][bookmark: _Toc393286341][bookmark: _Toc393288319][bookmark: _Toc395082183][bookmark: _Toc395604413][bookmark: _Toc403983186][bookmark: _Toc403983432][bookmark: _Toc405984576][bookmark: _Toc419969209][bookmark: _Toc419970457][bookmark: _Toc419982554][bookmark: _Toc421190564][bookmark: _Toc421191970][bookmark: _Toc421255820][bookmark: _Toc421258248][bookmark: _Toc421280159][bookmark: _Toc422896721][bookmark: _Toc424736908][bookmark: _Toc425170748][bookmark: _Toc427906264][bookmark: _Toc427910361][bookmark: _Toc428026925][bookmark: _Toc428427235][bookmark: _Toc433967342][bookmark: _Toc440357272][bookmark: _Toc441217834]87-1.01  GENERAL
[bookmark: _Toc385914721][bookmark: _Toc393286342][bookmark: _Toc393288320][bookmark: _Toc395082184][bookmark: _Toc395604414][bookmark: _Toc403983187][bookmark: _Toc403983433][bookmark: _Toc405984577][bookmark: _Toc419969210][bookmark: _Toc419970458][bookmark: _Toc419982555][bookmark: _Toc421190565][bookmark: _Toc421191971][bookmark: _Toc421255821][bookmark: _Toc421258249][bookmark: _Toc421280160][bookmark: _Toc422896722][bookmark: _Toc424736909][bookmark: _Toc425170749][bookmark: _Toc427906265][bookmark: _Toc427910362][bookmark: _Toc428026926][bookmark: _Toc428427236][bookmark: _Toc433967343][bookmark: _Toc440357273][bookmark: _Toc441217835]87-1.01A  Summary
[bookmark: _Toc385914722][bookmark: _Toc393286343][bookmark: _Toc393288321][bookmark: _Toc395082185][bookmark: _Toc395604415]Section 87 includes general specifications for constructing and installing electrical systems.
[bookmark: _Toc403983188][bookmark: _Toc403983434][bookmark: _Toc405984578][bookmark: _Toc419969211][bookmark: _Toc419970459][bookmark: _Toc419982556][bookmark: _Toc421190566][bookmark: _Toc421191972][bookmark: _Toc421255822][bookmark: _Toc421258250][bookmark: _Toc421280161][bookmark: _Toc422896723][bookmark: _Toc424736910][bookmark: _Toc425170750][bookmark: _Toc427906266][bookmark: _Toc427910363][bookmark: _Toc428026927][bookmark: _Toc428427237][bookmark: _Toc433967344][bookmark: _Toc440357274]The Department deducts the cost for maintenance performed by the Department on new or portions of existing systems modified under the Contract.
[bookmark: _Toc441217836]87-1.01B  Definitions
Reserved
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Reserved
[bookmark: _Toc385914724][bookmark: _Toc393286345][bookmark: _Toc393288323][bookmark: _Toc395082187][bookmark: _Toc395604417][bookmark: _Toc403983190][bookmark: _Toc403983436][bookmark: _Toc405984580][bookmark: _Toc419969213][bookmark: _Toc419970461][bookmark: _Toc419982558][bookmark: _Toc421190568][bookmark: _Toc421191974][bookmark: _Toc421255824][bookmark: _Toc421258252][bookmark: _Toc421280163][bookmark: _Toc422896725][bookmark: _Toc424736912][bookmark: _Toc425170752][bookmark: _Toc427906268][bookmark: _Toc427910365][bookmark: _Toc428026929][bookmark: _Toc428427239][bookmark: _Toc433967346][bookmark: _Toc440357276][bookmark: _Toc441217838]87-1.01D  Quality Assurance
[bookmark: _Toc421190569][bookmark: _Toc421191975][bookmark: _Toc421255825][bookmark: _Toc421258253][bookmark: _Toc421280164][bookmark: _Toc422896726][bookmark: _Toc424736913][bookmark: _Toc425170753][bookmark: _Toc427906269][bookmark: _Toc427910366][bookmark: _Toc428026930][bookmark: _Toc428427240][bookmark: _Toc433967347][bookmark: _Toc440357277][bookmark: _Toc441217839]87-1.01D(1)  General
Reserved
[bookmark: _Toc421190570][bookmark: _Toc421191976][bookmark: _Toc421255826][bookmark: _Toc421258254][bookmark: _Toc421280165][bookmark: _Toc422896727][bookmark: _Toc424736914][bookmark: _Toc425170754][bookmark: _Toc427906271][bookmark: _Toc427910368][bookmark: _Toc428026932][bookmark: _Toc428427242][bookmark: _Toc433967348][bookmark: _Toc440357278][bookmark: _Toc441217840][bookmark: _Toc384897779][bookmark: _Toc398810319][bookmark: _Toc398810216][bookmark: _Toc385914725][bookmark: _Toc393286346][bookmark: _Toc393288324][bookmark: _Toc395082188][bookmark: _Toc395604418][bookmark: _Toc403983191][bookmark: _Toc403983437][bookmark: _Toc405984581]87-1.01D(2)  Quality Control
Before shipping the material to the job site, submit to METS test samples of:
1.	Accessible pedestrian signals
2.	LED countdown pedestrian signal face modules
3.	LED signal modules
4.	LED luminaires

Submit a sample size as shown in the following table:
	Electrical Material Sampling

	Contract quantity
	Test sample size

	1–8
	1

	9–15
	2

	16–25
	3

	26–90
	5

	91–150
	8

	151–280
	13

	281–500
	20

	501–1200
	32



Before starting operation of an electrical system, perform a conductor test in the presence of the Engineer.
Conductor test consists of testing each conductor and the conductors in cables for:
1.	Continuity.
2.	Grounds.
3.	Insulation resistance at 500 V(dc) between the circuit and ground. The insulation resistance must be a minimum of 10 MΩ on circuits, except it must be a minimum of 100 MΩ for inductive loop detector circuits.

Start the operational test of the system on any day except Friday or the day before a holiday. The operational test for signals must start from 9:00 a.m. to 2:00 p.m. Notify the Engineer 48 hours before starting the test.
An operational test consists of a minimum of 5 business days of continuous, satisfactory operation of the system. If the system fails, correct the problem and retest the system. A shutdown of the system caused by traffic, a power interruption, or unsatisfactory performance of Department-furnished materials does not constitute discontinuity of the test.
[bookmark: _Toc419969214][bookmark: _Toc419970462][bookmark: _Toc419982559][bookmark: _Toc421190578][bookmark: _Toc421191984][bookmark: _Toc421255834][bookmark: _Toc421258262][bookmark: _Toc421280173][bookmark: _Toc422896735][bookmark: _Toc424736922][bookmark: _Toc425170762][bookmark: _Toc427906279][bookmark: _Toc427910376][bookmark: _Toc428026940][bookmark: _Toc428427250][bookmark: _Toc433967350][bookmark: _Toc440357280][bookmark: _Toc441217841]87-1.02  MATERIALS
[bookmark: _Toc419969216]Not Used
[bookmark: _Toc385914726][bookmark: _Toc393286347][bookmark: _Toc393288325][bookmark: _Toc395082189][bookmark: _Toc395604419][bookmark: _Toc403983192][bookmark: _Toc403983438][bookmark: _Toc405984582][bookmark: _Toc419969218][bookmark: _Toc419970463][bookmark: _Toc419982560][bookmark: _Toc421190579][bookmark: _Toc421191985][bookmark: _Toc421255835][bookmark: _Toc421258263][bookmark: _Toc421280174][bookmark: _Toc422896736][bookmark: _Toc424736923][bookmark: _Toc425170763][bookmark: _Toc427906280][bookmark: _Toc427910377][bookmark: _Toc428026941][bookmark: _Toc428427251][bookmark: _Toc433967351][bookmark: _Toc440357281][bookmark: _Toc441217842]87-1.03  CONSTRUCTION
[bookmark: _Toc419969219][bookmark: _Toc419970464][bookmark: _Toc419982561][bookmark: _Toc421190580][bookmark: _Toc421191986][bookmark: _Toc421255836][bookmark: _Toc421258264][bookmark: _Toc421280175][bookmark: _Toc422896737][bookmark: _Toc424736924][bookmark: _Toc425170764][bookmark: _Toc427906281][bookmark: _Toc427910378][bookmark: _Toc428026942][bookmark: _Toc428427252][bookmark: _Toc433967352][bookmark: _Toc440357282][bookmark: _Toc441217843]87-1.03A  General
The Engineer determines the final locations of electrical systems.
Verify the locations of electrical systems and the depths of existing detectors, conduits, and pull boxes.
Notify the Engineer before performing work on the existing system.
You may shut down the system for alteration or removal.
Where an existing Department underground facility is shown within 10 feet of any excavation, locate and field mark the facility before performing work that could damage or interfere with the existing facility.
If an existing facility is within 2 feet of an excavation, determine the exact location of the facility by excavating with hand tools before using any power-operated or power-driven excavating or boring equipment. A vacuum excavator may be used if authorized.
Notify the Engineer immediately if an existing facility is damaged by your activities.
If existing underground conduit is to be incorporated into a new system, clean it with a mandrel or cylindrical wire brush and blow it clean with compressed air.
Limit the shutdown of traffic signal systems to normal working hours. Notify the local traffic enforcement agency before shutting down the signal.
Place temporary W3-1 and R1-1 signs in each direction to direct traffic through the intersection during shutdown of the signal. Place two R1-1 signs for 2-lane approaches. The signs must comply with part 2 of the California MUTCD.
Cover signal faces when the system is shut down overnight. Cover temporary W3-1 and R1-1 signs when the system is turned on.
If you work on an existing lighting system and the roadway is to remain open to traffic, ensure the system is in operation by nightfall.
Replace detectors you damage within 72 hours, or the Department replaces them and deducts the cost.
Work performed on an existing system not described is change order work.
Do not use electrical power from existing highway facilities unless authorized.
Maintain a minimum 48-inch clearance for a pedestrian pathway when placing equipment.
Except for service installation or work on service equipment enclosures, do not work above ground until all materials are on hand to complete the electrical work at each location.
Bond all metal components to form a continuous grounded system as specified in NEC.
Ground metallic equipment mounted less than 8 feet above the ground surface on a wood pole.
If you damage any portion of a concrete curb, sidewalk, curb ramp, driveway, or gutter depression, replace the entire section between contraction or expansion joints under section 73.
Apply equipment identification characters.
[bookmark: _Toc433967353]Orient louvers, visors, and signal faces such that they are clearly visible to approaching traffic from the direction being controlled.
Test loops and the detector lead-in cable circuit for continuity, ground, and insulation resistance at the controller cabinet before connecting detector lead-in cable to the terminal block.
Perform an operational test of the systems.
Before starting the operational test for systems that impact traffic, the system must be ready for operation, and all signs, pavement delineation, and pavement markings must be in place at that location.
[bookmark: _Toc440357283][bookmark: _Toc441217844]87-1.03B  Conduit Installation
[bookmark: _Toc424736942][bookmark: _Toc425170782][bookmark: _Toc427906306][bookmark: _Toc427910403][bookmark: _Toc428026967][bookmark: _Toc428427277][bookmark: _Toc433967354][bookmark: _Toc440357284][bookmark: _Toc441217845]87-1.03B(1)  General
The installation of conduit includes installing caps, bushings, and pull tape and terminating the conduit in pull boxes, foundations, poles, or a structure.
Limit the number of bends in a conduit run to no more than 360 degrees between pull points.
Use conduit to enclose conductors except where they are installed overhead or inside standards or posts.
You may use a larger size conduit than specified for the entire length between termination points. Do not use a reducing coupling.
Extend an existing conduit using the same material. Terminate conduits of different materials in a pull box.
Install 2 conduits between a controller cabinet and the adjacent pull box.
Use a minimum trade size of conduit of:
1.	1-1/2 inches from an electrolier to the adjacent pull box
2.	1 inch from a pedestrian push button post to the adjacent pull box
3.	2 inches from a signal standard to the adjacent pull box
4.	3 inches from a controller cabinet to the adjacent pull box
5.	2 inches from an overhead sign to the adjacent pull box
6.	2 inches from a service equipment enclosure to the adjacent pull box
7.	1-1/2 inches if unspecified

Use Type 1 conduit:
1.	On all exposed surfaces
2.	In concrete structures
3.	Between a structure and the nearest pull box

Ream the ends of shop-cut and field-cut conduit to remove burrs and rough edges. Make the cuts square and true. Do not use slip joints and running threads to couple conduit. If a standard coupling cannot be used for metal-type conduit, use a threaded union coupling. Tighten the couplings for metal conduit to maintain a good electrical connection.
Cap the ends of conduit to prevent debris from entering before installing the conductors or cables. Use a plastic cap for Type 1, 2, and 5 conduits and a standard pipe cap for all other types of conduit.
For Type 1, 2, and 5 conduits, use threaded bushings and bond them using a jumper. For other types of conduit, use nonmetallic bushings.
Do not install new conduit through foundations.
Cut Type 2 conduit with pipe cutters; do not use hacksaws. Use standard conduit-threading dies for threading conduit. Tighten conduit into couplings or fittings using strap wrenches or approved groove joint pliers.
Cut Type 3 conduit with tools that do not deform the conduit. Use a solvent weld for connections.
Protect shop-cut threads from corrosion under the standards shown in the following table:
	Shop-Cut Thread Corrosion Protection

	Conduit
	Standard

	Types 1 and 2
	ANSI C80.1

	Type 5
	ANSI C80.6



Apply 2 coats of unthinned, organic zinc-rich primer to metal conduit before painting. Use a primer on the Authorized Material List for organic zinc-rich primers. Do not use aerosol cans. Do not remove shop-installed conduit couplings.
For conduits, paint:
1.	All exposed threads
2.	Field-cut threads, before installing conduit couplings to metal conduit
3.	Damaged surfaces on metal conduit

If a Type 2 conduit or conduit coupling coating is damaged:
1.	Clean the conduit or fitting and paint it with 1 coat of rubber-resin-based adhesive under the manufacturer's instructions
2.	Wrap the damaged coating with at least 1 layer of 2-inch-wide, 20 mils-minimum-thickness, PVC tape under ASTM D1000 with a minimum tape overlap of 1/2 inch

You may repair damaged spots of 1/4 inch or less in diameter in the thermoplastic coating by painting with a brushing-type compound supplied by the conduit manufacturer.
If factory bends are not used, bend the conduit to a radius no less than 6 times its inside diameter without crimping or flattening it. Comply with the bending requirements shown in the following table:
	Conduit-Bending Requirements

	Type
	Requirement

	1
	Use equipment and methods under the conduit manufacturer's instructions.

	2
	Use a standard bending tool designed for use on thermoplastic-coated conduit. The conduit must be free of burrs and pits.

	3
	Use equipment and methods under the conduit manufacturer's instructions. Do not expose the conduit to a direct flame.

	5
	Use equipment and methods under the conduit manufacturer's instructions.



Install pull tape with at least 2 feet of slack in each end of the conduit that will remain empty. Attach the tape's ends to the conduit.
Install conduit terminating in a standard or pedestal from 2 to 3 inches above the foundation. Slope the conduit toward the handhole opening.
Terminate conduit installed through the bottom of a nonmetallic pull box 2 inches above the bottom and 2 inches from the wall closest to the direction of the run.
[bookmark: _Toc424736945][bookmark: _Toc425170785][bookmark: _Toc427906309][bookmark: _Toc427910406][bookmark: _Toc428026970][bookmark: _Toc428427280][bookmark: _Toc433967355][bookmark: _Toc440357285][bookmark: _Toc441217846]87-1.03B(2)  Conduit Installation for Structures
[bookmark: _Toc424736946][bookmark: _Toc425170786][bookmark: _Toc427906310][bookmark: _Toc427910407][bookmark: _Toc428026971][bookmark: _Toc428427281][bookmark: _Toc433967356][bookmark: _Toc440357286][bookmark: _Toc441217847]87-1.03B(2)(a)  General
Paint exposed Type 1 conduit the same color as the structure.
[bookmark: _Toc424736947][bookmark: _Toc425170787]Install galvanized steel hangers, steel brackets, and other fittings to support conduit in or on a wall or bridge.
[bookmark: _Toc427906311][bookmark: _Toc427910408][bookmark: _Toc428026972][bookmark: _Toc428427282][bookmark: _Toc433967357][bookmark: _Toc440357287][bookmark: _Toc441217848]87-1.03B(2)(b)  New Structures
Seal and make watertight the conduits which lead to soffits, wall-mounted luminaires, other lights, and fixtures located below the pull box grade.
If you place a conduit through the side of a nonmetallic pull box, terminate the conduit 2 inches from the wall and 2 inches above the bottom. Slope the conduit toward the top of the box to facilitate pulling conductors.
For ease of installation and if authorized, you may use Type 4 conduit instead of Type 1 conduit for the final 2 feet of conduit entering a pull box in a reinforced concrete structure.
Install an expansion fitting where a conduit crosses an expansion joint in a structure. Each expansion fitting for metal conduit must include a copper bonding jumper having the ampacity as specified in NEC.
Install an expansion-deflection fitting for an expansion joint with a 1-1/2-inch movement rating. The fitting must be watertight and include a molded neoprene sleeve, a bonding jumper, and 2 silicon bronze or zinc-plated iron hubs.
For an expansion joint with a movement rating greater than 1-1/2 inches, install the expansion-deflection fitting as shown.
For conduit installed inside of bridge structures, you must:
1.	Install precast concrete cradles made of minor concrete and commercial-quality welded wire fabric. The minor concrete must contain a minimum of 590 lb of cementitious material per cubic yard. The cradles must be moist cured for a minimum of 3 days.
2.	Bond precast concrete cradles to a wall or bridge superstructure with one of the following:
2.1.	Epoxy adhesive for bonding freshly-mixed concrete to hardened concrete.
2.2.	Rapid-set epoxy adhesive for pavement markers.
2.3.	Standard-set epoxy adhesive for pavement markers.
3.	Use a pipe sleeve or form an opening for a conduit through a bridge superstructure. The sleeve or opening through a prestressed member or conventionally reinforced precast member must be:
3.1.	Oriented transverse to the member.
3.2.	Located through the web.
3.3.	No more than 4 inches in size.
4.	Wrap the conduit with 2 layers of asphalt felt building paper and securely tape or wire the paper in place for a conduit passing through a bridge abutment wall. Fill the space around the conduit with mortar under section 51-1, except the proportion of cementitious material to sand must be 1 to 3. Fill the space around the conduits after prestressing is completed.

[bookmark: _Toc424736948][bookmark: _Toc425170788][bookmark: _Toc427906312][bookmark: _Toc427910409][bookmark: _Toc428026973][bookmark: _Toc428427283]Thread and cap a conduit installed for future use in structures. Mark the location of the conduit's end in a structure, curb, or wall directly above the conduit with a Y that is 3 inches tall.
[bookmark: _Toc433967358][bookmark: _Toc440357288][bookmark: _Toc441217849]87-1.03B(2)(c)  Existing Structures
Run surface-mounted conduit straight and true, horizontal or vertical on the wall, and parallel to walls on ceilings or similar surfaces. Support the conduit at a maximum of 5-foot intervals where needed to prevent vibration or deflection. Support the conduit using galvanized, malleable-iron, conduit clamps, and clamp backs secured with expansion anchorage devices complying with section 75-3.02C. Use the largest diameter of galvanized, threaded studs that will pass through the mounting hole in the conduit clamp.
[bookmark: _Toc424736949][bookmark: _Toc425170789][bookmark: _Toc427906313][bookmark: _Toc427910410][bookmark: _Toc428026974][bookmark: _Toc428427284][bookmark: _Toc433967359][bookmark: _Toc440357289][bookmark: _Toc441217850]87-1.03B(3)  Conduit Installation Underground
[bookmark: _Toc424736950][bookmark: _Toc425170790][bookmark: _Toc427906314][bookmark: _Toc427910411][bookmark: _Toc428026975][bookmark: _Toc428427285][bookmark: _Toc433967360][bookmark: _Toc440357290][bookmark: _Toc441217851]87-1.03B(3)(a)  General
Install conduit to a depth of:
1.	14 inches for the trench-in-pavement method
2.	18 inches, minimum, under sidewalk and curbed paved median areas
3.	42 inches, minimum, below the bottom of the rail of railroad tracks
4.	30 inches, minimum, everywhere else below grade

Place conduit couplings at a minimum of 6 inches from the face of a foundation.
Place a minimum of 2 inches of sand bedding in a trench before installing Type 2 or Type 3 conduit and 4 inches of sand bedding over the conduit before placing additional backfill material.
If installing conduit within the limits of hazardous locations as specified in NEC for Class I, division 1, install and seal Type 1 or Type 2 conduit with explosion-proof sealing fittings.
[bookmark: _Toc424736951][bookmark: _Toc425170791][bookmark: _Toc427906315][bookmark: _Toc427910412][bookmark: _Toc428026976][bookmark: _Toc428427286][bookmark: _Toc433967361][bookmark: _Toc440357291][bookmark: _Toc441217852]87-1.03B(3)(b)  Conduit Installation under Paved Surfaces
You may lay conduit on existing pavement within a new curbed median constructed on top.
Install conduit under existing pavement by the jacking or drilling methods. You may use the trench-in-pavement method for either of the following conditions:
1.	If conduit is to be installed behind the curb under the sidewalk
2.	If the delay to vehicles will be less than 5 minutes

Do not use the trench-in-pavement method for conduit installations under freeway lanes or freeway-to-freeway connector ramps.
[bookmark: _Toc424736952][bookmark: _Toc425170792][bookmark: _Toc427906316][bookmark: _Toc427910413][bookmark: _Toc428026977][bookmark: _Toc428427287][bookmark: _Toc433967362][bookmark: _Toc440357292][bookmark: _Toc441217853]87-1.03B(3)(c)  Reserved
[bookmark: _Toc424736953][bookmark: _Toc425170793][bookmark: _Toc427906317][bookmark: _Toc427910414][bookmark: _Toc428026978][bookmark: _Toc428427288][bookmark: _Toc433967363][bookmark: _Toc440357293][bookmark: _Toc441217854]87-1.03B(3)(d)  Conduit Installation under Railroad Tracks
Install Type 1 or Type 2 conduit with a minimum diameter of 1-1/2 inches under railroad tracks. If you use the jacking or drilling method to install the conduit, construct the jacking pit a minimum of 13 feet from the tracks' centerline at the near side of the pit. Cover the jacking pit with planking if left overnight.
[bookmark: _Toc424736954][bookmark: _Toc425170794][bookmark: _Toc427906318][bookmark: _Toc427910415][bookmark: _Toc428026979][bookmark: _Toc428427289][bookmark: _Toc433967364][bookmark: _Toc440357294][bookmark: _Toc441217855]87-1.03B(4)  Reserved
[bookmark: _Toc424736955][bookmark: _Toc425170795][bookmark: _Toc427906319][bookmark: _Toc427910416][bookmark: _Toc428026980][bookmark: _Toc428427290][bookmark: _Toc433967365][bookmark: _Toc440357295][bookmark: _Toc441217856]87-1.03B(5)  Conduit Installation by the Jacking or Drilling Method
Keep the jacking or drilling pit 2 feet away from the pavement's edge. Do not weaken the pavement or soften the subgrade with excessive use of water.
If an obstruction is encountered, obtain authorization to cut small holes in the pavement to locate or remove the obstruction.
You may install Type 2 or Type 3 conduit under the pavement if a hole larger than the conduit's diameter is predrilled. The predrilled hole must be less than one and half the conduit's diameter.
Remove the conduit used for drilling or jacking and install new conduit for the completed work.
[bookmark: _Toc424736956][bookmark: _Toc425170796][bookmark: _Toc427906320][bookmark: _Toc427910417][bookmark: _Toc428026981][bookmark: _Toc428427291][bookmark: _Toc433967366][bookmark: _Toc440357296][bookmark: _Toc441217857]87-1.03B(6)  Conduit Installation by the Trenching-In-Pavement Method
Install conduit by the trenching-in-pavement method using a trench approximately 2 inches wider than the conduit's outside diameter but not exceeding 6 inches in width.
Where additional pavement is to be placed, you must complete the trenching before the final pavement layer is applied.
If the conduit shown is to be installed under the sidewalk, you may install it in the street within 3 feet of and parallel to the face of the curb. Install pull boxes behind the curb.
Cut the trench using a rock-cutting excavator. Minimize the shatter outside the removal area of the trench.
Dig the trench by hand to the required depth at pull boxes.
Place conduit in the trench.
Backfill the trench with minor concrete to the pavement's surface by the end of each work day. If the trench is in asphalt concrete pavement and no additional pavement is to be placed, backfill the top 0.10 foot of the trench with minor HMA within 3 days after trenching.
[bookmark: _Toc419969237][bookmark: _Toc419970482][bookmark: _Toc419982579][bookmark: _Toc421190622][bookmark: _Toc421192028][bookmark: _Toc421255878][bookmark: _Toc421258306][bookmark: _Toc421280217][bookmark: _Toc422896782][bookmark: _Toc424736994][bookmark: _Toc425170834][bookmark: _Toc427906368][bookmark: _Toc427910465][bookmark: _Toc428027029][bookmark: _Toc428427339][bookmark: _Toc433967369][bookmark: _Toc440357298][bookmark: _Toc441217858]87-1.03C  Installation of Pull Boxes
[bookmark: _Toc421190623][bookmark: _Toc421192029][bookmark: _Toc421255879][bookmark: _Toc421258307][bookmark: _Toc421280218][bookmark: _Toc422896783][bookmark: _Toc424736995][bookmark: _Toc425170835][bookmark: _Toc427906369][bookmark: _Toc427910466][bookmark: _Toc428027030][bookmark: _Toc428427340][bookmark: _Toc433967370][bookmark: _Toc440357299][bookmark: _Toc441217859]87-1.03C(1)  General
Install pull boxes no more than 200 feet apart.
You may install larger pull boxes than specified or shown and additional pull boxes to facilitate the work except in structures.
Install a pull box on a bed of crushed rock and grout it before installing conductors. The grout must be from 0.5 to 1 inch thick and sloped toward the drain hole. Place a layer of roofing paper between the grout and the crushed rock sump. Make a 1-inch drain hole through the grout at the center of the pull box.
Set the pull box such that the top is 1-1/4 inches above the surrounding grade in unpaved areas and leveled with the finished grade in sidewalks and other paved areas.
Place the cover on the box when not working in it.
Grout around conduits that are installed through the sides of the pull box.
Bond and ground the metallic conduit before installing conductors and cables in the conduit.
Bond metallic conduits in a nonmetallic pull box using bonding bushings and bonding jumpers.
Do not install pull boxes in concrete pads, curb ramps, or driveways.
[bookmark: _Toc382035550][bookmark: _Toc382478641][bookmark: _Toc384897872][bookmark: _Toc390662237][bookmark: _Toc390667628][bookmark: _Toc393114541][bookmark: _Toc393119599][bookmark: _Toc393282749][bookmark: _Toc393877192][bookmark: _Toc398810449][bookmark: _Toc402181659][bookmark: _Toc403120654][bookmark: _Toc405971416][bookmark: _Toc416435815][bookmark: _Toc421190624][bookmark: _Toc421192030][bookmark: _Toc421255880][bookmark: _Toc421258308][bookmark: _Toc421280219][bookmark: _Toc422896784][bookmark: _Toc424736996][bookmark: _Toc425170836][bookmark: _Toc427906370][bookmark: _Toc427910467][bookmark: _Toc428027031][bookmark: _Toc428427341]Reconstruct the sump of a pull box if disturbed by your activities. If the sump was grouted, remove and replace the grout.
[bookmark: _Toc433967371][bookmark: _Toc440357300][bookmark: _Toc441217860]87-1.03C(2)  Nontraffic Pull Boxes
If you bury a nontraffic pull box, set the box such that the top is 6 to 8 inches below the surrounding grade. Place a 20-mil-thick plastic sheet made of HDPE or PVC virgin compounds to prevent water from entering the box.
Place mortar between a nontraffic pull box and a pull box extension.
Where a nontraffic pull box is in the vicinity of curb in an unpaved area, place the box adjacent to the back of the curb if practical.
Where a nontraffic pull box is adjacent to a post or standard, place the box within 5 feet upstream from traffic if practical.
[bookmark: _Toc380742274][bookmark: _Toc382035551][bookmark: _Toc382478642][bookmark: _Toc384897873][bookmark: _Toc390662238][bookmark: _Toc390667629][bookmark: _Toc393114542][bookmark: _Toc393119600][bookmark: _Toc393282750][bookmark: _Toc393877193][bookmark: _Toc398810450][bookmark: _Toc402181660][bookmark: _Toc403120655][bookmark: _Toc405971417][bookmark: _Toc416435816][bookmark: _Toc421190625][bookmark: _Toc421192031][bookmark: _Toc421255881][bookmark: _Toc421258309][bookmark: _Toc421280220][bookmark: _Toc422896785][bookmark: _Toc424736997]If you replace the cover on a nontraffic pull box, anchor it to the box.
[bookmark: _Toc425170837][bookmark: _Toc427906371][bookmark: _Toc427910468][bookmark: _Toc428027032][bookmark: _Toc428427342][bookmark: _Toc433967372][bookmark: _Toc440357301][bookmark: _Toc441217861]87-1.03C(3)  Traffic Pull Boxes
Place minor concrete around and under a traffic pull box.
Bolt the steel cover to the box when not working in it.
[bookmark: _Toc422896786][bookmark: _Toc424736998][bookmark: _Toc425170838][bookmark: _Toc427906372][bookmark: _Toc427910469][bookmark: _Toc428027033][bookmark: _Toc428427343]Bond the steel cover to the conduit with a jumper and bolt it down after installing the conductors and cables.
[bookmark: _Toc433967373][bookmark: _Toc440357302][bookmark: _Toc441217862]87-1.03C(4)  Structure Pull Boxes
Bond metallic conduit in a metal pull box in a structure using locknuts, inside and outside of the box, bonding bushings, and bonding jumpers connected to bonding wire running in the conduit system.
[bookmark: _Toc440357304][bookmark: _Toc441217863][bookmark: _Toc421190581][bookmark: _Toc421191987][bookmark: _Toc421255837][bookmark: _Toc421258265][bookmark: _Toc421280176][bookmark: _Toc422896738][bookmark: _Toc424736925][bookmark: _Toc425170765][bookmark: _Toc427906282][bookmark: _Toc427910379][bookmark: _Toc428026943][bookmark: _Toc428427253][bookmark: _Toc433967375][bookmark: _Toc427906323][bookmark: _Toc427910420][bookmark: _Toc428026984][bookmark: _Toc428427294]87-1.03D  Reserved
[bookmark: _Toc440357305][bookmark: _Toc441217864]87-1.03E  Excavating and Backfilling for Electrical Systems
[bookmark: _Toc427906283][bookmark: _Toc427910380][bookmark: _Toc428026944][bookmark: _Toc428427254][bookmark: _Toc433967376][bookmark: _Toc440357306][bookmark: _Toc441217865]87-1.03E(1)  General
Notify the Engineer at least 72 hours before starting excavation activities.
Dispose of surplus excavated material.
Restrict closures for excavation on a street or highway to 1 lane at a time unless otherwise specified.
[bookmark: _Toc427906284][bookmark: _Toc427910381][bookmark: _Toc428026945][bookmark: _Toc428427255][bookmark: _Toc433967377][bookmark: _Toc440357307][bookmark: _Toc441217866]87-1.03E(2)  Trenching
Dig a trench for the electrical conduits or direct burial cables. Do not excavate until the conduit or direct burial cable will be installed.
Place excavated material in a location that will not interfere with traffic or surface drainage.
After placing the conduit or direct burial cable, backfill the trench with the excavated material. Compact the backfill placed outside the hinge point of slopes and not under pavement to a minimum relative compaction of 90 percent.
Compact the backfill placed within the hinge points and in areas where pavement is to be constructed to a minimum relative compaction of 95 percent.
Restore the sidewalks, pavement, and landscaping at a location before starting excavation at another location.
[bookmark: _Toc427906285][bookmark: _Toc427910382][bookmark: _Toc428026946][bookmark: _Toc428427256][bookmark: _Toc433967378][bookmark: _Toc440357308][bookmark: _Toc441217867]87-1.03E(3)  Concrete Pads, Foundations, and Pedestals
Construct foundations for standards, poles, metal pedestals, and posts under section 56-3.
Construct concrete pads, foundations, and pedestals for controller cabinets, telephone demarcation cabinets, and service equipment enclosures on firm ground.
Install anchor bolts using a template to provide proper spacing and alignment. Moisten the forms and ground before placing the concrete. Keep the forms in place until the concrete sets for at least 24 hours to prevent damage to the surface.
Use minor concrete for pads, foundations, and pedestals.
In unpaved areas, place the top of the foundation 6 inches above the surrounding grade, except place the top:
1.	1 foot 6 inches above the grade for Type M and 336L cabinets
2.	1 foot 8 inches above the grade for Type C telephone demarcation cabinets
3.	2 inches above the grade for Type G and Type A cabinets and Type III service equipment enclosures

The pad must be 2 inches above the surrounding grade.
In and adjacent to the sidewalk and other paved areas, place the top of the foundation 4 inches above the surrounding grade, except place the top:
1.	1 foot 6 inches above the grade for Type M and 336L cabinets
2.	1 foot 8 inches above the grade for Type C telephone demarcation cabinets
3.	Level with the finished grade for Type G and Type A cabinets and Type III service equipment enclosures

The pad must be level with the finished grade.
Apply an ordinary surface finish under section 51-1.03F.
Allow the foundation to cure for at least 7 days before installing any equipment.
[bookmark: _Toc433967379][bookmark: _Toc440357309][bookmark: _Toc441217868]87-1.03F  Conductors and Cable Installations
[bookmark: _Toc427906324][bookmark: _Toc427910421][bookmark: _Toc428026985][bookmark: _Toc428427295][bookmark: _Toc433967380][bookmark: _Toc440357310][bookmark: _Toc441217869]87-1.03F(1)  General
The installation of conductors and cables includes splicing conductors and attaching the terminals and connectors to the conductors.
Clean the conduit and pull all conductors and cables as a unit.
If new conductors or cables are to be added in an existing conduit:
1	Remove the content
2.	Clean the conduit
3.	Pull both old and new conductors and cables as a unit

Wrap conductors and secure cables to the end of the conduit in a pull box.
Seal the ends of conduits with a sealing compound after installing conductors or cables.
[bookmark: _Toc427906325][bookmark: _Toc427910422][bookmark: _Toc428026986][bookmark: _Toc428427296]Neatly arrange conductors and cables inside pull boxes and cabinets. Tie the conductors and cables together with self-clinching nylon cable ties or enclose them in a plastic tubing or raceway.
Identify conductors and cables by direct labeling, tags, or bands fastened in such a way that they will not move. Use mechanical methods for labeling.
Provide band symbol identification on each conductor or each group of conductors comprising a signal phase in each pull box and near the end of terminated conductors.
Tape the ends of unused conductors and cables in pull boxes to form a watertight seal.
Do not connect the push-button or accessible pedestrian signal neutral conductor to the signal neutral conductor.
[bookmark: _Toc433967381][bookmark: _Toc440357311][bookmark: _Toc441217870]87-1.03F(2)  Cables
[bookmark: _Toc427906326][bookmark: _Toc427910423][bookmark: _Toc428026987][bookmark: _Toc428427297][bookmark: _Toc433967382][bookmark: _Toc440357312][bookmark: _Toc441217871]87-1.03F(2)(a)  General
Reserved
[bookmark: _Toc427906328][bookmark: _Toc427910425][bookmark: _Toc428026989][bookmark: _Toc428427299][bookmark: _Toc433967383][bookmark: _Toc440357313][bookmark: _Toc441217872]87-1.03F(2)(b)  Reserved
[bookmark: _Toc427906329][bookmark: _Toc427910426][bookmark: _Toc428026990][bookmark: _Toc428427300][bookmark: _Toc433967384][bookmark: _Toc440357314][bookmark: _Toc441217873]87-1.03F(2)(c)  Copper Cables
[bookmark: _Toc433967385][bookmark: _Toc440357315][bookmark: _Toc441217874]87-1.03F(2)(c)(i)  General
Reserved
[bookmark: _Toc427906331][bookmark: _Toc427910428][bookmark: _Toc428026992][bookmark: _Toc428427302][bookmark: _Toc433967386][bookmark: _Toc440357316][bookmark: _Toc441217875]87-1.03F(2)(c)(ii)  Detector Lead-in Cables
Install a Type B or C detector lead-in cable in conduit.
Waterproof the ends of the lead-in cable before installing it in the conduit to prevent moisture from entering the cable.
Splice loop conductors for each direction of travel for the same phase, terminating in the same pull box, to a separate lead‑in cable running from the pull box adjacent to the loop detector to a sensor unit mounted in the controller cabinet. Install the lead-in cable without splices except at the pull box.
[bookmark: _Toc427906332][bookmark: _Toc427910429][bookmark: _Toc428026993][bookmark: _Toc428427303]Verify in the presence of the Engineer that the loops are operational before making the final splices between loop conductors and the lead-in cable.
Identify and tag each lead-in cable with the detector designation at the cabinet and pull box adjacent to the loops.
[bookmark: _Toc433967387][bookmark: _Toc440357317][bookmark: _Toc441217876]87-1.03F(2)(c)(iii)  Conductors Signal Cables
Do not splice signal cables except for a 28-conductor cable.
Provide identification at the ends of terminated conductors in a cable as shown.
Provide identification for each cable in each pull box showing the signal standard to which it is connected except for the 28-conductor cable.
Connect conductors in a 12-conductor cable as shown in the following table:
	12CSC Color Code and Functional Connection

	Color code
	Termination
	Phase

	Red
	Red signal
	2, 4, 6, or 8

	Yellow
	Yellow signal
	2, 4, 6, or 8

	Brown
	Green signal
	2, 4, 6, or 8

	Red/black stripe
	Red signal
	1, 3, 5, or 7

	Yellow/black stripe
	Yellow signal
	1, 3, 5, or 7

	Brown/black stripe
	Green signal
	1, 3, 5, or 7

	Black/red stripe
	Spare or as required for red or DONT WALK
	--

	Black/white stripe
	Spare or as required for yellow
	--

	Black
	Spare or as required for green or WALK
	--

	Red/white stripe
	Pedestrian signal DONT WALK
	--

	Brown/white stripe
	Pedestrian signal WALK
	--

	White
	Terminal block
	Neutral



Provide identification for each 28‑conductor cable C1 or C2 in each pull box. The cable labeled C1 must be used for signal phases 1, 2, 3, and 4. The cable labeled C2 must be used for signal phases 5, 6, 7, and 8.
Connect conductors in a 28-conductor cable as shown in the following table:
	28CSC Color Code and Functional Connection

	Color code
	Termination
	Phase

	Red/black stripe
	Red signal
	2 or 6

	Yellow/black stripe
	Yellow signal
	2 or 6

	Brown/black stripe
	Green signal
	2 or 6

	Red/orange stripe
	Red signal
	4 or 8

	Yellow/orange stripe
	Yellow signal
	4 or 8

	Brown/orange stripe
	Green signal
	4 or 8

	Red/silver stripe
	Red signal
	1 or 5

	Yellow/silver stripe
	Yellow signal
	1 or 5

	Brown/silver stripe
	Green signal
	1 or 5

	Red/purple stripe
	Red signal
	3 or 7

	Yellow/purple stripe
	Yellow signal
	3 or 7

	Brown/purple stripe
	Green signal
	3 or 7

	Red/2 black stripes
	Pedestrian signal DONT WALK
	2 or 6

	Brown/2 black stripes
	Pedestrian signal WALK
	2 or 6

	Red/2 orange stripes
	Pedestrian signal DONT WALK
	4 or 8

	Brown/2 orange stripes
	Pedestrian signal WALK
	4 or 8

	Red/2 silver stripes
	Overlap A, C
	OLAa, OLCa

	Brown/2 silver stripes
	Overlap A, C
	OLAc, OLCc

	Red/2 purple stripes
	Overlap B, D
	OLBa, OLDa

	Brown/2 purple stripes
	Overlap B, D
	OLBc, OLDc

	Blue/black stripe
	Pedestrian push button
	2 or 6

	Blue/orange stripe
	Pedestrian push button
	4 or 8

	Blue/silver stripe
	Overlap A, C
	OLAb, OLCb

	Blue/purple stripe
	Overlap B, D
	OLBb, OLDb

	White/black stripe
	Pedestrian push button common
	--

	Black/red stripe
	Railroad preemption
	--

	Black
	Spare
	--

	White
	Terminal block
	Neutral

	OL = Overlap; A, B, C, and D = Overlapping phase designation
aFor red phase designation
bFor yellow phase designation
cFor green phase designation



[bookmark: _Toc427906333][bookmark: _Toc427910430][bookmark: _Toc428026994][bookmark: _Toc428427304]Use the neutral conductor only with the phases associated with that cable. Do not intermix neutral conductors from different cables except at the signal controller.
[bookmark: _Toc433967388][bookmark: _Toc440357318][bookmark: _Toc441217877]87-1.03F(2)(c)(iv)  Signal Interconnect Cable
For a signal interconnect cable, provide a minimum of 6 feet of slack inside each controller cabinet.
Do not splice the cable unless authorized.
[bookmark: _Toc427906334][bookmark: _Toc427910431][bookmark: _Toc428026995][bookmark: _Toc428427305]If splices are authorized, insulate the conductor splices with heat-shrink tubing and overlap the insulation at least 0.6 inch. Cover the splice area of the cable with heat-shrink tubing and overlap the cable jacket at least 1-1/2 inches. Provide a minimum of 3 feet of slack at each splice.
[bookmark: _Toc427906337][bookmark: _Toc427910434][bookmark: _Toc428026998][bookmark: _Toc428427308][bookmark: _Toc433967389][bookmark: _Toc440357319][bookmark: _Toc441217878]87-1.03F(3)  Conductors
[bookmark: _Toc433967390][bookmark: _Toc440357320][bookmark: _Toc441217879][bookmark: _Toc421190599][bookmark: _Toc421192005][bookmark: _Toc421255855][bookmark: _Toc421258283][bookmark: _Toc421280194][bookmark: _Toc422896757][bookmark: _Toc424736960][bookmark: _Toc425170800][bookmark: _Toc427906338][bookmark: _Toc427910435][bookmark: _Toc428026999][bookmark: _Toc428427309]87-1.03F(3)(a)  General
Do not run conductors to a terminal block on a standard unless they are to be connected to a signal head mounted on that standard.
Provide 3 spare conductors in all conduits containing ramp metering and traffic signal conductors.
Install a separate conductor for each terminal of a push button assembly and accessible pedestrian signal.
Provide conductor slack to comply with the requirements shown in the following table:
	Conductor Slack Requirements

	Location
	Slack (feet)

	Signal standard
	1

	Lighting standard
	1

	Signal and lighting standard
	1

	Pull box
	3

	Splice
	3

	Standards with slip base
	0



[bookmark: _Toc433967391][bookmark: _Toc440357321][bookmark: _Toc441217880][bookmark: _Toc424736965][bookmark: _Toc425170805][bookmark: _Toc427906343][bookmark: _Toc427910440][bookmark: _Toc428027004][bookmark: _Toc428427314]87-1.03F(3)(b)  Reserved
[bookmark: _Toc433967392][bookmark: _Toc440357322][bookmark: _Toc441217881]87-1.03F(3)(c)  Copper Conductors
[bookmark: _Toc433967393][bookmark: _Toc440357323][bookmark: _Toc441217882]87-1.03F(3)(c)(i)  General
Install a minimum no. 8, insulated, grounding copper conductor in conduit and connect it to all-metal components.
Where conductors from different service points occupy the same conduit or standard, enclose the conductors from one of the services in flexible or rigid metal conduit.
[bookmark: _Toc422896759][bookmark: _Toc424736968][bookmark: _Toc425170808][bookmark: _Toc427906346][bookmark: _Toc427910443][bookmark: _Toc428027007][bookmark: _Toc428427317][bookmark: _Toc433967394][bookmark: _Toc440357324][bookmark: _Toc441217883][bookmark: _Toc382035449][bookmark: _Toc382478534][bookmark: _Toc384897756][bookmark: _Toc390662155][bookmark: _Toc390667546][bookmark: _Toc393114459][bookmark: _Toc393119518][bookmark: _Toc393282663][bookmark: _Toc393877106][bookmark: _Toc398810291][bookmark: _Toc402181568][bookmark: _Toc403120563][bookmark: _Toc405971325][bookmark: _Toc416435724][bookmark: _Toc421190601][bookmark: _Toc421192007][bookmark: _Toc421255857][bookmark: _Toc421258285][bookmark: _Toc421280196]87-1.03F(3)(c)(ii)  Inductive Loop Conductors
Install a Type 1 or 2 inductive loop conductor except use Type 2 for Type E loop detectors.
Install the conductor without splices except at the pull box.
[bookmark: _Toc433967395][bookmark: _Toc440357325][bookmark: _Toc441217884][bookmark: _Toc424736972][bookmark: _Toc425170812][bookmark: _Toc427906347][bookmark: _Toc427910444][bookmark: _Toc428027008][bookmark: _Toc428427318]87-1.03F(4)  Manual Installation Method
Use an inert lubricant for placing conductors and cables in conduit.
Pull the conductors and cables into the conduit by hand using pull tape.
[bookmark: _Toc433967398][bookmark: _Toc440357328][bookmark: _Toc441217885][bookmark: _Toc380742184][bookmark: _Toc382035459][bookmark: _Toc382478544][bookmark: _Toc384897766][bookmark: _Toc390662165][bookmark: _Toc390667556][bookmark: _Toc393114469][bookmark: _Toc393119528][bookmark: _Toc393282674][bookmark: _Toc393877117][bookmark: _Toc398810306][bookmark: _Toc402181579][bookmark: _Toc403120574][bookmark: _Toc405971336][bookmark: _Toc416435735][bookmark: _Toc419969231][bookmark: _Toc419970476][bookmark: _Toc419982573][bookmark: _Toc421190604][bookmark: _Toc421192010][bookmark: _Toc421255860][bookmark: _Toc421258288][bookmark: _Toc421280199][bookmark: _Toc422896764][bookmark: _Toc424736976][bookmark: _Toc425170816][bookmark: _Toc427906350][bookmark: _Toc427910447][bookmark: _Toc428027011][bookmark: _Toc428427321]87-1.03G  Equipment Identification Characters
The Engineer provides you with a list of the equipment identification characters.
Stencil the characters or apply the reflective self-adhesive labels to a clean surface.
Treat the edges of self-adhesive characters with an edge sealant.
Place the characters on the side facing traffic on:
1.	Front doors of cabinets and service equipment enclosures.
2.	Wood poles, fastened with 1-1/4-inch aluminum nails, for pole mounted enclosures
3.	Adjacent bent or abutment at approximately the same station as an illuminated sign or soffit luminaire
4.	Underside of the structure adjacent to the illuminated sign or soffit luminaire if no bent or abutment exists nearby
5.	Posts of overhead signs
6.	Standards

[bookmark: _Toc382035390][bookmark: _Toc382478475][bookmark: _Toc384897695][bookmark: _Toc390662116][bookmark: _Toc390667507][bookmark: _Toc393114420][bookmark: _Toc393119479][bookmark: _Toc393282621][bookmark: _Toc393877064][bookmark: _Toc398810230][bookmark: _Toc402181525][bookmark: _Toc403120520][bookmark: _Toc405971282][bookmark: _Toc416435681][bookmark: _Toc419969223][bookmark: _Toc419970468][bookmark: _Toc419982565][bookmark: _Toc421190584][bookmark: _Toc421191990][bookmark: _Toc421255840][bookmark: _Toc421258268][bookmark: _Toc421280179][bookmark: _Toc422896741][bookmark: _Toc424736928][bookmark: _Toc425170768][bookmark: _Toc427906289][bookmark: _Toc427910386][bookmark: _Toc428026950][bookmark: _Toc428427260]Before placing new characters on existing or relocated equipment, remove the existing characters.
[bookmark: _Toc433967399][bookmark: _Toc440357329][bookmark: _Toc441217886]87-1.03H  Conductor and Cables Splices
[bookmark: _Toc421190605][bookmark: _Toc421192011][bookmark: _Toc421255861][bookmark: _Toc421258289][bookmark: _Toc421280200][bookmark: _Toc422896765][bookmark: _Toc424736977][bookmark: _Toc425170817][bookmark: _Toc427906351][bookmark: _Toc427910448][bookmark: _Toc428027012][bookmark: _Toc428427322][bookmark: _Toc433967400][bookmark: _Toc440357330][bookmark: _Toc441217887]87-1.03H(1)  General
You may splice:
1.	Grounded conductors in a pull box
2.	Accessible pedestrian signal and push bottom conductors in a pull box
3.	Ungrounded signal conductors in a pull box if signals are modified
4.	Ungrounded signal conductors to a terminal compartment or a signal head on a standard with conductors of the same phase in the pull box adjacent to the standard
5.	Ungrounded lighting circuit conductors in a pull box if lighting circuits are modified

[bookmark: _Toc382035460][bookmark: _Toc382478545][bookmark: _Toc384897767][bookmark: _Toc390662166][bookmark: _Toc390667557][bookmark: _Toc393114470][bookmark: _Toc393119529][bookmark: _Toc393282675][bookmark: _Toc393877118][bookmark: _Toc398810307][bookmark: _Toc402181580][bookmark: _Toc403120575][bookmark: _Toc405971337][bookmark: _Toc416435736][bookmark: _Toc421190606][bookmark: _Toc421192012][bookmark: _Toc421255862][bookmark: _Toc421258290][bookmark: _Toc421280201][bookmark: _Toc422896766][bookmark: _Toc424736978][bookmark: _Toc425170818][bookmark: _Toc427906352][bookmark: _Toc427910449][bookmark: _Toc428027013][bookmark: _Toc428427323][bookmark: _Toc433967401]Solder all splices using the hot iron, pouring, or dipping method. Do not perform open-flame soldering.
[bookmark: _Toc440357331][bookmark: _Toc441217888]87-1.03H(2)  Splice Insulation Methods
Insulate splices in a multiconductor cable to form a watertight joint and to prevent moisture absorption by the cable.
Use heat-shrink tubing or Method B to insulate a splice.
Use heat-shrink tubing as follows:
1.	Cover the splice area completely with an electrical insulating coating and allow it to dry.
2.	Place mastic around each conductor before placing them inside the tubing. Use the type of mastic specified in the tubing manufacturer's instructions.
3.	Heat the area under the manufacturer's instructions. Do not perform open-flame heating. After contraction, each end of the heat-shrink tubing or the open end of the tubing's end cap must overlap the conductor insulation at least 1-1/2 inches.
4.	Cover the entire splice with an electrical insulating coating and allow it to dry.

Use Method B as follows:
1.	Cover the splice area completely with an electrical insulating coating and allow it to dry.
2.	Apply 3 layers of half-lapped, 80-mils, PVC tape.
3.	Apply 2 layers of 120-mils, butyl-rubber, stretchable tape with liner.
4.	Apply 3 layers of half-lapped, 6-mils, PVC, pressure-sensitive, adhesive tape.
5.	Cover the entire splice with an electrical insulating coating and allow it to dry.

[bookmark: _Toc380742177][bookmark: _Toc382035452][bookmark: _Toc382478537][bookmark: _Toc384897759][bookmark: _Toc390662158][bookmark: _Toc390667549][bookmark: _Toc393114462][bookmark: _Toc393119521][bookmark: _Toc393282667][bookmark: _Toc393877110][bookmark: _Toc398810295][bookmark: _Toc402181572][bookmark: _Toc403120567][bookmark: _Toc405971329][bookmark: _Toc416435728][bookmark: _Toc419969230][bookmark: _Toc419970475][bookmark: _Toc419982572][bookmark: _Toc421190603][bookmark: _Toc421192009][bookmark: _Toc421255859][bookmark: _Toc421258287][bookmark: _Toc421280198][bookmark: _Toc422896763][bookmark: _Toc424736975][bookmark: _Toc425170815][bookmark: _Toc427906349][bookmark: _Toc427910446][bookmark: _Toc428027010][bookmark: _Toc428427320][bookmark: _Toc433967402][bookmark: _Toc440357332][bookmark: _Toc441217889]87-1.03I  Connectors and Terminals
Apply connectors and terminals to cables and conductors using a crimping compression tool under the manufacturer's instructions. The tool must prevent opening of the handles until the crimp is completed.
Install crimp-style terminal lugs on stranded conductors smaller than no. 14.
Solder no. 8 and smaller conductors to connectors and terminal lugs.
[bookmark: _Toc433967403][bookmark: _Toc440357333][bookmark: _Toc441217890]87-1.03J  Standards, Poles, Pedestals, and Posts
Install standards, poles, pedestals, and posts under section 56-3.
[bookmark: _Toc427906287][bookmark: _Toc427910384][bookmark: _Toc428026948][bookmark: _Toc428427258]Ground standards with a handhole by attaching a bonding jumper from the bolt or lug inside the standard to a metal conduit or to the grounding wire in the adjacent pull box. The bonding jumper must be visible when the handhole cover is removed.
Ground standards without a handhole or standards with a slip base by attaching a bonding jumper to all anchor bolts using ground clamps and connecting it to a metal conduit or to the grounding wire in the adjacent pull box. The bonding jumper must be visible after mortar has been placed on the foundation.
[bookmark: _Toc440357334][bookmark: _Toc441217891][bookmark: _Toc433967404][bookmark: _Toc424736993][bookmark: _Toc425170833][bookmark: _Toc427906367][bookmark: _Toc427910464][bookmark: _Toc428027028][bookmark: _Toc428427338]87-1.03K  Reserved
[bookmark: _Toc440357335][bookmark: _Toc441217892]87-1.03L  Utility Service
[bookmark: _Toc427906291][bookmark: _Toc427910388][bookmark: _Toc428026952][bookmark: _Toc428427262][bookmark: _Toc433967405][bookmark: _Toc440357336][bookmark: _Toc441217893]87-1.03L(1)  General
Install the service equipment early enough to allow the utility to complete its work before completion of the electrical work.
At least 15 days before permanent electrical and telecommunication service is required, request the service connections for permanent installations. The Department arranges with the utilities for completion of the connections and pays all costs and fees required by the utilities.
[bookmark: _Toc427906292][bookmark: _Toc427910389][bookmark: _Toc428026953][bookmark: _Toc428427263][bookmark: _Toc433967406][bookmark: _Toc440357337][bookmark: _Toc441217894]87-1.03L(2)  Electric Service
[bookmark: _Toc421190586][bookmark: _Toc421191992][bookmark: _Toc421255842][bookmark: _Toc421258270][bookmark: _Toc421280181][bookmark: _Toc422896743][bookmark: _Toc424736930][bookmark: _Toc425170770][bookmark: _Toc427906293][bookmark: _Toc427910390][bookmark: _Toc428026954][bookmark: _Toc428427264][bookmark: _Toc440357338][bookmark: _Toc441217895]87-1.03L(2)(a)  General
If service equipment is to be installed on a utility-owned pole, furnish and install the conduit, conductors, pull boxes, and other necessary material to complete the service installation. The service utility decides the position of the riser and equipment on the pole.
[bookmark: _Toc440357339][bookmark: _Toc441217896][bookmark: _Toc427906296][bookmark: _Toc427910393][bookmark: _Toc428026957][bookmark: _Toc428427267][bookmark: _Toc382035426][bookmark: _Toc382478511][bookmark: _Toc384897732][bookmark: _Toc390662133][bookmark: _Toc390667524][bookmark: _Toc393114437][bookmark: _Toc393119496][bookmark: _Toc393282639][bookmark: _Toc393877082][bookmark: _Toc398810267][bookmark: _Toc402181544][bookmark: _Toc403120539][bookmark: _Toc405971301][bookmark: _Toc416435700][bookmark: _Toc419969225][bookmark: _Toc419970470][bookmark: _Toc419982567][bookmark: _Toc421190588][bookmark: _Toc421191994][bookmark: _Toc421255844][bookmark: _Toc421258272][bookmark: _Toc421280183][bookmark: _Toc422896746][bookmark: _Toc424736933][bookmark: _Toc425170773]87-1.03L(2)(b)  Electric Service for Irrigation
Establishing electric service for irrigation includes installing conduit, conductors, and pull boxes and making connections from the service point to the irrigation controllers.
[bookmark: _Toc440357340][bookmark: _Toc441217897]87-1.03L(2)(c)  Electric Service for Booster Pumps
Establishing electric service for a booster pump includes installing conduit, conductors, and pull boxes and making connections from the service point to the booster pump enclosure.
[bookmark: _Toc433967407][bookmark: _Toc440357341][bookmark: _Toc441217898]87-1.03L(3)  Telecommunications Service
Establishing telecommunication service includes installing conduit, conductors, and pull boxes and making connections from the service point to the telephone demarcation cabinet.
[bookmark: _Toc433967408][bookmark: _Toc440357342][bookmark: _Toc441217899]87-1.03M  Photoelectric Controls
Mount the photoelectric unit on the top of the pole for Type I, II, and III photoelectric controls. Use mounting brackets where pole-top mounting is not possible. Orient the photoelectric unit to face north.
Mount the enclosure at a height of 6 feet above finished grade on the same standard as the photoelectric unit.
Install a minimum 100 VA, 480/120 V(ac) transformer in the contactor enclosure to provide 120 V(ac) for the photoelectric control unit when switching 480 V(ac), 60 Hz circuits.
[bookmark: _Toc382035461][bookmark: _Toc382478546][bookmark: _Toc384897768][bookmark: _Toc390662167][bookmark: _Toc390667558][bookmark: _Toc393114471][bookmark: _Toc393119530][bookmark: _Toc393282676][bookmark: _Toc393877119][bookmark: _Toc398810308][bookmark: _Toc402181581][bookmark: _Toc403120576][bookmark: _Toc405971338][bookmark: _Toc416435737][bookmark: _Toc421190607][bookmark: _Toc421192013][bookmark: _Toc421255863][bookmark: _Toc421258291][bookmark: _Toc421280202][bookmark: _Toc422896767][bookmark: _Toc424736979][bookmark: _Toc425170819][bookmark: _Toc427906353][bookmark: _Toc427910450][bookmark: _Toc428027014][bookmark: _Toc428427324][bookmark: _Toc433967409][bookmark: _Toc440357343][bookmark: _Toc441217900]87-1.03N  Fused Splice Connectors
Install a fuse splice connector in each ungrounded conductor for luminaires mounted on standards. The connector must be located in the pull box adjacent to the standard.
Crimp the connector terminals onto the ungrounded conductors using a tool under the manufacturer's instructions. Insulate the terminals and make them watertight.
[bookmark: _Toc433967410][bookmark: _Toc440357344][bookmark: _Toc441217901]87-1.03O  Grounding Electrodes
Install a grounding electrode for each cabinet, service equipment enclosure, and transformer.
Attach a grounding conductor from the electrode using either a ground clamp or exothermic weld. Connect the other end of the conductor to the cabinet, service equipment enclosure, and transformer.
[bookmark: _Toc433967411][bookmark: _Toc440357345][bookmark: _Toc441217902][bookmark: _Toc427906290][bookmark: _Toc427910387][bookmark: _Toc428026951][bookmark: _Toc428427261][bookmark: _Toc419969224][bookmark: _Toc419970469][bookmark: _Toc419982566][bookmark: _Toc421190585][bookmark: _Toc421191991][bookmark: _Toc421255841][bookmark: _Toc421258269][bookmark: _Toc421280180][bookmark: _Toc422896742][bookmark: _Toc424736929][bookmark: _Toc425170769]87-1.03P  Service Equipment Enclosures
Installing a service equipment enclosure includes constructing the foundation and pad and installing conduit, adjacent pull boxes, and grounding electrode.
Locate the foundation such that the minimum clearance around the front and back of the enclosure complies with NEC, article 110.26, "Spaces About Electrical Equipment, (600 V, nominal or less)."
[bookmark: _Toc424736941][bookmark: _Toc425170781][bookmark: _Toc427906305][bookmark: _Toc427910402][bookmark: _Toc428026966][bookmark: _Toc428427276][bookmark: _Toc380742157][bookmark: _Toc382035432][bookmark: _Toc382478517][bookmark: _Toc384897739][bookmark: _Toc393282646][bookmark: _Toc393877089][bookmark: _Toc398810274][bookmark: _Toc402181551][bookmark: _Toc403120546][bookmark: _Toc405971308][bookmark: _Toc416435707][bookmark: _Toc419969228][bookmark: _Toc419970473][bookmark: _Toc419982570][bookmark: _Toc421190597][bookmark: _Toc421192003][bookmark: _Toc421255853][bookmark: _Toc421258281][bookmark: _Toc421280192][bookmark: _Toc422896755][bookmark: _Toc382035437][bookmark: _Toc382478522][bookmark: _Toc384897744][bookmark: _Toc390662144][bookmark: _Toc390667535][bookmark: _Toc393114448][bookmark: _Toc393119507][bookmark: _Toc393282651][bookmark: _Toc393877094][bookmark: _Toc398810279][bookmark: _Toc402181556][bookmark: _Toc403120551][bookmark: _Toc405971313][bookmark: _Toc416435712]Bond and ground metal conduit as specified in NEC and by the service utility except the grounding electrode conductor must be no. 6 or larger.
If circuit breakers and components do not have a description on engraved phenolic nameplates, install them using stainless steel rivets or screws under section 86-1.02P(2).
[bookmark: _Toc427906297][bookmark: _Toc427910394][bookmark: _Toc428026958][bookmark: _Toc428427268][bookmark: _Toc433967412][bookmark: _Toc440357346][bookmark: _Toc441217903]87-1.03Q  Cabinets
[bookmark: _Toc421190589][bookmark: _Toc421191995][bookmark: _Toc421255845][bookmark: _Toc421258273][bookmark: _Toc421280184][bookmark: _Toc422896747][bookmark: _Toc424736934][bookmark: _Toc425170774][bookmark: _Toc427906298][bookmark: _Toc427910395][bookmark: _Toc428026959][bookmark: _Toc428427269][bookmark: _Toc433967413][bookmark: _Toc440357347][bookmark: _Toc441217904]87-1.03Q(1)  General
Installing a cabinet includes constructing the foundation and pad and installing conduit, adjacent pull boxes, and grounding electrode.
Apply a mastic or caulking compound before installing the cabinet on the foundation to seal the openings.
Connect the field wiring to the terminal blocks in the cabinet. Neatly arrange and lace or enclose the conductors in plastic tubing or raceway. Terminate the conductors with properly sized captive or spring spade terminals. Apply a crimp-style connector and solder them.
Install and solder a spade-type terminal on no. 12 and smaller field conductors and a spade-type or ring-type terminal on conductors larger than no. 12.
[bookmark: _Toc382035427][bookmark: _Toc382478512][bookmark: _Toc384897733][bookmark: _Toc390662134][bookmark: _Toc390667525][bookmark: _Toc393114438][bookmark: _Toc393119497][bookmark: _Toc393282640][bookmark: _Toc393877083][bookmark: _Toc398810268][bookmark: _Toc402181545][bookmark: _Toc403120540][bookmark: _Toc405971302][bookmark: _Toc416435701][bookmark: _Toc421190590][bookmark: _Toc421191996][bookmark: _Toc421255846][bookmark: _Toc421258274][bookmark: _Toc421280185][bookmark: _Toc422896748][bookmark: _Toc424736935][bookmark: _Toc425170775][bookmark: _Toc427906299][bookmark: _Toc427910396][bookmark: _Toc428026960][bookmark: _Toc428427270][bookmark: _Toc433967414][bookmark: _Toc440357348][bookmark: _Toc441217905]87-1.03Q(2)  Department-Furnished Controller Cabinets
Arrange for the delivery of Department-furnished controller cabinets.
[bookmark: _Toc433967415][bookmark: _Toc440357349][bookmark: _Toc441217906][bookmark: _Toc419969226][bookmark: _Toc419970471][bookmark: _Toc419982568][bookmark: _Toc421190591][bookmark: _Toc421191997][bookmark: _Toc421255847][bookmark: _Toc421258275][bookmark: _Toc421280186][bookmark: _Toc422896749][bookmark: _Toc424736936][bookmark: _Toc425170776][bookmark: _Toc427906300][bookmark: _Toc427910397][bookmark: _Toc428026961][bookmark: _Toc428427271][bookmark: _Toc382035429][bookmark: _Toc382478514][bookmark: _Toc384897735][bookmark: _Toc390662136][bookmark: _Toc390667527][bookmark: _Toc393114440][bookmark: _Toc393119499][bookmark: _Toc393282642][bookmark: _Toc393877085][bookmark: _Toc398810270][bookmark: _Toc402181547][bookmark: _Toc403120542][bookmark: _Toc405971304][bookmark: _Toc416435703]87-1.03Q(3)  Reserved
[bookmark: _Toc433967416][bookmark: _Toc440357350][bookmark: _Toc441217907]87-1.03Q(4)  Telephone Demarcation Cabinets
Installing a telephone demarcation cabinet includes installing conduit, cable, and pull boxes to the controller cabinet.
Install the cabinet with the back toward the nearest lane of traffic.
[bookmark: _Toc380742308][bookmark: _Toc382035589][bookmark: _Toc382478680][bookmark: _Toc384897908][bookmark: _Toc390662251][bookmark: _Toc390667642][bookmark: _Toc393114555][bookmark: _Toc393119613][bookmark: _Toc393282765][bookmark: _Toc393877208][bookmark: _Toc398810496][bookmark: _Toc402181679][bookmark: _Toc403120674][bookmark: _Toc405971436][bookmark: _Toc416435835][bookmark: _Toc419969238][bookmark: _Toc419970483][bookmark: _Toc419982580][bookmark: _Toc421190626][bookmark: _Toc421192032][bookmark: _Toc421255882][bookmark: _Toc421258310][bookmark: _Toc421280221][bookmark: _Toc422896787][bookmark: _Toc424736999][bookmark: _Toc425170839][bookmark: _Toc427906374][bookmark: _Toc427910471][bookmark: _Toc428027035][bookmark: _Toc428427345][bookmark: _Toc433967421][bookmark: _Toc440357353][bookmark: _Toc441217908]87-1.03R  Signal Heads
[bookmark: _Toc421190627][bookmark: _Toc421192033][bookmark: _Toc421255883][bookmark: _Toc421258311][bookmark: _Toc421280222][bookmark: _Toc422896788][bookmark: _Toc424737000][bookmark: _Toc425170840][bookmark: _Toc427906375][bookmark: _Toc427910472][bookmark: _Toc428027036][bookmark: _Toc428427346][bookmark: _Toc433967422][bookmark: _Toc440357354][bookmark: _Toc441217909]87-1.03R(1)  General
[bookmark: _Toc398810497][bookmark: _Toc402181680][bookmark: _Toc403120675][bookmark: _Toc405971437][bookmark: _Toc416435836][bookmark: _Toc380742309][bookmark: _Toc382035590][bookmark: _Toc382478681][bookmark: _Toc384897909][bookmark: _Toc390662252][bookmark: _Toc390667643][bookmark: _Toc393114556][bookmark: _Toc393119614][bookmark: _Toc393282766][bookmark: _Toc393877209]Installing a signal head includes mounting the heads on standards and mast arms, installing backplates and visors, and wiring conductors to the terminal blocks.
Keep the heads covered or direct them away from traffic until the system is ready for operation.
[bookmark: _Toc421190628][bookmark: _Toc421192034][bookmark: _Toc421255884][bookmark: _Toc421258312][bookmark: _Toc421280223][bookmark: _Toc422896789][bookmark: _Toc424737001][bookmark: _Toc425170841][bookmark: _Toc427906376][bookmark: _Toc427910473][bookmark: _Toc428027037][bookmark: _Toc428427347][bookmark: _Toc433967423][bookmark: _Toc440357355][bookmark: _Toc441217910]87-1.03R(2)  Signal Faces
[bookmark: _Toc398810499]Use the same brand and material for the signal faces at each location.
Program the programmable visibility signal faces under the manufacturer's instructions. The indication must be visible only in those areas or lanes to be controlled.
[bookmark: _Toc380742311][bookmark: _Toc382035592][bookmark: _Toc382478683][bookmark: _Toc384897911][bookmark: _Toc390662254][bookmark: _Toc390667645][bookmark: _Toc393114558][bookmark: _Toc393119616][bookmark: _Toc393282768][bookmark: _Toc393877211][bookmark: _Toc398810501][bookmark: _Toc421190631][bookmark: _Toc421192037][bookmark: _Toc421255887][bookmark: _Toc421258315][bookmark: _Toc421280226][bookmark: _Toc422896792][bookmark: _Toc424737004][bookmark: _Toc425170844][bookmark: _Toc427906379][bookmark: _Toc427910476][bookmark: _Toc428027040][bookmark: _Toc428427350][bookmark: _Toc433967424][bookmark: _Toc440357356][bookmark: _Toc441217911]87-1.03R(3)  Backplates
Install backplates using at least six 10-24 or 10-32 self-tapping and locking stainless steel machine screws and flat washers.
If a plastic backplate requires field assembly, attach each joint using at least four no.10 machine screws. Each machine screw must have an integral or captive flat washer, a hexagonal head slotted for a standard screwdriver, and either a locking nut with an integral or captive flat washer or a nut, flat washer, and lock washer. Machine screws, nuts, and washers must be stainless steel or steel with a zinc or black oxide finish.
If a metal backplate has 2 or more sections, fasten the sections with rivets or aluminum bolts peened after assembly to avoid loosening.
Install the backplate such that the background light is not visible between the backplate and the signal face or between sections.
[bookmark: _Toc382035596][bookmark: _Toc382478687][bookmark: _Toc384897916][bookmark: _Toc390662259][bookmark: _Toc390667650][bookmark: _Toc393114563][bookmark: _Toc393119621][bookmark: _Toc393282773][bookmark: _Toc393877216][bookmark: _Toc398810507][bookmark: _Toc402181683][bookmark: _Toc403120678][bookmark: _Toc405971440][bookmark: _Toc416435839][bookmark: _Toc419969239][bookmark: _Toc419970484][bookmark: _Toc419982581][bookmark: _Toc421190632][bookmark: _Toc421192038][bookmark: _Toc421255888][bookmark: _Toc421258316][bookmark: _Toc421280227][bookmark: _Toc422896793][bookmark: _Toc424737005][bookmark: _Toc425170845][bookmark: _Toc427906380][bookmark: _Toc427910477][bookmark: _Toc428027041][bookmark: _Toc428427351][bookmark: _Toc433967425][bookmark: _Toc440357357][bookmark: _Toc441217912][bookmark: _Toc382035593][bookmark: _Toc382478684][bookmark: _Toc384897912][bookmark: _Toc390662255][bookmark: _Toc390667646][bookmark: _Toc393114559][bookmark: _Toc393119617][bookmark: _Toc393282769][bookmark: _Toc393877212][bookmark: _Toc398810503][bookmark: _Toc402181682][bookmark: _Toc403120677][bookmark: _Toc405971439][bookmark: _Toc416435838]87-1.03R(4)  Signal Mounting Assemblies
Install a signal mounting assembly such that its members are arranged symmetrically and plumb or level. Orient each mounting assembly to allow maximum horizontal clearance to the adjacent roadway.
For a bracket-mounted assembly, bolt the terminal compartment or pole plate to the pole or standard.
In addition to the terminal compartment mounting, attach the upper pipe fitting of Type SV-1-T with 5 sections or a SV-2-TD to the standard or pole using the mounting detail for signal heads without a terminal compartment.
Use a 4-1/2-inch slip fitter and set screws to mount an assembly on a post top.
After installing the assembly, clean and paint the exposed threads of the galvanized conduit brackets and bracket areas damaged by the wrench or vise jaws. Use a wire brush to clean and apply 2 coats of unthinned, organic zinc-rich primer. Do not use an aerosol can to apply the primer.
Install the conductors in the terminal compartment and secure the cover.
[bookmark: _Toc419969240][bookmark: _Toc419970485][bookmark: _Toc419982582][bookmark: _Toc421190633][bookmark: _Toc421192039][bookmark: _Toc421255889][bookmark: _Toc421258317][bookmark: _Toc421280228][bookmark: _Toc422896794][bookmark: _Toc424737006][bookmark: _Toc425170846][bookmark: _Toc427906381][bookmark: _Toc427910478][bookmark: _Toc428027042][bookmark: _Toc428427352][bookmark: _Toc433967426][bookmark: _Toc440357358][bookmark: _Toc441217913]87-1.03S  Pedestrian Signal Heads
Installing a pedestrian signal head includes mounting the heads on standards and wiring conductors to the terminal blocks.
Install the pedestrian signal mounting assembly under section 87-1.03R(4).
Use the same brand and material for the pedestrian signal faces at each location.
Install a pedestrian signal face such that its members are arranged symmetrically and plumb or level.
[bookmark: _Toc384897801][bookmark: _Toc390662190][bookmark: _Toc390667581][bookmark: _Toc393114494][bookmark: _Toc393119553][bookmark: _Toc393282700][bookmark: _Toc393877143][bookmark: _Toc398810360][bookmark: _Toc419969235][bookmark: _Toc419970480][bookmark: _Toc419982577][bookmark: _Toc421190620][bookmark: _Toc421192026][bookmark: _Toc421255876][bookmark: _Toc421258304][bookmark: _Toc421280215][bookmark: _Toc422896780][bookmark: _Toc424736992][bookmark: _Toc425170832][bookmark: _Toc427906366][bookmark: _Toc427910463][bookmark: _Toc428027027][bookmark: _Toc428427337][bookmark: _Toc433967427][bookmark: _Toc440357359][bookmark: _Toc441217914]87-1.03T  Accessible Pedestrian Signals
[bookmark: _Toc380742256][bookmark: _Toc382035533][bookmark: _Toc382478624][bookmark: _Toc384897855][bookmark: _Toc390662222][bookmark: _Toc390667613][bookmark: _Toc393114526][bookmark: _Toc393119585][bookmark: _Toc393282734][bookmark: _Toc393877177][bookmark: _Toc398810430][bookmark: _Toc402181643][bookmark: _Toc403120638][bookmark: _Toc405971400][bookmark: _Toc416435799]Use the same brand for the accessible pedestrian signals at each location.
Install an accessible pedestrian signal and the R10 series sign on the crosswalk side of the standard.
Attach the accessible pedestrian signal to the standard with self-tapping screws.
Attach the sign to the standard using 2 straps and saddle brackets.
Point the arrow on the accessible pedestrian signal in the same direction as the corresponding crosswalk.
Furnish the equipment and hardware to set up and calibrate the accessible pedestrian signal.
[bookmark: _Toc419969236][bookmark: _Toc419970481][bookmark: _Toc419982578][bookmark: _Toc421190621][bookmark: _Toc421192027][bookmark: _Toc421255877][bookmark: _Toc421258305][bookmark: _Toc421280216][bookmark: _Toc422896781]Arrange to have a manufacturer's representative at the job site to program the accessible pedestrian signal with an audible message or tone.
[bookmark: _Toc398810359][bookmark: _Toc419969234][bookmark: _Toc419970479][bookmark: _Toc419982576][bookmark: _Toc421190619][bookmark: _Toc421192025][bookmark: _Toc421255875][bookmark: _Toc421258303][bookmark: _Toc421280214][bookmark: _Toc422896779][bookmark: _Toc424736991][bookmark: _Toc425170831][bookmark: _Toc427906365][bookmark: _Toc427910462][bookmark: _Toc428027026][bookmark: _Toc428427336][bookmark: _Toc433967428][bookmark: _Toc440357360][bookmark: _Toc441217915]87-1.03U  Push Button Assemblies
Install the push button assembly and the R10 series sign on the crosswalk side of the standard.
Attach the sign to the assembly for Type B assemblies.
Attach the sign to the standard using 2 straps and saddle brackets for Type C assemblies.
You may use straps and saddle brackets to secure the push button to the standard.
Use a slip fitter to secure the assembly on top of a 2-1/2-inch-diameter post.
[bookmark: _Toc419969232][bookmark: _Toc419970477][bookmark: _Toc419982574][bookmark: _Toc421190608][bookmark: _Toc421192014][bookmark: _Toc421255864][bookmark: _Toc421258292][bookmark: _Toc421280203][bookmark: _Toc422896768][bookmark: _Toc424736980][bookmark: _Toc425170820][bookmark: _Toc427906354][bookmark: _Toc427910451][bookmark: _Toc428027015][bookmark: _Toc428427325][bookmark: _Toc433967429][bookmark: _Toc440357361][bookmark: _Toc441217916][bookmark: _Toc382035479][bookmark: _Toc382478564][bookmark: _Toc384897795][bookmark: _Toc390662184][bookmark: _Toc390667575][bookmark: _Toc393114488][bookmark: _Toc393119547][bookmark: _Toc393282694][bookmark: _Toc393877137][bookmark: _Toc398810347][bookmark: _Toc402181598][bookmark: _Toc403120593][bookmark: _Toc405971355][bookmark: _Toc416435754]87-1.03V  Detectors
[bookmark: _Toc421190609][bookmark: _Toc421192015][bookmark: _Toc421255865][bookmark: _Toc421258293][bookmark: _Toc421280204][bookmark: _Toc422896769][bookmark: _Toc424736981][bookmark: _Toc425170821][bookmark: _Toc427906355][bookmark: _Toc427910452][bookmark: _Toc428027016][bookmark: _Toc428427326][bookmark: _Toc433967430][bookmark: _Toc440357362][bookmark: _Toc441217917]87-1.03V(1)  General
Installing a detector includes installing inductive loop conductors, sealant, conduit, and pull boxes.
Center the detectors in the traffic lanes.
[bookmark: _Toc421190610][bookmark: _Toc421192016][bookmark: _Toc421255866][bookmark: _Toc421258294][bookmark: _Toc421280205][bookmark: _Toc422896770]Do not splice the detector conductor.
[bookmark: _Toc424736982][bookmark: _Toc425170822][bookmark: _Toc427906356][bookmark: _Toc427910453][bookmark: _Toc428027017][bookmark: _Toc428427327][bookmark: _Toc433967431][bookmark: _Toc440357363][bookmark: _Toc441217918]87-1.03V(2)  Inductive Loop Detectors
[bookmark: _Toc380742205]Mark the location of the inductive loop detectors such that the distance between the side of the loop and a lead-in saw cut from an adjacent detector is at least 2 feet. The distance between lead-in saw cuts must be at least 6 inches.
Saw cut the slots under section 13-4.03E(7). The bottoms of the slots must be smooth with no sharp edges. For Type E detector loops, saw the slots such that the sides are vertical.
Wash the slots clean using water and blow dry them with compressed air to remove all moisture and debris.
Identify the start of the conductor.
Waterproof the ends of a Type 2 loop conductor before installing it in the conduit to prevent moisture from entering the cable.
Install the loop conductor in the slots and lead-in saw cuts using a 3/16- to 1/4-inch-thick wood paddle. Hold the conductors in place at the bottom of the slot with wood paddles during placement of the sealant.
Wind adjacent loops on the same sensor unit channel in opposite directions.
Twist the conductors for each loop into a pair consisting of a minimum of 2 turns per foot before placing them in the lead-in saw cut and the conduit leading to the pull box. Do not install more than 2 twisted pairs of conductors per lead-in saw cut.
Provide 5 feet of slack in the pull box.
Test each loop for continuity, circuit resistance, and insulation resistance before filling the slots with sealant.
Remove excess sealant from the adjacent road surface before it sets. Do not use solvents to remove the excess.
Identify the loop conductor pair in the pull box, marking the start with the letter S and the end with the letter F. Band conductors in pairs by lane in the pull box adjacent to the loops and in the cabinet. Identify each pair with the detector designation and loop number.
[bookmark: _Toc382035480][bookmark: _Toc382478565][bookmark: _Toc384897796][bookmark: _Toc390662185][bookmark: _Toc390667576][bookmark: _Toc393114489][bookmark: _Toc393119548][bookmark: _Toc393282695][bookmark: _Toc393877138][bookmark: _Toc398810348][bookmark: _Toc402181599][bookmark: _Toc403120594][bookmark: _Toc405971356][bookmark: _Toc416435755][bookmark: _Toc421190611][bookmark: _Toc421192017][bookmark: _Toc421255867][bookmark: _Toc421258295][bookmark: _Toc421280206][bookmark: _Toc422896771][bookmark: _Toc424736983][bookmark: _Toc425170823][bookmark: _Toc427906357][bookmark: _Toc427910454][bookmark: _Toc428027018][bookmark: _Toc428427328]Install the conductors in a compacted layer of HMA immediately below the uppermost layer if more than one layer will be placed. Install the loop conductors before placing the uppermost layer of HMA. Fill the slot with a sealant flush to the surface.
Install the conductors in the existing pavement if one layer of HMA is to be placed. Install the loop conductors before placing the layer of HMA. Fill the slot with a sealant flush to the surface.
[bookmark: _Toc433967432][bookmark: _Toc440357364][bookmark: _Toc441217919]87-1.03V(3)  Preformed Inductive Loop Detectors
Construct a preformed inductive loop detector consisting of 4 turns in the loop and a lead-in conductor pair twisted at least 2 turns per foot all encased in conduit and sealed to prevent water penetration. The detector must be 6-foot square unless shown otherwise.
Construct the loop detector using a minimum 3/8-inch Schedule 40 or Schedule 80 PVC or polypropylene conduit and no. 16 or larger conductor with Type THWN or TFFN insulation.
In new roadways, place the detector in the base course with the top of the conduit flush with the top of the base. Cover with HMA or concrete pavement. Protect the detector from damage before and during pavement placement.
In new reinforced concrete bridge decks, secure the detector to the top of the uppermost layer of reinforcing steel using nylon wire ties. Hold the detector parallel to the bridge deck using PVC or polypropylene spacers where necessary. Place conduit for lead-in conductors between the uppermost 2 layers of reinforcing steel.
Do not install detectors in existing bridge decks unless authorized.
Install a detector in existing pavement before placement of concrete or HMA as follows:
1.	Saw cut slots at least 1-1/4 inches wide into the existing pavement.
2.	Place the detector in the slots. The top of the conduit must be at least 2 inches below the top of the pavement.
3.	Test each loop circuit for continuity, circuit resistance, and insulation resistance.
4.	Fill saw cuts with elastomeric or hot melt rubberized asphalt sealant for asphalt concrete pavement and with epoxy sealant or hot melt rubberized asphalt sealant for concrete pavement.

[bookmark: _Toc433967434][bookmark: _Toc440357366][bookmark: _Toc441217920]87-1.03W  Sealants
[bookmark: _Toc421190614][bookmark: _Toc421192020][bookmark: _Toc421255870][bookmark: _Toc421258298][bookmark: _Toc421280209][bookmark: _Toc422896774][bookmark: _Toc424736986][bookmark: _Toc425170826][bookmark: _Toc427906360][bookmark: _Toc427910457][bookmark: _Toc428027021][bookmark: _Toc428427331][bookmark: _Toc433967435][bookmark: _Toc440357367][bookmark: _Toc441217921]87-1.03W(1)  General
Reserved
[bookmark: _Toc398810351][bookmark: _Toc421190615][bookmark: _Toc421192021][bookmark: _Toc421255871][bookmark: _Toc421258299][bookmark: _Toc421280210][bookmark: _Toc422896775][bookmark: _Toc424736987][bookmark: _Toc425170827][bookmark: _Toc427906361][bookmark: _Toc427910458][bookmark: _Toc428027022][bookmark: _Toc428427332][bookmark: _Toc433967436][bookmark: _Toc440357368][bookmark: _Toc441217922]87-1.03W(2)  Elastomeric Sealant
[bookmark: _Toc380742206][bookmark: _Toc382035481][bookmark: _Toc382478566][bookmark: _Toc384897797][bookmark: _Toc390662186][bookmark: _Toc390667577][bookmark: _Toc393114490][bookmark: _Toc393119549][bookmark: _Toc393282696][bookmark: _Toc393877139][bookmark: _Toc398810352][bookmark: _Toc421190616][bookmark: _Toc421192022][bookmark: _Toc421255872][bookmark: _Toc421258300][bookmark: _Toc421280211][bookmark: _Toc422896776][bookmark: _Toc424736988]Apply an elastomeric sealant with a pressure feed applicator.
[bookmark: _Toc425170828][bookmark: _Toc427906362][bookmark: _Toc427910459][bookmark: _Toc428027023][bookmark: _Toc428427333][bookmark: _Toc433967437][bookmark: _Toc440357369][bookmark: _Toc441217923]87-1.03W(3)  Asphaltic Emulsion Sealant
Asphaltic emulsion sealant must:
1.	Be used for filling slots in asphalt concrete pavement of a maximum width of 5/8 inch
2.	Not be used on concrete pavement or where the slope causes the material to run from the slot
3.	Be thinned under the manufacturer's instructions
4.	Be placed when the air temperature is at least 45 degrees F

[bookmark: _Toc380742207][bookmark: _Toc382035482][bookmark: _Toc382478567][bookmark: _Toc384897798][bookmark: _Toc390662187][bookmark: _Toc390667578][bookmark: _Toc393114491][bookmark: _Toc393119550][bookmark: _Toc393282697][bookmark: _Toc393877140][bookmark: _Toc398810353][bookmark: _Toc421190617][bookmark: _Toc421192023][bookmark: _Toc421255873][bookmark: _Toc421258301][bookmark: _Toc421280212][bookmark: _Toc422896777][bookmark: _Toc424736989][bookmark: _Toc425170829][bookmark: _Toc427906363][bookmark: _Toc427910460][bookmark: _Toc428027024][bookmark: _Toc428427334][bookmark: _Toc433967438][bookmark: _Toc440357370][bookmark: _Toc441217924]87-1.03W(4)  Hot-Melt Rubberized Asphalt Sealant
Melt the sealant in a jacketed, double-boiler-type, melting unit. The temperature of the heat transfer medium must not exceed 475 degrees F.
Apply the sealant with a pressure feed applicator or a pour pot when the surface temperature of the pavement is greater than 40 degrees F.
[bookmark: _Toc424737010][bookmark: _Toc425170850][bookmark: _Toc427906385][bookmark: _Toc427910482][bookmark: _Toc428027046][bookmark: _Toc428427356][bookmark: _Toc433967440][bookmark: _Toc440357372][bookmark: _Toc441217925]87-1.03X  Reserved
[bookmark: _Toc433967444][bookmark: _Toc440357373][bookmark: _Toc441217926]87-1.03Y  Transformers
Installing a transformer includes placing the transformer inside a pull box, a cabinet, or an enclosure.
Wire the transformer for the appropriate voltage.
Ground the secondary circuit of the transformer as specified in the NEC.
[bookmark: _Toc440357374][bookmark: _Toc441217927][bookmark: _Toc419969242][bookmark: _Toc419970487][bookmark: _Toc419982584][bookmark: _Toc421190637][bookmark: _Toc421192043][bookmark: _Toc421255893][bookmark: _Toc421258321][bookmark: _Toc421280232][bookmark: _Toc422896798][bookmark: _Toc424737014][bookmark: _Toc425170854][bookmark: _Toc427906389][bookmark: _Toc427910486][bookmark: _Toc428027050][bookmark: _Toc428427360][bookmark: _Toc433967445][bookmark: _Toc385914733][bookmark: _Toc393286352][bookmark: _Toc393288330][bookmark: _Toc395082194][bookmark: _Toc395604424][bookmark: _Toc403983197][bookmark: _Toc403983443][bookmark: _Toc405984587]87-1.03Z  Reserved
[bookmark: _Toc440357375][bookmark: _Toc441217928]87-1.04  PAYMENT
Not Used
[bookmark: _Toc440357376][bookmark: _Toc441217929]87-2  LIGHTING SYSTEMS
[bookmark: _Toc440357377][bookmark: _Toc441217930]87-2.01  GENERAL
[bookmark: _Toc440357378][bookmark: _Toc441217931]87-2.01A  Summary
Section 87-2 includes specifications for constructing lighting systems.
Lighting system includes:
1.	Foundations
2.	Pull boxes
3.	Conduit
4.	Conductors
5.	Standards
6.	Luminaires
7.	Service equipment enclosure
8.	Photoelectric control
9.	Fuse splice connectors
10.	High mast lighting assemblies

The components of a lighting system are shown on the project plans.
[bookmark: _Toc440357379][bookmark: _Toc441217932]87-2.01B  Definitions
Reserved
[bookmark: _Toc440357380][bookmark: _Toc441217933]87-2.01C  Submittals
Submit a certificate of compliance and test data for the high mast lighting luminaires.
[bookmark: _Toc440357381][bookmark: _Toc441217934]87-2.01D  Quality Assurance
Reserved
[bookmark: _Toc440357382][bookmark: _Toc441217935]87-2.02  MATERIALS
[bookmark: _Toc440357383][bookmark: _Toc441217936]87-2.02A  General
Reserved
[bookmark: _Toc440357384][bookmark: _Toc441217937]87-2.02B  High Mast Lighting Assemblies
A high mast lighting assembly includes the foundation, pole, lowering device system, luminaires, and control pedestal.
Each luminaire in a high mast lighting assembly must include a housing, an optical system, and a ballast.
The housing must be made of aluminum.
A painted or powder-coated housing for a high mast lighting luminaire must be able to withstand a 1,000-hour salt spray test as specified in ASTM B117.
The optical system, consisting of the reflector, refractor or lens, lamp socket, and lamp, must be in a sealed chamber. The chamber must be sealed by a gasket between the reflector and refractor or lens and a gasket between the reflector and lamp socket. The chamber must have a separate filter or filtering gasket for flow of air.
An asymmetrical luminaire must have a refractor or reflector that is rotatable 360 degrees around a vertical axis to orient the distribution of light.
The luminaire must have a slip fitter for mounting on a 2-inch horizontal pipe tenon and must be adjustable ±3 degrees from the axis of the tenon.
The reflector must have a specular surface made of silvered glass or aluminum protected by either an anodized finish or a silicate film. The reflector must be shaped such that a minimum of light is reflected through the arc tube of the lamp.
The refractor and lens must be made of heat-resistant glass.
The lamp socket must be a porcelain-enclosed, mogul-multiple type. The shell must contain integral lamp grips to ensure electrical contact under conditions of normal vibrations. The socket must be rated for 1,500 W, 600 V(ac) and 4,000 V(ac) pulse for a 400 W lamp and 5,000 V(ac) pulse for a 1,000 W lamp.
The luminaire must have a dual fuse holder for 2 fuses rated at 5 A, 480 V(ac). The fuses must be 13/32 inch by 1-1/2 inches, standard midget ferrule type with a nontime-delay feature.
The lamps must be vertical burning, protected from undue vibration, and prevented from backing out of the socket by a stainless steel clamp attached to the luminaire.
A 1,000 W metal halide lamp must have an initial output of 100,000 lumens and an average rated life of 12,000 hours based on 10 hours per start.
A 400 W high-pressure sodium lamp must have an initial output of 50,000 lumens. A 1,000 W high-pressure sodium lamp must have an initial output of 140,000 lumens.
The ballast for the luminaire must be a regulator type and have a core and coils, capacitors, and starting aid.
Ballast must be:
1.	Mounted within a weatherproof housing that integrally attaches to the top of a luminaire support bracket and lamp support assembly
2.	Readily removable without removing the luminaire from the bracket arm
3.	Electrically connected to the optical assembly by a prewired quick disconnect

The ballast for a metal halide luminaire must comply with luminaire manufacturer's specifications.
The wattage regulation spread at any lamp voltage, from nominal through the life of the lamp, must vary no more than 22 percent for a 1,000 W lamp and a ±10 percent input voltage variation. The ballast's starting line current must be less than its operating current.
[bookmark: _Toc380742239][bookmark: _Toc382035514][bookmark: _Toc382478604][bookmark: _Toc384897835][bookmark: _Toc390662203][bookmark: _Toc390667594][bookmark: _Toc393114507][bookmark: _Toc393119566][bookmark: _Toc393282714][bookmark: _Toc393877157][bookmark: _Toc398810394][bookmark: _Toc402181616][bookmark: _Toc403120611][bookmark: _Toc405971373][bookmark: _Toc416435772][bookmark: _Toc418835308][bookmark: _Toc418835414][bookmark: _Toc418835857][bookmark: _Toc418837138][bookmark: _Toc418846052][bookmark: _Toc421170852][bookmark: _Toc421170974][bookmark: _Toc421171083][bookmark: _Toc421172552][bookmark: _Toc421180845][bookmark: _Toc421252162][bookmark: _Toc421258585][bookmark: _Toc422209162][bookmark: _Toc425163762][bookmark: _Toc427930067][bookmark: _Toc428019521][bookmark: _Toc431284899][bookmark: _Toc431393199][bookmark: _Toc440357385][bookmark: _Toc441217938]87-2.02C  Soffit and Wall-Mounted Luminaires
[bookmark: _Toc440357386][bookmark: _Toc441217939]87-2.02C(1)  General
Soffit and wall-mounted luminaires must be weatherproof and corrosion resistant.
Each luminaire must include a 70 W high-pressure sodium lamp with a minimum average rated life of 24,000 hours. The lamp socket must be positioned such that the light center of the lamp is located within 1/2 inch of the designed light center of the luminaire.
Luminaire wiring must be SFF-2.
Flush-mounted soffit luminaire must have:
1.	Metal body with two 1-inch-minimum conduit hubs and a means of anchoring the body into the concrete
2.	Prismatic refractor made of heat-resistant polycarbonate:
2.1.	Mounted in a door frame
2.2.	With the street side identified
3.	Aluminum reflector with a specular anodized finish
4.	Ballast located either within the housing or in a ceiling pull box if shown
5.	Lamp socket

The door frame assembly must be hinged, gasketed, and secured to the luminaire body with at least 3 machine screws.
A pendant soffit luminaire must be enclosed and gasketed and have an aluminum finish. Luminaire must have:
1.	Aluminum reflector with a specular anodized finish
2.	Refractor made of heat-resistant polycarbonate
3.	Optical assembly that is hinged and latched for lamp access and a device to prevent dropping
4.	Ballast designed for operation in a raintight enclosure
5.	Galvanized metal box with a gasketed cover, 2 captive screws, and 2 chains to prevent dropping and for luminaire mounting

Wall-mounted luminaire must have:
1.	Cast metal body
2.	Prismatic refractor:
2.1.	Made of glass
2.2.	Mounted in a door frame
3.	Aluminum reflector with a specular anodized finish
4.	Integral ballast
5.	Lamp socket
6.	Gasket between the refractor and the body
7.	At least 2 mounting bolts of minimum 5/16-inch diameter

A cast aluminum body of a luminaire to be cast into or mounted against concrete must have a thick coat of alkali-resistant bituminous paint on all surfaces to be in contact with the concrete.
[bookmark: _Toc425163763][bookmark: _Toc427930068][bookmark: _Toc428019522][bookmark: _Toc431284900][bookmark: _Toc431393200][bookmark: _Toc440357387][bookmark: _Toc441217940]87-2.02C(2)  High-Pressure Sodium Lamp Ballasts
[bookmark: _Toc427930069][bookmark: _Toc428019523][bookmark: _Toc431284901][bookmark: _Toc431393201][bookmark: _Toc440357388][bookmark: _Toc441217941]87-2.02C(2)(a)  General
A high-pressure sodium lamp ballast must operate the lamp for its rated wattage.
Starting aids for a ballast must be interchangeable between ballasts of the same wattage and manufacturer without adjustment.
The ballast must be provided with a heat-generating component to serve as a heat sink. The capacitor must be placed at the maximum practicable distance from the heat-generating components or thermally shielded to limit the case temperature to 75 degrees C.
The transformer and inductor must be resin impregnated for protection against moisture. Capacitors, except for those in starting aids, must be metal cased and hermetically sealed.
The ballast must have a power factor of 90 percent or greater.
For the nominal input voltage and lamp voltage, the ballast design center must not vary more than 7.5 percent from the rated lamp wattage.
[bookmark: _Toc427930070][bookmark: _Toc428019524][bookmark: _Toc431284902][bookmark: _Toc431393202][bookmark: _Toc440357389][bookmark: _Toc441217942]87-2.02C(2)(b)  Regulator-Type Ballasts
A regulator-type ballast must be designed such that a capacitance variance of ±6 percent does not cause more than ±8 percent variation in the lamp wattage regulation.
The ballast must have a current crest factor not exceeding 1.8 for an input voltage variation of ±10 percent.
The lamp wattage regulation spread for a lag-type ballast must not vary by more than 18 percent for ±10 percent input voltage variations. The primary and secondary windings must be electrically isolated.
The lamp wattage regulation spread for a constant-wattage, autoregulator, lead-type ballast must not vary by more than 30 percent for ±10 percent input voltage variations.
[bookmark: _Toc427930071][bookmark: _Toc428019525][bookmark: _Toc431284903][bookmark: _Toc431393203][bookmark: _Toc440357390][bookmark: _Toc441217943]87-2.02C(2)(c)  Nonregulator-Type Ballasts
A nonregulator-type ballast must have a current crest factor not exceeding 1.8 for an input voltage variation of ±5 percent.
The lamp wattage regulation spread for an autotransformer or high reactance type ballast must not vary by more than 25 percent for ±5 percent input voltage variations.
[bookmark: _Toc440357391][bookmark: _Toc441217944]87-2.03  CONSTRUCTION
[bookmark: _Toc440357392][bookmark: _Toc441217945]87-2.03A  General
Set the foundations for standards such that the mast arm is perpendicular to the centerline of the roadway.
Tighten the cap screws of the luminaire's clamping bracket to 10 ft-lb for LED and low-pressure luminaires.
Label the month and year of the installation inside the luminaire housing's door.
Perform the conductor and operational tests for the system.
[bookmark: _Toc440357393][bookmark: _Toc441217946]87-2.03B  High Mast Lighting Assemblies
Mount and connect the luminaires to the accessory support ring. Aim the asymmetrical luminaire to orient the distribution of light.
[bookmark: _Toc440357394][bookmark: _Toc441217947]87-2.03C  Soffit and Wall-Mounted Luminaires
For a flush-mounted soffit luminaire:
1.	Prevent concrete from getting into the housing during pouring of the concrete for the structure
2.	Install the luminaire with the axis vertical and the street side of the refractor oriented as indicated
3.	Locate the luminaire to provide a minimum 2-foot clearance from the inside surface of the girders and 1-foot clearance from the near face of the diaphragm
4.	Install the bridge soffit and ceiling pull box over the same lane

For a pendant soffit luminaire:
1.	Cast in place the inserts for the no. 8 pull box during concrete placement for a new structure
2.	Drill holes for expansion anchors to support the no. 8 pull box on existing structures
3.	Bond the suspension conduit and luminaire to the pull box

For a wall-mounted luminaire, provide:
1.	Extension junction box or ring on a new structure
2.	4 external mounting taps on an existing structure

Place the soffits or wall-mounted luminaires in operation as soon as practicable after the falsework has been removed from the structure.
If the Engineer orders soffit or wall-mounted luminaires to be activated before permanent power service is available, installing and removing the temporary power service is change order work.
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Not Used
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Section 87-3 includes specifications for constructing sign illumination systems.
Sign illumination system includes:
1.	Foundations
2.	Pull boxes
3.	Conduit
4.	Conductors
5.	Sign lighting fixtures
6.	Enclosure for the disconnect circuit breaker
7.	Service equipment enclosure
8.	Photoelectric control

The components of a sign illumination system are shown on the project plans.
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Reserved
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[bookmark: _Toc419969316][bookmark: _Toc419970561][bookmark: _Toc419982658][bookmark: _Toc421190750][bookmark: _Toc421192156][bookmark: _Toc421256006][bookmark: _Toc421258434][bookmark: _Toc421280345][bookmark: _Toc422896901][bookmark: _Toc424737116][bookmark: _Toc425170957][bookmark: _Toc427906490][bookmark: _Toc427910587][bookmark: _Toc428027151][bookmark: _Toc428427461][bookmark: _Toc433967527]Submit the manufacturer's test data for the induction sign-lighting fixtures.
[bookmark: _Toc440357401][bookmark: _Toc441217954]87-3.01D  Quality Assurance
Reserved
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An induction sign-lighting fixture must include a housing with a door, reflector, refractor or lens, lamp, socket assembly, power coupler, high-frequency generator, fuse block, and fuses.
The fixture must comply with the isofootcandle curves as shown.
Fixture must weigh no more than 44 lb, be rated for 87 W at 120/240 V(ac), and have a mounting assembly made of one of the following materials:
1.	Cast aluminum
2.	Hot-dip galvanized steel plate
3.	Galvanized steel plate finished with one of the following:
3.1.	Polymeric coating
3.2.	Same finish used for the housing

Housing must:
1.	Be corrosion resistant and suitable for wet locations
2.	Be above the top of the mounting rails at a maximum height of 12 inches
3.	Have weep holes

Door must:
1.	Hold a refractor or lens
2.	Open without the use of special tools
3.	Have a locking position at 50 degrees minimum from the plane of the door opening
4.	Be hinged to the housing on the side of the fixture away from the sign panel
5.	Have 2 captive latch bolts or other latching device

When the door is opened, it must lock in the 50 degrees position when an 85 mph, 3-second wind-gust load strikes the door from either side.
The housing and door must be manufactured of sheet or cast aluminum and have a gray powder coat or polyester paint finish. The sheet aluminum must comply with ASTM B209 or B209M for 5052-H32 aluminum sheet. External bolts, screws, hinges, hinge pins, and door closure devices must be corrosion resistant.
The housing and door must be gasketed. The thickness of the gasket must be a minimum of 1/4 inch.
Reflector must not be attached to the outside of the housing and must be:
1.	Made of a single piece of aluminum with a specular finish
2.	Protected with an electrochemically applied anodized finish or a chemically applied silicate film
3.	Designed to drain condensation away from it
4.	Secured to the housing with a minimum of 2 screws
5.	Removable without removing any fixture parts

Refractor or lens must have a smooth exterior and must be manufactured from the materials shown in the following table:
	Refractor and Lens Material Requirements

	Component
	Material

	Flat lens
	Heat-resistant glass

	Convex lens
	Heat-resistant, high-impact-resistant tempered glass

	Refractor
	Borosilicate heat-resistant glass



The refractor and convex lens must be designed or shielded such that no luminance is visible if the fixture is approached directly from the rear and viewed from below. If a shield is used, it must be an integral part of the door casting.
Lamp must:
1.	Be an 85 W induction type with a fluorescent, phosphor-coated, interior wall
2.	Have a minimum 70 percent light output of its original lumen output after 60,000 hours of operation
3.	Have a minimum color-rendering index of 80
4.	Be rated at a color temperature of 4,000K
5.	Be removable with common hand tools

The lamp socket must be rated for 1,500 W and 600 V(ac) and be a porcelain-enclosed mogul type with a shell that contains integral lamp grips to ensure electrical contact under normal vibration conditions. The shell and center contact must be made of nickel-plated brass. The center contact must be spring loaded.
The power coupler must be removable with common hand tools.
High-frequency generator must:
1.	Start and operate lamps at an ambient temperature of -25 degrees C or greater for the rated life of the lamp
2.	Operate continuously at ambient air temperatures from -25 to 55 degrees C without a reduction in the generator life
3.	Have a design life of at least 100,000 hours at 55 degrees C
4.	Have an output frequency of 2.65 MHz ± 10 percent
5.	Have radio frequency interference that complies with 47 CFR 18 regulations regarding harmful interference
6.	Have a power factor greater than 90 percent and total harmonic distortion less than 10 percent

The high frequency generator must be mounted such that the fixture can be used as a heat sink and be replaceable with common hand tools.
Each fixture must include a barrier-type fuse block for terminating field connections. Fuse block must:
1.	Be rated 600 V(ac)
2.	Have box terminals
3.	Be secured to the housing and accessible without removal of any fixture parts
4.	Be mounted to leave a minimum of 1/2 inch of air space from the sidewalls of the housing
5.	Be designed for easy removal of fuses with a fuse puller

The fixture's fuses must be 13/32-inch-diameter, 1-1/2-inch-long ferrule type and UL listed or NRTL certified. For a 120 V(ac) fixture, only the ungrounded conductor must be fused and a solid connection must be provided between the grounded conductor and the high frequency generator.
The fixture must be permanently marked with the manufacturer's brand name, trademark, model number, serial number, and date of manufacture on the inside and outside on the housing. The same information must be marked on the package.
If a wire guard is used, it must be made of a minimum 1/4-inch-diameter galvanized steel wire. The wires must be spaced to prevent rocks larger than 1-1/2-inch diameter from passing through the guard. The guard must be either hot-dip galvanized or electroplated zinc-coated as specified in ASTM B633, service condition SC4, with a clear chromate dip treatment.
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Perform the conductor and operational tests for the system.
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Not Used
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Section 87-4 includes specifications for constructing signal and lighting systems.
Signal and lighting system includes:
1.	Foundations
2.	Pull boxes
3.	Conduit
4.	Conductors
5.	Cables
6.	Standards
7.	Signal heads
8.	Internally illuminated street name signs
9.	Service equipment enclosure
10.	Department-furnished controller assembly
11.	Detectors
12.	Telephone demarcation cabinet
13.	Accessible pedestrian signals
14.	Push button assemblies
15.	Pedestrian signal heads
16.	Luminaires
17.	Photoelectric control
18.	Fuse splice connectors
19.	Battery backup system
20.	Flashing beacons
21.	Flashing beacon control assembly

The components of a signal and lighting system are shown on the project plans.
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Reserved
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Submit shop drawings showing the message for each internally illuminated street sign, including the size of letters, symbols, and arrows.
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Reserved
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[bookmark: _Toc422896928][bookmark: _Toc424737149][bookmark: _Toc425170990][bookmark: _Toc427906523][bookmark: _Toc427910620][bookmark: _Toc428027184][bookmark: _Toc428427494][bookmark: _Toc433967560][bookmark: _Toc440357416][bookmark: _Toc441217968]87-4.01D(2)(a)  General
Reserved
[bookmark: _Toc424737150][bookmark: _Toc425170991][bookmark: _Toc427906524][bookmark: _Toc427910621][bookmark: _Toc428027185][bookmark: _Toc428427495][bookmark: _Toc433967561][bookmark: _Toc440357417][bookmark: _Toc441217969]87-4.01D(2)(b)  Battery Backup System
[bookmark: _Toc422896929][bookmark: _Toc421190774][bookmark: _Toc421192180][bookmark: _Toc421256030][bookmark: _Toc421258458][bookmark: _Toc421280369]Notify the Engineer 48 hours before testing the battery backup system.
Test the system in the presence of the Engineer by turning off the power to the signal system at the service equipment enclosure. The signal system must run continuously for 30 minutes. If the battery backup system fails, correct the problem and retest the system for another 30 minutes. After successful completion of the test, turn the power on for the signal system.
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[bookmark: _Toc424737159][bookmark: _Toc425171000][bookmark: _Toc427906533][bookmark: _Toc427910630][bookmark: _Toc428027194][bookmark: _Toc428427504][bookmark: _Toc433967570]Reserved
[bookmark: _Toc440357420][bookmark: _Toc441217972]87-4.02B  Battery Backup System
A battery backup system includes the cabinet, batteries, and the Department-furnished electronics assembly.
The electronics assembly includes the inverter/charger unit, power transfer relay, and the battery harness.
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An internally illuminated street name sign includes housing, brackets, sign panels, gaskets, ballast, lampholder, terminal blocks, conductors, and fuses.
An internally illuminated street sign must be designed and constructed to prevent deformation or failure when subjected to an 85 mph, 3-second wind-gust load as specified in the AASHTO publication, "Standard Specifications for Structural Supports of Highway Signs, Luminaires and Traffic Signals."
Sign must:
1.	Be Types A or B
2.	Have galvanized or cadmium-plated ferrous parts
3.	Have screened weep holes
4.	Have fasteners, screws, and hardware made of passive stainless steel, Type 302 or 304, or aluminum Type 6060-T6
5.	Operate at a temperature from -20 to 74 degrees C

Photoelectric unit sockets are not allowed.
The housing must be constructed to resist torsional twist and warp. The housing must be designed such that opening or removing the panels provides access to the interior of the sign for lamp, ballast, and fuse replacement.
The top and bottom of the sign must be manufactured from formed or extruded aluminum and attached to formed or cast aluminum end fittings. The top, bottom, and end fittings must form a sealed housing.
For a Type A sign, both sides of the sign must be hinged at the top to allow installation or removal of the sign panel.
For a Type B sign, the sign panel must be slide mounted into the housing.
The top of the housing must have 2 free-swinging mounting brackets. Each bracket must be vertically adjustable for leveling the sign to either a straight or curved mast arm. The bracket assembly must allow the lighting fixture to swing perpendicular to the sign panel.
The reflectors must be formed aluminum and have an acrylic, baked-white-enamel surface with a minimum reflectance of 0.85.
Sign panel must be translucent, high-impact-resistant, and made of one of the following plastic materials:
1.	Glass-fiber-reinforced, acrylated resin
2.	Polycarbonate resin
3.	Cellulose acetate butyrate

The sign panel must be designed not to crack or shatter if a 1-inch-diameter steel ball weighing 2.4 ounces is dropped from a height of 8.5 feet above the sign panel to any point on the panel. For this test, the sign panel must be lying in a horizontal position and supported within its frame.
The sign panel's surface must be evenly illuminated. The brightness measurements for the letters must be a minimum of 150 foot-lamberts, average. The letter-to-background brightness ratio must be from 10:1 to 20:1. The background luminance must not vary by more than 40 percent from the average background brightness measurement. The luminance of letters, symbols, and arrows must not vary by more than 20 percent from their average brightness measurement.
The sign panel's white or green color must not fade or darken if exposed to an accelerated test of UV light equivalent to 2 years of outdoor exposure.
The sign panel's legend, symbols, arrows, and border on each face must be white on a green background. The background must comply with color no. 14109 of FED-STD-595.
The message must appear on both sides of the sign and be protected from UV radiation. The letters must be 8-inch upper case and 6-inch lower case, series E.
A Type A sign must have a closed-cell, sponge-neoprene gasket installed between the sign panel frame to prevent the entry of water. The gasket must be uniform and even textured.
The sign ballast must be a high-power-factor type for outdoor operation from 110 to 125 V(ac) and 60 Hz and must comply with ANSI C82.1 and C82.2.
The ballast for a Type A sign must be rated at 200 mA. The ballast for a Type B sign must be rated at 430 mA.
Sign lampholder must:
1.	Be the spring-loaded type
2.	Have silver-coated contacts and waterproofed entrance leads
3.	Have a heat-resistant, circular cross section with a partially recessed neoprene ring

Removal of the lamp from the socket must de-energize the primary of the ballast.
The springs for the lampholders must not be a part of the current-carrying circuit.
The sign's wiring connections must terminate on a molded, phenolic, barrier-type, terminal block rated at 15 A, 1,000 V(ac). The connections must have a white, integral, waterproof marking strip. The terminal screws must not be smaller than a no. 10.
The terminal block must be insulated from the fixture to provide protection from the line-to-ground flashover voltage.
A sectionalized terminal block must have an integral barrier on each side and must allow rigid mounting and alignment.
Fixture's conductors must:
1.	Be stranded copper wire with a minimum thermoplastic insulation of 28 mils
2.	Be rated at 1,000 V(ac) and for use up to 90 degrees C
3.	Be a minimum of no. 16
4.	Match the color coding of the ballast leads
5.	Be secured with spring cross straps, installed 12 inches apart or less in the chassis or fixture

Stranded copper conductors connected to screw-type terminals must terminate in crimp-type ring connectors.
No splicing is allowed within the fixture.
The sign's fuse must be the Type 3AG, miniature, slow-blow type.
The fuse holder must be a panel-mounting type with a threaded or bayonet knob that grips the fuse tightly for extraction. Each ballast must have a separate fuse.
[bookmark: _Toc385914781][bookmark: _Toc393286390][bookmark: _Toc393288369][bookmark: _Toc395082229][bookmark: _Toc395604455][bookmark: _Toc403983223][bookmark: _Toc403983469][bookmark: _Toc405984613][bookmark: _Toc419969333][bookmark: _Toc419970578][bookmark: _Toc419982675][bookmark: _Toc421190782][bookmark: _Toc421192188][bookmark: _Toc421256038][bookmark: _Toc421258466][bookmark: _Toc421280377][bookmark: _Toc422896945][bookmark: _Toc424737175][bookmark: _Toc425171017][bookmark: _Toc427906550][bookmark: _Toc427910647][bookmark: _Toc428027211][bookmark: _Toc428427521][bookmark: _Toc433967587][bookmark: _Toc440357422][bookmark: _Toc441217974]87-4.03  CONSTRUCTION
[bookmark: _Toc385914782][bookmark: _Toc393286391][bookmark: _Toc393288370][bookmark: _Toc395082230][bookmark: _Toc395604456][bookmark: _Toc403983224][bookmark: _Toc403983470][bookmark: _Toc405984614][bookmark: _Toc419969334][bookmark: _Toc419970579][bookmark: _Toc419982676][bookmark: _Toc421190783][bookmark: _Toc421192189][bookmark: _Toc421256039][bookmark: _Toc421258467][bookmark: _Toc421280378][bookmark: _Toc422896946][bookmark: _Toc424737176][bookmark: _Toc425171018][bookmark: _Toc427906551][bookmark: _Toc427910648][bookmark: _Toc428027212][bookmark: _Toc428427522][bookmark: _Toc433967588][bookmark: _Toc440357423][bookmark: _Toc441217975]87-4.03A  General
[bookmark: _Toc421190784][bookmark: _Toc421192190][bookmark: _Toc421256040][bookmark: _Toc421258468][bookmark: _Toc421280379][bookmark: _Toc422896947][bookmark: _Toc424737177][bookmark: _Toc425171019][bookmark: _Toc427906552][bookmark: _Toc427910649][bookmark: _Toc428027213][bookmark: _Toc428427523][bookmark: _Toc433967589][bookmark: _Toc385914783][bookmark: _Toc393286392][bookmark: _Toc393288371][bookmark: _Toc395082231][bookmark: _Toc395604457][bookmark: _Toc403983225][bookmark: _Toc403983471][bookmark: _Toc405984615]Set the foundations for standards such that the mast arm is perpendicular to the centerline of the roadway.
Tighten the cap screws of the luminaire's clamping bracket to 10 ft-lb for LED and low-pressure luminaires.
Label the month and year of the installation inside the luminaire housing's door.
Perform the conductor and operational tests for the system.
[bookmark: _Toc440357424][bookmark: _Toc441217976]87-4.03B  Battery Backup System Cabinets
Install the battery backup system cabinet to the right of the Model 332L cabinet.
If installation on the right side is not feasible, obtain authorization for installation on the left side.
Provide access for power conductors between the cabinets using:
1.	2" nylon-insulated, steel chase nipple
2.	2" steel sealing locknut
3.	2" nylon-insulated, steel bushing

Remove the jumper between the terminals labeled BBS-1 and BBS-2 in the 5 position terminal block in the controller cabinet before connecting the Department-furnished electronics assembly.
[bookmark: _Toc425171020][bookmark: _Toc427906553][bookmark: _Toc427910650][bookmark: _Toc428027214][bookmark: _Toc428427524][bookmark: _Toc433967590][bookmark: _Toc440357425][bookmark: _Toc441217977][bookmark: _Toc419969336][bookmark: _Toc419970581][bookmark: _Toc419982678][bookmark: _Toc421190785][bookmark: _Toc421192191][bookmark: _Toc421256041][bookmark: _Toc421258469][bookmark: _Toc421280380][bookmark: _Toc422896948]87-4.03C  Internally Illuminated Street Name Signs
Mount the internally illuminated street name sign to the signal mast arm using the adjustable brackets. Connect the conductors to the terminal blocks in the signal head mounting terminal block.
[bookmark: _Toc393288372][bookmark: _Toc395082232][bookmark: _Toc395604458][bookmark: _Toc403983226][bookmark: _Toc403983472][bookmark: _Toc405984616][bookmark: _Toc419969337][bookmark: _Toc419970582][bookmark: _Toc419982679][bookmark: _Toc421190787][bookmark: _Toc421192193][bookmark: _Toc421256043][bookmark: _Toc421258471][bookmark: _Toc421280382][bookmark: _Toc422896950][bookmark: _Toc424737182][bookmark: _Toc425171026][bookmark: _Toc427906566][bookmark: _Toc427910663][bookmark: _Toc428027227][bookmark: _Toc428427537][bookmark: _Toc433967603][bookmark: _Toc440357426][bookmark: _Toc441217978]87-4.04  PAYMENT
Not Used
[bookmark: _Toc403983211][bookmark: _Toc403983457][bookmark: _Toc405984601][bookmark: _Toc419969309][bookmark: _Toc419970554][bookmark: _Toc419982651][bookmark: _Toc421190738][bookmark: _Toc421192144][bookmark: _Toc421255994][bookmark: _Toc421258422][bookmark: _Toc421280333][bookmark: _Toc422896889][bookmark: _Toc424737104][bookmark: _Toc425170945][bookmark: _Toc427906478][bookmark: _Toc427910575][bookmark: _Toc428027139][bookmark: _Toc428427449][bookmark: _Toc433967515][bookmark: _Toc440357427][bookmark: _Toc441217979]87-5  RAMP METERING SYSTEMS
[bookmark: _Toc421190739][bookmark: _Toc421192145][bookmark: _Toc421255995][bookmark: _Toc421258423][bookmark: _Toc421280334][bookmark: _Toc422896890][bookmark: _Toc424737105][bookmark: _Toc425170946][bookmark: _Toc427906479][bookmark: _Toc427910576][bookmark: _Toc428027140][bookmark: _Toc428427450][bookmark: _Toc433967516][bookmark: _Toc440357428][bookmark: _Toc441217980][bookmark: _Toc385914760][bookmark: _Toc393286379][bookmark: _Toc393288358][bookmark: _Toc395082218]87-5.01  GENERAL
Section 87-5 includes specifications for constructing ramp metering systems.
Ramp metering system includes:
1.	Foundations
2.	Pull boxes
3.	Conduit
4.	Conductors
5.	Standards
6.	Signal heads
7.	Service equipment enclosure
8.	Department-furnished controller assembly
9.	Detectors
10.	Telephone demarcation cabinet

The components of a ramp metering system are shown on the project plans.
[bookmark: _Toc421190740][bookmark: _Toc421192146][bookmark: _Toc421255996][bookmark: _Toc421258424][bookmark: _Toc421280335][bookmark: _Toc422896891][bookmark: _Toc424737106][bookmark: _Toc425170947][bookmark: _Toc427906480][bookmark: _Toc427910577][bookmark: _Toc428027141][bookmark: _Toc428427451][bookmark: _Toc433967517][bookmark: _Toc440357429][bookmark: _Toc441217981]87-5.02  MATERIALS
Not Used
[bookmark: _Toc421190741][bookmark: _Toc421192147][bookmark: _Toc421255997][bookmark: _Toc421258425][bookmark: _Toc421280336][bookmark: _Toc422896892][bookmark: _Toc424737107][bookmark: _Toc425170948][bookmark: _Toc427906481][bookmark: _Toc427910578][bookmark: _Toc428027142][bookmark: _Toc428427452][bookmark: _Toc433967518][bookmark: _Toc440357430][bookmark: _Toc441217982]87-5.03  CONSTRUCTION
Connect the field wiring to the terminal blocks in the controller cabinet. The Engineer provides you a list of field conductor terminations for each controller cabinet.
Perform the conductor and operational tests for the system.
[bookmark: _Toc421190742][bookmark: _Toc421192148][bookmark: _Toc421255998][bookmark: _Toc421258426][bookmark: _Toc421280337][bookmark: _Toc422896893][bookmark: _Toc424737108][bookmark: _Toc425170949][bookmark: _Toc427906482][bookmark: _Toc427910579][bookmark: _Toc428027143][bookmark: _Toc428427453][bookmark: _Toc433967519][bookmark: _Toc440357431][bookmark: _Toc441217983]87-5.04  PAYMENT
Not Used
[bookmark: _Toc385914785][bookmark: _Toc393286394][bookmark: _Toc393288374][bookmark: _Toc395082234][bookmark: _Toc395604460][bookmark: _Toc403983228][bookmark: _Toc403983474][bookmark: _Toc405984619][bookmark: _Toc419969340][bookmark: _Toc419970585][bookmark: _Toc419982682][bookmark: _Toc421190789][bookmark: _Toc421192195][bookmark: _Toc421256045][bookmark: _Toc421258473][bookmark: _Toc421280384][bookmark: _Toc422896952][bookmark: _Toc424737184][bookmark: _Toc425171028][bookmark: _Toc427906568][bookmark: _Toc427910665][bookmark: _Toc428027229][bookmark: _Toc428427539][bookmark: _Toc433967605][bookmark: _Toc440357432][bookmark: _Toc441217984]87-6  TRAFFIC MONITORING STATION SYSTEMS
[bookmark: _Toc421190790][bookmark: _Toc421192196][bookmark: _Toc421256046][bookmark: _Toc421258474][bookmark: _Toc421280385][bookmark: _Toc422896953][bookmark: _Toc424737185][bookmark: _Toc425171029][bookmark: _Toc427906569][bookmark: _Toc427910666][bookmark: _Toc428027230][bookmark: _Toc428427540][bookmark: _Toc433967606][bookmark: _Toc440357433][bookmark: _Toc441217985]87-6.01  GENERAL
Section 87-6 includes specifications for constructing traffic monitoring station systems.
Traffic monitoring station system includes:
1.	Foundations
2.	Pull boxes
3.	Conduit
4.	Cables
5.	Conductors
6.	Service equipment enclosure
7.	Controller cabinet
8.	Detectors
9.	Telephone demarcation cabinet

The components of a traffic monitoring station system are shown on the project plans.
[bookmark: _Toc421190791][bookmark: _Toc421192197][bookmark: _Toc421256047][bookmark: _Toc421258475][bookmark: _Toc421280386][bookmark: _Toc422896954][bookmark: _Toc424737186][bookmark: _Toc425171030][bookmark: _Toc427906570][bookmark: _Toc427910667][bookmark: _Toc428027231][bookmark: _Toc428427541][bookmark: _Toc433967607][bookmark: _Toc440357434][bookmark: _Toc441217986]87-6.02  MATERIALS
Not Used
[bookmark: _Toc421190792][bookmark: _Toc421192198][bookmark: _Toc421256048][bookmark: _Toc421258476][bookmark: _Toc421280387][bookmark: _Toc422896955][bookmark: _Toc424737187][bookmark: _Toc425171036][bookmark: _Toc427906576][bookmark: _Toc427910673][bookmark: _Toc428027237][bookmark: _Toc428427547][bookmark: _Toc433967613][bookmark: _Toc440357435][bookmark: _Toc441217987]87-6.03  CONSTRUCTION
[bookmark: _Toc428027238]Connect the field wiring to the terminal blocks in the controller cabinet. The Engineer provides you a list of field conductor terminations for the controller cabinet.
Perform the conductor and operational tests for the system.
[bookmark: _Toc421190793][bookmark: _Toc421192199][bookmark: _Toc421256049][bookmark: _Toc421258477][bookmark: _Toc421280388][bookmark: _Toc422896956][bookmark: _Toc424737188][bookmark: _Toc425171037][bookmark: _Toc427906577][bookmark: _Toc427910674][bookmark: _Toc428427548][bookmark: _Toc433967614][bookmark: _Toc440357436][bookmark: _Toc441217988]87-6.04  PAYMENT
Not Used
[bookmark: _Toc440357437][bookmark: _Toc441217989]87-7  FLASHING BEACON SYSTEMS
[bookmark: _Toc385914735][bookmark: _Toc393286354][bookmark: _Toc393288332][bookmark: _Toc395082196][bookmark: _Toc395604426][bookmark: _Toc403983199][bookmark: _Toc403983445][bookmark: _Toc405984589][bookmark: _Toc419969258][bookmark: _Toc419970503][bookmark: _Toc419982600][bookmark: _Toc421190660][bookmark: _Toc421192066][bookmark: _Toc421255916][bookmark: _Toc421258344][bookmark: _Toc421280255][bookmark: _Toc422896804][bookmark: _Toc424737020][bookmark: _Toc425170859][bookmark: _Toc427906394][bookmark: _Toc427910491][bookmark: _Toc428027055][bookmark: _Toc428427365][bookmark: _Toc433967448][bookmark: _Toc440357438][bookmark: _Toc441217990]87-7.01  GENERAL
Section 87-7 includes specifications for constructing flashing beacon systems.
Flashing beacon system includes:
1.	Foundations
2.	Pull boxes
3.	Conduit
4.	Conductors
5.	Standards
6.	Service equipment enclosure
7.	Signal heads
8.	Flashing beacon control assembly

The components of a flashing beacon system are shown on the project plans.
The flash rate for the flashing beacon must comply with chapter 4L, "Flashing Beacons," of the California MUTCD.
The flashing beacon must allow alternating flashing wig-wag operation.
The flashing beacon must have a separate flasher unit installed in the flashing beacon control assembly.
[bookmark: _Toc385914740][bookmark: _Toc393286359][bookmark: _Toc393288337][bookmark: _Toc395082201][bookmark: _Toc395604431][bookmark: _Toc403983204][bookmark: _Toc403983450][bookmark: _Toc405984594][bookmark: _Toc419969259][bookmark: _Toc419970504][bookmark: _Toc419982601][bookmark: _Toc421190661][bookmark: _Toc421192067][bookmark: _Toc421255917][bookmark: _Toc421258345][bookmark: _Toc421280256][bookmark: _Toc422896805][bookmark: _Toc424737021][bookmark: _Toc425170860][bookmark: _Toc427906395][bookmark: _Toc427910492][bookmark: _Toc428027056][bookmark: _Toc428427366][bookmark: _Toc433967449][bookmark: _Toc440357439][bookmark: _Toc441217991]87-7.02  MATERIALS
[bookmark: _Toc385914747][bookmark: _Toc393286366][bookmark: _Toc393288344][bookmark: _Toc395082208][bookmark: _Toc395604438][bookmark: _Toc403983205][bookmark: _Toc403983451][bookmark: _Toc405984595]Flashing beacon control assembly must:
1.	Have a NEMA 3R enclosure with a dead front panel and a hasp with a 7/16-inch hole for a padlock. The enclosure must have one of the following finishes:
1.1.	Powder coating.
1.2.	Hot-dip galvanized coating.
1.3.	Factory-applied, rust-resistant prime coat and finish coat.
2.	Have barrier-type terminal blocks rated for 25 A, 600 V(ac), made of molded phenolic or nylon material and have plated-brass screw terminals and integral marking strips.
3.	Include a solid state flasher complying with section 8 of NEMA standards publication no. TS 1 for 10 A, dual circuits.

[bookmark: _Toc419969263][bookmark: _Toc419970508][bookmark: _Toc419982605][bookmark: _Toc421190666][bookmark: _Toc421192072][bookmark: _Toc421255922][bookmark: _Toc421258350][bookmark: _Toc421280261][bookmark: _Toc422896810][bookmark: _Toc424737025][bookmark: _Toc425170864][bookmark: _Toc427906399][bookmark: _Toc427910496][bookmark: _Toc428027060][bookmark: _Toc428427370][bookmark: _Toc433967454][bookmark: _Toc440357440][bookmark: _Toc441217992]87-7.03  CONSTRUCTION
Perform the conductor and operational tests for the system.
[bookmark: _Toc393288347][bookmark: _Toc395082211][bookmark: _Toc395604441][bookmark: _Toc403983208][bookmark: _Toc403983454][bookmark: _Toc405984598][bookmark: _Toc419969266][bookmark: _Toc419970511][bookmark: _Toc419982608][bookmark: _Toc421190669][bookmark: _Toc421192075][bookmark: _Toc421255925][bookmark: _Toc421258353][bookmark: _Toc421280264][bookmark: _Toc422896813][bookmark: _Toc424737027][bookmark: _Toc425170865][bookmark: _Toc427906400][bookmark: _Toc427910497][bookmark: _Toc428027061][bookmark: _Toc428427371][bookmark: _Toc433967455][bookmark: _Toc440357441][bookmark: _Toc441217993]87-7.04  PAYMENT
[bookmark: _Toc385914750][bookmark: _Toc393286369]Not Used
[bookmark: _Toc380742322][bookmark: _Toc382035605][bookmark: _Toc382478696][bookmark: _Toc384897925][bookmark: _Toc393282783][bookmark: _Toc393877226][bookmark: _Toc398810518][bookmark: _Toc402181694][bookmark: _Toc403120689][bookmark: _Toc405971451][bookmark: _Toc405984617][bookmark: _Toc419969338][bookmark: _Toc419970583][bookmark: _Toc419982680][bookmark: _Toc421190788][bookmark: _Toc421192194][bookmark: _Toc421256044][bookmark: _Toc421258472][bookmark: _Toc421280383][bookmark: _Toc422896951][bookmark: _Toc424737183][bookmark: _Toc425171027][bookmark: _Toc427906567][bookmark: _Toc427910664][bookmark: _Toc428027228][bookmark: _Toc428427538][bookmark: _Toc433967604][bookmark: _Toc440357442][bookmark: _Toc441217994][bookmark: _Toc385914784][bookmark: _Toc393286393][bookmark: _Toc393288373][bookmark: _Toc395082233][bookmark: _Toc395604459][bookmark: _Toc403983227][bookmark: _Toc403983473]87-8–87-11  RESERVED
[bookmark: _Toc440357443][bookmark: _Toc441217995]87-12  CHANGEABLE MESSAGE SIGN SYSTEMS
[bookmark: _Toc393288663][bookmark: _Toc394917312][bookmark: _Toc395012999][bookmark: _Toc395013358][bookmark: _Toc395681246][bookmark: _Toc402181714][bookmark: _Toc402182022][bookmark: _Toc402182213][bookmark: _Toc405540142][bookmark: _Toc405540525][bookmark: _Toc405540581][bookmark: _Toc405544656][bookmark: _Toc415123481][bookmark: _Toc421257679][bookmark: _Toc421258184][bookmark: _Toc422209908][bookmark: _Toc425156428][bookmark: _Toc427913757][bookmark: _Toc428020194][bookmark: _Toc428430943][bookmark: _Toc440357444][bookmark: _Toc441217996]87-12.01  GENERAL
Section 87-12 includes specifications for constructing changeable message sign systems.
[bookmark: _Toc393288668][bookmark: _Toc394917317][bookmark: _Toc395013001][bookmark: _Toc395013360][bookmark: _Toc395681247][bookmark: _Toc402181715][bookmark: _Toc402182023][bookmark: _Toc402182214][bookmark: _Toc405540143][bookmark: _Toc405540526][bookmark: _Toc405540582][bookmark: _Toc405544657][bookmark: _Toc415123482][bookmark: _Toc421257680][bookmark: _Toc421258185][bookmark: _Toc422209909]Changeable message sign system includes:
1.	Foundations
2.	Pull boxes
3.	Conduit
4.	Conductors
5.	Service equipment enclosure
6.	Department-furnished controller cabinet
7.	Department-furnished changeable message sign
8.	Department-furnished wiring harness
9.	Service equipment enclosure
10.	Sign disconnect

[bookmark: _Toc425156429][bookmark: _Toc427913758][bookmark: _Toc428020195][bookmark: _Toc428430944]The components of a changeable message sign system are shown on the project plans.
[bookmark: _Toc440357445][bookmark: _Toc441217997]87-12.02  MATERIALS
Not Used
[bookmark: _Toc440357446][bookmark: _Toc441217998]87-12.03  CONSTRUCTION
Install the changeable message sign.
Connect the field wiring to the terminal blocks in the sign assembly and controller cabinet.
The Engineer provides you a list of field conductor terminations for each sign cabinet and controller cabinet.
[bookmark: _Toc393288676][bookmark: _Toc394917325][bookmark: _Toc395013009][bookmark: _Toc395013368][bookmark: _Toc395681255]The Department maintains the sign assemblies.
[bookmark: _Toc393288678][bookmark: _Toc394917327][bookmark: _Toc395013011][bookmark: _Toc395013370][bookmark: _Toc395681257][bookmark: _Toc402181726][bookmark: _Toc402182033][bookmark: _Toc402182224][bookmark: _Toc405540153][bookmark: _Toc405540536][bookmark: _Toc405540592][bookmark: _Toc405544667][bookmark: _Toc415123492][bookmark: _Toc421257690][bookmark: _Toc421258195][bookmark: _Toc422209917][bookmark: _Toc425156445][bookmark: _Toc427913774][bookmark: _Toc428020211][bookmark: _Toc428430960][bookmark: _Toc440357447][bookmark: _Toc441217999]87-12.04  PAYMENT
Not Used
[bookmark: _Toc440357448][bookmark: _Toc441218000]87-13–87-17  RESERVED
[bookmark: _Toc440357449][bookmark: _Toc441218001]87-18  INTERCONNECTION CONDUIT AND CABLE
[bookmark: _Toc440357450][bookmark: _Toc441218002]87-18.01  GENERAL
Section 87-18 includes specifications for constructing interconnection conduit and cable.
Interconnection conduit and cable includes:
1.	Pull boxes
2.	Conduit
3.	Signal interconnect cables

The components of an interconnection conduit and cable are shown.
[bookmark: _Toc440357451][bookmark: _Toc441218003]87-18.02  MATERIALS
Not Used
[bookmark: _Toc440357452][bookmark: _Toc441218004]87-18.03  CONSTRUCTION
Test the signal interconnect cable.
Connect the signal interconnect cable to the terminal block in the controller cabinets. The Engineer provides you a list of terminations for each controller cabinet.
[bookmark: _Toc440357453][bookmark: _Toc441218005]87-18.04  PAYMENT
Not Used
[bookmark: _Toc440357454][bookmark: _Toc441218006]87-19  RESERVED
[bookmark: _Toc440357455][bookmark: _Toc441218007]87-20  TEMPORARY ELECTRICAL SYSTEMS
[bookmark: _Toc424737191][bookmark: _Toc425171049][bookmark: _Toc427906589][bookmark: _Toc427910686][bookmark: _Toc428027250][bookmark: _Toc428427560][bookmark: _Toc433967626][bookmark: _Toc440357456][bookmark: _Toc441218008]87-20.01  GENERAL
[bookmark: _Toc424737192]Section 87-20 includes specifications for providing temporary electrical systems.
Obtain the Department's authorization for the type of temporary electrical system and its installation method.
A temporary system must operate on a continuous, 24-hour basis.
[bookmark: _Toc425171050][bookmark: _Toc427906590][bookmark: _Toc427910687][bookmark: _Toc428027251][bookmark: _Toc428427561][bookmark: _Toc433967627][bookmark: _Toc440357457][bookmark: _Toc441218009]87-20.02  MATERIALS
[bookmark: _Toc424737193][bookmark: _Toc425171051][bookmark: _Toc427906591][bookmark: _Toc427910688][bookmark: _Toc428027252][bookmark: _Toc428427562][bookmark: _Toc433967628][bookmark: _Toc440357458][bookmark: _Toc441218010]87-20.02A  General
Material and equipment may be new or used.
The components of a temporary system are shown on the project plans.
If you use Type UF-B cable, the minimum conductor size must be no. 12.
[bookmark: _Toc424737194][bookmark: _Toc425171052][bookmark: _Toc427906592][bookmark: _Toc427910689][bookmark: _Toc428027253][bookmark: _Toc428427563][bookmark: _Toc433967629][bookmark: _Toc440357459][bookmark: _Toc441218011]87-20.02B  Temporary Flashing Beacon Systems
A temporary flashing beacon system consists of a flashing beacon system, wood post, generator, and photovoltaic system.
The system must comply with the specifications for a flashing beacon system in section 87-7, except it may be mounted on a wood post or a trailer.
[bookmark: _Toc424737195][bookmark: _Toc425171054][bookmark: _Toc427906594][bookmark: _Toc427910691][bookmark: _Toc428027255][bookmark: _Toc428427565][bookmark: _Toc433967631][bookmark: _Toc440357460][bookmark: _Toc441218012]87-20.02C  Temporary Lighting Systems
A temporary lighting system consists of a lighting system, generator, and wood poles.
The system must comply with the specifications for a lighting system in section 87-2, except it may be mounted on a wood pole or a trailer.
[bookmark: _Toc424737200][bookmark: _Toc425171060][bookmark: _Toc427906600][bookmark: _Toc427910697][bookmark: _Toc428027261][bookmark: _Toc428427571][bookmark: _Toc433967637][bookmark: _Toc440357461][bookmark: _Toc441218013]87-20.02D  Temporary Signal Systems
A temporary signal system consists of a signal and lighting system, wood poles and posts, and a generator.
System must comply with the specifications for a signal and lighting system in section 87-4, except:
1.	Signal heads may be mounted on a wood pole, mast arm, tether wire, or a trailer
2.	Flashing beacons may be mounted on a wood post, or a trailer

[bookmark: _Toc424737201][bookmark: _Toc425171062][bookmark: _Toc427906602][bookmark: _Toc427910699][bookmark: _Toc428027263][bookmark: _Toc428427573][bookmark: _Toc433967642][bookmark: _Toc440357462][bookmark: _Toc441218014]87-20.03  CONSTRUCTION
[bookmark: _Toc424737202][bookmark: _Toc425171063][bookmark: _Toc427906603][bookmark: _Toc427910700][bookmark: _Toc428027264][bookmark: _Toc428427574][bookmark: _Toc433967643][bookmark: _Toc440357463][bookmark: _Toc441218015]87-20.03A  General
Provide electrical and telecommunication services for temporary systems. Do not use existing services unless authorized.
Provide power for the temporary electrical systems under section 12-3.33, except you may use a photovoltaic system for the temporary flashing beacon system.
Install conductors and cables in a conduit, suspended from wood poles at least 25 feet above the roadway, or use direct burial conductors and cables.
You may saw slots across paved areas for burial conductors and cables.
Install conduit outside the paved area at a minimum of 12 inches below grade for Type 1 and 2 conduit and at a minimum of 18 inches below grade for Type 3 conduit.
Install direct burial conductors and cables outside the paved area at a minimum depth of 24 inches below grade.
Place the portions of the conductors installed on the face of wood poles in either Type 1, 2, or 3 conduit between the point 10 feet above grade at the pole and the pull box. The conduit between the pole and the pull box must be buried at a depth of at least 18 inches below grade.
Place conductors across structures in a Type 1, 2, or 3 conduit. Attach the conduit to the outside face of the railing.
Mount the photoelectric unit at the top of the standard or wood post.
[bookmark: _Toc424737203][bookmark: _Toc425171064][bookmark: _Toc427906604][bookmark: _Toc427910701][bookmark: _Toc428027265]You may abandon in place conductors and cables in sawed slots or in conduit installed below the ground surface.
[bookmark: _Toc428427575][bookmark: _Toc433967644][bookmark: _Toc440357464][bookmark: _Toc441218016]87-20.03B  Temporary Flashing Beacon Systems
Install a fused-splice connector in the pull box adjacent to each flashing beacon. Wherever conductors are run overhead, install the splice connector in the line side outside of the control assembly.
[bookmark: _Toc424737204][bookmark: _Toc425171066][bookmark: _Toc427906606][bookmark: _Toc427910703][bookmark: _Toc428027267][bookmark: _Toc428427577][bookmark: _Toc433967646][bookmark: _Toc440357465][bookmark: _Toc441218017]87-20.03C  Temporary Lighting Systems
Wherever conductors are run overhead, install the fuse splice connectors in the line side before entering the mast arm.
[bookmark: _Toc424737209][bookmark: _Toc425171072][bookmark: _Toc427906612][bookmark: _Toc427910709][bookmark: _Toc428027273][bookmark: _Toc428427583][bookmark: _Toc433967652][bookmark: _Toc440357466][bookmark: _Toc441218018]87-20.03D  Temporary Signal Systems
You may splice conductors that run to a terminal compartment or a signal head on a pole to the through conductors of the same phase in a pull box adjacent to the pole. Do not splice conductors or cables except in a pull box or in a NEMA 3R enclosure.
The Department provides the timing for the temporary signal.
Maintain the temporary signal except for the Department-furnished controller assembly.
[bookmark: _Toc424737210][bookmark: _Toc425171074][bookmark: _Toc427906614][bookmark: _Toc427910711][bookmark: _Toc428027275][bookmark: _Toc428427585][bookmark: _Toc433967654][bookmark: _Toc440357467][bookmark: _Toc441218019]87-20.04  PAYMENT
Not Used
[bookmark: _Toc441218020]87-21  EXISTING ELECTRICAL SYSTEMS
[bookmark: _Toc441218021][bookmark: _Toc436986137]87-21.01  GENERAL
Section 87-21 includes general specifications for performing work on existing electrical systems.
[bookmark: _Toc398810539][bookmark: _Toc402181697][bookmark: _Toc403120692][bookmark: _Toc405971454][bookmark: _Toc416435853][bookmark: _Toc419969343][bookmark: _Toc419970588][bookmark: _Toc419982685][bookmark: _Toc421190796][bookmark: _Toc421192202][bookmark: _Toc421256052][bookmark: _Toc421258480][bookmark: _Toc421280391][bookmark: _Toc421786932][bookmark: _Toc422209196][bookmark: _Toc425163805][bookmark: _Toc427930120][bookmark: _Toc428019574][bookmark: _Toc431284949][bookmark: _Toc431389250][bookmark: _Toc431393261][bookmark: _Toc436986139][bookmark: _Toc441218023]87-21.02  MATERIALS
Not Used
[bookmark: _Toc398810540][bookmark: _Toc402181698][bookmark: _Toc403120693][bookmark: _Toc405971455][bookmark: _Toc416435854][bookmark: _Toc419969344][bookmark: _Toc419970589][bookmark: _Toc419982686][bookmark: _Toc421190797][bookmark: _Toc421192203][bookmark: _Toc421256053][bookmark: _Toc421258481][bookmark: _Toc421280392][bookmark: _Toc421786933][bookmark: _Toc422209197][bookmark: _Toc425163806][bookmark: _Toc427930121][bookmark: _Toc428019575][bookmark: _Toc431284950][bookmark: _Toc431389251][bookmark: _Toc431393262][bookmark: _Toc436986140][bookmark: _Toc441218024]87-21.03  CONSTRUCTION
87-21.03A  General
You may abandon unused underground conduit after pulling out all conductors and removing conduit terminations from the pull boxes.
If standards are to be salvaged, remove:
1.	All components
2.	Mast arms from the standards
3.	Luminaires, signal heads, and signal mounting assemblies from the standards and mast arms

If the existing material is unsatisfactory for reuse and the Engineer orders you to replace it with new material, replacing the existing material with new material is change order work.
If the removed electrical equipment is to be reinstalled, supply all materials and equipment, including signal mounting assemblies, anchor bolts, nuts, washers, and concrete, needed to complete the new installation.
[bookmark: _Toc436986142][bookmark: _Toc441218026][bookmark: _Toc415123469][bookmark: _Toc421257637][bookmark: _Toc421258139][bookmark: _Toc422209868][bookmark: _Toc425156369][bookmark: _Toc427913717][bookmark: _Toc428020154][bookmark: _Toc428430903][bookmark: _Toc435797432]87-21.03B  Maintaining Existing Electrical Systems
[bookmark: _Toc436986143][bookmark: _Toc441218027]87-21.03B(1)  General
Maintain the existing electrical system in working order during the progress of the work. Conduct your operations to avoid damage to the elements of the systems.
[bookmark: _Toc436986148][bookmark: _Toc441218031]87-21.03B(2)  Maintaining Existing Traffic Management System Elements During Construction
Section 87-21.02B(2) applies if a bid item for maintaining existing traffic management system elements during construction is shown on the Bid Item List.
Traffic management system elements include:
1.	Ramp metering system
2.	Traffic monitoring stations
3.	Microwave vehicle detection system
4.	Changeable message sign system
5.	Extinguishable message sign system
6.	Highway advisory radio system
7.	Closed circuit television camera system
8.	Roadway weather information system

Obtain authorization at least 72 hours before interrupting communication between an existing system and the traffic management center.
If the Engineer notifies you that an existing system is not fully operational due to your activities, repair or replace the system within 72 hours. If the system cannot be fixed within 72 hours or it is located on a structure, provide a temporary system within 24 hours until the system can be fixed. Perform a functional test of the system in the presence of the Engineer. If you fail to perform the necessary repair or replacement work, the Department may perform the repair or replacement work and deduct the cost.
If you damage an existing fiber optic cable, install a new cable such that the length of cable slack is the same as before the damage, measured from an original splice point or termination. All splices must be made using the fusion method.
You may interrupt the operation of traffic monitoring stations:
1.	For 60 days if another operational traffic monitoring station is located within 3 miles
2.	For 15 days if another operational traffic monitoring station is located more than 3 miles away

If a traffic monitoring station must be interrupted for longer periods than specified, provide a temporary detection system. Obtain the Department's authorization for the type of temporary system and its installation method.
[bookmark: _Toc436986150][bookmark: _Toc441218033]87-21.03C  Modifying Existing Electrical Systems
[bookmark: _Toc436986151][bookmark: _Toc441218034]Modify electrical systems as shown.
87-21.03D  Removing Existing Electrical Systems
The components to be removed are shown on the project plans.
[bookmark: _Toc421190812][bookmark: _Toc421192218][bookmark: _Toc421256068][bookmark: _Toc421258496][bookmark: _Toc421280407][bookmark: _Toc421786948][bookmark: _Toc422209212][bookmark: _Toc425163821][bookmark: _Toc427930136][bookmark: _Toc428019590][bookmark: _Toc431284964][bookmark: _Toc431389264][bookmark: _Toc431393276][bookmark: _Toc436986141][bookmark: _Toc441218025]87-21.04  PAYMENT
Not Used

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

DIVISION XI  MATERIALS
92  ASPHALT BINDERS
04-15-16
04-15-16
Replace the 4th paragraph of section 92-1.02B with:
Crumb rubber modifier used must be on the Authorized Materials List for crumb rubber modifier.
Production equipment for PG modified asphalt binder with crumb rubber modifier must be authorized under the Department's MPQP.
Crumb rubber must be derived from waste tires described in Pub Res Code § 42703 and must be free from contaminants including fabric, metal, minerals, and other nonrubber substances.

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

96  GEOSYNTHETICS
01-15-16
Replace product name, manufacturing source, and date of manufacture in the 2nd sentence of the 1st paragraph of section 96-1.01D with:
01-15-16
manufacturing source code

