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1. WHY?

This chapter willaddress why a traffic signal is installed, including:

e Whoinitiates a trafficsignal?
e Trafficsignal warrants
e Intersection Control Evaluation (ICE) reports

e Associated manuals

1.1 Who initiates a traffic signal?

A traffic signalmay be initiated in many ways. If a study shows such a signal is justified, then the signal must be
programmed, i.e. budgeted for and put into the letting schedule. A signal can be initiated by a developer,
city/county, politician, the public, or the State.

1.2 Signal Warrants

Traffic control signals should not be installed unless one or more of the signal warrantsinthe Minnesota Manual on
Uniform Traffic Control Devices (MN MUTCD) are met. Warrants can be foundin Chapter 4C of the MN MUTCD,
available at the following link: www.dot.state.mn.us/trafficeng/publ/index.html.

However, the satisfaction of a warrantor warrantsis not initself justification for a signal. In addition to meetinga
warrant, to be justified a signal should meet perceived safety or operational needs. Information should be obtained
by means of engineering studies and compared with the requirements set forth inthe warrants. An Intersection
Control Evaluation (ICE) reportis required; details on this are found later in this section.

There are nine warrants contained inthe MN MUTCD:

e Warrant 1: Eight-Hour Vehicular Volume e Warrant 6: Coordinated Signal System

e Warrant 2: Four-Hour VehicularVolume e Warrant 7: Crash Experience

e Warrant 3: PeakHour e Warrant 8: Roadway Network

e Warrant4: Pedestrian Volume e Warrant9: Intersection Near a Grade
Crossing

e Warrant 5: School Crossing

Several of the warrants areless strong and require careful justification to avoid placing signals that cause more
problems thantheysolve. Forinstance, consider Warrant 3. If only one hour is met for Warrant 3, thenasignal
could be installed that is only needed 1 hour out of the day.

Another example is Warrant7. Note thatthe language states “Five or more reported crashes, of types susceptible to
correction by a traffic control signal, ...”. Arear-end collisionis not considered to be an accident that could be
corrected by a signal (in fact, this collision type oftenincreases with the installation of a traffic signal).

Let’s review an example of Warrant 1, which requires a minimum of eight hours of traffic data. To meet Warrant 1,
at least eight distinct hours must meet the threshold volumes. For this example, we willassume 2 or more lanes on
the major and minor street under 100% conditions.

The Minimum Vehicular Volume, Condition A, is intended for application at locations where a large volume of
intersectingtrafficis the principalreasonto consider installing a trafficsignal. The Interruption of Continuous Traffic,
Condition B, is intended for application at locations where Condition A is not satisfied and where the traffic volume
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on a major street is so heavy that traffic on a minor intersecting street suffers excessive delay or conflict in entering
or crossing the majorstreet.

To be warranted, one of the following must occur:
1. ConditionAor Bis metfor atleast 8 hours a dayas shownonthe 100% column.

2. Condition Aor Bis met for at least 8 hours a day as shown onthe 70% column if the posted or 85th
percentile speed onthe mainline exceeds 40 MPH or the intersection lies within the built-up areaofan
isolated community having a population of less than 10,000.

Condition A - Minimum Vehicle Volume

Vehicles per hour on
higher-volume

Number of lanes for Vehicles per hour on major street minor street approach
moving traffic on each approach (total of both approaches) (one direction only)
) b c d a b c d
Major Street Minor Street 100% | 80% 70% 56% 100% [80% 70% 56%
e R 500 |400 350 280 150 [120 105 84
ogromaore
2 2 480 420 336 120 109 o4
or more... or more.... 600 480 420 336 200 (160 140 112
1 2 ormare
QUU 400 JoU ZoU 20U ToU 140 1712
Vehicles Per Hour Minimum Required
Total of Both Major Higher Minor Street [Total of Both Major Higher Minor Street [Hour
Time Street. Approaches  |Approach Street. Approaches Approach Satisfied?
6:00 to 7:00 650 205 600 200 Yes
7:00 to 8:00 690 250 600 200 Yes
8:00 to 9:00 640 201 600 200 Yes
9:00 to 10:00 600 190 600 200
10:00 to 11:00 550 100 600 200
11:00 to 12:00 560 120 600 200
12:00 to 1:00 600 160 600 200
1:00 to 2:00 590 130 600 200
2:00 to 3:00 580 180 600 200
3:00 to 4:00 600 190 600 200
4:00 to 5:00 630 220 600 200
5:00 to 6:00 700 250 600 200
6:00 to 7:00 680 230 600 200
7:00 to 8:00 550 200 600 200
8:00 to 9:00 450 190 600 200
9:00 to 10:00 400 100 600 200

Warrant not met for Condition A (6 of 8 hours met)

For this example, 6 of 8 hours met the requirements for Warrant 1 Condition A, so Warrant 1 was not met. This
example only considered Condition A of Warrant 1.

1.3 Intersection Control Evaluation (ICE)

Inthe past, the only perceived solution to traffic delay and safety problems for at-gradeintersections was the
installation of a traffic signal, based on Signal Justification Reports (SJR). ASIR had to be completed before a new
signal or significant modification of a signal could proceed (MnDOT TrafficEngineering Manual). The SIRis
straightforward but does not consider otheralternatives forms of intersection control. Other optionsincluding stop
control, roundabouts, and unconventional reduced-access intersections, may also be acceptable alternatives.

An Intersection Control Evaluation (ICE)is a process thatidentifies the bestintersection control through a
comprehensive analysisand documentation of the technical (safety and operational), economic, and political issues
of viable alternatives.
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The purpose of the ICE is to evaluate variousintersection designs; select the optimal control for anintersection
based onan objective analysis of the existing conditions and future needs; and document all technical, financial, and
politicalissues inthe ICEreport (in lieu of the SIR).

The deliverable depends on scope and location of the project, and could be an ICE Report, ICE Letter, SIR, or Signal
Justification Letter (SJL).

Below is a sample ICE reportcover sheet. The ICEreport must be completed under the direct supervision of a
Minnesota Professional Engineer (PE). Itis alsoto be reviewed by appropriateagencies and approved by the District
Traffic Engineer (DTE).

Minnesota Department of Transportation
Intersection Control Evaluation
For
S P XXXX-XX
TH. 901 and T.H. 902

In Anytown, County

Program SC (Safety Capacaty) Funding: SF (State Funds)
Letting Date: Oxtober 30, 2007

1 hereby cerfy that thas report was prepared by me or under mry direct supervivon
and that | am a duly Registered Professional Engineer under the laws of the State of

Muwmesota

Preparer’s name, P E Reg No Date

Reviewed:
County Engineet Date
Date

Approved:
Dustnict Trafl Enganeer Date
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1.4 Manuals

The MN MUTCD provides a uniform system of traffic control devices
on all streets, highways, bikeways, and private roads open to public
travel withinthe State of Minnesota. Chapter 4 of the MN MUTCD
focuses on traffic signals.

The Signal and Lighting Certification Field Guide is for those who are
involved in the construction and maintenance of traffic signalsand
lighting systems.
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Mn/DOT

Roadway Lighting
Design Manual

The Roadway Lighting Design Manual (offered againin 2022) covers the
design of roadway lighting systems.

o®

May 2010

MINNEROTA

R IS TR

sl asinin
AFFCTFIC AT

CONSTRUCTION The Standard Specificationsare used for all types of construction.
R— Referto Chapter 13 of this manual for more details.
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Minnexofa Depantmend of Transporfaiior

I'rafMic Engineering Manual

October
2015

The Traffic Engineering Manual (TEM) contains a variety of
informationrelatedtotrafficsignals.

MnDOT Traffic Signal
Timing and
Coordination Manual

The Traffic Signal Timing and Coordination Manual (training offered

againin 2022)is a manual for how to operate a traffic signal or a

network of signals.

May 2019

SEPARTMENT OF
TRANAFORTAYION

March 2021
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Traffic Control
Signal Design Manual

The Traffic Control Signal Design Manual (trainingto be offered
againin2021) covers the design of signal systems.

May 2018

mn oo
- Tratte, tafety &
reanbtants

Ay Bevbewingy

For up-to-date information, visit the Office of Traffic Engineering (OTE) website

(http://www.dot.state.mn.us/trafficeng) for a wide range of resources. Many of the references used in this manual

can be downloaded via the Publications tab.
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2. SIGNAL AGREEMENTS

This chapter will cover agreements, including:

e Signalagreements e Agreementsfor State let and city/county let

e Costsplits projects
e Whatis coveredunder agreements, and
e Type of agreementswritteninthe OTE items that may be coverid

2.1 Signal Agreements

An Agreement is a contract between the State and another entity defining who pays for what. Cooperative
agreements specify the sharing of costs, maintenance, and operation of signals. The State will not participate
financiallyina traffic signal that is not justified (see Chapter 1 regarding Intersection Control Evaluation).

2.2 CostSplit

The cost of constructing and maintaining a traffic signal shall be shared by the State and other municipal agencies.

The construction costis usually divided in the same ratio as the number of legs of the intersection under each
jurisdiction. Ifa leg is split by a division boundary, that leg should be equally divided. A private entrance leg should
be divided as a municipal leg.

SIGNAL SYSTEM COST PARTICIPATION EXAMPLES
JONES RD. (NOT C.R. OR C.5.A.H.)
TH.14 T.H. 14
C.S.AH 43 (JONES RD.)
@ 4 LEGS TOTAL AT THE INTERSECTION @ THE MATHEMATICAL PROPORTIONS THEREFORE ARE:
2 LEGS TH. (STATE) 50% STATE
1 LEG CS.AH. (COUNTY) 25% COUNTY
1 LEG CITYST. (CITY) 25% CITY
@ APPLY THE COUNTY POLICY AND THE FEDERAL @ WHEN APPLIED TO THE QUANTITIES CHART,
PARTICIPATION-THE FINAL PROPORTIONS ARE: THE PERCENTAGES BECOME:
40% FEDERAL 0.4  FEDERAL
10% STATE 0.1  STATE
25% COUNTY 0.25 COUNTY
25% CITY 0.25 CITY

2.3 Types of Agreements
There are different types of agreements written in the OTE, including:
e Traffic Control Signal
e Flashing Beacon
e Emergency Vehicle Preemption (EVP)
e Roadway Lighting

The costs for the signal mayinclude intersection roadway lights, intersection roadway signs, EVP aswell as the cost
of construction, engineering, inspection, and maintenance. Agreements are written for both State let and
city/county let projects.
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For State let projects, agreement classifications For city/county let projects, agreementclassifications
include: include:

e Receivable e Payable/receivable

e Payable/receivable e Payable

e Maintenance e Receivable

e Reimbursable maintenance e Maintenance

e Stateforceaccount e Reimbursable maintenance

e Cityforceaccount
e City/State force account
e Agency

Traffic signal plans handled by MnDOT for other agencies, with or without the State Aid process, are handled
differently depending on whether the project has federal funding participation, and whetheror not the intersection
involved is located on or off the trunk highway system.

Ifa signal at a trunk highway intersection is being built or revised by any other agency, the District/Division Traffic
Engineer shall approve the final plans before bids are opened on the project. The Traffic Engineer shall approve the
plans whether or not there is any federal funding participation.

Ifa proposedsignalis not at a trunk highway location, and the job involves federal funding participation, the District
Traffic Engineer willindicate concurrence with the design by means of a memorandum to the State Aid Office.

Ifa proposed signalis not at a trunk highway location, and the project does not have federal funding participation,
the District Traffic Engineer may indicateapproval by means of a memotothe State Aid Office; however, the
District/Division may recommend approval of such a project if the plans have been certified by both a master
electricianand licensed engineer.

2.4 What Agreements Cover

Agreements cover costs (construction costs and splits), maintenance, operation (timing), and electrical energy
(power). Agreementterms (cost participation, power supply, design responsibilities, operation responsibilities and
major/minor maintenance responsibilities) should be defined as early as possible within any project - regardless of
whether the project is going to be administered by the Departmentor a local agency. Agreementterms forany
project are a byproduct of appropriate and timely local agency and Department coordination.

Additionally, agreements may cover signals, roadway lighting, advanced warning flashers, signal ahead flashers,
interconnect, emergency vehicle preemption, Type “D” signs, internally lit signs, crosswalk markings, intersection
improvements, beacons, preliminary engineering, engineering and inspection, State furnished materials (cabinet,
controller, video cameras), and city/county furnished materials. The cost is also a split by leg for interconnect
(communications devices for adjacentintersectionsina signal system).
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3. FIELD COMPONENTS

Inthis chapter, you will be introduced to some common field components used with traffic signals. MnDOT standard
plans and standard plates areavailable at the link below. Standard plates arefor items that will be fabricated off-site
and brought tothe project site for installation, while standard plans are used for the layout and construction of
items that will be constructed on-site.

https://www.dot.state.mn.us/library/standards.html

Below is a picture of a signalized intersection, as well asanimage identifyinga mastarm pole and some of the
common components found on it. These include EVP detector, traffic signal heads (protected and permitted), a

luminaire for lighting the roadwayand a Type "D" guide sign.

Key:
1-SignalHead

2-EVP
Detector

il 3-MastArm
Pole

4 — Luminaire

5—-Type “D”
Sign
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3.1 Foundations

On therightis Standard Plate No. 8120, Pole Foundation for Type PA85 Poles. Standard Plate No. 8126 is for
foundation PA90 and PA100 Poles (i.e. longer mast arms)and 8133 is for Type BA Poles. See page 19 for information
on mastarm lengths.

Refer tothe Standard Plates for the most currentversion.

The picture below shows ananchor bolt, and the bottom image shows a steel foundation cage (reinforcingbars).
See Standard Plate 8120 for details.
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The image below shows the foundation at gradelevel for a PA series pole and for a BA series pole being constructed.
Notice the anchor rods where the signal transformer base attaches.

Foundation (BAseries) Foundation (PA series)

3.2 Transformer Base

Below is Standard Plate No. 8121 (page1and2), Transformer Base and Pole BasePlate.
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The pictures below show a pole base and transformer. See Standard Plate 8121 for details.

Below are examples of transformer base access panels. The picture on the left is on a pedestal pole and the picture
on the right is for a mast arm (with access panel open). See Standard Plate 8121 for details.

1
\
|
!
N |

March 2021 Page | 18

Field Components


file://///kimley-horn.com/MW_TWC/TWC_Civil/State/MNDOT/160519100_Traffic%20Training%20Program/DOCS/A_Traffic%20Signals%20101/Manual/Course%20Visuals/Omaha%20Traffic%20Signals.pptx#-1,6,Foundation 

DEPARTMENT OF
TRANSPORTATION

mn

Traffic Signals 101 Course Manual

3.3 Poleand Mast Arms

Standard Plate No. 8123 (page 1and 2), Pole and Mast Arm, is included below. Notice that thereare 3 types that

areused:
1. PA85(15-30'long mastarms)
2. PA90(30-40'long mastarms)
3. PA100(40-55'long mastarms)

The length of the arm is specified on the signal layout plan sheets (see Chapter4). Standard PlateNo. 8133 covers

Type BA Poles (60-80’ mast arms).
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This picture shows the vertical pole (yellow post shownin the picture onthe left) and a stampindicating that thisis
a Pole Type PA100 (image below). See Standard Plate 8123 for details.

3.4 Signals

MnDOT and several other jurisdictions wereamong some of the first jurisdictions in the United States to implement
the 4-section Flashing Yellow Arrow (FYA) protected-permissive left turn signal indication at intersections where in
the past 5-section protected-permissive circular green signal indications were used. Both types of signal indications
direct motoriststoturnleft afteryielding to oncoming traffic, but a national study demonstrated that drivers found
FYAindications more understandable than traditional yield-on-green ball indications.

LEFT TURN

Refertothe MnDOT OTE link for additional details on flashing yellow arrows.
www.dot.state.mn.us/trafficeng/signals/flashingyellowarrow.html

On the following page is a figure with descriptions of the function for each section of the 4-section FYA indication.

March 2021 Page | 20
Field Components


http://www.dot.state.mn.us/trafficeng/signals/flashingyellowarrow.html

M RN FoRTAT O Traffic Signals 101 Course Manual

Steady Red Arrow: Drivers turning left
must stop and wait.

Steady Yellow Arrow: Drivers are warned
that the left-turnsignalis about togoto
redand theyshould prepare tostopor
prepare tocomplete their left turnifthey
are withinthe intersection.

Flashing Yellow Arrow: Driversare

. allowedtoturnleft after yielding to

,""0. . ' oncoming trafficand pedestrians.

N / (Oncoming traffic has a green light.)
Drivers must determineifthereis an

adequate gap before turning!

Solid Green Arrow: Left turns have the
right of way. Oncoming traffichas ared
licht

Below are pictures of 4-section FYA indications, both at the end of the mast arm and mounted tothe pole. Also
depictedinthe photos below is yellow retroreflective sheeting around the border of the signal indication backplate.
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Below are pictures of a 3-section protected left turn signal. In a protected left, all three indications are arrowtype.
Vehicles are only allowed to move during the greenindication (no permissiveleft turn movement is allowed).

The pictures below show a protected/permissive left turn signal. Leftturn vehicles are allowed to operate asa
protected movement during the green arrow and as a permissive movement (yield to oncoming traffic)during the
green ball. Notice the supplemental 'Left TurnYield on Green'sign.
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The picture below shows a No Right Turn blankout sign mounted ona mast arm pole. These may be use where a

railroad is running parallel with the highway and the train crossingis active, or if a pedestrian trail crossing push
button call has been placed.

TS R e T

3.5 MastArm Pole

The picture below on the left shows a Type PA mast arm pole. See Standard Plate 8123 for details. Type PA mast
arm poles are suppliedin 5'increments from 15'to 55'.

The picture onthe right shows a Type BA mast arm pole. See Standard Plate 8133 for details. Type BAmast arm
poles are suppliedin 5’ increments from 60’ to 80’. The longer mastarms have beenimplemented at several
locations. Type BA mast arm poles are approximately threetimesthe cost of Type PAmast arm poles.

The foundation can be a drilled shaft or spread footing design. The preferred method is the drilled shaft.
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3.6 Chord Spacing

The picture below shows the chords (vertical braces) ona mast arm pole. The chords arespaced at 5'intervals. See
Standard Plate 8123 for details.
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3.7 OtherField Components

The pictures onthe top show a typical Type "D" guide sign (front and back). The pictures onthe bottom show a
close-upview of an EVP detector and confirmatory light. See Chapter 11 for more information on EVP.
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The pictures onthe top show a typical signal head-mounting bracket. The picture onthe bottom showsa hinge
where the mast armis mounted to the pole. The hinge allows the mastarmto be rotated ifit is ona house-moving
route.

Vol

The picture onthe left shows the luminaire shaft extension. The pictureon the right is the luminaire head.
Generally, thereare at leasttwo luminairesat anintersection. Four luminaires will continue to become more
prominent. The photoelectric cellis located within the signal cabinet.
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3.8 Signal Pedestal

Tothe leftis Standard Plate No. 8112, Pedestal Foundation. The picture to the right is a close-up of the pedestal

base.
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The picture onthe top left is the concrete pedestal foundation and anchor rods. The pictureon the right shows the
base and wind collar. See Standard Plate 8112 for details on the pedestal foundation.

March 2021

Page | 27

Field Components



M) PR NSFORTATION Traffic Signals 101 Course Manual

The picture below shows 3-section left turn signals mounted on top of a pedestal pole.

The pictures below show the old style of mounting assembilies for traffic signal heads on a pedestal pole.

Long Pole w/ Bracketing Pedestal Bracket Pedestal Bracket
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Below is animage of a one-way signal and pedestrian indication bracketand mounting detail.
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Below, the image onthe left shows the Accessible Pedestrian Signal (APS) push button station detail from the plan

set. The picture onthe right shows an APS push button station at anintersection.
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3.9 Pedestrian Hybrid Beacons

From the 2009 Edition of the Federal Manual on Uniform Traffic Control Devices, “A pedestrian hybrid beaconis a
special type of hybrid beacon used to warn and control traffic at an unsignalized location to assist pedestriansin

crossing a streetor highway at a marked crosswalk.”

This type of signalis commonly referred toas a HAWK signal. “HAWK” stands for High-intensity Activated Cross-
WalK. There are at least 10 HAWK systemsinstalled in Minnesota.

For more information, goto www.dot.state.mn.us/d3/hottopics/hawk.html
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3.10 Saw Cut Loop Detectors

This is Standard Plate No. 8130, Saw Cut Loop Detectors.
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The photos below show loop detectors that are placed inthe roadway by sawcut. The detectors have been outlined
for these picturesonly. Conductorwire is placed inthe saw cuts and covered with epoxy filler. The loops are used to

detect vehicles. For details, see Standard Plate 8130.
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3.11 Non-Metallic Loop Detectors

This is Standard Plate No. 8132, Preformed Rigid PVC ConduitLoop Detector.
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Below are pictures of a Non-MetallicConduit (NMC) loop conduit. Conductor wireis placed in the conduit and the
loop assemblyis placedin or under the roadway. The NMC loopis used to detect vehicles.
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When loop detectorsare not used, otherforms of vehicle detection may be installed, including video, microwave,
and sonic detection. Below aresome examples of these other forms of detection. Typically, thesedetectorsare

installed overhead.

N

Video Detection (mastarm,
standard camera)

Video Detection (davit,
fisheye camera)

Sonic Detection

Microwave Detection
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3.12 Handholes

The picture on the left shows the handhole structureprior toinstallation. The pictureon the right show the installed
handhole with wire being pulled through. A handhole is used as anaccessto conduit and wire. The lid can be
removed. See the Standard Specifications, Special Provisions and Approved Products List (APL) for details.

3.13 Other Field Components

The picture onthe left shows typical crosswalk markings. These indicate where pedestrians cross the roadway. The

picture onthe right shows a typical pedestrian curb ramp installation (note thatthe APS push button station
depictedis not the correct location based on current design standards).
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Below are some pictures showing a typical traffic signal cabinet and service cabinetinstallation. See Chapter 5 for
further details.

These pictures below show an example of the source of power (SOP) for a traffic signal. Dependingonthe
configuration of power infrastructure in various areas, the SOP may either be an overhead transformer on a wood
pole ora ground mounted transformer on a concrete foundation.
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3.14 Enforcement Lights

The bright blue lights, placed at 90-degree angles onthe poles, activate when the signal turns red. It is visible to
police officers parked nearby but not to approaching traffic. Lawenforcement usesthe lightto spot red-light
runners.

3.15 Signal Ahead Sign

Below is a picture of a signalahead sign. This signis installed on approachesto a traffic signal that is not visible for a
sufficient distanceto permit the road usertoreacttoit.
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3.16 Advance Warning Flasher (AWF)

Below animage showing a typical Advance Warning Flasher installation. Itis usedin lieu of the signalahead signon
higher speed corridors where motorists need longer deceleration distances. See Chapter 10 for further details.
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3.17 Span Wire Signal

Below is a picture of a typical span wire signal. Generally, theseare temporary installations to be used during
roadway construction, but some may be long-term as aninterim solution prior to a larger future roadway project
where geometryis changed significantly. Generally, the trafficsignal wires are installed overhead instead of
underground.

Additionally, below are some images showing close-ups of spanwire signal heads.

3.18 Approved/Qualified Products

For a list of pre-approved products to use on MnDOT projects, visit http://www.dot.state.mn.us/products. Click on
the Signals link for traffic control signal products.

March 2021 Page | 38

Field Components


http://www.dot.state.mn.us/products

M RN FoRTAT O Traffic Signals 101 Course Manual

4. INTRODUCTION TO TRAFFIC SIGNAL PLA

Inthis chapter you will be introduced to a traffic signal plan sheet layout and wiring diagram and be givenan
overview of the typical items thatare found inthese plansets. The current sample plansetis available at the
following link: http://www.dot.state.mn.us/trafficeng/signals/signalplansheets.html.

There are multiple reasons a trafficsignal plan is needed, including:
e Building the traffic signal
e Bidding
e Tortclaims
e Maintenance

e |ocates

4.1 Title Sheet-FrontPage

The title sheet is required for all traffic signal plans. It includes information such as the title block, project location,
governing specifications, etc.
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4.1.1 GoverningSpecsandIndex of Sheets

This defines the governing specifications for the project, the project funding, and the index of the sheets contained

withinthe planset.

GOVENH[HG SPECIFICAT IONS

THE 7i1A ES[TION OF THE WINMESSTE SEFASTMENT OF TEAMSFOETATION
"STAMNARD SPECIFICATIONS FOR DOMSTRUCTION® SHALL GOVERH.

FIELD MASUAL PO TEEPIHAHY THAFFIC CORTHOL JORE LATIUTS.

SLL THAFFLC COMTROL DEVICES SHELL COMFONW TC THE WH BUTCO, ISCLUSTAG

INDEX

1 TITLE SHEET

3 STATESEST OF ESTIWATED DUASTITIES
I—14  CRTAIL SHEETS

1% IWTEESECTION LAROUT

LE  MATCH LOME LAFOUT/[MTERSRCTION KOTES
19-18 FIELD WIRING SLAGRAMS

LY FAVEMEMT BAARINDE b SIGMI

20 JTILITIES LaviuT

THIS FLAW COWTAIKS 20 SHEETS

I
jin ]
EmO]HEE= UWDER THE Law: OF THE STATE OF WINMESDTA,

4.1.2 Signature Block

HEHEHST CERTIFY THAT THIS FLaw mas PSEFsRED B¢ sE 0% UwDER uv
RECT SUFERYISION &sD TH&T I as & BULY LICENSED PEOFESSIOMEL

The designer should consult withthe MnDOT project manager to ensurethat the appropriate signatureblock s
used. The signature blockis contained on the title sheetand varies depending on the type of project.

The plan preparation certification note identifies:

e Who the planset was developed by (or under the direct supervision of)

e Thatindividual's stateregistration information

LIC. mO. HEHKE DaTEs
TYFED MAME
DESTON S0UAD KAKEK
APPROVED DATE:
CITY OF EWGIMEER
APPROVED DATER
COUNTY ENGIKEER
RECOMMENDED FOR aPPROVAL DATEr
DISTRICT TRAMSPORTATION ERGINEER
RECOMMENDED FOR APPROVAL DATE
RECOMMENDED FOR APPROVAL DATE:
DISTRICT TRAFFIC EMGIMEER
RECOMMENDED FOR APPROVAL DATER
STATE PRE- LETTIMG ERGINEER
OFFICE OF L&ND DaTEs
WANAGEMENT APPROVAL DIRECTOR, LAKD WENAGEMENT
APPROVED CATEN
STATE DESIGN EWGINEER
DATE:
DISTRICT STATE &I0 EMGIMEER: REVIEWED FOR
COMPLIANCE WITH STATE AID RULES/POLICY
DATE

APPROVED FOR STATE AID FUMDIMGH: STATE AID EMNGIMEER
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4.1.3

Index Map

Theindex mapis used toidentify the location of the project(s). The project numbersand sheet numbersareshown
in the lower right-hand corner of the title sheetand on all other sheets. For revisions to the plan made after project

advertisement, an “R” shall be used after the sheet number.
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4.1.4 Standard Plates Summary and Estimated Quantities

FROJECT LOCATION
T.H. 156 AT C.S.A.H. 14
(GRAND AVE.)

AR\

SOUTH|||
ST. |||
PAUL \\\ /' §
2000 POP. M| | f/('f
20,167 '
<4€ :.\\(\\

This identifies the list of Standard Plates that areapplicableto this project. The estimated quantities may be
included on a separate sheet or shown onthe title sheet (if there is room). Traffic control interconnection,
emergency vehicle preemption system, and other items such as conduit and handholes for a future signal system
may be itemized separately from the signal system due to cost participation. The appropriate specification item
numbers, item descriptions, and units using the State’s computerized pay item list shall be included.

STANDARD PLATES - SIGNAL SYSTEMS
THE FOLLOWING STANDARD PLATES, APPROVED BY THE FEDERAL HIGHWAY ADMINISTRATION, SHALL APPLY ON THIS PROJECT
PLATE NO. DESCRIPTION PLATE NO. DESCRIPTION
> 7038 A DETECTABLE WARNING SURFACE TRUNCATED DOMES | m= 8122 | PEDESTAL AND PEDESTAL BASE
> 7113 A CONCRETE APPROACH NOSE DETAIL > 8123 G POLE AND MAST ARM
= 8111 E TRAFFIC SIGNAL BRACKETING (PEDESTAL MOUNTED) | m= 8126 L POLE FOUNDATION (PAS0 AND PALOO)
> 8112 1 PEDESTAL FOUNDATION 8129 A SHIM AND WASHER
B 8117 G PRECAST CONCRETE HAND HOLE = 8130 E SAW CUT LOOP DETECTORS
D> 8118 D SERVICE EQUIPMENT AND POLE > 8132 B PREFORMED RIGID PVC CONDUIT LOOP DETECTOR
B 5119 C GROUND MOUNTED CABINET FOUNDATION
D> 8120 Q POLE FOUNDATION (PA-85)
m 8121 H  TRANSFORVER BASE AND POLE BASE PLATE » STANDARD PLATES APPLICABLE TO THIS PROJECT
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4.1.5 Plan Symbolsand Abbreviations

These are some of the common symbols and abbreviationsusedina signal planset.

HAMDHILE
EQ.G COMKECTION

E¥® DETECTOR

SFLICE

SHNE

FIEEA OFTIC
FULL WALLT
LisIMATRE R0,

SIONAL BASE MO

.-
™

B0 POLE WO,

SEROEE

i

WIDED DETECTION

& FILENAME: P_PRFITDISEMSanae Fian (25174000

SYMBOLS

E¥P CONFTRRATORY LIGHT

SPLICE WALLT

TELEVIS[OM CAMERA (DCTV)

E¥® DETECTOR AND CORFTAMATORY LIGHT

SIGNAL HEAD MIL/FLASHER HEAD MO,
BARREL WOUNT BASE MO,

FOR PLANS AMD UTILITIES S¥MB0L5 SEE TECHRICAL Mshklisl

LA DV IIELY PSS L ST

[=

[g it

4.2 TitleSheet—Page2

Page 2 of the title sheet is the quantity sheet. Earthwork summary tabulations may be included if the signal project

is part ofa construction project.

AWF

Calh

b2-1 ltawgad
DES

(K

F&l

FL

Fi

[

Fl1-1 iawga

Fa
PE2-1 loaga!
PED
FED
&5
RLA&
541
sPA
5TA
WLE
FEL
FL&
WA

ABBREVIATIONS

ADVAMCE WARNIKG FLASHER
COUNT DCWN

DETECTCR 1PHASE 2, MOW L
DEGAEES

[OMT WaLE

FLRS]SH aND IMSTALL
FLASH/FLASHING

FLASHIMG YELLOW ARROW
FLASHIMG YELLOW LEFT ARRDW
CREEK LEFT ARRON

OFEEN IMLDICATION

CRIUME RO

LGHEEER HIGHT AHEDW
GREEN THRU BHROW
HAMDHOLE

[ROICATION

[RFLACE

[REULATER GROUND
JURCTION B0

LIGHT EMITTING OI0DE
LLWINATRE

RELITRAL

PEQESTHIAN HEAL IFHAZE I, M. 1!
PUSH BUTTON

PUSH BUTTON oHASE 2. M. 1)
PEDESTALEN

RED TWOLCATION

REMOYE AKD SALVACE

RED LEFT TRk ARRDW
SALVAGE AMD INSTALL
EPAEE

STATIOH

WALE [MUICATION

YELLOW IWOICATION
YTELLOW LEFT &REI®
YELLOW RIGHT ARAOW

STATEMENT OF £STIMATED CGUANTITIES COST BREAKDOWN
TOTAL : - :

1TEM DESCRIPTIO o STATE COUNTY FEDERAL CITY
NO. JESERIPTION UNIT | ESTIMATED SP XK XX SAP HNX-XXX-XXX SPKKHK-XX SAP KXK-XXX-XXX
2021.501 MOBILIZATION LUMP SUM
2104,501 | REMOVE CURB AND GUTTER LIN FT
2104.503 | REMOVE CONCRETE WALK 50 FT
2104.503 | REMOVE BRICK WEDIAN SCFT
2104.503 | REMOVE BRICK SIDEWALK S0 FT
2104.603 REMOVE AND REFLACE SITUMINOUS PAVEMENT LIN FT
2104,618 SALVAGE BRICK PAVERS 50 FT
2232.603 |MILL AND PATCH BITUMINOUS PAVEMENT LIN FT
2521.618 CONCRETE WALK 50 FT
2531603 | CONCRETE CURE AND GUTTER LIN FT
2565511 CONCRETE CURB DESIGN V LIN FT
2531.618 TRUNCATED DOMES 50 FT
2563.601 | TRAFFIC CONTROL LUMP SUM

TRAFFIC CONTROL SIGNAL SYSTEM SIG 5YS

EMERGENCY VEHICLE PREEMPTION SYSTEM LUMP SUM

TRAFFIC CONTROL INTERCONNECTION LUMP SUM

REVISE SIGMAL SYSTEM SYSTEM
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4.3 AllSheets

The title blockis required on all sheets. For the intersection layout sheet, the signal system ID, meter address, and

TE number should be included.

SYSTEM 1D: XXX

TiEa XXX

METER ADDRESS: 3333 CRAND_AVE,

T.H. 156 AT C.S.AH. 14
OLD SYSTEM ID:

4.4 Pole MountDetail—Page3

STATEMENT OF ESTIMATED QUANTITIES
(GRAND AVE.)
IN SOUTH ST, PAUL, DAKOTA COUNTYXXXXX

S.A.P. NO.

|DRAWN BYs___ |CKD BY:___ DATE:

CERTIFIEC BY

TCENSED PAOFESS TOVAL ENG DEER

LIC. NO. DATE:

STATE PROJ.NO.

The pole mount details for angle and straight mounts are pictured below.
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4.5 APS Push Button Station—Page4

This detail shows the accessible pedestrian signal (APS) push button (PB) details.
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4.6 EquipmentPad-Page5

The equipment pad layout sheet shows the details for the equipment pad. The concrete padin the picture is the
equipment pad for the traffic signal controllerand service cabinet. This photo on the next page shows the traffic
signal controller cabinet and service cabinet.
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4.7 ColorCode Chart—Page6

This detail sheet includes the conductor color code, wire color code, and wire specification charts.
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4.8 Fiber Optic Schematic—Page?7

This is the fiber optic schematic detail sheet (if applicable).

FIBER OPTIC SCHEMATIC
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4.9 Pedestrian Crosswalk Details —Page 8

The image below shows the layout of the pedestrian curb ramps and push buttons.
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4.10 Pavement Markings and Signs — Page 19

Below is the detail sheet for pavement markingsand signing.
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4.11 Utilities Layout — Page 22

Below is the plan sheet view of existing utilities.
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4.12 Advanced Warning Flasher Detail - Not Part of Example Plan

This is the detail sheet for the advance warning flasher. The pictures show some typical AWF installations. See
Chapter 10 for more information on AWF. The current detail is available at the following link:

http://www.dot.state.mn.us/trafficeng/signals /signalplansheets. html
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4.13 Signal Layout - Page 15

This is the typical plansheet signal layout.
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4.14 Intersection Layout — Page 15

Below is an 8 phase NEMA Controller.

CONTROLLER PHASING, PEDESTRIAN
INDICATIONS AND PUSH BUTTONS

PEDESTRIAN PUSH BUTTONS SHALL BE LOCATED AS SHOWN ABOVE
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4.14.1 Controller Operations

Below are images showing the dual ring and concurrent group controllers and phasing schematic. Referto Chapter 7
for additional details.

DUAL RING STRUCTURE

RING 1

1‘_ 2—>3ﬁ 4l

5-’ 64—7k81

U

RING 2

¢ BARRIER1 BARRIER 2
(LEFT SIDE) (RIGHT SIDE)

-

¢ 2 w—-

A, 4

r %

O

qu—P

<y
f o}

4.15 Signal Layout — Page 16

On the following page is the match line sheet of the signal layout. This sheet shows the advance detectors. The
intersection layoutsheetincludes, at a minimum, the following:

Intersection geometrics

All graphics depicting signalsystem components
Controller phasingdiagram

Signal system operation notes

Signalfaces table

Loop detectorstable

Signal pole notes

Equipment pad notes

Source of power notes

Construction notes

Signal system ID, meter addressand TE number
Ascale

A northarrow

Speed limits

Street names

DO NOT show utilities onthe layout sheet, include additional sheet(s) for utilities
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4.16 Intersection Layout — Page 15 and 16

The images below show the equipment pad and SOP Notes. Label, ina circle, the controller cabinet or equipment
pad “A” and the source of power “B”. Asolid (filled) symbol identifies new equipment and an open symbol identifies

in-place equipment.

®

SOP-CROUND MOUNTED

TRANSFORMER (XCEL ENERGY)
2* CONDUIT INTO SERVICE CABINET:

3-/C W
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4.17 Intersection Layout — Page 15
4.17.1 Mast Arm and Pole Symbols

The signal basesand pole notes are shownina hexagon. The signal basesare labeled clockwise around the
intersection with number 1 being adjacent to or near the controllercabinet. A solid filled symbol identifies new
equipment and an open symbol identifies in-place equipment. The vehicle signal face is identified with the filled
triangle (proposed). The faces are labeled from right to left as you approach the intersection. Signal facesare
numbered with the controller phase first, followed by the face number (for example 2-1, 2-2, etc.).

Key:

1: Signal Head Indication
2:SignalHead Number

3: Emergency Vehicle Preemption
4: Luminaire

5:Mast Arm

6: Signal Pole Base

1 R

4

5 EVP | f N\

L l
2_2 o
i
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Below are the signal pole notes for pole 4. The mast armis at 0 degrees. ltemsreferenced withanglesareinrelation

tothe mast arm pole inthe clockwise direction.

@

PA100 POLE POLMIATION
TrFE FALOO-A-45-D40-9 (DAVIT AT 320 DEGH
1-FA1R SNTMG AWAT HINGES
1-ANCLE WOUNT SICNAL OWERHEAD AT Of
P-STHALIGHT WOUMT SIGHALS OVERHEAD

AT L#'aMD 24!
P-EMGLE WMOLUWT SIGHALS AT 30 &KD L0 DEG
FENGLE WOUKT L. [ PED HEADS

AT 90 &S0 180 DEG

# |-OME Way EvF CETECTOR aMD

4.17.2 Pedestrian Signal Face and Push Button

CORFIFMARTOAT LIGHT (FHARSES 2450
LUMINATREAFD FOR 40" WOUNTING HELGHTY
1-R10-K12 SICH ADJACENT TO HE&D =-ID
I-TVPE O SIGM -2 1SEE SIGW DET&ILS:
5" COWDUIT T3 HH &

B-B/C LA

=348 14 Lusiy
1-1s0 & INS. OR.

The pedestriansignal face is illustrated with an arrow. The face is numbered as you approach the intersection with
Number 1 being the first on the right and Numbers 2, 3, and 4 as you proceed through the intersection. The labels
are preceded by a P with the controller phase number (for example P4-3, P4-4, etc.).

The pedestrian push buttonis labeled with a PB and the controller phase number.

CONTROLLER PHASING, PEDESTRIAN
INDICATIONS AND PUSH BUTTONS

PEDESTRIAN PUSH BUTTONS SHALL BE LOCATED AS SHOWN ABOVE
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4.17.3 Signal Faces Table

The signalindications table identifies the face configuration for the signals shown onthe plansheet. The face
identification number refersto the signal face identifiernumber (circled number such as 2-1) shown on the plan
sheet.

R = Redindication
Y = Yellow indication
G = Greenindication

LED = Light Emitting Diodeindication

SIGNAL FACE CHART . -
FACE ’Btlag G
1,12 (4 ||| SY
2-1,2-2,2-3 | Wl Fy*
31, 3-2 <+ | <[
4-1, 4=2 o0 ) G
5-1, 5=2 <+
6-1, 6=2, 6=3 ®
ERE = =k =
8-1, 8-2 THE N
-ALL SIGNAL INDICATIONS SHALL
12" LED
-ALL SIGNAL HEADS SHALL BE BLACK
POLYCARBONITE WITH BACKGROUND
SHIELDS
-FYA DENOTES FLASHING YELLOW ARROW
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4.17.4 Loop Detectors Table
Loop detectorsare shownwith a square or rectangle. The detectorsare normally labeled as you approachthe

intersectionand fromright to left with number 1 usually a detector back from the stop line and number 2 to the left.
These numbers are proceeded by a D and the controller phase number (for example D8-1,D8-2, etc.).

The loop detector table identifies the size, number, and location of the detector shown onthe plansheet. The
detector number refersto the detector shown on the intersection plansheet. The location shows the distance from

the stopline to the detector.

LOOP DETECTOR CHART
NUMBER SIZE (FT)|LOCATION
D1-1, D5-1 2-6x6 |20 & 50
D1-2, D5-2 2-6x6 | 5 & 35
p2-1, D2-2 exE 400
D3-1, D7-1 2-6x6 |20 & 50
D3-2, D7-2 2-6x6 | 5 & 35
Da-1, DB-1 ex6 120
D4-2, D8-2 2-6x6 | 0 & 15
D4-3, D8-3 2-6x6 | 5 & 20
D6-1, D6-2 66 400
-ALL LOOP DETECTORS SHALL BE PVC
UNLESS NOTED OTHERWISE
~LOCATIONz DISTANCE FROM
CROSSWALK/STOP BAR IN FEET

4.17.5 Handhole Labeling
The handholes are shown as the solid black square onthe plansheet. \

/‘D | e | h}
Il
PRITHEN
= e
17
e 24 D4-2
NN\, =*7 —
7
o 74 e
Z
| 6‘2
March 2021 Page | 55

Introductionto Traffic Signal Plans



N RN FORTATION Traffic Signals 101 Course Manual

4.18 Field Wire Diagram —Page 17 and 18

Below is the Field Wiring Diagram.

LLER CABINET

Ped Station
PB2-1

Controller

Handhole 14 ARIneT

w/ Loop
Detectors

SO
L %PLICES oY MLOSED [N LOOF DETECTOR CROUTS,

: . b=
Service Cabinet
; o e
T.LEAYE ONE LOOR OF SLACK FOR EACH
THE BOLE BASE . i
(o] mx i — - FELLD WTRP DLACRAM (] OF it S, e, o i oy
TRAFFIC CONTROL SIGWL STSTEY | ccoprce
— h|.|g¢ AT C.5AM 14 ICRAND AVE o [ .
—————————| 1% S0UTM ST PAUL DAROTA COUNTY STATE PROJ, O, INEN-EL_/T.M.1S81.  SHELT WO, L1 OF 22 SWETS
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CONTROLLER CABINET
Cable 62

"
Controller -
Cabinet -4
<
=
5

e oy

e g

==
All cables have g‘ E s
numbers - ot
2 |, el [Fe—

=¥

- \
e~
—ww-B,
e
- % ™
LS
E &
| [ £
sosn e [l s _— 7|3 .
. o L SPLICES OMLY ALLOWED IM LOOP DETECTOS CIRCUITS.
. FYSTEW DNOLUDES BATTERY BACKLS
Cr i = Ground Rod  prtaa=pr et
[pza > pucTon coLom coof SEE TAMFFIC
§ OLE WISING COMMECTOR DETARL.
& JTED WITH AN # ASE TNCLLOED T8
ig FOR TE EVP SYSTEM PiT ITTEW.
;; = ITBs COTED wilH 4 +e M€ ICLED
E IN CATMENT FOS THE TRAFFIC CONTSOL
5‘: ] INTERCOSMECTION Par ITEM,
b B &, FOR EACH =SPSSp= WIRE, COIL ENOUCH WIE TO
Eé FEACH THE END OF THE MAST 45w DN THE HAND
€2 HOLE NEASEST EATH POLE
. LEAVE DME LOOF OF SLACK FOR EADH CABLE ™™
THE FOLE RASE.
ar | s wEvlslons, P — Jp— FIELD ‘?garr:;“ 42s:2r; BoiF. w0 Tomm wr Teas o= o
. TRAFFIC oL SIGNAL 57
T abeEiie i e sof, THL 156 AT CSAdL CRAMD AVE.S EVTIFIER W o LI, e, BaTEY
e —— IN SOUTH ST. Paul, DAEOTA COUNTY STATE PROJ.NO, ENEN-EE (T H.15&1_ SHEET MD. 1B OF 27 SHEETS

4.18.1 FieldWiring

The photo below shows the cables terminated into the cabinet, and the image below show the conductor color
code chart.

CONDUCTOR COLOR CODE (14 GAUGE)

TO SIGNAL CABINET TO DEVICE
r 1

R OR O R RED
3/C#20 [WH_OR_VEL RO 4as
BLK OR BL L erewia Chn  SECTION
o TABLE HAH—— Ney  SIONAL
!/Cnllgu /8L BLKZA NEY,  INDICATION
12/¢a [O/BL K__cLra

lolo

2
R/BLK =
t
2
. {BL/BLE _ |5
H/BLK a.
3-1/C#2 [WH INPUT 3 RED/DWK
éil POWER K7W (5| 4/CH14 gt:/n YEL/WLK 3 30Ch
CABLE GRN/SPR
BLK BLK/R w WH INDICATION|
3-1/C#6 [WH SIGNAL WH/R &
[c SERVICE R &
1/C#6 G & 5 JC/‘E;: WH LUM./
6PR#19 6/C#14 Wi u EVP LIGHT
R BLK/R S| Bk
a/ca [BLKZR T — M{ﬁ: PEDESTRIAN
K CABLE PUSH BUTTON

K
W 2/C814 rer R oR W |

ALL POLE CONNECTIONS SHALL BE ARRANGED AS SPECIFIED ABOVE.
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4.18.2 Wire Diagram to Layout Cross Reference

Pole #4 wire diagram tolayout sheet. Onthe left is Page 18,and onthe right is Page 15. The field wiring diagramis

usedtodescribe how the actualfield wiring shall be placed.

/:‘\
'\%_‘L‘
=
62 —
=) —
I =
@ SPARE 63
R Bl PE-1
65 ‘
= T
P2-2
— &4
— LE
c T LUMINAIRE

245 EVP NS

GR.
CETECTOR )
% 69 o
TO_EVP 68
HUE
PED PB 5TA PED PE 5TA&
FBZ=Z FBE=L
INS. GR. INS. GR.
6% 69

G

HH

A

16182 E&
GRRD.

Signal Base Number

Signal Face:
Nurnber
©

Rl

PG
-—
——
e
EH_| Splice
—
—
—e
- .
116 EVP Pa-1 P&-2
DETECTOR —
e | [
s I
128 —
BT —
= =
PBa:]
Trors HEpunire
e
R.
ms.cr. |8 g ’Ll\
3. 11-16, 29

Cable Number - Label in
Numberical Order

Source of Power

L

Loop Detector Graphic

New  Inplace

D21 D61

~1

Handhole Graphic

New Inplace
TTa

1
|:| Lo_i
HH 19 HH 20

Detector
Number

Splice, use
larger dot

for revision
project
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4.19 Interconnect Layout— Not Part of Example Plan

The image below depicts a sample interconnect layout. Interconnectis a means of remotely controlling someor all
of the functions of a traffic signal andis also used for timing and coordination of series of traffic signals. A group of
intersection controllersis typically interconnected by fiber optic cable (current standard) or may be interconnected
by twisted pair copper wire (old standard). Inrare cases, time-based coordination or wireless interconnect may
need to be used. The current sample interconnect layoutsheetis available at the following link:
http://www.dot.state.mn.us/trafficeng/signals/signalplansheets.html.

100
SCALE IN FEET
3" CONI
EQUIPMENT PAD a2/C 14
SERVICE CABINET 2-3/C 1
MASTER CONTROLLER 3-3/C 2
CONTROLLER AND CABINET 12 14
1665 19
1/C 6
3* CONDUIT 3 CONDULT
Z12/C 14 2128 14 T T 3 cospurr
30 L 23C 18 H ZNTRILLER AR CABINET sizrc 14
3.C 20 ®E b
10-2/C 14 2w 3% CONDUIT
18 =g I G 512/ 14
iy ' 2-f2/e 14 180G 14
. GR, HE 1340 14 2-3/C 14
H 1346 20 1320 14
e Sl
% - 6P 13
giszcc 2,2 P I 11T B 1-68R 1% e &
1-6PR 19 s, GR.. DIRECT BURIED Fad [flg::r::,lg o o
£ s
N =
=== e T
4 5B MCENIGHT RD 1
241270 14 30 ©oF |—
iy — 88 2 Lo
-3 T 3 3 _
2-3/¢ 20 = $ et —— SERVICE CABINET
[ 2 ——s DE P i W, WERHIGRT A5 IT) waster controLLer ([
{-fPE I Hg £g p———- B, WCRIGHT D | 1 | CONTROLLER AND CABINET
i n KRIGHT B,
" ‘ (f R\F
\{ ‘ [ ]‘. ;
& Ay E
B as 3
g
EH NoTES:
LIT SHALL BE THE CONTRACTOR'S RESPONSIBILITY TO UTILIZE
"GN CALL EXCAVATION WOTICE SYSTEMY
{TELEFHONE. NUMBER £51-454-00021, THIS 15 REQUIRED BY
MINNESOTA STATUTE 2160,
2.UNLESS WOTED AS INPLACE, ALL INTERCOMNECT SYSTEMS SHALL
B FURNISHED AHD INSTALLED UNDER THE INTERCONNECT PAY
3. DISTANCE OFF OF SHOULDER FOR DIRECT BURIED CABLE SHALL
BE GNE FOOT TO THO FEET.
BY| DATE REVISEORS SYSTEM 10+ TE. INTERCONNECT LAYOUT =oA.P. WD oRami gvs_ Jexp evs DATEDZ 21718
METER ADORESS C.S.AH. 68 (MCKNIGHT RD.) CERTIFIED BY LIC, wo, DaTEs
BETWEEN T.H. 36 SOUTH RAMP AND 11TH AVE. PR s T
LD SYSTEM 10 IN NORTH ST.PAUL, RAMSEY COUNTY STATE PROJ.NO. (T.H. SHEET NO. OoF SHEETS

4.20 Other Material Reference
Refer tothese other MnDOT manuals for more information:
e Traffic Control Signal Design Manual
e Roadway Lighting Design Manual
e Traffic Signal Timing and Coordination Manual
e Traffic Engineering Manual
e MNMUTCD

MnDOT publishes a MicroStation signal cell library file for signal design in CAD, which is available at the
followinglink: http://www.dot.state.mn.us/caes/cadd/
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5. CABINETS

5.1 Traffic Signal Cabinet and Signal Service Cabinet

On theright is animage showing a typical installation of a Traffic Signal Cabinetand Signal Service Cabinetona
concrete pad. They are located adjacent to a signalized intersection and house the controller which detectsall

vehicle and pedestrian activity and activates signals accordingly. Both cabinets meet Underwriters Laboratories (UL)
standards.

Ll

T

Inside, there arenumerous circuit breakers, switches, cables, and more. It furnishes power, and control to virtually
all devices in, or adjacent tothe intersection, including:

« Vehicle and pedestrianindications « Convenience light and GFCl receptacle
« Controlequipment + Roadwaylighting

Right: Interior of signal service
cabinet

Left: Interior of traffic signal
cabinet
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5.2 Field Wiring in Traffic Signal Cabinet

All vehicle, pedestrian, and miscellaneousindications are connected to fuses and returned to neutral and ground

busses. All detector loops, and any other detection devices, areconnected to loop/pedestrian push-button (PPB’s)
hook-up panel.

o

i ™
S

b/

.0/ %

5 iy
s e
w

T AN

LU L . . .
_ Ll L ‘ Top Left: Indication Hook-Ups
7’757 M‘l

Top Right: Indication returnsand grounds

SS 5

e
~

Bottom Left:Indication Hook-Ups
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5.3 Typical Traffic Signal Cabinets
5.3.1 CurrentStandard

Bothsizes sitonthe same bolt pattern, whichis the same asthe lastgeneration cabinets. The 350 ATC cabinet is the
MnDOT standard and is double-wide. The 352 ATC cabinetis available asan option for local agencies andis single-
wide. Below tothe leftis animage of a 350 ATC cabinet, and below tothe right is animage of a 352 ATC cabinet.

s B

O
ARARAAY
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5.3.2 0Old Standard

Bothsizes sitonthe same bolt pattern. Both last generation cabinets have identical panelsand are wired identically.
The “P” size cabinet (60”) has enough room only for basic control equipment and is well-sized for
business/downtown areas. The “R” size cabinet(77”) has room enough to add equipment for special equipment and
operations, including:

e Autoscope

e Sonic Emergency Vehicle Preemption

“P” Cabinet

AL

5.4 PowerPanel

Electrical servicefrom “Signal Service Cabinet” is connected here (120VAC, single-phase, 60Hz). Power Line
protectionis provided to help prevent damage from electrical overloading.

e Lightning

e Surges

o Nearby powerlines

March 2021 Page | 63

Cabinets



m‘ DEPARTMENT OF
TRANSPORTATION

Traffic Signals 101 Course Manual

Many neutral and ground wires are connected here. Provision for connecting test/maintenance equipment by
furnishing a GFCl outlet foritemssuchas:

e Drills
o Meters

e Power Line Monitors
Some areas arecovered by plexiglassto help prevent electrical shock.

5.5 Cabinet Fans/Convenience Light Panel

=8

I &
!r -

2\

-
o 2
'I!a 2|
i f
‘3I‘¢n

use
had)

: _g.;cmoou 2
Sl

The convenience light is for cabinet maintenance. Thereis also 1 or 2 ventilation fans and a thermostat for control of

the ventilationfans.
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5.6 Detector Interface Panel

Includes wiring for all outputs of detection devices with 32 detector outputsin current cabinet configuration.
Wiring for inputs to the controller include 24 inputs in basic configuration for the latest model.

Wiring for inputs to, and outputs of controller to permit special functions:

o Detectorreset

« Controller reds and greens

« EVPfunctions

Most special functions are currently accomplished via controller programming. In earlier controllers, these functions
were accomplished with additional wiring.

5.7 Detector Amplifier Rack

The detector amplifier rack provides a physical housing for “plug-in type, rack-mountable” detector amplifier units.
It distributes AC and DC power to all detector unitsas needed. All outputs arewired to the Detector Interface Panel.
All detector inputs arewired from the loop/pedestrian push button hook-up panel. Various other inputs/outputs to
accomplish proper, or enhanced detectoroperation. Detector power supply (shown furthest left in picture) supplies
DC power tothe detector rack.
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5.8 Controller Interface/Load-Switch/Flash Transfer Relay Panel

5.8.1 Controllerinterface Panel

All of the wires of the 3 NEMA controller connectors are terminated on the Controller Interface Panel (177
connections). Many of the Conflict Monitor Unit (CMU) wires (approx.49 of 81) are also terminated here. This is
where signals input and output from the controller. Most other assemblies and equipment aredirectly, or indirectly
connected here.

5.8.2 Load-Switch Panel

Load-switchesaredevicesthat convertthe low-voltage DC outputs of the controller to high-voltage AC that power
the indications inthe intersection.

Opto-isolatorsin each load-switch help to protect the controller from high currents entering the controller from:
e Lightning
e Qver-voltage
e Powerlines

A Flasher is alsolocated on the Load-Switch Panel. The flashersupplies power to the indications when the
intersectionis inthe “Flash” mode. This is similar in basic operation to the load-switch and has 2 alternating outputs,
each1Hz, 50% duty cycle.

Flash Transfer Relays (FTR’s) are also located on the Load-Switch Panel. These FTR’s transfer indications between the
load-switches andflasher. FTR’s usually control only the RED indications; the flash color (amber or red) is
determined by “Flash Plugs.”

All field indications are connected to 80 indicating fuses in the Weidmueller Fuse Panel. These provide a relatively
easy way of connecting field indications. Usually, there is one wire for each individual indication. The neonlamp on
eachfuse locationindicatesiffuseis “blown.”

H 5i§iiii

LY B--v
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5.9 Auxiliary Interface Panel

This panel provides terminations for making additional electrical connections such as:
e EVP
e Auxiliary detection

e |nterlock functions

LA s

0
il

5.10 Loop/Pedestrian Push Button Hook-Up Panel

This panel provides terminations for virtually all detection field wires.

« Vehicle detectiontypes » Pedestrian detection devices
o Loop o Pushbuttons
o Microwave o Opticalsensors
o Ultrasonic « EVP
o Magnetometer o Optical
o Video o Sonic

« Railroad Preemption

=
=
)

ngZél‘ﬂfl

.
s
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5.11 Auxiliary Panel

On the auxiliary panel, there are multiple control and test switches, including Control Equipment Power, Detector
Power, Master Controller Power, Cabinet Lamp Power, “Stop-Timing Override”, and Vehicle Test switches.

v

MASITR
CONIKOLI TR
POER

5.12 Police Panel

There are three settings on the Police Panel:

o AUTOMATIC: Normal “Stop-and-Go” and “Walk/Don’t Walk” operation
o SIGNALSOFF: All traffic signalindications go dark
o FLASH: Normally flashes Red/Red, pedestrian heads are off

Ifintersection hasgone toflash due toautomaticfault detection, it cannot be “reset” using this switch. Ifit’s
necessaryto put the signalto “SIGNALS OFF” or “FLASH”, it can be returned to “AUTOMATIC” operation. The
operation will resume at the point at which the switch was moved from AUTOMATIC operation.
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6. CONTROLLER OPERATIONS

Inthis Chapter you will be introduced to the traffic signal controller operations.

6.1 Econolite Controllers
6.1.1 KMC8000
1. Oldest of the controllers displayed on this page
2. Themostruggedofthe three
3. The most difficult toinstall
4. Least capablewithout extensive external wiring/equipment
o More external connections

o More complicated wiring

KMC8000

6.1.2 ASC8000
1. Newerandlessruggedthanthe KMC8000

2. Lesswiring with less difficulty

3. Capabilitiesincreased greatly

ASC8000
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6.1.3 ASC2
1. Great capability with the least external connections
6.1.4 ASC2S

1. Same as ASC2 except for surface mount technology

2. Surface mount technology resultsin small-size, lightweight (~7x9x15 inches/~8}%lbs)

(=g

e oo | 4
UL unn ||
=o ) ans | |

ASC2 ASC2S

There s alsothe KMC10,000 (left) and ASC2M (middle) controllers, as well as Intelight controllers (XN-1, right).

6.1.5 ASC3 controller 6.1.6 CobaltController
1. Great capability 1. Newest, withgreat flexibility
2. Fully compliant with NEMATS2 2. Touchscreen

ASC/32100 Smaw ©O©

S e

awan ©0°
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6.2 NEMA (National Electrical Manufacturers Association) Controllers

NEMA'’s involvement in controller design helped greatly to simplify installations. Their controllersinclude
standardization of A, B, C (1, 2, 3) connectors, operating limits, and timed intervals. The standa rdization of timed
intervals include: passage time, maximum green time, gap reduction, walk and ped clearance,and many more
intervals with proper operation dictated by NEMA.

Some key points on NEMA controllers include:
e Standardized connectors
e Standard “pin-outs”
e StandardInput/Output (1/O) names
e Connectors physical identical/interchangeable

Below are three specifications of NEMA controller operating limits. Thereare many other parametersthat have
contributed toa better product:

e Operating temperature range: -30°F to 165°F
e Humidityrange: >95% @40°Fto 110°F
e Operating voltage: 89to 135 VAC

6.3 Dual-ring and Concurrent Group Controllers
A dual-ring controller operates similar to two separatecontrollers.

= Ring1contains phases J1,J2, J3, J4
= Ring 2 contains phases 5,6, b7, J8
= No morethanone phase from either ring cantime at any giventime

DUAL RING STRUCTURE

RING 1 <

1 2 I3 |a
|- 9

5 6 7 8

< RING 2
BARRER1 —>sllk  BARRIER?2
(LEFT SIDE) (RIGHT SIDE)
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An 8 (eight-phase) usually has two concurrent groups.

= Concurrent Group 1 contains phases &1, 32,5, 6

= Concurrent Group 2 contains phases J3,J4,7,8

= Phases from one group cannot time with phases of the other group
Combining tworings with two concurrent groups gives the following:

= J1orJ2allowedtotime with &5 or &6 and vice-versa
= (F3orJ4allowedtotime with @7 or &8 and vice-versa
Barriers

= Phase(s) must terminate theirtiming and cross the “barriers” together

Exceptions

* The model of the current discussion has been about a “dual-ring, two concurrent group, eight-phase controller
configuration”

= [tcanallbechanged, withinlimits, to perform special operations

- ~
N
s

Sy G

£
-
GZ-

¢3J
l,'bs-

6.4 Malfunction Monitor Unit

The malfunction monitor unit (MMU) is a device that monitors cabinet output and internal cabinetvoltages. If the
MMU senses animproper signal output or internal voltage, it will put the intersectioninto the allred flashingmode
of operation.
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TRANSPORTATION

7. FIELD OPERATIONS

Inthis chapter, you will be introduced to the operation of signals in the field. This includes controller elementssuch
as cycle length and phases, pedestrian timing requirements, pre-timed and actuated signal control,and system
control. For more in-depth information on field operations, refer to the TrafficSignal Timing and Coordination
manual at the following link: http://www.dot.state.mn.us/trafficeng/signals/manual.html

7.1 Controller Timing

The objective of traffic signal timing is to assign the right-of-way to alternating trafficmovementsin sucha manner
to minimize the average delayto any group of vehicles or pedestrians and reduce the probability of accident
producing conflicts.

A traffic signalcontrols trafficby assigning right-of-way to one traffic movement or several non-conflicting

movements at a time. Right-of-way is assigned by turning on a green signal for a certain length of time or aninterval,
ended by a yellow change interval during which a yellow signal is displayed, followed by the red signal.

7.2 Cycle Length

The cycle lengthis the total time to complete one sequence of signalization around anintersection. Inanactuated
controller, a complete cycle is dependenton the presence of calls on all phases. Ina pre-timed controller, itis a
complete sequence of signalindications. In a fully actuated signal, the cycle length varies. The cycle lengthis fixed in

a coordinated or pre-timed signal.
Short cycle lengths typically yield the best performancein terms of providing the lowest overall average delay if the
capacity of the cycle to pass vehicles is not exceeded. The cycle length, however, mustallow adequate timefor

vehicular and pedestrian movements. Longer cycles areused during peak periods to provide more green time for
the major street, to permit larger platoonsin the peak direction, and/or to reduce the number of starting delays.

7.3 Phase Change Interval

The phase change interval timing (yellow) advises drivers that their phase has ended, and they should either:

e Cometoasafestoppriortothestopline
e Proceedthroughtheintersectioniftheyaretoo closetotheintersectiontostop

The Intersection ClearanceInterval (All-Red) provides a vehicle enough time at the end of yellow to clear the
intersection before the nextgreenis displayed.

The MN MUTCD states that the exclusive function of the steady yellow interval shall be towarn trafficof an
impending change of right-of-way assignment. The yellow vehicle change interval should have a range of
approximately 3to 6 seconds. Generally, the longer intervals areappropriate for higher approach speeds. The
yellow vehicle change interval should be followed by a short all-way red clearanceinterval, of sufficientdurationto
permit the intersectionto clear before cross trafficis released.

Minnesota TrafficLaws state thatvehicular traffic facing a yellow indication arewarned that the related green
movement is being terminated or that the red indication will be exhibited immediately thereafterwhen vehicular

traffic shall not enter the intersection.
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The figures below show the timing operation for a basic two-phase or two-traffic movement pre-timed controller.
Note that at the end of phase 1and phase 2 yellow, there is a short all-red clearance interval.

b

PHASE 1 PHASE 2
=) l
I
GREEN YEL. RED
PHASE 1
PHASE 2

PHASE 1 SPLIT PHASE 2 SPLIT

CYCLE LENGTH

7.4 Pedestrian Timing

741 Walk

The MN MUTCD states "the WALK interval should be at least4 to 7 seconds in length so that pedestrians will have
adequate opportunity to leave the curb before the clearanceintervaliis shown." If pedestrian volumes and
characteristics do not require a 7-second walk interval, walkintervals asshortas 4 seconds may be used.
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7.4.2 FlashingDon’t Walk
The flashing DON’T WALK interval is determined by the following formula: flashing DON'TWALK = D/R

e D= Distancefromthe near curbor shouldertoat leastthe centerofthe farthesttraveledlane

e R=Walking rate of 3.5 ft/sec is the assumed walking rate unless special conditions (school kids, elderly, or
handicapped) require a slower walkingrate

See Chapter 9 on pedestrians for further details.

7.5 Pre-Timed Signal Control

Under these conditions, the signal assigns right-of-way at anintersection accordingto a predetermined schedule.
The sequence of right-of-way (phases) and the length of the time interval for each signal indication in the cycle is
fixed. Timing is based on historic trafficpatterns.

No recognitionis giventothe current traffic demand on the intersection approaches unless detectorsareused. The
major elements of pre-timed control are (1) fixed cycle length, (2) fixed phase length, and (3) number and sequence
of phases.

Advantagesto pre-timed controlinclude:
e Simplicity of equipment provides relatively easy servicingand maintenance

e Canbe coordinatedto provide continuous flow of trafficat a given speed along a particularroute, thus
providing positive speed control

e Timingis easily adjustedin the field

e Under certain conditions can be programmed to handle peak conditions
Disadvantagesto pre-timed control include:

e Donot recognize or accommodateshort-term fluctuations in traffic

e Cancause excessive delaytovehicles and pedestrians during off-peak periods
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7.6 Traffic-Actuated Signal Control

Traffic-actuated control of isolated intersections attempts to adjust green time continuously, and in some cases, the
sequence of phasing. These adjustments occur in accordance with real-time measures of traffic demand obtained
from vehicle detectors placed on one or more of the approaches tothe intersection. The full range of actuated
control capabilities depends on the type of equipment employed and the operational requirements.

Advantagestoactuated signalsinclude:

Usually reduce delay (if properly timed)
Adaptable to short-term fluctuationsin traffic flow
Usuallyincreasecapacity (by continually reapportioning green time)

Provide continuous operation under low volume conditions as an added safety feature, when pre-timed
signals may be put on flashing operation to prevent excessive delay

Especially effectiveat multiple phase intersections

Disadvantagestoactuated controlinclude:

The cost of an actuated installationis substantially higher thanthe costof a pre-timed installation

Actuated controllersand detectors are much more complicated than pre-timed signal controllers, increasing
maintenance and inspection skill requirementsand costs

Detectorsarecostlytoinstalland require careful inspection and maintenanceto ensure proper operations

Traffic actuated signal control can be further broken into the following categories: Semi-Actuated and Full Actuated
Control. Infullactuated control, all signal phases are actuated, and all signalized movements require detection.
Many MnDOT applications require full-actuated density operation (refer to the Traffic Signal Timingand
Coordination Manual).
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7.7 Traffic Signal Phasing

A traffic signalphase, or split, is the part of the cycle given to an individual movement, or combination of non-
conflicting movements during one or more intervals. Anintervalis a portion of the cycle during which the signal
indications do not change. The predetermined order of phasesis the sequence of operation. This order is fixed ina
pre-timed controller, and under certain circumstances, may be variable with an actuated controller.

For the figure below, there are eightintervals where the signalindications do not change. Noticethatintervals 4 and
8 are allred periods (interval 4 is the phase 1 allred andinterval 8 is the phase 2 all red). The phase 1 splitis made
up of intervals 1 through 4 and the phase 2 split is made up of intervals 5 through 8. The sum of split 1and 2 is the
cycle length.

GREEN YEL. RED
WALK FDW DON'T WALK
PHASE 1 PED.
RED GREE YEL.
PHASE 2
DON'T WALK VALK FDW
PHASE 2 PED.
INTERVAL 1 2 3 4 5 6 T 8
. . . 'l . . P
SPLIT PHASE 1 SPLIT PHASE 2 SPLIT
. . Py
CYCLE LENGTH
. ®
| Sequence of Operation >

7.8 Actuated Controller Phase Operations

Minimum Green Interval is the shortest green time for a phase. There must be a minimum greentime sothat
stopped vehicles have enoughtime to get started and partially cross the intersection before the clearance interval
appears. Aminimum green time setting willaccommodate the lowest expected number of vehicles that arrive per
cycle. It alsoallows approaching vehicles a chance to reach detectors.

Passage time (vehicle extension or gap time) is typically set asthe time it takes to travel from the vehicle detector
tothe stopline at the travel speed of the roadway for pulse loops or the averageacceptable headway between
vehicles for presence loops located close tothe stop line.

Maximum Green establishes the maximum limit towhich the greeninterval can be extended on a phaseinthe
presence of a serviceabledemand on a conflicting phase. Most controllers used by MnDOT can have two or more
maximum green times programmed. The second maximum time can put into effect by time clock.
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7.9 Recall

Inthe absence of anactuation, a controller unit will normally reston the current phase being serviced. A recall will
force the controller toreturntoa particularphase's greeninterval, even with no demand. An actuationis the
operative response of any type of detector call.

e Recallto Minimum: When active andinthe absence of a vehicle call on the phase, a temporarycallto
service the minimum initial time will be placed onthe phase

e Recallto Maximum: With the maximum vehicle recall active a constantvehicle call will be placed onthe
phase and maximum greentime will be placed onthe phase

e Recallto Pedestrian: This feature provides vehicle green and pedestrian walkand clearance intervals

7.10 Vehicle Detection

One of the advantagesto actuated control is the ability to adjust timing parameters based on actual vehicle or
pedestrian demand. Since this vehicle or pedestrian demand varies at differenttimes of the day, a detectoris
placedin the path of approaching vehicles or at a convenient location for the use of pedestrians. The actual
operation of the signalis highly dependent on the operation of these detectors.

The images below show typical detectorunits inthe controller cabinet. The detectors used in the field will be
discussedin the following sections.

5

gge 258 238 8gef®

ISOLATO
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7.10.1 Presence Detection

A presence detector hasthe ability to sense thata vehicle, whether moving or stopped, has appearedinits zone of
detection. A callis a registration of a demand for the right-of-way by traffic at a controller unit. An extension
detector is one that is arranged to registeran actuation at the controller unit only during the greeninterval for that
approach soas toextend the greentime of the actuating vehicles.

e Call & Extend: Vehiclesput a callintothe controller at any time
e Call-Only: Vehicles put a callinto the controller only during red
o Delay Call: Vehicles put a callinto the controller only after a programmed delay-time

¢ Delay Call-immediate Extend: Vehicles place a callto the controller only after a programmed delay-time
except whenthe phase that callsthe detectoris Green, then the call goesinimmediately

7.10.2 Emergency Vehicle Preemption (EVP)Detection

An EVP detectoris a device that preempts a trafficsignal controller; it has priority over normal traffic operations. See
Chapter 11 for further details. There aretwo types of EVP detection.

e Optical
o Strobe light pulsing at very specific frequency
o Canhavedigitalinformation encoded on the pulsing light
e Sonic
o Actually “hears” sirens approaching using directional microphones

7.10.3 Types of Detectors

A loop detector is the most common detector type. It is a loop of wire imbedded in the pavement carrying a small
electrical current. When a large mass of metal passes over the loop, it sensesa changeininductance of its inductive
loop sensor due to the passage or presence of a vehicle near the sensor.

A magnetometer measures the difference inthe level of the earth's magnetic forces caused by the passage or
presence of a vehicle near its sensor. A microwave radardetector is a detectorthat is capable of sensing the
passageofa vehicle throughits field of emitted microwave energy. An ultrasonic detectoris capable of sensing the
passageor presence of a vehicle throughits field of emitted ultrasonic energy. A video detector responds the video
image or changes inthe videoimage of a vehicle.

7.11 Coordinated Systems

A coordinated system s a series of signalized intersections thatare designed tointeract asa system. The system
concept as related to traffic signal control includes the methods, equipment, and techniques required to coordinate
traffic flow along anarterial or throughoutan area. Reasons for coordinating include:

o Move traffic through a series of intersections more efficiently
e Reducedelay
e Move vehiclesina gridsystem

e Helpreduce gridlock for closely spaced intersections
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7.12 System Objective

The major objective of a traffic control system is to permit continuous movementand/or minimize delayalong an
arterial or throughout a network of major streets. In the system, a timing planis defined by a combination of control
parametersfor one or more intersections based upon ananalysis of demand.

The major objective of a traffic control system is to permit continuous movementand/or minimize delayalong an
arterial or throughout a network of major streets. This involves the selection, implementation, and monitoring of
the most appropriate operational plan. Basically, a traffic signal system provides the appropriate and necessary
timing plans for eachintersectioninterms of individual needs as well as the combined needs of a series of
intersections.

Timing plans for a system consists of:
e SystemCycle: Aspecificcycle lengthis imposed throughout the systemcovered by the timing plan
e Split: Eachmovement inthe intersection has a defined split

o Offset: The offset is the relationship of the beginning of the main street green at thisintersectiontoa
master system basetime

o Offset should be expressedinseconds

o Thedifferenceinoffset betweenintersectionsalong a street defines the speed at which traffic can
travel without stopping

7.13 Types of Traffic Signal Control Systems
Time of Day (TOD) Time Based System:

e Non-Interconnected System. The offset relationship is maintained by relying on the clocks in the local
controllers

e Interconnected System. Local intersections arephysicallyinterconnected to ensure coordinated operation

Traffic Responsive System:Volume levels determine which out of a number of available cycle lengthsis selected,
andvolume differential determines offset (i.e., inbound, outbound, or average).

March 2021 Page | 80
Field Operations



M) PRi NSO RTATION Traffic Signals 101 Course Manual

8. HEAD AND LOOP PLACEMENT

Inthis chapter you will be introduced to traffic signal head placement and vehicle loop detector placement. Aseries
of head and loop placement chartsare included in Chapters 3 and 4 of the Traffic Control Signal Design Manual,
whichis available at the following link: http://www.dot.state.mn.us/trafficeng/signals/manual.html.

The following definitions are adapted from the latest version of the MN MUTCD.

8.1 Signal Heads and Indications

8.1.1 PedestrianSignal Head

A pedestrian signal head, which contains the symbols WALKING PERSON (symbolizing WALK), UPRAISED HAND
(symbolizing DONT WALK), and countdown numbers is installed to direct pedestrian traffic at a traffic control signal.
The headis comprised of two components; a pedestrian signal housingand a pedestrian signal indication that fits
withinthe housing.

8.1.2 PedestrianSignal Housing

This is a polycarbonate housing that protects the light source and other required components. The housingincludes
anindication mounting doorandsun visor.
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8.1.3 PedestrianSignal Indication

This is a Light Emitting Diode (LED) hand and person countdown indication module that is installed within the
pedestriansignal housing.

8.1.4 Vehicle Signal Head

This is an assembly of one or more signal sections that is provided for controlling vehicle trafficmovements on one
or more approaches. This assembly of signal sections alsoincludes a background shield.

8.1.5 Signal Section

The signal sectionis the assembly of a signal housing, signal lens, if any, and light source with necessary components
to be used for displaying one signal indication. The section is comprised of two components; a signal housing and a
signalindication thatfits withinthe housing.

8.1.6 Signal Housing

The signal housing is the part of a signal section that protects the light source and other required components. It
includes a hinged opening (with visor) in which the signal indication is mounted. This is one of two components that
make up a signal section.
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8.1.7 SignalIndication

The signalindicationis what illuminates the signal lens or equivalent device. Light Emitting Diode (LED) are the
indications that arecurrently installed within the signal housing. Thisis one of two components that make up a
signal section.

8.2 Head Placement

When placing signal heads, you should consider signal operations and review information from the field
observations checklist (signal design). Then refer to the signal head placement charts in the Traffic Control Signal
Design Manual, standard plates, technical manual for symbols, and uniform traffic signal plan labeling format (Traffic
Control Signal Design Manual).

Afilledin triangle indicates a new signal head, while an open triangle indicates an existing signal head.
O O [
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Below are two examples of signal head placement charts, which are included in the Traffic Control Signal Design
Manual, availableat the following link: http://www.dot.state.mn.us/trafficeng/signals/manual.html. These charts
show the minimum number of signal heads. There mustbe more than one signal head per traffic movement. These
layouts are not definitive and should be considered the minimum arrangements. Thesefigures do not cover every
possible condition; they may need to be adapted tofit a particular situation.

FLASHING YELLOW ARROW Figure 5 ELASHING YELLOW ARROW Figure 2
FIVE LANES OF APPROACH (DUAL LEFT TURNS) THREE LAMES OF APPROACH
NO SHARED LEFT/THROUGH LANES NO SHARED LEFT/THROUGH LAMES
* - - ;
® OO0 0 O ® &0 O &
Y
H‘\‘HW llwlr
HFEBhean iaNAL FACES SHOULD BE SIGNAL FACE [ L= - =
s Noroon Ehemenu rom oo oum | stona race Ipicaons
Dove @ are © v
@ rve (@ rve
(3 rurmAFLAGLA @) rva
() muavLaFLAGLA (4) PP
@ RLA-YLA-FYLA-GLA @ BLA-YLA-FrLA-GE A

8.3 Loop Placement

There are five considerationsin loop detector placement design:

Guaranteed Green: All vehicles except right turn onred (RTOR) vehicles will be guaranteed service of a
green light within a cycle.

Safety: Consideration mustbe given to winter as well as summer conditions.

Failsafe: Alternatives must be provided for when a primary detector fails so that non-mainline phases don't
have to be placed on recall.

Maintenance: Detectors should be locatedina good roadbed, if the surface is in a very poor condition it
should be replaced.

Operation: Detectors should provide operation that is logical to the driving public.
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The horizontal bar indicates a range of distance away from the intersection, within which some drivers will, and
some will not, stop for a yellow light. Detector placement allows the signal to change to yellow whenthis areanear
the intersection does not have vehicles present. The decision zone is 2 to 4-1/2 seconds away from the stop bar.

Distance From Stopline - Feet

0 100 200 300 400 500 600
70 '
60 ;
@
E 50 . i
= H
| ' :
'g 40 ;
o . ' | Il DECISION ZONE
® 30 @ ;
; i NOTE:
! i ! Grades ond other faoctors may require
20- T i adjustment from normalplacement.
10 may require additiongldetectors.
0 20 40 60 80 100 120 140 160 180 200

Distance From Stopline -

@ DETECTOR PLACEMENT

Detector spacing outside the limits shown

Meters

The image below shows the typical detector placement for loop detectors onthe major approach. There is no stop-
line detector and the phaseis placed onrecall (i.e. the greenis returned to this movementafterservicingthe
conflicting movements).

6'x 6' (1.7m x 1.7m) LOOP

L D21 ] ——
 —
SPEED (MPH) LOCATION OPTIONAL 2
POINT LOOP FUNCTION

30 120' (37 m) 1
35 180’ (55 m) 1
40 250’ (76 m) 1
45 300 (92 m) 1
50 400 (122 m) 1
55 475 (145 m) 240' (75 m) 1
60* 550' (168 m) 275' (84 m) 1
65+ 625 (191 m) 315 (96 m) 1

LOCATION = DISTANCE FROM STOP BAR TO LOOP DETECTOR

* ONLY APPLY TO DIVIDED 4-LANE ROADWAY

LOOP DETECTOR FUNCTIONS

1 = CALL AND EXTEND
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The image below shows the typical detector placement for loop detectors on a minor approach.

D4-3

i

|‘_L|/ \ N

|:|V Iil e [ ]o41

|;\| |7__| v [ ]o4-2
\LD4-5 —_—

.

LOCATION = DISTANCE FROM STOP

BAR TO LOOP DETECTOR

LOOP DETECTOR FUNCTIONS

1 = CALL AND EXTEND
7 = DELAY CALL - IMMEDIATE EXTEND

SPEED (MPH) LOCATION
30 120' (37 m)
35 180' (55 m)
40 250' (76 m)

NUMBER [FUNCTION SIZE
D4-1 1 6 x6 (L7x1.7m)
D4-2 1 6 x6 (L/x1.7m)
D4-3 7 6 x6 (L7 x 1.7 m)
D4-4 1 26 x 6 (1.7 x L.7 m)
D4-5 1 26 x6 (1.7x 1.7 m)

Where the minor approachis low volume and low speed, the back detectors (D4-1 and D4-2) are sometimes

omitted.

March 2021

Page | 86

Head and Loop Placement



M RN FoRTAT O Traffic Signals 101 Course Manual

9. PEDESTRIAN

Inthis chapter you will be introduced to the movement of pedestrians at signalized intersections. More information
on pedestrian control features can be found in Chapter 4E of the MN MUTCD, available at the following link:
www.dot.state.mn.us/trafficeng/publ/index.html.

9.1 Need for Pedestrian Control

9.1.1 Safety

The primary need for pedestrian control is to reduce the number and severity of traffic accidents involving
pedestrians. Pedestrians are slow and fragile as compared to motor vehicles; a collision between a vehicle and a
pedestrianalmost alwaysresultsin at least aninjury, often a fatality. The pedestrian population includes many
people who are not familiar with traffic laws (one does not need to pass an examination to become a pedestrian).

9.1.2 Traffic Flow

Where pedestrianflow is heavy, special controls may be necessary to preventreductionin capacity. At unsignalized
intersections a steady stream of pedestrians preempting crosswalks may reduce vehicular capacity considerably. At
signalized intersections lacking special pedestrian signals, conflicts between vehicular movements and pedestrians
may cause congestion.

9.2 Pedestrian Timing Requirements

The pedestrian timing requirementsinclude the Walk Interval and Flashing Don’t Walk Interval (Pedestrian
Clearance).

The Walk Intervalis the time givento allow the pedestriantoleave the curb and begin crossing the street. The walk
intervalis typically4to 7 seconds. This allows pedestrians adequate time toleave the curb and begin crossing.
MnDOT typically uses 7 seconds, based on MN MUTCD Chapter 4E guidance. The MN MUTCD indicates this option
as well: “If pedestrian volumes and characteristics do not require a 7-second walkinterval, walkintervals asshortas
4 seconds may be used.” Under special circumstances, such as at a school crossing with numerous pedestrians, walk
times may need to exceed 7 seconds.

The Flashing Don’t Walk (FDW) or pedestrian clearance is the time provided for a pedestrian crossingin a crosswalk,
after leaving the curb or shoulder, totravel tothe far side of the traveled way or to a median. It is based onthe
distance tocross(D)andthe rate at which a pedestrian walks (R).

The calculation of the flashing don’t walkis: FDW=D/R

The MN MUTCD specifies a walkingrateof 3.5 feet per second. There is an option to use a walking rate of 4.0 feet
per second if there is an extended push button featureor passive pedestrian detection.
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The figure below illustrates the pedestrianintervals and their possible relationships with associated vehicularsignal
phaseintervals.

“Zero” point of
countdown display

Steady Flashing with countdown *
Pedestrian il 1
o i] )
Display ! ) ! )
Pedestrian Walk Pedestrian
Intervals Interval Change Interval
7 seconds 3 seconds
—»| minimum ** <— Calculated pedestrian clearance time ***———» minimum

(see Section 4E.6) :

Relationship to associated vehicular phase intervals:

Yellow Change Interval = Buffer Interval

Yellow Change Interval
+ Red Clearance Interval = Buffer Interval

Part of Yellow Change Interval
+ Red Clearance Interval = Buffer Interval

Red Clearance Interval = Buffer Interval

Associated Green Interval extends
beyond end of Buffer Interval

9.3 Pedestrian Timing Recommended Practice

For a undivided roadway or divided roadway with a medianisland less than 6 feet wide, the pedestrianis provided
time tocross the entire intersection, without stoppingin the middle. The walkinterval should be 7 seconds but may
be reducedto 4 if it is necessaryto minimize pedestrian timing considering other factors.

The Flashing Don’t Walk (FDW) time should not be less than Walk time and the time may be reduced by the yellow
intervalifitis necessaryto minimize pedestrian timing considering other factors. FDW time is calculated using:

FDW=D/R

Where D is the distance across in feet, from the curb to the far side of the farthest travel lane and R is the walking
rate infeet per second. Guidanceis touse 3.5 feet/second, but where pedestrians who walk slowerthan 3.5 feet
per second, or pedestrians who use wheelchairs, routinely use the crosswalk, a walking speed of less than 3.5 feet
per second should be considered in determining the pedestrian clearance time.

In divided roadways with medians, there aretwo options:

Option 1 (cross completed — preferred method): The timingis sufficientto allow a pedestrian who starts to cross on
the beginning of Walk interval to cross the entire roadway. A pedestrian, who begins to cross later, may have to stop
in the median, press the ped button, and waitfor the next Walk interval.

e Walk=D1/R

e Flashing DON'T Walk=(D2/R)

Option 2 (cross to medians only): The crossing distance should be determined by using the longest distance from
one side tothe median.
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The below graphic shows the measurementsof D1and D2.
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More details on MnDOT’s recommended timing practice can be found in the Traffic Signal Timing and Coordination

Manual.

9.4 Pedestrian Timing Requirements Example

For this example, a pedestrianis required to cross inthe north-south direction (82 feet). Thus, D = 82 feet. For
normal conditions, 3.5 feet per seconds is used asthe crossing speed. This speed may need to be reduced under
special circumstances. We will use the typically 7-second Walk interval proceeding the Don’t Walk interval.
Additionally, the pedestrian clearance time will be set to equal the controller FDW. The “buffer” or solid don’t walk

is equaltothe Yellow and All-Red for the vehicle phase.
The flashing don’t walk would then be:
FDW = 82 feet /3.5 feet per second =23 seconds

¥

" PR

Measure the dstance between two ponts on the ground

8142 [Feet
8166

Crossing
Distance ~82 ft
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Total Split Time (given vehicle yellow = 4 seconds and all-red = 1 second) is 35 seconds.

7 sec 23 sec 5 sec
Walk Pedestrian Change Interval
Interval (use as FDW in this example)

Vehicle Green Interval

Y .

Total Split Time = 35 sec

9.5 PedestrianInformation Sign

The Pedestrian Information Sign provides pedestrians with more information at the traffic signal; additionally,
MnDOT uses braille onthese signs. The sign shall be used on all traffic signal installations that have pedestrian

indications.
4 4 )
WAIT PUSH
HERE BUTTON
; FOR
PUSH WALK
BUTTON SIGNAL
FOR \ /
WALK ( )
SIGNAL CROSS TO
CENTER
\_ . /
in medians at corners
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10. ADVANCED WARNING FLASHER

Inthis chapter you will be introduced to Advanced Warning Flashers (AWF). The information presented in this
sectionis from Chapter 4 of the Traffic Signal Timing and Coordination Manual and Chapter 40 of the MN MUTCD,
both of which are available at the links below.

http://www.dot.state.mn.us/trafficeng/signals/manual.html

http://www.dot.state.mn.us/trafficeng/publ/mutcd/index. html

10.1 Advanced Warning Flasher

The AWF is a device which, at certain high-speed locations, has been found to provide additional informationtothe
motorist describingthe operation of the traffic signal. It can assist the driver in making safer and more efficient
driving decisions. The additional information includes a sign/flasher combinationto get the driver’s attentionand
warn that the driver must prepare to stop.

. L A
- AR W 4 8
s oy A Ll

The Minnesota AWF system consists of a flasher and sign located on the main streetapproachestoa high-speed
signalizedintersection. Itis connected to the traffic signalin such a way that whenthe mainstreetgreenis about to
change toyellow, the flasher is turned onto warn the approachingdrivers of the impending change. Basically, the
purpose of an optimally designed combination of traffic signal and AWF system is twofold: 1) to inform the driverin
advance of a required driving decision (prepare to stop) and 2) to minimize the number of drivers that will be
required to make that decision.

a8 S
PREPARE -
l TOP

N

*\f g ——

| —
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e
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10.2 AWF Consideration

The guidelines in the Traffic Signal Timing and Coordination Manual indicate when the installation of advanced
warning flashers (AWF) for signal change interval should be considered. Due to the complex nature of traffic flow
characteristics, these guidelines should be applied along with engineering judgement. Guidelines should be
reviewed for each prospective installation. The considerationsinclude:

e |solated or unexpected signalized intersection
e Limitedsight distance

e DilemmaZone

e Accidents

e Heavytruckvolume

e Engineering judgment

10.3 Guidelines for Installation

Perthe MN MUTCD Section 40, thereare guidelines for AWF installation that cover itemsincluding: AWF power
supply, AWF sign placement, leading flash period, and detector placement. The AWF shall flash yellow in a wig-wag
fashion prior tothe termination of the green, and during yellow and red periods of the signal. The flasher shall be set
backfromthe intersectionas shownin the table onthe next page from the MN MUTCD. The AWF set backlocation
is based onthe posted speed (mph). The leading flash is the amount of time, prior to the signal turning yellow, that
the AWF flashes. The detection of the intersection shall be determined without regard to the AWF.

Posted Speeds | AWF Placement Leading Flash
(mph) (feet) (seconds)
40 560 8.0
45 560 7.0
50 700 8.0
55 700 7.0
60 850 8.0
65 850 7.5
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The figure below is an Advanced Warning Flasher Detail. A copy of the most current version of this can be
downloaded from the website.
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11.EMERGENCY VEHICLE PREEMPTION (EVP) AND RAILROAD (RR)

PREEMPTION

The transfer of signal control to a special sighal operation is called preemption. Thereare three common types of
preemption, based on different reasons: emergency vehicles, railroad, and transit vehicles. This chapter will cover
emergency vehicle and railroad preemption. The information presented in this section is from Chapter 4 of the
Traffic Signal Timing and Coordination Manual and Chapter4D of the MN MUTCD, both of which are available at the
links below.

http://www.dot.state.mn.us/trafficeng/signals/manual.html

http://www.dot.state.mn.us/trafficeng/publ/mutcd/index. html

11.1 Emergency Vehicle Preemption

Emergency vehicle preemption (EVP) is a system installed on authorized emergency vehicles and at trafficsignals
which allows the authorized emergency vehicles to travel through signalized intersectionsin a safe and timely
manner.

The system works as follows: An authorized emergency vehicle approaching a signalized intersection en-routetoa
callhas anactivated emitter(a strobelight oscillating at a specified frequency). The oscillations are detected by an
EVP detector mounted onthe signal mastarm. The detector may be located elsewheretoincrease the range. The
signal controller terminates any conflicting phases to bring up the through phase for the authorized emergency
vehicle. Indicator lights mounted onthe mast armindicate that preemptionis in operation.

Emergency Vehicle

g

EVP Detector

!

Traffic Signal Controller

Phase Change Confirmation
Terminates any conflicting phases EVP confirmatory lights indicate
Bring up the through phase for EV preemption is in operation
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11.1.1 Guidelinesfor Construction
Within the State of Minnesota, EVP detection systems shall respond to the following emitted frequencies:

e HighPriority: 14.035Hz+0.05 Hz
e LowPriority: 9.639Hz+0.03 Hz

All newly constructed signals shall be wired for EVP. This includes running the necessary electricalconductorstothe
base of each pole or terminating inthe mastarmas appropriate.

Traffic signals with EVP shall use confirmatory white indicator lights. The confirmatory light shall only be used during
signal preemption. Railroad preemption shall have priority over all other types of preemption, including authorized
emergency vehicles.

11.1.2 EVP Confirmatory Indicator Light

The white/clear confirmatory indicator light shall be mounted, in most cases, on the signal mast arm, one indication
light facing each direction of approach. The EVP confirmatory light shall remain dark (off) when the EVP operation s
not active. When the EVP s in operation, the indicator light shall flash or be steady under conditions defined below.

The purpose of the confirmatoryindicatorlight is to verify to the authorized emergency vehicle driverthat the signal
controller has received the call and to verify to the authorized emergency vehicle drivers approaching from different
directions which direction of approach will receive preemption.

A steady light facingan approach meansthatthe authorized emergency vehicle preemption has been received by
the signal controller for that approach. A flashing light facingan approach meansthatthe signal controller has
received a call for preemption from anauthorized emergency vehicleon a conflicting approach andis respondingto
that call.

EVP Detector

EVP Confirmatory
Indicator Light
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TRANSPORTATION

11.1.3 Operation of the Confirmatory Light

Under two-phase operations, the approach thatis preempted will receive a steady confirmatory light along with the
opposing approach. The controllerwill cycle through to bring up the circular greenindications. The conflicting
approaches will receive flashing confirmatory lights and circular red indications.

EMERGENCY VEHICLE

[

SIGNAL INDICATIONS

Q]

RED BALL

@ EI GREEN BALL

RED ARROW

GREEN ARROW

(g

EVP INDICATIONS

H”ﬂg FLASHING
DQ STEADY

Figure 4D-21. Emergency Vehicle Preemption (EVP) - Two Phase Operation

Under protected/permissive operation, the authorized emergency vehicle's approach shall receive a steady
confirmatoryindication light along with the opposing approach. The controllershall cycle through to bring up the
circular greensignalindication. The left turn green arrow is not given on the preempted approach since a permissive
green ball for the opposing flow would have to be terminated first. An opposing left turner, seeingthe signalgoto
yellow, might mistakenly assume that the preempted approach was also yellow, and turninto the oncoming traffic
proceeding ona green. Thisis referredtoas a "left turntrap." Toavoid this, the left turn greenarrow is not given to
anyapproach. The operation of this intersection, under preemption, is similarto that of a two-phaseintersection.
Conflicting approaches shall receive flashing confirmatory indication lights and circular red signal indications.

EMERGENCY VEHICLE

>

—

= SIGNAL INDICATIONS
L 7
. RED BALL

@G . GREEN BALL
00000 @ oo s
00000 -G

EVP INDICATIONS

|:||:|[|e FLASHING
De STEADY

Figure 4D-22. Emergency Vehicle Preemption (EVP) - Protected/Permissive Operation

e
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At alocation like a freeway ramp, wherethere is only protected/permissive operation availableto one approach (i.e.
there are no opposing left turns), the controller shall cycle through to bring up the circular greenand left turn green
arrow. This is possible because the left-turntrap situation is not present.

\ EMERGENCY VEHICLE

>

SIGNAL INDICATIONS

R . RED BALL

@DI:”:I - . GREEN BALL

. [0ocee] (000
DQ . GREEN ARROW

- [

iIC ) EVP INDICATIONS

% HI]DQ FLASHING

’ h ?ir;f;ﬁu'::nbof DQ STEADY

Figure 4D-23. Emergency Vehicle Preemption (EVP) -
Ramp/One-Way/T-Intersection Protected/Permissive Operation

When a signal only has protected left turns, the authorized emergency vehicle's approach shallreceive a steady
confirmatoryindicator light, a protected left turngreen arrow, and a circulargreen. The opposing and conflicting
approaches shall receive flashing confirmatory indicator lightsand red indications. Refertothe MN MUTCD for
additional details.

I EMERGENCY VEHICLE

, >
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= I SIGNAL INDICATIONS
R 23
. RED BALL
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EVP INDICATIONS

| Hﬂﬂe FLASHING
I Dé STEADY

Figure 4D-24. Emergency Vehicle Preemption (EVP) - Protected Operation
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11.2 Railroad Preemption

Railroad preemptionis a system installed on traffic signals which allows trains or Light Rail Transit (LRT) vehicles to
preempt the signalandtravel through the intersectionin a safe and timely manner.

11.2.1 GuidelinesforPreemption

If either of the following conditions are present, consideration should be giventointerconnectthe trafficsignal and
railroad grade crossing:

e Highwaytraffic queuesthathave the potential for extending across a nearby rail crossing

e Trafficqueued from a downstream railroad grade crossing that have the potential to interfere with an
upstream signalized intersection

Typical 2-Phase Signal Operation

RAILRDAD TRACK

2 LEGEND

-«— Signal Face

! =— Pedestrian Signol Face

| [ Standard with Traffic Signal
| 1] Mast Arm

| “NO RIGHT TURN" symbol sign
[ BT "NO LEFT TURN” symbol sign

——====3K R.R. Floshing Light Signals &
Automalic Gate (Optional)

Condition 1: Highway traffic queues behind the intersection stop line that has the potential to block the railroad
tracks.

Condition 2: Highway traffic queues behind the railroad grade crossing stop line that has the potential tointerfere
with the signalized intersection.
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When the determination has been made to preempt the traffic signal for a train, manyitems need to be considered

thatinclude:

e Distance between the traffic signal and the grade crossing

e |ntersectiongeometry

e Trackorientation

e Approachspeedofthetrain

11.2.2 GuidelinesforOperation
There are two goals related to railroad preemption.

e Goal 1: Permit traffic to clear the tracks before the train reaches the crossing

e Goal 2:Clearthetrafficat the intersection

Theimage above is of a railroad cabinet and the imagebelow is of a railroad crossing.

o RS
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12. CONTRACT DOCUMENTS

This chapter will cover the Standard Specifications for Construction Book (Spec Book), the Contract Proposal, and
Supplemental Agreements.

The Spec Book contains standard specifications to be used and referred tointhe design of traffic signal plansandin
the preparation of traffic signal Special Provisions. Plan designers need to be aware of the specifications contained in
the Spec Book that may apply to their individual project.

Eachindividual project will have a Contract Proposal. The Contract Proposal contains manyimportant documents,
including the Special Provisions for the Project. The image below on the left is of a ContractProposal, andthe image
on therightis of the Spec Book.
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12.1 Spec Book

The Spec Book has three divisions: Division |: General Requirements and Covenant, specifications labeled as 1000
series (1101 thru1911); Division II: Construction Details, specifications labeled as 2000 series (2021 thru 2581); and
Division IlI: Materials, specifications labeled as 3000 series (3101 thru 3985). The Spec Book is available atthe
following link: http://www.dot.state.mn.us/pre-letting/spec/.
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1504  COORDINATION OF CONTRACT DOCUMENTS
A requirement appearing in one of the Contract documents is as binding as though the requirement appears
in all. If discrepancies exist between the Contract documents, the following order of precedence applics:

(n Addenda,

(2) Special Provisions,
(3) Project-Specific Plan Sheets,
4) Supplemental Specifications,

(5) Standard Plan Sheets and Standard Plates,
(6) Standard Specifications

If discrepancices exist between dimensions in the Contract documents, the following order of precedence
applies:

(n Plan dimensions,
(2) Calculated dimensions,
(3) Scaled dimensions.

The Department and Contractor shall inform each other as to any discrepancy or defect they discover
Neither the Contractor nor the Engincer shall take advantage of any discrepancy or defect. The Engineer will review
the alleged discrepancy or defect to determine if a contract revision is necessary in accordance with 1402, “Contract
Revisions.” The Engineer will decide all issues conceming a discrepancy or defect,

12.1.1 1504 Coordination of Contract Documents

“Arequirement appearingin one of the contract documents is as binding as though the requirementappearsinall.
If discrepancies exist between the contract documents, the following order of precedence applies:

(1) Addenda,
(2) Special Provisions,
(3) Project-Specific Plan Sheets,
(4) Supplemental Specifications,
(5) Standard Plan Sheets and Standard Plates,
(6) Standard Specifications.
If discrepancies exist between dimensionsin the Contract documents, the following order of precedence applies:
(1) Plandimensions,
(2) Calculated dimensions,
(3) Scaled dimensions.

The Departmentand Contractor shall inform each otheras to anydiscrepancy or defect they discover. Neither the
Contractornor the Engineer shall take advantage of any discrepancy or defect. The Engineer will review the alleged
discrepancy or defect to determineif a contract revision is necessaryin accordancewith 1402, Contract Revisions.
The Engineer will decide allissues concerning a discrepancy or defect.”
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12.1.2 Division ll: Construction Details

Division Il contains miscellaneous construction sections, as wellas MnDOT 2565 (Traffic Control Signals). The format
of MnDOT 2565 is as follows:

Description: Method of Measurement:
e Hasageneralinformationsection e Traffic control signal systemsare measured
e Has a definitions section as anintegral unit complete in place and

operating withthe complete installation at
one intersectionbeing considered one unit
e Hasageneralinformationsection Basis of Payment:

Materials:

e Specifies various materials, including

e Thereis apayment schedule listedin this
references to Division |1l of the Spec Book

sectionthat showsthe Item No., Item,and
Construction Requirements: Unit. There s only one item used for traffic
control signal systemsin the Spec Book,
however, signal system projects do use other
“individual” pay items. Thesepayitems are
written as part of the Special Provisions.

e Hasageneralinformationsection

e Specifies the requirements for constructing a
traffic control signal system

12.1.3 Division lll: Materials

Division Il includes a section entitled “Electrical Materials” which contains various material specifications for traffic
control signal systems. Many of these material specifications are referred to by MnDOT 2565. The format of these
material specificationsis divided into the following: scope, requirements, and inspection and testing.

Electrical Systems Materials Section

e Conduit (3801 thru3803) e Traffic Signal Pedestals (3832)
e Luminaires (3810) e APS Push Buttons and Mounting Hardware
(3833)

e Lighting System Equipment(3812)

Vehicle Si IH 4
e EVPEquipment (3814) ° ehicle Signal Heads (3834)

PedestrianSi IHeads (3835
e Cablesand Conductors(3815) *  PedestrianSignal Heads( )

ice Equi 7
e Handholes (3819) e Service Equipment (3837)

Junction Boxes (3838
e MastArm Pole Standards (3831) ¢ Juncu xes (3838)

12.1.4 Other Standards and Supplemental Specifications

The Spec Book includes other national and local standards specified in the book, as listed below. Additionally, all
electrical equipmentto be furnished by a Contractor shall conform to other regulations, standards, and Codes as
specified inthe “Spec Book.”

e AASHTO, American Association of State e NEC, National Electrical Code

Highway and Transportation Officials e NEMA, NationalElectrical Manufacturers

e ASTM, American Society of Testing and Association

Materials e RUS, Rural Utilities Service

e ITE, Institute of Transportation Engineers . .
! P g e UL, UnderwriterLaboratories, Inc.

e ICEA, Insulated Cable Engineers Association
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Supplemental specifications are additions and revisions to the standard specifications that areapproved after the
standard specification book has been printed and distributed. They are published separately (usually in paperback
booklet form) until the next updated Spec Book is published and released. The planand proposal for each specific
project will state if there are supplemental specifications thatapply.

12.2 Contract Proposal

Each MnDOT project has a proposal, which includes addendums, noticeto bidder, special provisions by division
(2565), attachments, and contractschedule (bid prices).

Each Proposal contains Special Provisions by Division, for example:
e DivisionS— General Requirements
e DivisionSL— Electric Street Lighting
e Division SS - Traffic Control Signals
e Division ST — Traffic Signs and Devices
e DivisionSZ —Freeway Traffic Management Systems
Division SS may be formatted into more thantwo SSsections.

12.2.1 Special Provisions

Special Provisions are “additionsand revisions” to the Standard and Supplemental specifications. They cover
conditions relevant to a specific project. Ifanitem is adequately addressed or specified in the Spec Book, Standard
Plates, Plan, or other Contractdocuments, then thatitem should not be duplicated within the Special Provisions.

Division SS (Traffic Control Signals) typically include the following sections for a new signal system, but more may be
needed depending on the project conditions (e.g. for temporary signal systems, revise signal systems, etc.):

e SS-1 Removing Traffic Control Signal Systems

e SS-2 Traffic Control Signals

e SS-3 Emergency Vehicle Preemption (EVP) Systems
e SS-4 Traffic Control Interconnect

Division SS special provisions are available at the following link:
http://www.dot.state.mn.us/trafficeng/signals/manual.html

All signal system Special Provisions that are partof MnDOT projects or have State Aid funding involved will have a
SS-1 “Qualification of Workers” specification. SS-3 EVP may be incidental to the traffic signal systemand therefore
be part of SS-2 “Traffic Control Signals”.
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12.2.2 Special Provisions Format

A typical set of Special Provisions for a signal system is formatted similar to the Spec Book; however, the actual
format of the Special Provisions may vary somewhat when compared to the Spec Book format. Special Provisions
may alsoinclude detail drawingsthat are pertinentto the specific project. The following is a closer look at a typical
set of Special Provisions for a signal system:

Traffic Control Signals

Signal system Special Provisions will have a description paragraph of the work: what work s involved,
location of project; and what documents the project shall be in accordance with.

Traffic Control Signals:
Description Section:

This section will usually include a list of Department furnished materials being supplied to the Contractor
andlanguage specifyingwhere the Contractor is to pick-up the Departmentfurnished materials. This
section mayalsoinclude any Plan changes, notesto bidders, specifying whether or not anagreement will
apply to the project, etc.

Materials Section:

This section will cover any materialitemsthat arenot coveredin other Contractdocuments, or language in
other documents that needs to be modified for this specific project.

Construction Requirements:

This section contains language dealing with the actual construction of the signal system. Like the materials
section, it willinclude languagethat modifies itemsinthe Spec Book, Plan, or other Contractdocuments.

Measurement and Payment:

This section will specify exactly how the signal system will be measured and paid for. The payitems in this
section need to matchthe payitem(s) listed on the statement of estimated quantities sheet inthe Plan.

The following is a “sample” payitem for a signal system set of Special Provisions:

Removing and salvagingthe existing trafficcontrol signal system; furnishingand installing materials
and electrical equipment;andinstalling Departmentfurnished materials as specified herein, all to
provide a complete operating new full-traffic-actuated trafficcontrol signal system at the
intersection of and in , County ascontained
in these Special Provisions andinthe Plans will be measured asanintegral unit and paid for as
specifiedin MnDOT 2565.4 and MnDOT 2565.5 respectively for tem No. 2565.516 (TRAFFIC
CONTROLSIGNAL SYSTEM).

The majority of signal systemSpecial Provisions are written by the MnDOT Office of Traffic Engineering for
State let projects. Consultants, however, usually preparethe Special Provisions for consultant designed
MnDOT projects.
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12.2.3 Addendums

At times it may become necessary to provide additional information, corrections, additions, or deletions tothe
Special Provisions, Plans, and/or Spec Book after the Projectis put out for bid, but before the actual letting of the
Project. This information is provided to bidders by creating an “Addendum”. These addendums are then sent out to
Contractors, suppliers, etc. that have purchased the Contract documents for the specific project. These addendums
are sent out with enough leadtime to allow bidders the opportunity to consider the addendum in preparing their
bid. All addendums will be located in the front portion of the MnDOT final project proposal.

12.3 Supplemental Agreements

Itis important that Plans and Special Provisionsare clear, accurate, and adequately indicate the work that the
Contractoris required to perform. However, when that does not happen, or if some item(s) is inadvertently omitted
from the project documents, MnDOT will negotiate a supplemental agreement with the Contractor to rectify the
situation. Thereare occasions when supplemental agreements are necessary due to field conditions that were not
apparent at the time of the project design. It is inthe best interest of everyone to keep supplemental agreementsto
a minimum.

Supplemental agreements arewritten after the Contract is underway and negotiated between Contractor and
project Engineer.
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13. MAINTENANCE

Inthis chapter you will be introduced to Maintenance Agreements and Traffic Signal Maintenance Categories.

Ina maintenance agreement, the maintenanceresponsibilities are spelled out in the MnDOT Traffic Control Signal
Agreement. Referto Chapter 2 for more information. The agreement will have a number upon which other
documents may refer to. The number will be in effect untilanother agreement is written, in which it will statethat
the new number supersedes and terminates the old agreement number.

Within the maintenance agreement, the power cost provider is specified, and maintenance responsibilitiesare
outlined. Maintenanceis divided into two categories of responsibilities: minor maintenance and major
maintenance.

A quickand easyreferenceis the signal responsibility list, which is a report inthe Transportation Asset Management
System (TAMS). This listcan be generated by the Office of Traffic Engineering or requested by the Electrical Services
Section (ESS).

The list contains an index that shows the responsibility types, the system types with abbreviations, in a format that
makes the responsibility easily recognizable.

Minor Maintenance includes: Major Maintenanceincludes:
* Vehicleindicationlights *  Knockdowns
*  Luminaire lampreplacement *  Loop replace/repair
* Paintsignals * Headreplace

13.1 Maintenance Responsibilities

Traffic Signal Maintenance is divided into four categories: Response Maintenance, Preventative Maintenance,
Operations Maintenance, and Design Modification.

13.1.1 Response Maintenance

Response maintenance involves procedures that are undertaken when trafficsignal and control equipment fail,
either fully or partially. These include knockdowns, heads turned/indications out, loop failure, and an operations
complaint.

13.1.2 Preventative Maintenance

Preventative maintenance practicesinvolve inspecting, cleaning, and adjusting signals at regularintervalsand
replacing components as necessary. They are performed by MnDOT Electrical Services Section (ESS) every 12-24
months. These maintenance activities include testingthe MMU; checkingindications, loops, pedestrian push
buttons, controllerclock, and additionalitems.

13.1.3 Operations Maintenance

Operations maintenanceis performed by MnDOT District Operations Staff every 6-12 months. These maintenance
activities include checking operation, indications, loops, pedestrian push buttons, controllerand clock, and cleaning
the cabinet and replacing air filter (1/year).

13.1.4 Design Modification

Design modification involves changing the signal display, timing plans, or equipment to reflect changed traffic
conditions. These modifications are performed on anas-needed basis or as funding allows. Theyinclude upgrading
outdated equipment, replacing end of life hardware, ADA upgrades, and flashing yellow arrow retrofits.
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13.2 New Signals

For new signals, the district operations responsibilities include:

* Ensuring the timing and operation needed is programmed into the controller

* Allindications, loops, push buttons, EVP arechecked to ensure the signal is operating at 100% at turn-on

*  When anewsignalis placedinto operation, a logbook must be put into the cabinet, along with field

intersection layouts and cabinet prints

* Thecolor code chart must be part of the logbook or cabinet file

The image below is a screenshot of the maintenanceresponsibilities for a particular signal, from MnDOT’s
Transportation Asset Management System (TAMS).
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