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Attached isarevised portion of Chapter 9 of the Traffic Manual for new Section 9-01.5, Bicycle
Signals, and the updating of Section 9-03.3, Selection of L eft-Turn Phasing, Section 9-03.7, Three
Phase Operation, Section 9-03.8, Permissive L eft-Turn Phasing, Section 9-03.12, L ocation of Signal
Faces, Section 9-03.15, Right-Turn Arrows, Section 9-03.24, Vehicle Detectors, Section 9-03.26,
BicycleDetectors, Section 9-03.27, Signal Plan Schedul es, Section 9-03.35, Temporary Signalsfor
Haul Roads, Section 9-04.1, Introduction (Traffic Signal Operations), Section 9-04.2, Review of
Traffic Signal Operations, Section 9-04.5, Y ellow Changelntervals, Table9-1, Suggested Detector
SetbacksFrom Limitline, Figure9-22, Typical Traffic Signal Installation, Section 9-05.1, Introduction
(Flashing Beacons), Section 9-05.2, Signal Ahead Flashing Beacons, Section 9-12.2, Roadway
Luminaires and Section 9-13.11, Voltage Drop. This also replaces existing Title Page, Table of
Contentsand pages 9-6, 9-24 through 9-40, 9-58, 9-61, 9-62, 9-74, 9-80 and 9-81 dated July, 1996.

Thismanual change should beimplemented on all new construction and during routine mai ntenance
operations. Thefollowingisan explanation of those sectionsthat are changed:

» Section9-01.5- Bicycle Signals. Thisnew section hasbeen added to Section 9-01, Traffic Signals,
Basic Information and Warrantsto address operational problemsinvolving bicycles.

» Section 9-03.8 - Permissive Left-Turn Phasing. Thissection hasbeenrevisedtoincludethe use of
aLeft Turn Yield extinguishable message sign on local roads in place of the R73-7, at signalized
intersectionsthat have protected-permissiveor permissive-protected | eft-turn phasing.

* Sections 9-03.9through 9-03.30 have been repositioned on pages 9-26 through 9-32 to accommo-
datetherevisionto Section 9-03.8.

* Section 9-03.26 - Thereference to Standard Plan ES-5D is corrected to ES-5B.

» Section 9-04.5 - The Approach Speed ischanged to reflect both English and M etric speedsand the
Y ellow Intervalshave beenrevised.

» Table9-1, Suggested Detector Setbacks From Limitline, ischanged to reflect both Englishand Metric
speeds. Theformulasand the corresponding table have also been revised.
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» Figure9-22, Typical Traffic Signal Installation, referencein Note8to Traffic Manual Section 9-20
iscorrected to Section 9-03.

» Section 9-12.2 - The mounting height for roadway luminaires on conventional highways and at
intersectionsof freeway rampswith surface streetsisrevisedto 9.14 monly.

* Section 9-13.11 - Inthe Example Equation, theminimumwiresizeiscorrected fromNo. 8to No. 6.

ThefollowingchangesaremadetotheTrafficM anud at therecommendationof TheCaliforniaTrafficControl
DeviceCommittee(CTCDC) toimprovetextthatwill carry over intotheMUTCD CaliforniaSupplement.

* Section9-03.3 Selectionof Left-TurnPhasing

Changethesecond par agraphthat reads. “ If thel eft turnvol umeis300vehi clesper hour or more, consideration
shouldbegiventoatwo-laneleftturn.” to: “If theleft turnvolumeis300 or morevehiclesper hour, orif delaysto
trafficat theintersection canbesignificantly reduced, considerationshouldbegivenfor atwo-laneleftturn.”

* Section 9-03.7 Three Phase Operation

Changethesecond par agraphthat reads. “ Thisoperationisthesimplest andtheleast expensive. It canbeeither
pretimedor traffic-actuated. Sincebothleft turn approachesrecei vethesameamount of greentimesimultaneoudly,
regardlessof directional demand, |essefficient operationwill result.” to: * Threephaseoperationcanbeeither
pretimed or traffic-actuated.”

* Section9-03.8 PermissiveL eft TurnPhasing
Changepar agraph 5that reads: “L ocal authoritiesmay usean extinguishablemessagesignonlocal roads...”
to: “ Publicagencieshavingjurisdictionmay usean extinguishablemessagesignonlocal roads...”

* Section 9-03.12 Location Of Signal Faces

Changethefir st par agraphthat r eads. “ Onanundividedroadway, thesignal facesfor eachthrough approach
of anintersectionareusually placed at thefar right andfar | eft corners. Thesignal facesfor twoor moreapproaches
canoften becombined onasinglestandard. However, wherethecurbreturnradiusisgreater than 3m, it may be
necessary tol ocatethes gnal facesonseparatestandardsto providemaximumvisibility for thecontrolled approach.”
to: “Onanundividedroadway, thesignal facesfor eachthrough approach of anintersectionareusually placed at
thefar right andfar |eft corners. Thesignal facesfor two or moreapproachescan often becombinedonasingle
standard. However, isgenerally desirabletolocatethe signal faceson separate standardsat curbreturns. This
practicewill tendtomaximizethevisbility of thesigna facesfor thecontrolled gpproachwhileminimizingthevisbility
of thesignal facesintendedfor thecross-street approach. It may benecessary tolocatesignal faceson separate
standardswhenever thecurbreturnradiusisgreater than3m.”

Changethesecond par agr aphthat r eads: “ Thepreferredlocationsfor newinstallationsof signal facesfor fully-
protectedleft turnmovementsat atypical intersectionareonamast armof sufficient lengthto placeonesignal face
asnearly aspracticableinlinewiththeleftturnlane...” to: “ Thepreferredlocationsfor new installationsof signal
facesfor fully-protected|eft turnmovementsat atypi cal intersectionareonamast armof sufficientlengthtoplace
onesignal faceasnearly aspractical inthecenter of theleftturnlane...”
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* Section9-03.15. Right Turn Arrow

Changethethirdparagraphwhichreads:. “ A right-turngreenarrow should beused only whentheright-turn
volumeexceeds200vehiclesper hour, or itistheonly movement that trafficispermittedtomake” to: “ A right-turn
greenarrow shouldbeconsi deredfor useonly whenthereisanexclusiveright-turnlaneor itistheonly movement
that trafficispermitted tomakeor whentheright-turnvolumeexceeds200vehiclesper hour.”

* Section9-03.24V ehicle Detectors

Addanewitem5that reads:. “Video Detection - Detectsvehiclespassingthroughthefield of view of aCCTV
cameraor imagesensor. They areuseful during construction or other temporary situationswhenlaneschange
frequently inwidthandlocationaswel | aswheretheingtalationof conduit and detector loopsisexpensveor difficult.
Careisnecessary toavoid|ocationsand conditionswhich could obscurethedetector’ svisibility suchasextreme
weather, sunglareand moving shadows.”

* Section9-03.27 Signal Plan Schedule

Changeitem#2that reads:. “ A conductor and conduit schedul eshowsthesi zeof each conduit run, andthesize
andnumber of conductorsineachconduitrun.” to: “ A conductor and conduit scheduleshowsthes zeof each conduit
run, andthesi ze, typeand number of conductorsor cablesineach conduitrun.”

* Section9-03.35 Temporary Signal sfor Haul Roadsor One-Way Control in ConstructionZones
Changetitleinitem#2that reads: “ Permit or Contract Requirements’ to: “ Requirements’

Changeitem 2d whichreads. “ Timingof thesigna swill bedeterminedby theDigtrict TrafficEngineer.” to: Timing
of thesignal swill bedetermined by theAgency havingjurisdiction.”

* Section9-04.1Introduction

Add thefollowing sentencetothefir st paragraph: “Maintenance and operation of highway trafficsignals
involving StateHighwaysby anagency other thantheCaliforniaDepartment of Transportationshall requireajointly
approvedwrittenagreement.”

* Section9-04.2 Review of Traffic Signal Operation
Changeitem#2that reads: “ Time-of-Day Settings’ to: “ Time-of-Day or Traffic Responsive Settings”

Changethelast par agraphthat reads: “Initial timingof trafficsignal sand any subsequent changesintimingshall
betheresponsibility of TrafficOperations. Maintai ningthetimingistheresponsibility of Maintenance. Timingrecords
shall bekeptinbothMaintenanceand Traffic Operations.” to: “ Initial timing of traffic signal sand any subsequent
changesintiming shall betheresponsibility of Traffic Operations. Timingrecordsshall bekept and be readily
availabletomai ntenanceandtraffic operationsstaff and other agencies, whereappropriate.”

* Section 9-04.6 Red Clearancelnterval

Changethelast paragraphthat reads. “ Generally, red clearanceinterval sarenot required. A red clearance
interval may beusedfollowingtheyellow changeinterval, at very wideintersections, offsetintersections, or at other
locationswhereitisdesirabletode ay thegreeninterval for opposingtraffic. Normally, red clearanceinterva srange
from0.01 secondsto 2.0 seconds.” to: “Red clearanceintervalswhichfollow yellow changeinterval sarenot
required, but may beconsi deredwhereany of thefollowing conditionsexist: intersectionsthat arewide, of fset or
containunusua geometry; intersectionswherethevisibility of conflictingtrafficisblocked or limited; movements
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wherethe approach speedsare 88 km/hr (55 mph) or more; or whereitisdesirableto help clear vehiclesthat
recurrently becomequeuedintheintersectionwheretherearepermissivel eftturns. Normaly, redclearanceintervas
rangefrom 0.01 to 2.0 secondsand should not exceed 6 seconds.”

* Section9-05.1Introduction
Additem#9that reads:. “ AtIntersectionsWhereaMoreVisibleWarningisDesired”

* Section9-05.2 Signal Ahead Flashing Beacon

Changeitem#3that reads: “ Any trafficsigna withlimited approachvis bility andwhereapproach speedsexceed
80Km/h(50mph)”.to: “ Any trafficsigna withlimited approachvisibility, or whereapproach speedsexceed 80
Km/h(50mph)”.

ATTENTION: Thishard copy versionaswell asother chaptersof the Traffic Manual may not reflect new
or revised policiesof the Department of Transportation. Toget thelatest updatestotheentire TrafficManual,
seethe" Traffic OperationsProgram Directiveand Policy Memos' web pageat <http://www.dot.ca.gov/hg/
traffops/signtech/signdel/poalicy/policy.htm>.
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pretimed signal or a background-cycle-
controlled actuated signal, aleft turnvolume
of morethantwo vehiclesper approach per
cycleforapeak hour; or for atraffic-actuated
signal, 50 or moreleft turning vehiclesper
hour inonedirectionwiththeproduct of the
turningand conflictingthroughtrafficduring
the peak hour of 100,000 or more.

4. Miscellaneous. Other factorsthat might be
considered, includebut are not limited to:
impaired sight distancedueto horizontal or
vertical curvature, or wherethereisalarge
percentage of busesand trucks.

9-01.4 Removal of Existing Signals

Changesintrafficpatternsmay resultinasituation
whereatrafficsignal isnolongerjustified. Whenthis
occurs, consideration should begiventoremoving
thetraffic signal and replacingit with appropriate
alternativetraffic control devices.

9-01.5 Bicycle Signals

A bicyclesignal isandectrically poweredtraffic
control devicethat may only beusedincombination
withanexistingtrafficsignal. Bicyclesignalsshall
direct bicycliststotake specificactionsand may be
usedto addressanidentified safety or operational
probleminvolvingbicycles.

Whenbicycletrafficiscontrolled, only green,
yellow andredlighted bicyclesymbols, shall beused
to implement bicycle movement at a signalized
intersection. Theapplicationof bicyclesignalsshall
be implemented only at locations that meet
Department of Transportation Bicycle Signal
Warrants. Thiswill remainineffectuntil January 1,
2005.

A separatesignal phasefor bicyclemovement
will beused. Alternativemeansof handling conflicts
between bicycles and motor vehicles shall be
considered first. Two alternativesthat should be
considered are:
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1. Stripingtodirectabicyclisttoalaneadjacent
toatrafficlanesuchasabikelanetotheleft
of aright-turn-only lane.

2. Redesigning the intersection to direct a
bicyclistfroman off-street pathtoabicycle
laneat apoint removed fromthesignalized
intersection.

A bicyclesignal phasewill beconsidered only
after theseand other lessrestrictiveremedieshave
had an adequatetrial with enforcement andwiththe
result that the collision frequency has not been
reduced.

Bicycle Signal Warrant

A bicyclesignal may beconsideredfor useonly
when the volume and collision or volume and
geometricwarrantshavebeen met:

1. Volume. WhenW =B xV and W >50,000
and B > 50.

Where: Wisthevolumewarrant.
B isthenumber of bicyclesat the
peak hour enteringtheintersection.
V isthenumber of vehiclesat the
peak hour enteringtheintersection.
B and V shall use the same peak
hour.

2. Collision. When 2 or morebicycle/vehicle
collisionsof typessusceptibleto correction
by abicyclesignal haveoccurred over al2-
month period and the responsible public
worksofficial determinesthatabicyclesigna
will reducethenumber of collisions.

3. Geometric. (a) Where aseparate bicycle/
multi usepathintersectsaroadway. (b) At
other locations to facilitate a bicycle
movement that isnot permitted for amotor
vehicle.
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Traffic Signal Design 9-03

9-03.1 Introduction

Thedesign of traffic signalsby the California
Department of Transportation (Caltrans) isbased
uponthefollowing publications:

1. TrafficManual (Caltrans)

2. Standard Specifications(Caltrans)

3. Standard Plans(Caltrans)

4. Signal andLighting Design Guide(Caltrans)

5. RampMeter Design Guidelines(Caltrans)

6. Highway DesignManual (Caltrans)

7. Manua onUniform TrafficControl Devices
for Streetsand Highways(FHWA)

Additional referencesthat may beusedinclude:

1. Transportation and Traffic Engineering
Handbook, Institute of Traffic Engineers
(ITE)

2. Manual of TrafficSignal Design(ITE)

3. TrafficControl SystemsHandbook (FHWA)

4. TrafficControl SystemsStandards, National
Electrical Manufacturers Association

(NEMA)

5. TrafficControl DevicesHandbook (FHWA)

9-03.2 Selection of Traffic Signal Operation

A primefactor to beconsideredin sel ection of
the type of traffic signal operation is adequacy.
Whileit may betruethat asophisticated signal control
will operate satisfactorily at any intersection, the
intersection should not be provided with atype of
control that isunnecessarily complex and expensive.

Thetypeof trafficsignal operationtobeusedis
dependent uponthevariationsintrafficdemand. The
twogeneral typesof signal operation arepretimed
andtraffic-actuated. Traffic-actuated operationcan
befurther classified asfull-traffic-actuated or semi-
traffic-actuated. Withfull-traffic-actuated operation,
all traffic movementsor phasesareprovided with
detectors. Insemi-traffic-actuated operation, certain
phases(usually thecoordinated phases) donot have
detectors.

Pretimed and semi-traffic-actuated operation
should beusedin coordinated systemsonly. They
shouldnot beinstalled at i sol atedintersections(more
than 1.6 kmfromtheclosest signalizedintersection).

Where the distance between signalized
intersections is 0.8 km or less, coordination of
signals should be considered, including the
preparation of atime-spacediagramandanevauation
of thecost-effectivenessof coordination.

Discretion should beused with phasing at of f set
intersectionsasit may introduceoperational problems
whichshould berecognized and avoided. Themost
critical of these problemsiswhere one approach
right-of-way is terminated while the opposing
approach continueswithagreenindication.

9-03.3 Selection of Left-Turn Phasing

Therearevariousmethodsto signalizeleft turn
movements. SeeFigure9-11.

If theleft turnvolumeis300 or morevehiclesper
hour, or if delaystotraffic at theintersection can be
sgnificantly reduced, considerationshouldbegivento
atwo-laneleftturn.,
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9-03.4 Simultaneous or Dual Left

This method is most effective during free or
isolated operation andistraffic-actuated. Itisthe
most efficient meansof providing protected | eft turn
movements since the various phases and
combinationsof phasesappear only ondemand. A
throughmovementisallowedtogowithitsassociated
|eft turn movement whenthereisno opposing left
turntraffic.

9-03.5 Lead-Lag

Thisoperation canbeeither pretimedor traffic-
actuated.

Normally, “Lead-Lag” phasing should be
consideredfor coordinated signal swhenthe off set
timing determined by thesystemtime-spacediagram
resultsinthearrival of thetwodirectionsof trafficat
differenttimesduringacycle. Thiswill providethe
most efficient progressiveband.

9-03.6 Opposite or Opposing

Opposing operation should be used wherethe
leftturnvolumeper laneisvery highineither direction
andisabout equal to or greater thanthecompanion
throughmovement. Thismethodisespecially useful
when one of the through lanes must be used asan
optional turning lane or where aseparateleft turn
lane cannot beprovided.

9-03.7 Three Phase Operation

Three phaseoperation canbeeither pretimed or
traffic-actuated.

9-03.8 Permissive Left-Turn Phasing

Thistypeof operation allowsvehiclestomake
left turns during afully-protected interval with a
greenarrow indication, or tomakeapermissiveleft

TRAFFIC SIGNALS AND LIGHTING 9-25

11-2002

turnwithacircular greenindicationwhenthereare
adequategapsin opposingtraffic. Permissiveleft
turn phasing may be either pre-timed or traffic
actuated. Examplesof the operation may befound
intheTraffic Control DevicesHandbook (FHWA).
Therearenormally two sequencesthat can be
utilizedwith permissiveleft turnphasing:

1. Protected-Permissive.

Withthisoperation, left turntrafficisfirst
directedtoturnleft onthedisplay of agreen
arrow and then permitted to turnduringthe
nonprotected interval on the display of a
circular green.

2. Permissive-Protected.

Withthisoperation, theleftturntrafficisfirst
permitted to turn during the nonprotected
interval onthedisplay of acircular greenand
thendirectedtoturnleft onthedisplay of a
greenarrow.

Theadvantagesof thisoperationwhencompared
tofully-protectedleft turn phasingonly are:

1. Reducesdelay asleftturndriversmay have
anopportunity tomaketheir left turnsduring
thegreeninterval or yellow changeinterval
forthroughtraffic.

2. Allowstheuse of shorter cyclelengthsin
coordinated systemsby reducing thetimeof
thefully protected greeninterval for theleft
turnmovement.

3. Lesschanceof disruptingtrafficinadjacent
through lanes as left turn queues are less
likely to exceed the length of the left turn
lane.
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When a protected-permissive or permissive-
protected | eft-turn phasing operationisusedfor a
signa systemonaStatehighway, noinformationsign
isnecessary. If asignisused, it shall beaR73-7,
LEFT TURN YIELD ON GREEN (Green Ball
symbol) signon Statehighways.

Publicagencieshavingjurisdictionmay usean
extinguishablemessagesignonlocal roadsinplace
of theR73-7, ontheir local roadsthat arenot part of
anintersectionwithaStatehighway. Themessage
shall say LEFT TURN YIELD inat least 150 mm
highletters. Thelight sourceshall bedesigned and
constructed sothat whenilluminated, the message
shall bewhiteandremaindark whennotinuse. The
message shall beilluminated only whenthegreen
permissiveball islighted.

Thefollowingshall apply to permissiveleft-turn
phasing:

1. Thisoperationshall not beinitiated where
theleft turnaccident warrantissatisfied.

2. Signal facesshouldnot beplacedinamedian
facingaleftturnlane.

3. Signs are not required for this operation
unlessU-turnsareto beprohibited.

4. Bothdirectionsof through traffic shall be
terminated simultaneously except where

opposing left turnsor opposing U-turnsare
prohibited.

9-03.9 Location of Controller Cabinets

Normally, controller cabinetsshoul d bel ocated
inaccordancewiththefollowing:

1. Itshouldnotbevulnerabletotraffic.
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2. Trafficmovementsat theintersectionshould
bevisiblefromthecontroller timing position.

3. Thedoorsof the cabinet should open away
fromthecurbor traveled way.

4. Itshouldbepossibleto park amaintenance
truck closetothecabinet.

5. Itshouldnot belocatedinadrainageditch,
in an area which could be under water or
where subjected towater from sprinklers.

6. Itshouldnot obstruct sidewalks, wheelchair
ramps, or storeentrances.

7. 1t should be placed so as not to obstruct
pedestrianor driver visibility.

Upon requests, keys for the police panel on
trafficsignal controller cabinetsshall befurnishedto
the California Highway Patrol offices or local
enforcement agencies.

9-03.10 Vehicle Signal Faces and Indications

Arrangement of vehiclesignal facesshall conform
totheManual on Uniform Traffic Control Devices
(FHWA). Normally, eachvehiclesignal facewill
consist of at least three sections. Some of the
exceptions are that a single section with agreen
arrow lens may be used to indicate a continuous
movement and a2-section (red, green) facemay be
used for ramp metering.

Signal lensesshall beaminimum of 200mmin
diameter. Arrow indicationsand flashing beacons
(except those used in ramp metering) shall have
lenses 300 mm in diameter. Mast arm mounted,
span-wire mounted and signal bridge mounted
indicationsshould havelenses300 mmindiameter.
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9-03.11 Number of Signal Faces

Thereshall beat |east two signal facesfor each
controlled approach of an intersection including
signalizedleftturnlanes.

Supplemental signal facesshouldbeconsidered
if any of thefollowing conditionsexist:

1. Theareaisrural.

2. Theareaisurbanandthesignal isthefirst
oneonaparticular highway.

3. The roadway is striped for two or more
approach lanes.

4. Wherevisibility of thesignal isaffected by
alignment or obstructions.

9-03.12 Location of Signal Faces

Onanundivided roadway, thesignal facesfor
eachthroughapproach of anintersectionareusually
placed at thefar rightandfar left corners. Thesignal
faces for two or more approaches can often be
combinedonasinglestandard. However,isgeneraly
desirable to locate the signal faces on separate
standardsat curbreturns. Thispracticewill tendto
maximizethevisibility of the signal facesfor the
controlledapproachwhileminimizingthevisbility of
the signal faces intended for the cross-street
approach. It may benecessary tolocatesignal faces
on separate standards whenever the curb return
radiusisgreater than3m. Whereadditional signal
facesarerequired, they may be suspended froma
mast arm.

Thepreferredlocationsfor new install ationsof
signal facesfor fully-protected | eft turnmovements
at atypical intersectionareonamast armof sufficient
lengthto placeonesignal faceasnearly aspractical
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inthe center of theleft turnlane and to placethe
second face on a standard at the far left corner.
Unusual roadway geometrics, widemedians, wide
roadways, morethan oneleftturnlaneinthesame
direction or other factorsmay requiretheleft turn
signal face(s) to bemounted on standard(s) located
inamedianto satisfy visibility requirements.

A signal face, containing a circular green
indication, may belocatedinafar medianonly when:

1. Thesignal phasing providesaprotected|eft
turnmovement; or

2. Thesignal faceisprovidedwithsometypeof
visibility control sothat theindicationsare
notvisibletotrafficintheleft turnstorage
lane; or

3. ltisnotfacingaleftturnstoragelane.

A signd facecontainingacircular greenindication
may belocated inthenear medianwherethereisa
left turn storagelaneand thereisno associated | eft
turnphase.

Supplemental signal faces may be placed at a
near sidelocation or suspended from amast arm.

9-03.13 Arrow Indications

A greenarrow indication shall beused only to
allow vehicular movementswhich arecompletely
protected from conflict with other vehiclesmoving
onagreenindicationor with pedestrianscrossingin
conformance with awalk interval or pedestrian
clearanceinterval.

A red arrow indication shall beused only ina
separate signal face which also contains yellow
arrow and green arrow indications. A red arrow
indication may beusedwhereitisdesiredto prohibit
right-turn-on-red or left-turn-on-red.
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9-03.14 Left-Turn Arrows

A left-turngreenarrow indicatesthat al eft-turn
may bemadewithout conflict from opposingtraffic.
Normally, protected only |eft-turn phasing requires
theuse of three-sectionsignal faces. Thesections
should have lenses asfollows: red arrow, yellow
arrow and greenarrow.

Protected-permissiveor permissive-protected
(withfull-traffic-actuated operation) left-turn phasing
requirestheuseof five-sectionsignal faces. Normal ly
thefar left sectionsshould bearranged vertically.
See"m" in Figure 4-1 of the Manual on Uniform
Traffic Control Devicesfor Streetsand Highways
(MUTCD). Themastarmindicationshall bearranged
incluster or stacked ("s" or"m" inFigure4-1of the
MUTCD). Thefivesectionsshall havelensesas
follows: circular red, circular yellow, circular green,
yellow arrow and greenarrow. Thecluster or stack
arrangement shall not be used for protected only
left-turnphasing.

9-03.15 Right-Turn Arrows

Theright-turngreenarrow indicatesthat traffic
may maketheindicated right-turnwithout conflict
from opposing traffic. It is usually displayed
simultaneoudly withacircular red, circular yellow, or
circular green indication or another green arrow
indication.

Whenaright-turngreenarrow isto bedisplayed
duringthenonconflictingleft-turngreeninterval of
thecrossstreet, theU-turnonthecrossstreet shall
beprohibited.

A right-turngreen arrow shoul d be considered
for useonly whenthereisanexclusiveright-turnlane
oritistheonly movement that trafficispermittedto
make or when the right-turn volume exceeds 200
vehiclesper hour.

A right-turn yellow arrow shall be shown
followingarightturngreenarrowwhenacircular red
or aright-turnredarrow istofollow.
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9-03.16 Vertical Green Arrows

A vertical greenarrow indicatesthat traffic may
proceed straight through anintersection but shall not
turn right or left. It shall not be displayed
simultaneously inthesamefacewithacircular red.

9-03.17 Mounting Heights - Vehicle Signal Faces

The bottom of bracket mounted and post-top
mountedvehiclesignal faces, includingleftturnsigna
facesonthefarleft corner, should benot lessthan 3
m abovetheroadway, sidewalk or median grade.

Mounting heightsfor vehiclesignal facesare
showninthe Standard Plans.

9-03.18 Signal Face Visibility Control

It isalwaysdesirableto limit the visibility of
specificsignal indicationsto only thosedriversand
pedestriansthat they areintendedtoregulate. Some
visibility control isprovided by proper positioning of
asignal faceto:

1. Assistmechanical light control devicessuch
aslouversor visors; and

2. Associatetheindicationwiththecontrolled
trafficmovement.

However, thereareinstanceswhereadditional
visibility control isrequired. Applicationsof such
control may be classified into lateral (lane or
approach) separation and longitudinal (distance)
separation.

Examplesof conditionswherelateral separation
shouldbeconsidered are:

1. Adjacent parallel roadways; and

2. Acuteangleintersections.
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Examples of conditions where longitudinal
separation should beconsidered are:

1. Closely-spacedintersections,
2. Offsetintersections; and
3. Intersectionswithwidemedians.

Devicesavailablefor limitingor controllingsignal
indicationvisibility includelouvers, programmed
visibility signal sections, andlongvisors.

Programmedvisibility signa sectionscanprovide
either lateral or longitudinal separation. Typical
locations or conditions in which they should be
considered areat adjacent signalized intersections
that are90 mor lessapart or at i ntersectionsangled
at lessthan 45 degrees. Inorder that programmed
vishility signal facesfunctionproperly, itisimportant
that they beproperly locatedrel ativeto theapproach
lanes they are intended to control. The proper
relationshipisavailablefromthemanufacturer.

9-03.19 Backplates

Backplatesshould beinstalled onall mastarm
mountedsignal faces, al far medianleftturnsignals,
all far right signal faces, and onthosesignal facesthat
areinfront of abackgroundthat could beconfused
withor coulddistract fromthesignal.

9-03.20 Pedestrian Signal Faces

Signal design must provide for or prohibit
pedestrian movements. Pedestrians are better
controlled by pedestrian signal faces rather than
vehicular signal faces. Thisisbecause pedestrian
signal facesused with appropriate pedestriantiming
interval sprovide adequate crossing and clearance
times and in addition reduce the possibility of
pedestriansunnecessarily blockingtheintersection
by entering a crosswalk near the end of avehicle
greeninterval.
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Pedestriansignal facesshould beinstalled under
theconditionslistedin Section4D-3of theMUTCD.

9-03.21 Types of Pedestrian Signal Faces

Pedestriansignal facesat new signal installations
on Statehighwaysshall betheinternational symbol
typeasshownintheMUTCD,i.e.,theWALKING
PERSON andtheupraised HAND.

Existing “WALK - WAIT” signal faces may
continue to be kept in operation. However, they
shouldbereplaced asapart of amajor modernization
proj ect.

9-03.22 Mounting Height - Pedestrian Signal Faces

Thebottom of thehousingfor apedestriansignal
faceshouldbenot lessthan 2.1 m, nor morethan 3.0
m, abovethesidewal k grade.

9-03.23 Detectors

Theproper operation of atraffic-actuated signal
isdependent upon theappropriatetypeand proper
placement of vehicleand pedestrian detectors.

9-03.24 Vehicle Detectors

Thetypesand applicationsof vehicledetectors
currently usedincludethefollowing:

1. Inductive Loop.

Theinductiveloop detector, becauseof its
presencefeature, detectsastanding vehicle
aswell asamovingone. Thedetectionarea
isroughly that enclosed by theloop.

2. Magnetometer.

The magnetometer detector detects a
standing vehicle, aswell asamoving one,
and hasadetectionareaupto 1l mindiameter
over each sensing element.
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3. Magnetic.

Themagneticdetector detectsonly vehicles
moving in excess of 8 km/h. Onesensing
element coversoneor twotrafficlanes.

4. Pressure-Sensitive.

Nonew installationsaretobemade. Existing
units shall be replaced with loop,
magnetometer or magnetictypeswhen:

a. Theyrequirerelocation;
b. Thetrafficsignal istobemodified; or
c. Theroadway isto beresurfaced.

5. Video Detection.

Video detection detects vehicles passing
throughthefield of view of aCCTV camera
or image sensor. They are useful during
construction or other temporary situations
whenlaneschangefrequently inwidthand
locationaswell aswheretheinstallation of
conduit and detector |oopsisexpensiveor
difficult. Careisnecessary toavoidlocations
and conditions which could obscure the
detector’ svigibility suchasextremeweather,
sunglareand moving shadows.

Thenormal installation of inductiveloop and
magnetometer detectorsrequiressound pavement if
thedetector isto operatereliably. If the pavement
on an approach in which these detectorsareto be
installed is cracked, the project should include
resurfacing of the areas where the detectors and
lead-incablesaretobeplaced. Typical installation
detailsforinductivel oop and magnetometer detectors
areshownonthe Standard Plans.
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Thelongitudinal location (setback) of detectors
relative to the limit line depends on the speed of
traffic and the type of detector operation desired.
Suggested setbacksareshownin Table9-1.

9-03.25 Pedestrian Detectors

Whererequired, pedestrian push buttonsshould
bel ocated convenient tothecorresponding crosswal k
soasto encouragetheir useby both pedestriansand
people in wheelchairs. Push buttons should be
located not morethan 1.5mfromthecrosswalk and
should beplaced onsignal polesif they areadjacent
tothe crosswalk area. Separate pedestrian push-
button postsshoul d beused whenthesignal poles
aremorethan 1.5 mfromthecrosswalk.

9-03.26 Bicycle Detectors

Bicycle detectors may be required at traffic-
actuatedsignal installations.

A TypeD loop configuration shown on Standard
Plan ES-5B iseffectivefor detecting bicyclesand
small motorcyclesandshall beinstalledat thebicycle
loop detector |ocations. Loop detectorsshall not be
placed within a pedestrian crosswalk or whereit
could conflict with pedestriantraffic.

Theloop detector logo shown on Standard Plan
A24Cmay beusedtoshow abicyclist whereto stop
inabikelaneor trafficlaneto bedetected. Thelogo
shouldbeappliedtothepavementinthecenter of the
TypeD loop.

SeeFigure9-12for suggested|ocationsof bicycle
detectors and the Standard Plans for typical bike
lane pavement markings.

9-03.27 Signal Plan Schedules
Thetrafficsignal plansfor theinstallationof a

new signal or themajor modification of anexisting
signal shouldincludethefollowingschedules:
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1. Poleand Equipment Schedule.

A poleand equipment schedul e showsthe
typesof standards, mast armlengths, types
and mounting for vehicle and pedestrian
signal faces, and other equipment. See
Figure9-23 andthe Standard Plans.

2. Conductorsand Conduit Schedule.

A conductor and conduit schedule shows
the size of each conduit run, and the size,
typeand number of conductorsor cablesin
each conduit run. SeeFigure9-24.

Dimensionsof conductorsand conduit and data
for determining conduit sizeareshownin Tables9-
8 and 9-9.

9-03.28 Preemption

At some signal locations, it is necessary to
preempt the normal traffic signal operation by a
railroadtrain, anemergency vehicleor bus/transit
vehicles.

The order of priority for various types of
preemptionshall be:

1. Railroad
2. EmergencyVehicle

3. Bud/TransitVehicles

9-03.29 Railroad Preemption

Railroad preemptionresultsinaspecial traffic
signal operation depending on therelation of the
railroad tracks to the intersection, the number of
phasesinthetrafficsignal and other trafficconditions.
Railroad preemptionisnormally controlled by the
railroad gradecrossing warning equipment.
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Typical circumstanceswhererailroad preemption
isrequired and the type of signal operation to be
provided during preemptionareasfollows:

1. Wherearailroad gradecrossing, provided
with grade crossing warning equipment, is
within 60 m of a signalized intersection,
preemptionof thetrafficsignal shouldprovide
thefollowing sequenceof operation:

a. Aydlowchangeinterva andanyrequired
redclearanceinterval for any signal phase
thatisgreenor yellow when preemption
isinitiated and whichwill bered during
thetrack clearanceinterval. Thelength
of yellow change and red clearance
intervals shall not be altered by
preemption. Phaseswhich are in the
green interval when preemption is
initiated, andwhichwill begreenduring
thetrack clearanceinterval, shall remain
green. Any pedestrianwalk or clearance
interval, in effect when preemptionis
initiated, shall immediately beterminated
and all pedestrian signal faces shall
display steady DONT WALK or
upraised HAND.

b. A track clearanceinterval forthesignal
phaseor phasescontrollingtheapproach
which crossestherailroadtracks. The
signd indicationfortheclearanceinterval
may beeither greenor flashingred.

c. Avyedlowchangeinterval if greensignal
indications were provided during the
track clearanceinterval.

d. Dependingontrafficrequirementsand
phasing of thetraffic signal controller,
thetraffic signal may thendo oneof the
following:
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(1) Go into flashing operation, with
flashing red or flashing yellow
indications for the approaches
parallel to the railroad tracks and
flashingredindicationsfor all other
approaches. Pedestriansignalsshall
be extinguished. If flashingredis
usedfor all approaches, anall-redor
other clearance interval shall be
provided prior toreturningtonormal
operation.

(2) Reverttolimitedoperationwiththose
signd indicationscontrollingthrough
and|eft turn approachestowardsthe
railroadtracksdisplaying steady red.
Permitted pedestrian signal phases
shall operate normally. This
operation shall be used only if the
grade crossing warning equi pment
includesgates.

e. Thetrafficsignal shall returntonormal
operationfollowingreleaseof preemption
control.

2. Where the railroad tracks run within a

roadway and train speedsexceed 16 km/h,
preemptionof thetrafficsignal shouldprovide
thefollowing sequenceof operation.

a. Aydlowchangeinterval andany required
redclearanceinterval for al signa phases
that aregreenoryellowwhenpreemption
isinitiated and whichwill bered during
the preemption period. The length of
yellow changeandredclearanceintervals
shall not be altered by preemption.
Phaseswhich areinthegreeninterval
when preemptionisinitiated andwhich
will be green during the preemption
period, shall remaingreen. Any walk or
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pedestrian clearanceintervalsin effect
when preemption isinitiated shall be
immediately terminatedandal | pedestrian
signal facesshall display DONT WALK
orupraised HAND.

b. All signal faces controlling traffic
movementsparallel totherailroadtracks
will display green or flashing yellow
indications. All other vehiclesignal faces
will display redindications; pedestrian
signal faceswill display DONT WALK
or upraised HAND.

3. Where the railroad tracks run along a

roadway of a signalized intersection and
train speedsdo not exceed 16 km/h, trains
may be controlled by the vehicle signal
indications. Thistypeof traincontrol requires
approval fromtherailroad, thePublicUtilities
Commission and the Director of
Transportation.

Unusual or unique track or roadway
configurationsmay requireother solutions
than thosedescribed above.

9-03.30 Emergency Vehicle Preemption

Traffic signals on State highways may be
preempted by authorized emergency vehicles. The
purposeof such preemptionisto providetheright of
way totheemergency vehicleassoonaspractical.
The preemption may be controlled by one of the
followingmeans:

1.

By directwire, modulatedlight or radiofrom
aremotelocation such asafirehouse; and

By modulated light or radio from an
emergency vehicle.
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Emergency vehiclepreemption should provide
thefollowing sequenceof operation:

1. Avyellowchangeinterval andany required
red clearanceinterval for any signal phase
that isgreenor yellow when preemptionis
initiated and which will bered during the
preemptioninterval. Thelengthof theyellow
changeandred clearanceinterval sshall not
bealtered by preemption. Phaseswhichare
in the green interval when preemption is
initiated and whichwill begreenduringthe
preemption period shall remaingreen. Any
pedestrian walk interval in effect when
preemptionisinitiated shall beimmediately
terminated. Thenormal pedestrian clearance
interval may beabbreviated.

2. Anall-redintersection preemptiondisplay
shall not beused.

3. The traffic signal shall return to normal
operation upon termination of thedemand
for preemption or the termination of the
assuredgreeninterval.

Atatrafficsignal providedwithbothemergency
vehicle preemption and railroad preemption, the
railroad preemptionshall havepriority. Intheevent
of ademand for an emergency vehiclepreemption
duringthetimethat theintersectionisoperatingon
railroad preemption, the railroad preemption
sequenceshall continueunaffected until completion.
In the event of ademand for railroad preemption
during emergency vehicle preemption operation,
railroad preemptionshall immediately assumecontrol
of theintersection.

When control of emergency vehiclepreemption
isby meansof aradioor modulatedlight source, the
followingshal apply:
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1. Thetranamitter shal bepermanently mounted
on the emergency vehicle or building and
shall operateat arangesufficienttopermita
normal yellow change interval and any
required clearanceintervalsto take place
prior tothearrival of theemergency vehicle.
The normal pedestrian clearance interval
may beabbreviated.

2. The preemption system may provide an
indication (such asaspecial signal) tothe
driver of an emergency vehicle that
preemption of the traffic signal has been
effected. If aspecial signal lightisused, the
color shall not bered, yellow, or green.

3. The system shall be designed to prevent
simultaneous preemption by two or more
emergency vehicleson separateapproaches
totheintersection.

When performed by a local agency, the
installation of emergency vehicle preemption
equipment shall be covered by an Encroachment
Permitissued by theDistrict Director. The permit
shall statethe applicablerequirementsfromthose
listed aboveandthefollowing:

1. Itshouldbeunderstoodthat thepermitfor
theinstallation may berevoked or changed
as deemed advisable or necessary by
Caltrans.

2. Thetimingof thepreemptionequipment shall
beasapprovedinadvanceby Caltransand
shall not be changed without written
permission. ThePermitteeshall makeany
changesintiming requested by Caltrans.

3. ThePermitteeshall assumeall liability forthe
claimswhich arisedueto or becauseof the
permit.
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Normally emergency vehicle preemption
equipmentisinstalled, operated, and maintained at
no cost to the State. An exception is where the
equipmentisinstalledfor useby vehiclesof another
Stateagency.

TheStatewill maintainthepreemptionequipment
at thetraffic signal whenthesignal ismaintained by
the State. Thecostsof such maintenanceshall beat
100% | ocal agency expense.

9-03.31 Bus/Transit Vehicle Priority

Therequirementsfor bus/transit vehiclepriority
insofar as installation, encroachment permit,
maintenance and funding are the same as stated
abovefor emergency vehiclepreemption.

Theequipment and operation requirementsfor
bug/transit vehiclepriority shall besimilar tothose
above for emergency vehicle priority. Some
exceptionstotheserequirementsare:

1. Equipmentrequirementsfor thetransmitter
aresetforthin Section 25352 of theCadifornia
VehicleCode.

2. Anypededtrianinterva ineffectwhenpriority
isinitiated shall not haveitstiming affected.

3. Normally, bus/transit priority should not
occur more than once every other signal

cycle.

9-03.32 Modification of Existing Signals

Whereexistingsignalsaretobemodified, itis
desirablethat theconstructionplansincludeaseparate
plan of theexisting systemaswell asaplan showing
the modifications. It may also be necessary to
include a tabulation on the plan showing such
appurtenancesasbackpl atesand special signal faces
that may be difficult to discern on a complicated
plan.
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Thedesign of any signal modification project
shouldincludeadequate consideration for keeping
theexistingsignal sinoperationwhilethemodification
work isbeingdone.

9-03.33 Signals on Poles Owned by Others

Traffic signal equipment may be attached to
polesowned by utility companiesor other agencies
whenitisdesiredtokeepthenumber of polesat an
intersection to a minimum. In such cases, it is
necessary to enter into an agreement withtheowner
of thepole. Theagreement shouldbewrittentohold
the owner of the pole free of liability relative to
operation of thetraffic signal or damagetothepole
and to make the State responsible for moving the
equipment in the event the pole is removed or
relocated.

9-03.34 Additional Capacity at Signalized
Intersections

Whenthevehicular volumeonatwo-lane State
highway islargeenoughtowarrant trafficsignals,
usually therewill beconsiderablecongestion after
thesignalsareinstalled unlessthe Statehighway is
widenedtofour lanesat theintersection. Sometimes,
itisalsonecessary towidentheintersecting road.

Wherepossible, the State highway approaches
and local road approaches should be widened to
twolanesfor throughtraffic, for aminimumof 60 m
for traffic approaching the intersection and for a
minimumof 100mfor trafficleavingtheintersection.
Additional wideningfor tapered sectionsshouldbe
provided at the ends of the added lanes. It may be
necessary to prohibit parkingintheseareasand/or
to provideleftturnlanes. See Section 9-02.4 for
financing.
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9-03.35 Temporary Signals for Haul Roads or One-

Way Traffic Control in Construction Zones

1. General.

Temporary signalsfor traffic control at the
intersection of a State highway and ahaul
road, or to provideone-way traffic control
through aconstructionzone, may beeither
thefixed or portabletype. Suchsignalsare
normally installed by acontractor and may
requirean Encroachment Permit.

. Requirements.

Each plan for temporary signals should
includetheequipment detailsaswell asthe
following operating requirements:

a. Temporary signalsshall meetthedesign
standardsdescribed earlierinthissection.

b. Signal faces, detectors and control
equipment are to be kept in good
operating conditionat all times.

c. Whennotinuse, portablesignalsareto
be removed from the vicinity of the
highway andfixedsignasaretobeplaced
in flashing operation with yellow
indications for the highway and red
indicationsfor thehaul road.

d. Timingofthesignalswill bedetermined
by the Agency havingjurisdiction.

e. A SIGNAL AHEAD (W41) sign (and
flashing beacon, if required) isto be
placed on each approach of thehighway
inadvanceof thesignal.
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f. Haul roadsignalsshall beoperatedusing
manual control or vehicledetectors. The
operationshall provideagreenindication
tothehaul road only if thecontractor’s
equipment isapproachingthecrossing.
The haul road green interval shall not
exceed 10 seconds and the highway
greeninterval shall not belessthan 20
seconds, unless specific permissionis
giveninwriting. A 3-second, minimum,
yellow changeinterval, and any required
red clearanceinterval, shall follow each
greeninterval.

g. One-waytrafficcontrol sgnasmay utilize
pretimed or traffic-actuated controller
units, or may bemanually controlled. A
3-second, minimum, yellow change
interval shall follow eachgreeninterval.
Anall-redclearanceinterva shall follow
eachyellow changeinterval. Theall-red
clearanceinterval shall permitavehicle
totravel thelength of theone-way lane
before a green indication is shown to
opposingtraffic.

h. Failuretocomply withany of theabove
or other specified conditions will be
justificationfor revokingthepermit.

3. Equipment Details.

Fixed temporary traffic signals shall be
designed for 120-volt operation, while
portabletemporary signalsmay be battery
operated.

Thevehiclesignal facesshall bethestandard
3-sectiontypewithnolessthantwo separate
signal facesfor each approach, includingthe
haul road approaches.
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Thesigna facesshall bemountedaminimum
of 3 m abovetheroadway and directed so
that theindicationsarereadily seenby traffic.
Thesignal facesfor highway trafficshall be
equippedwith backplates.

For one-way lanecontrol or whereconditions
requiresetsof signal sto becoordinated, the
setsmay beinterconnected by cableor radio
so that they are operated from a single
manual or automatic control. The control
systemshall bedesignedtoprevent conflicting
greenindications.

9-03.36 Lane-Use Control Signals

L ane-usecontrol signalsare special overhead
signalshavingindicationsusedto permit or prohibit
theuseof specificlanesof astreet or highway or to
indicatetheimpending prohibition of use.

L ane-use control signals shall conformto the
requirementsinPart 1V of theMUTCD.
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9-03.37 Ramp Metering Signals

Trafficcontrol Ssgnasmay beinstalledonfreeway
entrancerampsto control theflow of trafficentering
thefreeway facility.

Ramp metering control signalsshall conformto
the requirementsin Part 1V of the MUTCD and
CaltransRamp Meter Design Guidelines.

9-03.38 Signals at Movable Bridges

Signalsinstalledat movablebridgesareaspecia
typeof highway trafficsignal, thepurposeof which
istonotify trafficto stop because of aroad closure
rather than alternately giving the right of way to
conflictingtrafficmovements. They areoperatedin
coordination with the opening and closing of the
movable bridges. Unlike traffic control signals,
movablebridgesignalsmay beoperated frequently
or at extremely infrequent interval sdependingupon
waterway traffic. Signalsat movablebridgesshall
conform to the requirements in Part IV of the
MUTCD.
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Traffic Signal Operations 9-04

9-04.1 Introduction

TheCaliforniaDepartment of Transportationis
responsiblefor the operation of all State highway
traffic signals, regardless of whether thesignal is
maintained by the State or by others. State highway
trafficsignalsshall include, but are not necessarily
limitedto, all signalsonaStatehighway andat ramp
connections to local streets. Maintenance and
operation of highway traffic signalsinvolving State
Highways by an agency other than the California
Department of Transportation shall requireajointly
approvedwrittenagreement.

9-04.2 Review of Traffic Signal Operations

All State highway traffic signals should be
periodically reviewedfor proper operation.

Thetraffic signal operation should beobserved
duringmorningand evening peak traffic periodsand
during off-peak periods. If anoperating deficiency
isobserved, thereasonfor thedeficiency shouldbe
determined. If thereisamalfunction, Maintenance
should be notified, and after corrective work is
done, further surveillanceshould beconductedtobe
sureno deficiency remains. If aneedfor adesign
changeisobserved, an analysisshould be madeto
determinewhat improvement might benecessary to
improvethedesign.

Improvementsto consider are:

1. Timingof:
a. Maximumsor Force Offs
b. Gaplnterval
c. Offsets

d. CycleLength

2. Time-of-Day or TrafficResponsiveSettings
3. Signal Phasing or Phase Sequence

4. Typeof Operation

5. Coordinationof Signals

6. Signs, Stripingand/or Pavement Markings
7. Roadway Improvements

Initia timingof trafficsgnal sand any subsequent
changesintimingshall betheresponsibility of Traffic
Operations. Timing records shall be kept and be
readily availableto maintenanceandtrafficoperations
staff and other agencies, whereappropriate.

AidsfortimingareshowninTables9-2,9-3, 9-
4, 9-5, 9-6 and 9-7.

9-04.3 Signals at Interchanges

Signal sat freeway interchangesrequirespecial
consideration asto phasing and timingto minimize
backup of traffic ontothefreeway lanes.

Inaddition, signal sat diamond-typeinterchanges
require phasing andtimingto providethenecessary
turning movementsfromthecrossstreettoandfrom
theramps, without abackup of traffic betweenthe
ramps. Tables9-3and 9-4 areguidesto beusedto
determinethetiming of traffic signalsat diamond
interchanges. These tables should be used in
conjunctionwith Table9-2to determinethetiming
of the splitsand offsets for diamond interchange
sgnals.

Thedecisionwhether to usepretimed or traffic-
actuated operationisdependent not only upontraffic
conditionsin the interchange area, but also upon
trafficconditionsalongthecrossstreet. For example,
acoordinatedtraffic signal systemalongthecross
street may requirethat thesignal sat theinterchange
becoordinated with thecrossstreet progression.
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9-04.4 Timing of Green Intervals

Theproportionof greentime, or split, allottedto
each phaseor combination of phasesduringasignal
cycle, should be as close as practicable to the
proportion of critical lane traffic volumes on the
respectiveapproaches. Intraffic-actuated operation,
this proportioning is done automatically and
continuously asaresult of vehicledetector inputsto
thecontroller unit.

Factorsthat may modify thisproportioningare
thetimerequired for pedestrian intervalsand the
requirementsof acoordinated system.

In the usual signal operation, predetermined
splits can be selected by time-of-day or traffic-
responsiveequipment. Incoordinatedsignal systems,
the cycle length and the split can be varied by
command fromthesystem master controller.

9-04.5 Yellow Change Intervals

Thepurposeof theyellow signal indicationisto
warntraffic approachingthesignal that therelated
greenmovementisendingor that aredindicationwill
beexhibitedimmediately thereafter and trafficwill
berequiredto stopwhentheredsignal isexhibited.

The length of the yellow change interval is
dependent upon the speed of approaching traffic.
Suggested yellow intervals are shown below are
calculated by usingtheformulaasshowninTable
9-1:

Approach Speed YellowInterval
mph (km/h) (seconds)
250rless(40orless)........... 3.0
30 (48).cccciiiiieeiiiiiiee e 3.2
KN (515 I 3.6
40 (64).ceeeeeiciiiieeeiiiiee e 3.9
A5 (72)eeeeeeiiiiieeeeieea e 4.3
S O (310 T 4.7
55(89)..cccciiiiieiiiiiieeeciienn 5.0
60 (97)..ceeeeeeiiee e 54

65 (105)...veveeeeeeeeeeerrereennen, 5.8
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9-04.6 Red Clearance Intervals

Reddearanceinterva swhichfollowyelowchange
intervals are not required, but may be considered
whereany of thefollowing conditionsexist: intersec-
tionsthat arewide, offset or containunusual geometry;
intersectionswherethevisbility of conflictingtrafficis
blocked or limited; movementswheretheapproach
speedsare88 km/hr (55 mph) or more; or whereitis
desirabletohelpclear vehiclesthat recurrently become
gueuedintheintersectionwheretherearepermissive
leftturns. Normally, red clearanceintervalsrangefrom
0.01to 2.0 secondsand shoul d not exceed 6 seconds.

9-04.7 Operation of Pedestrian Indications

Pedestriansignal facesshall beoperated soasto
display three indications. Steady WALKING
PERSON or “WALK?", flashingupraised HAND or
“DONT WALK?”, and steady upraised HAND or
“DONTWALK?”. Theflashingindicationisdisplayed
followingthewalkinterval.

Thetotal pedestriancrossingtimeshall consist of
thewalk interval plusthepedestrian clearancetime
obtained by usingawalkingrateof 1.2 m/s. Under
normal conditions, thewalk interval should be at
least four secondsinlength. Onanundivided highway,
the pedestrian clearancetimeshould benolessthan
thetimerequiredtowalk fromthecurbtothecenter
of thefarthest travel edlanebeforeopposing vehicles
receiveagreenindication.

On a street with a median sufficient for a
pedestrian to wait, the pedestrian clearance time
should benolessthanthetimerequiredtowalk from
the curb to the median before opposing vehicles
receiveagreenindication.

Pedestriansignal indicationsshouldnormally be
operated in conjunction with a vehicle phase.
Pedestriansignal sshall beturned off duringflashing
operationof vehiclesignal faces.
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9-04.8 Audible Pedestrian Signals
1. General.

AudiblePedestrian Signalsmay beinstalled
at signalizedintersectioncrosswalks. These
devicessupplementvisud WALK indications
and are designed to aid visually impaired
pedestrians. The installation of Audible
Pedestrian Signalsmay beconsideredwhen
an engineering study and evaluation have
been conducted and thefollowing minimum
conditionshavebeenmet:

a. The proposed intersection crosswalk
must besignalized.

b. The audible devices should be
retrofittabletotheexistingtrafficsignal
hardware.

c. Thesignalized intersection should be
equipped with pedestrian push buttons.

d. Theselected crosswalk must besuitable
for theinstallation of audiblesignals,in
termsof surroundinglanduseandtraffic
patterns.

e. Theremust beademonstrated needfor
theaudiblesignalsintheformof arequest
fromanindividual or groupthat would
usetheaudiblesignal.

f. Theindividual or group requestingthe
deviceshouldagreetotrainthevisually
impaired usersof theaudiblesignals.

Itisrecommendedthat theaudibledevices
selectedemit a® Cuckoo” walk soundfor a
crosswalk intheNorth-South direction and
a" Peep-Peep” walk sound for acrosswalk
inthe East-West direction.
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2. Financing.

The cost of installing Audible Pedestrian
Signalsshall besharedwiththelocal agency
inthesamemanner asatrafficsignal. See
Section 9-02.4.

9-04.9 Continuity of Operation

Once a traffic signal at an intersection or
pedestrian crossing hasbeenenergized, it shall not
beturned off unlessarrangementshave been made
for temporary control by traffic officers, temporary
stop signsor anapproved portablesignal.

When a traffic signal at an intersection or
pedestrian crossing isnot to bein operation for a
planned, extended period of time, thesignal faces
should be hooded, turned away from traffic or
removed.

Refer totheHighway MaintenanceManual for
proceduresto providetraffic controlsat signalized
intersectionsduring planned or unplanned utility
company power outages.

9-04.10 Flashing Operation

Flashing operation may beused prior to placing
the signal in automatic stop-and-go operation or
whenrequired by seasonal trafficconditions. During
flashing operation, red/yellow or all redindications
may be used.

Pretimed or semi-traffic-actuatedtrafficsignals
maly beoperatedinaflashingmodeat night. Flashing
yellow operationfor themajor streetinacoordinated
signal system reducescontrol of vehiclespeed. If
such speed control is desired, properly spaced
signals should remain in automatic stop-and-go
operation.

Actuatedsignal sat anisol atedintersectionshould
never beoperatedinaflashing modeexcept during
emergencies, theoperation of aconflict monitoring
device, or duringrailroad preemption.

Theemergency modeof operationfor al traffic
signasshall beflashingoperation.
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Table 9-1
SUGGESTED DETECTOR SETBACKS FROM LIMITLINE

Deceleration Rate d = 3.05 m per second?

Deceleration Time =V

Deceleration Distancz = 1/2dt2 or 1/2Vt orl2
Reaction Time r=1.00 second 2d
Reaction Distance = Vr

Total Time = Deceleration Time + Reaction Time=t+r or V+r

d
Detector Setback = Deceleration Distance + Reaction Distance = 2_\:: +Vr
Yellow Interval T=r+V
2d

V = Speed (meter per second)

d = Deceleration Rate (meter per secondz)

t = Deceleration Time (seconds)

T = Yellow Interval (seconds)

SPEED DEC. TIME DEC. DIST. | TOTAL TIME 2E15§[0R SSEUTC?(QI(E::TSED
mph km/h m/s Seconds Meters Seconds Meters Meters

25 40 11.18 3.67 20.49 4.67 31.67 30
30 48 13.42 4.40 29.51 5.40 42.93 45
35 56 15.65 5.13 40.17 6.13 55.82 55
40 64 17.89 5.87 52.46 6.87 70.35 70
45 72 20.13 6.60 66.40 7.60 86.52 85
50 80 22.36 7.33 81.97 8.33 104.33 105
55 89 24.60 8.06 99.18 9.06 123.78 125
60 97 26.83 8.80 118.04 9.80 144.87 145
65 105 29.07 9.53 138.53 10.53 167.60 170
70 113 31.29 10.27 160.50 11.27 191.79 190
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Figure 9-22

TYPICAL TRAFFIC SIGNAL INSTALLATION
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Flashing Beacons 9-05

9-05.1 Introduction

Typical applicationsfor flashing beaconsinclude
thefollowing:

1. Signa Ahead

2. StopSigns

3. SpeedLimitSigns

4. Other Warningand Regulatory Signs
5. Schoals

6. FireStations

7. Intersection Control

©

Freeway Bus Stops

9. At Intersections Where a More Visible
WarningisDesired

A flashing beaconisoneor moretrafficsignal
sectionswithaflashingindicationineach section.
Becausetheeffectivenessof flashing beaconshas
not been consi stent from onelocationto another, the
decisionwhether or nottoinstall aflashing beacon
should not bebased solely upontheguidelineslisted
inthissection.

Flashing beacons to be installed on a State
highway shall conformtothefollowingrequirements:

1. Lensesshouldbe300mmindiameter, except
that lensesfor flashing beaconsat busstops,
stop signflashing beacons, speedlimit sign
flashing beacons and beacons used in
connectionwith ramp metering may be200
mmindiameter.

2. Adimmingdeviceshall beusedtoreducethe

brillianceof yellow flashing beaconsduring
nighttimeoperation.

3. Two-sectionflashingyellow beaconsmay
be connected to flash alternately or
smultaneoudly.

9-05.2 Signal Ahead Flashing Beacons

Y ellow flashing beacons may be used with
SIGNAL AHEAD (W41) signsinadvanceof:

1. An isolated traffic signal on either a
conventional highway or onanexpressway
inarural area.

2. Thefirsttrafficsignal approachinganurban
area.

3. Anytrafficagnd withlimitedgpproachvighility,
or where approach speeds exceed 80 km/h
(50mph).

9-05.3 Design

Ondivided highwayswherethemedianis2.5m
wide, or greater, theinstall ation may consist of :

1. Two Type 1 standards, each with a W41
sign and a 300 mm signal face, with one
standard|ocatedinthemedian andtheother
off of theright shoulder; or

2. A Type 9 cantilever flashing beacon
installationwithaW41 or W41A sign and
two 300 mm signal faces as shown in the
Standard Plans.

The above installation designs may result in
noncompliancewiththeHighway Design Manual
mandatory standardsfor horizontal clearanceand
shoulder width, andtheadvisory designstandardfor
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clear recovery zones. If suchnonstandardfeatures
cannot beavoided, thedesigner must obtainapproval
inaccordancewith Topic 82 of theHighway Design
Manual and the current instructions pertaining to
exceptions from mandatory and advisory design
standards.

Onundivided highwaysor on highwayswhere
themedianislessthan 2.5mwide, theinstallation
may consist of asingle standard | ocated off of the
right shoulder as described for use on divided
highways, or it may beaType9 cantilever flashing
beaconinstallation.

9-05.4 Financing

Thecost of installing aSignal Ahead Flashing
Beacon isnormally included in the traffic signal
project and the cost shared with thelocal agency.
See Section 9-02.6.

9-05.5 Warning or Regulatory Sign Flashing
Beacons

Flashing beacon shall beused only to supplement
anappropriatewarning or regul atory signor marker.

Typical applications include:

1. Obstructionsinorimmediately adjacentto
theroadway.

2. Supplemental toadvancewarningsigns.
3. Atmid-block crosswalks.

4. At intersections where a warning is
appropriate.

The beacon should be operated only during
those hourswhen the necessity for thewarning or
regulationexists.
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9-05.6 Financing

Thecost of installingaWarning or Regulatory
SignFlashing BeacononaState highway shall beat
100% State expense.

9-05.7 Flashing Beacons at School Crosswalks

Flashing beaconsat school crosswalksmay be
installed on State highways in accordance with
Sections21372and 21373 of theCaliforniaVehicle
Code. SeeChapter 10of thisManual for additional
guidelinesand also Section 9-02.6, Casel.

9-05.8 Speed Limit Sign Flashing Beacons

A Speed Limit Sign Flashing Beacon may be
installed on aState highway for usein connection
withafixedorvariablespeedlimitsign. Thesizeand
location of thecircular yellow lensesare described
intheMUTCD. WhenaSpeed Limit SignFlashing
Beaconisinstalled at therequest of alocal agency,
orinstalled by thel ocal agency under aencroachment
permit, the costsof installing and maintaining the
beacon should beat 100% |ocal agency expense.

9-05.9 Intersection Control Flashing Beacons

AnlIntersection Control FlashingBeaconconsists
of oneor moresignal sections, withaflashingcircular
yellow or circular red indication in each face.
Applicationof IntersectionControl FlashingBeacons
shall belimitedto:

1. Yellowindicationsononeroute(normally
themajor roadway) and red indicationsfor
theremaining approaches; or

2. Redindicationsfor all approaches.
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New installationsof overheadintersectioncontrol
flashing beaconsshall consist of redindicationsfor
each approach.

A stopsignshall beused oneach approachwith
aflashingredindication.

Basicintersectionlighting should beinstalled at
intersectionswherean | ntersection Control Flashing
Beaconistobeinstalled.

9-05.10 Financing

The cost of installing an Intersection Control
Flashing Beaconandintersectionlighting shall be
sharedwiththelocal agency inthesamemanner as
atrafficsignal. See Section9-02.6.

9-05.11 Flashing Beacons for Fire Stations

Flashing beaconsat firestationdrivewaysor at
intersectionsimmediately adjacent toafirestation
may beinstalled on State highways. Theflashing
beacon shall be used only to supplement an
appropriatewarningor regulatory sign. Theflashing
beacon shall be actuated from a non-illuminated
conditionby aswitchat thefirestation.

9-05.12 Financing

Thecostsof ingtd lingandmaintainingtheflashing
beacon for thefire station shall be at 100% local
agency or firedepartment expense.

9-05.13 Stop Sign Flashing Beacons

A Stop Sign Flashing Beacon consistsof oneor
two signal sections with a flashing circular red
indicationineach section. Thebottomof thehousing
of aStop Sign Flashing Beacon shall benot lessthan
305 mmnor morethan 610 mm abovethetop of the
stopsign.
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9-05.14 Financing

Thecost of installingaStop Sign Beacon shall be
sharedwiththelocal agency inthesamemanner as
atrafficsignal. See Section9-02.6.

9-05.15 Flashing BeaconsatBus Stops on Freeway
Interchanges

At locations of approved bus stops within
interchangeareas, afl ashing beaconmay beprovided
near thetop of alighting standardto provideaflag
stop.

9-05.16 Design and Operations

The following design and operational
requirementsshall bemet:

1. A push button shall be provided on the
lighting standard withasign explainingthe
purposeand operation. Thesignshall state
that if nobushasarrivedwithin 15 minutes
(or other time) after the button has been
actuated it will be necessary to actuate it

again.

2. Theflashing beacon shall consist of an 200
mm, signal section with an uncolored or
whitelensmounted onthelighting standard
insuch apositionthat it can be seen by an
approaching busdriver onthefreeway.

3. The operation of the control shall be such
that theflashing beaconwill operatefor 15
minutesafter the button hasbeen actuated
andthengoout.

9-05.17 Financing

Thecostsof installingand maintaining Flashing
Beacons at Bus Stops on Freeway Interchanges
shall beat 100% State expense.
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9-11.4 Slip Bases

Slip basesshall beused under Types30and 31
standardsand under Type 15 standardsonfreeways,
expressways and conventional highways where
speedsareinexcessof 64 km/h. Exceptionstothis
policy arethat slip basesarenot used under lighting
standardsuponwhichsignalsaremounted or under
lighting standardslocated:
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a. Onor behindstructures, retainingwallsor
barrierrailing;

b. Insidewalk areas;
c. Behindguardrail;
d. Morethan9 mfromtraveledway; or

e. Wherepedestrianswould becloseenough
to be endangered by a pole knockdown.

Luminaires 9-12

9-12.1 General

Normally, theluminairefor anew installation of
safety lighting on Statehighwaysisafull-cutoff type
using ahigh pressuresodiumlamp.

9-12.2 Roadway Luminaires

Onfreeways, 200-watt lampsshall beused with
9.14 m mounting heightsand 310-watt lampsshall
be used with 12.19 m mounting heights. On
conventional highwaysand at theintersectionsof
freeway rampswith surfacestreets, 150-wattlamps
shall beusedwith9.14 m mounting heights.

Utility owned semi-cutoff typeluminairesshould
beprovidedwithglareshieldsinrural areas.

9-12.3 Soffit Luminaires

Soffitluminairesarespecial fixtureseither sus-
pended from or flush-mounted into structures to
illuminate the roadway under the structure. They
shall be used with 70 or 100 watt high-pressure
sodiumlamps, dependinguponlighting requirements.
Normally, thefixturesshould not belocated over the
traveledway onfreeways.

9-12.4 Wall Luminaires

Wall luminairesarefixturesdesignedto besur-
face mounted on vertical surfaces. However, a
simpleright angle bracket permitsmounting them
fromahorizontal surface suchasthebottom slab of
abox girder. They areusedwiththesamelampsas
soffitluminaires.
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9-13.6 Conduit on Structures

Conduits should berun either parallel to or at
right anglestothestructuregirders. A variation of
+15 degreesisacceptable.

Except for sidewalk joints, aconduit expansion
fitting should be installed at each structurejoint,
hingeor abutment whereal ongitudinal movement of
12 mm or greater may occur. Where a lateral
movement of 6 mm or greater may occur, an
expansion-deflection fitting should be installed.
Details for placement of expansion fittings and
expansion-deflection fittings are shown in the
Standard Plans.

9-13.7 Pull Boxes

Pull boxesshouldbeinstalledtolimitthelength
of conductor pull, to provideapoint whereconduits
can bebranched and/or conductorscan bespliced
and to simplify access to standards, poles and
cabinets.

9-13.8 Installation of Pull Boxes
Pull Boxesshouldbeinstalled:
1. At60m,orless, spacinginconduitruns,
2. Atlocationswhereconduitsbranch;
3. Adjacenttothefoundationfor each signal
standard, lightingstandard, illuminatedsign,

controller cabinet or servicecabinet; and

4. Atthetoeof dopeor at thehingepoint when
placed on aslope.

Pull boxesshould not beinstalledinthetraveled
way if it can be avoided. Wheniit is necessary to
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install theminthetraveledway, thebox, cover and
foundation should be capabl e of supporting heavy
whes loading.

9-13.9 Pull Box Size

The minimum size of pull boxes for various
applicationsshould beasfollows:

1. Signa or Lighting Conduits No. 5
2. AdjacenttoSignal

or Lighting Standards No. 5
3. Adjacentto

Controller Cabinet No. 6
4. Adjacentto

Service Cabinet No. 5
5. Detector Termination No. 5
6. With4, or more, Conduits No. 6
7. TelephoneConduits No. 5

Pull boxeswithtransformersshould beprovided
withextensions.

9-13.10 Wiring

Thedimensionsof conductorsnormally usedin
trafficsignal andhighway lighting circuitsareshown
inTable9-9. Thevaluesshowninthetablemay be
usedto calculateconduitfill.

9-13.11 Voltage Drop

The conductorsbetween the service point and
theload (lamps, ballasts, controller cabinets, etc.)
should be sized to limit the voltage drop to less
than 5%.

Theres stance(ohmsper 1,000 m) of conductors
commonly usedintrafficsignal andhighway lighting
circuitsisshowninTable9-9. Thevauesshownare
based on an ambient temperature of 75° C.
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V oltagedrop can becal culated using:

VoltsDrop = 2ILR
Where: | = Current
L = Lengthof Conductor
R = Resistanceof Conductor
(1,000 m)

If the voltage drop is known, the following
formula can be used to determine the minimum
conductor size:

R = VoltsDrop=+2IL

Example: Theallowablevoltagedropfor a380
mrunfeedinga6.5ampereloadis12volts.

R = 12+ (2)(65)(.38) = 243

From Table 9-9, the minimum wire size is
No. 6.
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9-13.12 Circuit Voltages

Traffic signal and flashing beacon control
equipment normally isdesignedto operateonal20-
volt ACcircuit.

A 120-volt or 240-volt circuitisnormally used
for highway lightingcircuits. For verylargelighting
circuits, a480-volt circuit may berequired.



