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 This manual presumes that a traffic engineering study traffic signal control is 

needed.  This document is intended to provide guidelines for certain considerations 

involved in the design of such devices. 

 

 Some of the information contained in this manual reflects departmental policy and 

State Traffic Commission Regulations as of July 2009.  In the event that policy or 

regulations are changed such that they conflict with information in this manual, the 

revised policy/regulations will supersede. 
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1 PRELIMINARY CONSIDERATIONS 
 

Before a traffic control signal is designed it must be determined if the signal is warranted 

and needed through a review of the volumes, sight lines, accident experience, turning movements, 

geometry and input from local officials. 

Once it is determined that a traffic control signal will be installed, it is necessary to perform 

preliminary analysis to determine geometry, lane arrangement and phasing.  The geometric design 

of an intersection involves several critical decisions about the number and use of lanes to be 

provided on each approach.  Factors to be considered include but are not limited to the functional 

classification of the roadway; the proximity of nearby signals; the degree of need for platoon 

cohesion; level of service and; volume to capacity ratios. 

When installing or revising a traffic control signal, the designer must take into account the 

physical setting in which the signal will be located.  Visiting the site to get a "feel for" the area is 

important so that the designer can understand the landscape and the community in which the design 

will have to assimilate.  Sensitivity to the placement of appurtenances to minimize their aesthetic 

impact on adjacent development, particularly residential, should be considered. An effort should be 

made to limit environmental impacts while maintaining safety and mobility.  The designer should 

always be cognizant of where signal equipment will be placed in relation to existing appurtenances. 

A survey may be needed to show above-ground and under-ground utilities.  Also, test pits may be 

required depending on information from the survey.  If the signal equipment cannot be located 

without potential utility conflicts, the designer should bring it to the attention of the Division of 

Traffic Engineering. 

In some instances design criteria set forth by the Regulations of the State Traffic 

Commission (reference 14) are more stringent than those of the Manual on Uniform Traffic Control 

Devices (MUTCD) (reference 6).  In those cases, the Regulations of the State Traffic Commission 

will govern. 
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2 DESIGN VOLUMES 
 

In design projects, volumes are usually projected to some design year in the future, usually a 

20 year projection.  These future volumes should be used to determine traffic signal phasing, lane 

arrangements and storage length requirements.  Signal timings and cycle length for these future 

volumes should also be evaluated to verify that proposed phasing and lane arrangements would 

remain valid.  This information is also utilized in air quality analysis. 

The traffic signal timings and cycle length needed for when the signal is first turned on 

should also be determined.  These timings should be based on operational traffic volumes expected 

for approximately three years after completion of construction (five or more years after design).  

The 20 year traffic volumes should be adjusted to operational volumes by any appropriate method 

to provide for a.m., p.m., other peaks and off peaks, and appropriate timing plans should be included 

in the project. 

Air Quality Assessment is required for projects where the anticipated level of service is D or 

worse.  In those cases, localized carbon monoxide (CO) assessment must be conducted by the 

Bureau of Policy and Planning to determine air quality conformity. 
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3 INTERSECTION CHANNELIZATION DESIGN GUIDELINES 
 

 Left-Turn Lanes 

1. Left-turn lanes should be considered to address capacity concerns or if land-use changes 

are expected to produce significant shifts in local traffic patterns such as increases in left-

turn demand.  Signalized capacity analysis procedures should be used to determine lane 

arrangements.  

2. In terms of safety, left-turn lanes should be considered at intersection approaches that 

experience a significant number of accidents involving left-turning vehicles.  Another 

safety application would be to include left-turn lanes where it is critical to protect queued 

left-turning vehicles from through traffic. 

3. Left-turn lanes may also be considered based on approach geometry.  One example of 

this would be at a location where the stopping sight distance to the intersection is limited. 

In this case it may be appropriate to include left-turn lanes regardless of demand volume. 

The provision of a left-turn lane under these conditions may help to reduce the potential 

for rear-end accidents. 

4. In some cases left-turn lanes may be added without additional widening of the road by 

removing parking, narrowing lanes, or a combination of the two. 

5. If left-turn lanes are provided on both approaches of the same road, it is preferable to 

locate them directly opposite each other.  This allows the left-turning driver on each 

approach to view oncoming through traffic without obstruction by left-turning vehicles 

on the opposite approach.  

 Other Left-Turn Treatments 

In some cases, the highway geometry and traffic characteristics prevent efficient operation 

of intersections with direct left-turns.  Special solutions have been implemented to handle these 

situations.  These include directional crossovers, jug handles and at-grade loops. 

The intent of special design treatments is to eliminate the left-turn movement and its 

required signal phase, without prohibiting the actual movement.  Traffic is diverted through the 

intersection as a right-turn or through movement, whereupon it completes the "left-turn" on a cross 

street again as either a right or through movement. 

The operational advantages of these designs are that they enable simple phasing, thereby 

facilitating corridor signal progression schemes.  Potential concerns with these applications relate to 

the weaving movement required in some cases and the result that "left-turn" traffic must go through 

the intersection twice. 
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 Right-Turn Lanes 

Right-turn lanes should also be considered to address capacity concerns or if land-use 

changes are expected to produce significant shifts in local traffic patterns such as increases in right-

turn demand.  Signalized capacity analysis procedures should be used to determine lane 

arrangements. 

 Dual Turn Lanes 

The use of a dual or double turning lane either on two exclusive lanes or on one exclusive 

lane and a second combination lane should be considered when: 

¶ There is not sufficient space to provide the calculated length of a single turn lane; 

¶ The calculated length of a single turn lane becomes prohibitive; 

¶ The necessary time for a protected left-turn phase becomes unattainable to meet the 

level-of-service criteria (average delay per vehicle); or 

¶ The volume to capacity ratio is greater than or equal to 0.90. 

Dual right-turn lanes do not work as well as dual left-turn lanes because the drivers are 

positioned on the opposite side of the vehicle from the turn which tends to restrict their view of the 

turn area.  If practical, the designer should find an alternative means to accommodate the high 

number of right-turning vehicles.  For example, a turning roadway may accomplish this purpose.  

Dual left-turn or right-turn lanes onto an expressway entrance ramp should be discouraged because 

of the potential negative impact on expressway operations. 

Dual turn lanes (both lanes exclusive) can potentially discharge approximately 1.9 times the 

number of cars that could discharge from a single exclusive turn lane.  However, to work properly, 

several design elements must be carefully considered.  Figure 3-1 presents both dual left-turn and 

right-turn lanes to illustrate the more important design elements.  The designer should consider the 

following: 

 Throat Width 

Because of the off-tracking characteristics of turning vehicles, the normal width of two 

travel lanes may be inadequate to properly receive two vehicles turning abreast.  Therefore, the 

receiving throat width may need to be widened.  For 90-degree intersections, the designer can 

expect that the throat width for dual turn lanes will be approximately 30-36 feet (9 - 11 m).  If the 

angle of turn is less than 90-degrees, it may be acceptable to provide a narrower width.  When 

determining the available throat width, the designer can assume that the paved shoulder, if present, 

will be used to accommodate two-abreast turns.  It is also highly desirable to have a center island on 

the receiving leg of the turn, to provide good definition of the entry throat area. 
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 Acceptance Carry Through Length 

There should be an adequate length of two lanes provided on the downstream section of 

road receiving the double turn movement to safely merge back to a single lane.  The Departmentôs 

Highway Design Manual (reference 2) should be used for preliminary design purposes.  A common 

practice in determining the length of carry through is to provide a length equal to twelve times the 

green interval allotted to the movement.  In this case, the carry through length should be measured 

from the point where the turning vehicles have completed their turn maneuver and not from the stop 

bar. 

 Widening Approaching Through Lanes 

If a 30 foot (9 m) or 36 foot (11 m) throat width is provided to receive dual turn lanes, the 

designer should also consider how this will affect the through traffic approaching from the other 

side.  See Figure 3-1.  The designer should also ensure that the through lanes line up relatively well 

to ensure a smooth flow of traffic through the intersection. 

 Special Pavement Markings 

As illustrated on Figure 3-1, special pavement markings can effectively guide two lines of 

vehicles turning abreast.  The guide markings are terminated when the turning movements are 

sufficiently oriented on the receiving through lanes.  The Division of Traffic Engineering will help 

determine the selection and placement of any special pavement markings. 

 Signal Indications 

Dual turn lanes provide for major traffic movements and require two signal faces. 

 Opposing Left-Turn Traffic 

If simultaneous opposing left-turns will be allowed, the designer should ensure that there is 

sufficient space for all turning movements.  This is always a factor, but dual left-turn lanes can 

cause special problems.  If space is unavailable, it may be necessary to alter the signal phasing to 

allow the two directions of traffic to move through the intersection on separate phases. 

 Turning Templates 

All intersection design elements for dual turn lanes must be checked by using the applicable 

turning templates.  
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Figure 3-1 Design of Dual Left-Turn Lanes 
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4 PHASING 

 Phasing Sequences 

 General 

 The simplest and most common type of phasing is a two-phase operation with a phase for 

the artery and another for the cross street.  The left-turn movements must yield to opposing traffic, 

turning only when there is an adequate gap. 

 The figures in this section represent typical signal face numbering convention for the 

respective scenario.  A phasing diagram shall be provided on all signal plans.  Technical notes 

should be limited only to situations where additional clarification is needed.   

 Refer to the Manual on Uniform Traffic Control Devices (MUTCD) (reference 6) for 

selection of signal face options. 

 NEMA Ring Diagrams 

 The controller unit (CU) is specified to meet the National Electrical Manufacturers 

Association (NEMA) Standards TS2 (reference 10).  Although the CU can be programmed to 

provide a variety of phasing configurations, the Department uses four basic sequences shown in 

Figure 4-1, Figure 4-2, Figure 4-3, and Figure 4-4.  Most intersections owned and maintained by 

the Department are designed as one of these.  Typical phase assignments are as follows: 

¶ Phase 1 is an artery left-turn phase. 

¶ Phase 2 is an artery through phase. 

¶ Phase 3 is typically used for a pedestrian phase or a side street left-turn phase. 

¶ Phase 4 is a side street through phase. 

¶ Phase 5 is an artery left-turn phase. 

¶ Phase 6 is an artery through phase. 

¶ Phase 7 is a side street left-turn phase. 

¶ Phase 8 is a side street through phase. 

¶ Phase 9 is a pedestrian phase only used in dual ring, dual quad operation. 

 

 

Sequence #1: Single Ring Operation 

This is the most common sequence.  One phase is serviced at a time and must terminate 

before another becomes active. 

 
1 2 3 4 5 6 7 8 

 
Figure 4-1  NEMA Single Ring Diagram 
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Sequence #2: Dual Ring Operation, Quad/Sequential 

This is the most common dual ring sequence.  It is usually used for an arterial quad left-turn. 

 
Figure 4-2  NEMA Dual Ring, Quad/Sequential Diagram 

 

 

Sequence #3: Dual Ring Operation, Dual Quad (Quad Left-turn) 

At applicable intersections, this sequence provides the most efficiency.  It allows each phase 

to time concurrently with two other non-conflicting phases under the restraint of the barrier. 

 
Figure 4-3 NEMA Dual Ring, Dual Quad (Quad Left-turn) Diagram 

 

 

Sequence #4: Dual Ring Operation, Sequential/Quad 

Of the four sequences this is used least.  With it, the advantages of a quad left-turn may be 

applied to the side street movements. 

 
Figure 4-4 NEMA Dual Ring, Sequential/Quad Diagram 
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 Left-Turn Display Options 

 General 

 Left-turning traffic causes more conflicts than any other vehicular movement.  As a result, 

left-turn phasing is the most commonly added phase to a two-phase operation.  The identification of 

such a conflict may be obtained through crash analysis or capacity analysis.  The selection of any 

combination of lane assignments or signal treatments should be based upon the overall effectiveness 

of the control schemes available.  These conflicts can be treated in a number of ways.  The objective 

of any treatment is an increase in capacity, a decrease in crash potential, or a combination of both. 

 There are five options for the left-turn phasing at an intersection: 

¶ Permitted only 

¶ Protected only 

¶ Protected-permitted 

¶ Split phasing 

¶ Prohibited 

 Permitted Only Phasing 

 A permitted only operation allows two opposing approaches to move concurrently, with 

left-turns allowed after yielding to conflicting traffic and pedestrians.  Circular green indications are 

displayed during permitted phasing.  See Figure 4-5 for the signal indication displays for this type 

of phasing. 

 Advance Green Protected Only Phasing 

 A protected only operation is a sequence in which left-turning vehicles from one approach 

are allowed to move together with the through traffic on that approach, but then not be permitted to 

move during the opposing through phase that follows. 

 To implement this type of phasing, an exclusive left-turn lane is required.  A green left 

arrow indication is displayed to control the left-turn movement.  The protected left-turn advance 

phase is terminated by the display of a yellow left arrow indication followed by a red left arrow 

indication on the left-turn signal assembly.  See Figure 4-6 for the signal indication displays for this 

type of phasing. 

 Advance Green Protected-Permitted Phasing 

 A protected-permitted operation is a sequence in which left-turning vehicles from one 

approach are allowed to move together with the through traffic on that approach while the opposing 

traffic is stopped and then are permitted to move during the opposing through phase that follows. 

 A green left arrow indication and circular green indication are displayed on the left most 

signal assembly.  The protected left-turn phase is terminated through the display of a yellow arrow 

and a circular green indication simultaneously.  The advance left-turn phase can be either fixed time 

or actuated.  See Figure 4-7 for the signal indication displays for this type of phasing. 
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 This type of phasing is preferable with the provision of an exclusive left-turn lane, but may 

also be used without an exclusive left-turn lane.  If used without an exclusive left-turn lane, 

detection may be provided on the other side of the centerline such that the wheel path of a left 

turning vehicle will pass through the detection zone to extend the left-turn phase (see Chapter 7). 

 Split Phasing 

 Split phasing represents an assignment of the right-of-way to all movements of a particular 

approach followed by all movements of the opposing approach.  Split phasing may be necessary 

when the intersection geometry results in conflicting vehicle paths through the intersection, such as 

interlocking left-turns, where left-turning vehicles would have to occupy the same space to 

complete their turns.   

 A green left arrow indication and circular green indication are displayed on the left most 

signal assembly.  The phase is terminated with the display of a circular yellow indication.  See 

Figure 4-8 for the signal indication displays for this type of phasing. 

 Single Point Urban Interchange (SPUI) 

 A SPUI is a type of highway interchange design created in order to help move large 

volumes of traffic through limited amounts of space safely and efficiently.  It is similar in form to a 

diamond interchange but has the advantage of allowing opposing left turns to proceed 

simultaneously by compressing the two intersections of a diamond into one single intersection over 

or under the free-flowing road.  An example of a SPUIôs traffic signal design can be viewed at 

Intersection No. 144-201, which is located in the town of Trumbull.  Please note that a more 

conventional SPUI signal design would likely utilize quad phasing for the artery approaches and 

channelized right turns from the off ramps that are not included in the signal operation.       

 Prohibited Left-Turns 

 Prohibition of left-turns on an approach is an option that may be implemented in some cases 

to maintain mobility at an intersection.  In this case, a sign shall be provided that indicates ñNo Left 

Turnò.  In certain circumstances, a vertical arrow indication may be used. 

 

file://///DOT-SDCENG07V/CTDOT_Projects$/TRAFFIC_SIGNAL_PLANS/Traffic/Traffic%20Signal%20Plans/TRUMBULL-144/TR_TCS_144_201_012.pdf
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Figure 4-5 Permitted Only Phasing 
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Figure 4-6 Advance Green (Protected Only) 



 

4-7 

 

Figure 4-7a Advance Green (Protected/Permitted) 
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Figure 4-7b Advance Green (Fixed Advance) 



 

4-9 

 
Figure 4-8 Split Phasing 
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 Lag Green Signal Phasing 

 General 

 Lag green phasing is a sequence in which left-turns and through traffic in one direction is 

allowed to move protected from the opposing through traffic following the green phase for the 

through traffic.  Lag phasing may operate in either a protected-only mode or in a 

permitted/protected mode.  

 Discretion should be used with lag phasing as it can introduce operational concerns.  By far 

the most critical of these concerns involves driver expectancy.  Ordinarily, the left-turning driver 

facing a yellow indication will expect the opposing through traffic to also have a yellow indication 

and that the through traffic will be stopping.  Therefore, the driver believes that the turn can be 

completed on the yellow indication or immediately after.  Since through traffic is not stopping, a 

potentially undesirable condition exists.  At intersections where this operation occurs, an overhead 

ñOncoming Traffic Has Extended Greenò sign shall be installed.  At intersections where this 

operation may occur, an overhead ñOncoming Traffic May Have Extended Greenò sign shall be 

installed.  The potential conflict does not occur at ñTò intersections, at diamond interchanges, and at 

locations with opposing protected-only left-turn phasing. 

 Additional information regarding lag phasing can be found in the ITE Manual of Traffic 

Signal Design (reference 5). 

 Protected Only Lag Green Phasing 

 A protected-only lag green phase requires an exclusive left-turn lane and indication.  

Termination of the lag green phase is accomplished with the display of a yellow left arrow 

indication followed by a red left arrow indication.  See Figure 4-9 for the signal indication displays 

for this type of phasing.  This type of phasing should only be used in special cases. 

 Permitted/Protected Lag Green Phasing 

 Permitted/protected lag green phasing does not require an exclusive left-turn lane to 

implement.  A permitted/protected lag green phase is terminated with the display of a circular 

yellow indication followed by a circular red indication which is the display provided to the through 

traffic on the same approach as the lag.  See Figure 4-10 for the signal indication displays for this 

type of phasing. 

 Lead-Lag Green Phasing 

 Lead-lag green phasing consists of an advance green phase in one direction, followed by the 

through movements, followed by a lag green phase in the opposite direction.  This type of phasing is 

sometimes used to accommodate through movement progression in a coordinated signal system or 

interlocking left-turns.  See Figure 4-11 for signal indication displays for protected only lead-lag 

phasing.  See Figure 4-12 for signal indication displays for protected/permitted lead-lag phasing. 
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Figure 4-9  Lag Green (Protected Only) 
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Figure 4-10 Lag Green (Permitted/Protected) 
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Figure 4-11  Lead-Lag (Protected Only) 
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Figure 4-12  Lead-Lag (Protected-Permitted) 
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 Quad Signal Phasing 

 General 

 In quad signal phasing, each vehicle movement operates as a separate phase which times 

concurrently but independently with other non-conflicting phases.  Opposing left-turns start 

simultaneously as a dual advance.  When left-turn vehicular demand is met in one direction, 

termination of that left-turn occurs and the opposing left-turn continues along with the adjacent 

through movement.  When the remaining left-turn volume is satisfied or reaches its maximum 

allotted green time, termination of that left-turn green arrow occurs and the through movement in 

the direction of the lighter left-turn begins.  This phasing is generally the most effective left-turn 

signal phasing because of its responsiveness to wide variations in left-turn volume. 

 Quad (multi ring) signal phasing is typically programmed into the CU as dual entry 

operation.  With this type of operation, during low traffic periods, a side street signal phase may be 

unnecessarily serviced when there are no vehicles present.  For example, one vehicle calls Phase 3.  

No other calls are made on Phases 7, 4, & 8.  The CU will transfer to Phases 3 & 8 and then to 

Phases 4 & 8 before transferring to the front-side quad (Phases 1, 2, 5, & 6).  The Phase 4 Min 

Green time is then wasted.  The engineer has the option to skip either Phase 4 or 8, if not actuated, 

unless the signal is part of a coordinated (closed loop or time-based) system.  If this option is 

chosen, Phases 4 & 8 should be shown as capable of being skipped in the flow diagram and the 

Phase 3 & 7 red clearance interval times should be calculated to reflect the possibility of these 

phases being skipped.  Caution should be exercised in using this option as it may violate driver 

expectancy.  As previously mentioned, coordinated signals shall not be allowed to skip Phases 4 & 

8 of the back-side quad.     

 If it is determined through capacity analysis that dual-quad operation is required and an 

exclusive pedestrian phase is necessary, a ñ9-phaseò operation is available.  The pedestrian phase is 

serviced after the controller leaves the left-side barrier Phases 2&6.  The pedestrian phase and 

timings are shown on the signal plan as Phase 9.  Phase 9 should be shown after Phases 2 & 6 in the 

phasing diagram. 

 An intersection with this type of ñ9-phaseò sequence cannot be coordinated in a closed loop 

system.  This is discussed in Chapter 17 (Signal Systems) of this manual. 

 The signal indication displays for quad type phasing are shown on Figure 4-13 through 

Figure 4-16. 
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Figure 4-13  Quad Sequential (Protected Only) 
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Figure 4-14  Quad Sequential (Protected-Permitted) 
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Figure 4-15  Dual Quad (Protected Only) 
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Figure 4-16  Dual Quad (Protected-Permitted)
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 Overlaps 

 General 

 An overlap is a green indication that allows traffic movement during the green intervals and 

clearance intervals between two or more phases.  It is important to understand that an overlap is not 

a phase but rather a combination of phases.  The green, yellow, and red indications are driven by the 

CU overlap outputs rather than one of the standard eight phase outputs.  The overlaps do not have 

detector inputs.  An overlap green indication is extended whenever one of the parent phases is 

extended.  The overlap clearance times are from the parent phase that is terminating.  When 

overlaps are used, the clearances are shown on the plan as if no phases are skipped (all phases are 

called).  The number of overlaps should be limited to four; if additional overlaps are desired, the 

Signal Lab shall be contacted in order to ensure the controller will be adequate.   

 Overlaps are used in many ways such as a flashing sign clearance, an inside clearance or a 

pre-emption movement which is not in the normal sequence.  The most common overlaps are 

advance approach and right-turn.  An overlap is also used in the lag green phasing.  Overlaps are 

standard or non-standard depending on its function.  

 Standard Overlaps 

 In a standard overlap the green, yellow, and red indications on the signal face are the same 

as the green, yellow, and red overlap outputs from the CU.  There are usually no arrows in the 

signal face driven by the overlap.  The overlap clearance indications cannot be misinterpreted.  

Refer to Figure 4-17.  The Face 1 green arrow and yellow arrow are Phase 1 outputs.  The Face 1 

& 2 circular green, yellow, and red is a standard overlap of Phase 1 & 2 (the faces remain green 

from Phase 1 to Phase 2).  The Technical Note ñStandard Overlap Skip Features Applyò should be 

used.  Additional technical notes to clarify the sequences are not necessary.  Examples of typical 

standard overlaps include: 

¶ Advance approach (the through movement associated with an advance left-turn) 

¶ Non-actuated lag phases 

¶ ñDummyò phases associated with flashing message signs 

¶ Internal clearance phases between closely spaced intersections operating on one 

controller  
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 Non-Standard Overlaps 

 In a non-standard overlap, the green, yellow, and red overlap outputs are altered by circuitry 

external to the CU to provide the sequence desired.  The number of non-standard overlaps is limited 

to four when using State controllers meeting current specifications.  Examples of typical non-

standard overlaps include: 

¶ Right-turn overlaps 

¶ On/Omit pre-emption phases 

 The right-turn overlap is a phasing operation in which the right-turn movement of an 

approach has a green arrow and moves continuously through the phase clearances and/or 

concurrently with another phase such as a non-conflicting advance left-turn.  Right-turn overlaps 

may be used where exclusive right-turn lanes exist except when the following conditions occur: 

¶ Pedestrian conflicts 

¶ Conflicts with u-turns 

¶ Engineering judgement indicates a conflict may be created by curb cuts in the 

receiving lane downstream of the intersection 

¶ Engineering judgement indicates that downstream platoon metering may be required 

 A right-turn green arrow overlap does not remain on during all phases of the overlap 

program.  Occasionally the yellow and red indications are not displayed either.  A green arrow shall 

not be displayed when said movement is in conflict with other vehicles moving on a green or yellow 

signal indication or with pedestrians crossing in compliance with a walking person (symbolizing 

WALK) or flashing upraised hand (symbolizing DONôT WALK) signal indication.  Refer to the 

right-turn overlap in the sequence of Figure 4-18 and the normal operation (not an overlap) in the 

sequence of Figure 4-19.   

 Moving the right-turn volume in the overlap phase should reduce the green time needed for 

the side street.  The intersection geometry should be conducive to allow the overlap feature. 

Separate turn lanes of adequate length, appropriate corner radii, and proper lane width should be 

provided.  Although a continuous right-turn flow is generally desirable, right-turn-on-red can 

accommodate significant volumes without an overlap green arrow. 

 The placement and use of detectors for this type of operation deserves careful consideration, 

including a detailed analysis of turning volumes: 

1. Detectors can be provided for the artery left-turn lane only.  This would then provide 

side street right-turns extra time to move and accommodate the side street right-

turning traffic that was not handled by the side street phase. 

2. Detection can be provided for the artery left-turn lane and the side street right-turn 

lane.  In many situations, this arrangement can result in lower side street green times 

and therefore, a higher g/c ratio for the artery. 
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Figure 4-17  Standard Overlap 
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Figure 4-18  Non-Standard Overlap (Right-Turn Without Conflicting Movement) 
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Figure 4-19  Right-Turn With Conflicting Movement (Not an Overlap) 
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Pedestrian Hybrid Beacons 

  General 

 A pedestrian hybrid beacon (PHB) is a special type of traffic control device used to warn 

and control traffic at marked mid-block crosswalks.  The following sections describe the two types 

of PHBs and their typical operation. 

 This type of traffic control device is owned and maintained by the municipality. 

 Refer to the MUTCD for additional information relating to the use of PHBs. 

 Single Stage Crossing 

 A single stage crossing is the most common type of PHB.  This type of crossing provides 

enough time for pedestrians to cross all vehicular lanes of travel from a single actuation. 

 See Figure 4-20 for the typical movement diagram set-up for a single stage crossing. 

 Two Stage Crossing 

 A two stage crossing provides enough time for pedestrians to cross one direction of 

vehicular traffic into a pedestrian refuge area.  The pedestrian is then required to press a pushbutton, 

in the refuge area, in order to cross the opposite direction of vehicular traffic.  This type of crossing 

is only acceptable when a sufficient raised median island is available for pedestrian refuge and 

should only be considered in locations where the required pedestrian crossing times for a single 

stage crossing would significantly impact traffic operations. 

 Accessible Pedestrian Signal (APS) speech messages shall be used at all two stage 

crossings. 

 See Figure 4-21 for the typical movement diagram set-up and phasing diagram for two 

stage crossings.  Please note, two stage crossings use a single controller; however, each crossing 

operates independently from the other. 

 Operation 

 The following notes should be shown on the signal plan. 

a. Hybrid beacon faces shall be dark (not illuminated) until activated by a pushbutton. 

b. Upon actuation by a pushbutton, the hybrid beacon faces shall display a flashing 

yellow indication for 5 seconds. 

c. A steady yellow indication shall follow the flashing yellow indication. 

d. Steady red indications (both indications on all hybrid beacon faces) for 2 seconds 

(ped. delay) shall follow the steady yellow indication. 

e. Steady red indications (both indications on all hybrid beacon faces) to remain on 

during the walk interval. 

f. Alternating flashing red indications on each hybrid beacon face shall follow the 

steady red indications during the pedestrian clearance intervals. 



 

4-26 

g. Upon completion of the pedestrian phase (Phase X), all hybrid beacon faces shall 

revert to dark condition (not illuminated). 

h. The pedestrian signal heads shall display a walking person indication when the 

hybrid beacon faces are displaying a steady red indication during the walk interval. 

i. The pedestrian signal heads shall display the countdown simultaneously with the 

flashing upraised hand indication when the hybrid beacon faces are displaying 

alternating flashing red indications during Phase X PED CLR.  

j. Upon termination of the Phase X PED CLR interval, the pedestrian signal heads 

shall revert to a steady upraised hand indication. 

 

 

Figure 4-20  Single Stage PHB Crossing 
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Figure 4-21  Two Stage PHB Crossing 
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5 CAPACITY ANALYSIS  

 Lost Time 

Once lane arrangements and proposed phasing have been decided upon, detailed operational 

capacity analysis may be performed to determine timings and cycle length.  Lost time must also be 

considered.  Lost time per phase is the start up time (usually 2-3 sec) plus the clearance lost time, 

which is a portion of the yellow interval (usually 1-2 sec) and the all-red interval.  When evaluating 

designs, a short cycle length should be used. 

 Cycle Length - Webster's Equation  

Cycle length selection includes a determination of the cycle length that will minimize delay. 

 One method of evaluating optimum fixed time cycle length to minimize delay is by the use of 

Webster's Equation, which is as follows: 
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Delay is not significantly increased by cycle length variations in the range of .75Co to 1.5Co.
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6 SIGNAL TIMING 

 Maximum Green 

Traffic demand at the intersection is critical in determining the number of timing plans 

needed and the actual timings of the phases.  If the peak hour flows are significantly greater than off 

peak and weekend volumes, more than one timing plan should be considered and the maximum 

green times should be based on the volume splits.  

The maximum green interval limits the time a phase can hold the green.  When the signal is 

properly timed with appropriately short vehicle extensions, the maximum green interval will not 

consistently time out unless the intersection is significantly over capacity.  The maximum green 

interval is typically determined based on a detailed capacity analysis of the intersection.  With 

actuated operation, a maximum green interval of 1.25 to 1.5 times the maximum green time 

calculated by capacity analysis is generally desirable.  This will allow the signal to better react to 

variations in traffic demand thereby maximizing the efficiency of signal operation.  A maximum 

green interval that is set too low can significantly reduce the benefit of actuated operation.  It should 

be noted that when a signal is running coordinated in a signal system, other considerations (cycle 

length) may take precedence in determining maximum green times.  

 Minimum Green 

For actuated phases, minimum green intervals should be enough to allow vehicles stopped 

between the detection point and the stop bar to get started and move into the intersection.  Large 

presence detection or other circumstances may allow shorter settings and thus more efficient 

operation and increased capacity.  Typical minimum green times to be used for various phases are 

as follows: arterial phase - 15", left-turn phase - 5" and side street phases ï 5" to 9".  The timing for 

an advance green interval (actuated or non-actuated) should not be less than 5 seconds. 

 Vehicle Extension 

The passage time or vehicle extension is the time required for a vehicle to travel from the 

detector to the stop bar or to the adjacent detector where multiple detection exists.  The vehicle 

extension is also the time required to accommodate the gaps between vehicles.  For maximum 

efficiency the vehicle extension should be set as short as practical to retain the green only as long as 

a real and consistent demand is present, but should not service vehicles straying behind.  However, 

where detectors are located at some distance from the stop bar, the vehicle extension must be long 

enough to permit the vehicle to travel from the detector to the intersection without gapping out (See 

Chapter 7 ï Vehicle and Bicycle Detection). 
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 Gap Reduction 

Volume density features, such as gap reduction and variable initial may be utilized to 

provide a more efficient signal operation.  Gap reduction can be used on any actuated approach to 

an intersection.  If a short minimum time is used on a side street, a large vehicle extension time that 

is reduced over the duration of the phase can provide a snappy operation.  This feature reduces the 

possibility of the phase gapping out when slow moving vehicles cross the detection area at the 

beginning of the phase.  The controller settings that govern gap reduction are vehicle extension; 

time before reduction (TBR); time to reduce (TTR) and minimum gap (MIN GAP).  The gap 

reduction feature occurs during the green interval of the phase. 

 Variable Initial  

In areas where speeds are great and it is necessary to have detection a distance from the stop 

bar, the provision of an additional detector and/or use of the variable initial feature can reduce 

potentially long vehicle extension times and high minimum green settings.  Variable initial  allows 

the minimum green period to be increased depending upon the number of vehicle actuations stored 

in the related phase while its signal is displaying yellow or red. The minimum green time is 

increased only after the added initial time amounts to more than the minimum green time and is 

limited by the maximum initial time setting.  In cases where the calculated maximum initial is not 

much higher than the minimum green, the use of a minimum green equal to the calculated 

maximum initial value in lieu of the variable initial feature may be acceptable.   

The variable initial feature is generally associated with an actuated arterial phase.  The 

following is an example showing how the values for the added initial (ADD INIT) and maximum 

initial (MAX INIT ) settings are typically calculated.  The added initial is expressed as seconds per 

actuation. If only the variable initial feature of volume density functions is used, the minimum gap 

should be programmed to equal the vehicle extension.   

 

Example: Determine the added initial and maximum initial values for an arterial phase of a 

signal with operating speeds (85th percentile) of 55 mph.  Posted speed limit is 45 mph.   The 

detection setback is 405 feet for the leading detector with an additional detector placed 2.5 seconds 

from the leading detector based on the posted speed limit.  The additional detector is located 2.5 

seconds x 45 mph (1.47) = 165 feet from the leading detector (240 feet from the stop bar). 

  

¶ Determine the number of vehicles (N) which could store between the stop bar and the 

detector closest to the stop bar assuming an average length per vehicle of 25 feet. N = 

240 ÷ 25 = 9.6 vehicles (use 10 vehicles). 

¶ Determine the maximum initial setting (MAX INIT) which is the time needed to process 

the queue of vehicles stored between the stop bar and detector closest to the stop bar.  

MAX INIT = 3.7 + 2.1 (N) = 3.7 + 2.1 (10) = 24.7 seconds. This is based on studies that 

found the first vehicle had a starting delay of 3.7 seconds to enter the intersection with 

subsequent vehicles requiring an average of 2.1 seconds each. 
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¶ Calculate the added initial setting (ADD INIT).  ADD INIT = (MAX INIT ÷ N) (d) ÷ 2 

= (24.7 ÷ 10) (0.60) ÷ 2 = 0.7 seconds per actuation.  ñdò is the percent of arterial traffic 

on the higher volume approach during off-peak hours. For example, if directional 

distribution is 60/40 use d = 0.60.  Note that in this example the calculation involves a 

division by two to account for the two detectors per lane on each artery approach.  If the 

design included only one detector per lane on each artery approach, the calculation 

would not include a division by two. 

For this example, say the normal minimum green is 15 seconds, and the ADD INIT 

(seconds per actuation) setting is 0.7.  Only after the 22nd actuation (during yellow or red) when the 

sum is 15.4 seconds and thus exceeds the minimum green value of 15 seconds will the minimum 

green be lengthened.  Each additional actuation will then lengthen the minimum green by 0.7 

seconds up to the maximum initial setting.  

 Min/Max Timing Range (Town Signals) 

In addition to actual signal settings, town signal plans require a minimum and maximum 

timing range for approval by the State Traffic Commission.  This requires three columns of timings 

for GRN, CL1 & CL2.  The minimum and maximum timing range for the GRN interval refer to the 

range from the shortest allowable minimum green to the longest maximum green.  The minimum 

and maximum timing ranges for the WALK and DONôT WALK intervals of exclusive walk phases 

should be shown as indicated on Figure 16-2. 

 Clearance Intervals 

Phase change intervals or clearance intervals usually consist of a yellow change interval 

followed by an all red clearance interval.  The yellow change interval is computed to provide 

adequate time to warn traffic of an impending change in the right-of-way assignment.  An all red 

clearance interval is used following the yellow change interval to provide additional time before 

conflicting traffic movements, including pedestrians, are released.  Excessively long clearances are 

not recommended.  Drivers may become accustomed to long clearances, particularly red intervals, 

and increased violation of the clearance interval may occur.  The following is the current 

engineering practice to determine clearance intervals for vehicular phases.  Clearance intervals for 

pedestrian phases are discussed in Chapter 11 (Pedestrian/Bicyclist Considerations). 

 Conflict Points 

A conflict point is the intersection of two vehicle paths.  Critical conflict points occur at the 

intersection of the longest clearing distance from one approach and the shortest entering distance of 

an opposing approach.   

Figure 6-1 shows the potential conflict points between two vehicles at four way 

intersections and some examples of critical conflict points for clearing vehicles at various 

approaches on multi-lane roadways.          
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Figure 6-1  Conflict Points 
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 Yellow Change Interval 

Compute the yellow change interval for each phase using the following formula: 

)22( Aga

V
tY

+
+=   

 

where: 

Y = Yellow change interval in seconds 

t = reaction time (use 1 second) 

V = 85% percentile approach speed in ft/sec or m/sec 

a = deceleration rate of a vehicle (use 10 ft/sec2 or 3 m/sec2) 

A = Acceleration due to gravity (32.2 ft/sec2 or 9.81 m/sec2) 

g = percent grade in decimal form (+ for upgrade, - for downgrade) 

 

¶ Calculate the yellow change interval to the nearest 0.1 second. 

¶ Do not use a yellow change interval of less than 3 seconds or (not normally) more than 5 

seconds. 

¶ Similar yellow change intervals for the artery should be considered in a system. 

¶ In instances where the side street approach has a low minimum green, presence detection at the 

stop bar, and a low vehicle extension, it can be assumed that most approaching drivers on the 

side street are expecting to stop at the intersection.  In that case, a yellow change interval of 3 

seconds may be appropriate. 

¶ An approach speed of 25 mph can be assumed for left-turning vehicles. 
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All Red Clearance Interval 

Compute the all red clearance interval for each phase using the following formula: 

KTTR ec +-=  

 

where:  

R  = all  red clearance interval in seconds 

Tc = the clearing time, i.e. the time that the last vehicle of the clearing 

stream takes to cover the clearance distance Dc in feet, measured from 

the stop bar to the conflict point.  (See Figure 6-1 for definition of 

conflict point). 

Tc = Dc ÷ Vc, where Vc = clearance speed (use speed limit in ft/sec or 

m/sec). 

Te = the entering time, i.e. the time that the first vehicle of the entering 

stream of the next phase takes to cover the entering distance De in feet 

or meters, measured from the stop bar to the conflict point. 

Te = De ÷ Ve, where Ve = entrance speed (use 15 mph converted to 

ft/sec or m/sec, or adjust based on field observations). 

K = the time that the last vehicle of the clearing stream takes to clear the 

conflict point, usually 1.0 second. 

 

¶ Calculate the all red clearance interval to the nearest 0.1 second. 

¶ The all red clearance interval should be a minimum of 1.0 second unless engineering 

considerations indicate another value. 

¶ Care should be taken when calculating the all red clearance intervals in coordinated traffic 

signal systems.  Timings in these systems may be such that an entering motorist can correctly 

predict the onset of the green interval and thus get a "running" start through the intersection.  

¶ For turning vehicles, the value of Vc should be based on field observations and be appropriate 

for existing geometry.  A value of 20 mph for left-turning vehicles should be used if information 

on observed vehicles is not available. 

¶ For arterial protected/permitted left-turn phasing, an all red clearance interval of 1.0 second 

should be used so as not to violate driver expectancy. 

¶ For non-arterial protected/permitted left-turn phasing, the all red clearance interval should be 

determined after a careful review of all possible phasing which may follow the left-turn phase.  

In many instances, an all red interval of 1.0 second is appropriate. 

¶ For protected-only left-turn phasing, the all red clearance interval should be calculated using the 

formula. 
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7 DETECTION 

 Detection 

 Detection is used to sense pedestrian, bicycle, or vehicular demand.  The demand 

information is then provided to the controller.  

 Controller Operation  

Traffic control signals can be pre-timed or actuated.  Actuated controllers can be semi-

actuated or full -actuated.  In semi-actuated operation detection is not provided for arterial through 

traffic and the right-of-way is relinquished only when a call is received for an actuated phase.  Full-

actuated operation requires detection on all approaches and the right-of-way does not automatically 

go to a designated phase unless it is recalled by a function on the controller.  The type of detection 

system used for actuated signal control depends on the operational requirements of the intersection 

and may be influenced by physical constraints (i.e. lack of right-of-way, poor pavement conditions, 

bridge structures, etc.).   

On State highways, new signal installations and full signal equipment replacements shall be 

designed for full-actuated operation.  If a signal will be in a coordinated system, a full-actuated 

design shall still be provided and a technical note indicating ñARTERY PHASE DETECTION 

AREAS TO BE NON-ACTUATING DURING COORDINATIONò shall be added to the plan. 

Controllers have four phase modes.  

¶ Non-Lock ï a waiting call is dropped by the controller as soon as the vehicle leaves the 

detection area.  Non-lock is associated with large areas of detection at the stop bar, which 

can reduce delay by screening out dropped calls. 

¶ Lock ï a call is held by the controller until the associated phase begins, even after the 

vehicle has left the detection area.  Lock is associated with point detection, which is 

incapable of screening out dropped calls. 

¶ Minimum Recall ï returns to the selected phase for the minimum green time for that phase, 

and is used primarily for the artery phase of a full-actuated signal and for the phase in which 

the signal is expected to rest. 

¶ Maximum Recall ï returns to the selected phase for the maximum green time for that 

phase, and is used primarily for fixed time advances and the artery phase of semi-actuated 

signals. 

 Detection Mode/Features 

Detection zones have two modes.    

¶ Presence ï used for areas of detection to register a vehicle or bicycleôs presence in a 

detection zone.  The call is held as long as a vehicle remains within the zone.  The controller 

may be set for either lock or non-lock memory.   

¶ Pulse ï a detection zone that detects the passage of a vehicle by motion only (point 

detection).  A call is placed when a vehicle enters the detection zone.  This detection mode is 

associated with lock memory and is primarily used with microwave detection. 



 

7-2 

Detection also has delay and extend features available.   

¶ Delay ï the call is output to the controller only if a vehicle is continuously detected beyond 

a preset time period.  This feature can only be used with presence detection mode and is 

typically used to screen out false calls.    

¶ Extend ï the call is held for a preset time after the vehicle leaves the detection zone.  This 

allows a passing vehicle to reach a predetermined point beyond the detection zone before 

the call is terminated without using a higher than desired vehicle extension.  Please note this 

feature is associated with extending a call to the controller and is not the same as a vehicle 

extension timing.   

 Detection Area Design Guidelines 

For all approach types, detection areas should be centered in the lane.  This reduces the 

possibility of vehicles traveling in adjacent lanes accidentally calling a phase.  The longitudinal 

placement is dependent upon the approach type, as described in the following sections.   

 

Arterial Detection Areas 

 

Detection areas on arterials are based on operating speed of through traffic, which is 

considered to be the observed 85th percentile speed.   

 

Approach speeds less than 35 mph: 

 

A single detection area is needed which should be located 3 seconds from the stop bar 

based on the 85th percentile speed.  The problem of the driver being faced with indecision on 

whether to proceed through the intersection or stop is seldom an issue with speeds less than 35 

mph.  The controller mode should be set to min recall and the detection mode to presence. 

 

Approach speeds 35 mph or greater: 

 

Detection areas are needed for high speed approaches in order to provide dilemma zone 

detection.  To minimize vehicle extensions and provide dilemma zone detection, two detection 

areas should be installed.  However, a single video detection area could be used to cover the 

entire dilemma zone eliminating the need for a vehicle extension time.  Refer to the following 

Dilemma Zone section for design guidance. 

  

 Dilemma Zone 

Dilemma zone is defined as the range of distances from the stop bar where 10% to 90% of 

vehicles will stop at the onset of yellow.  When the yellow change interval begins a driver is faced 

with a decision to stop or proceed through the intersection, known as the dilemma zone.  The 

standard method for avoiding trapped vehicles is to place a detection area at the 90% point and 

allow vehicles to extend the interval sufficiently to ensure that they pass the lower 10% limit prior to 

the onset of yellow. 
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A common practice is to locate the leading detection area 5 seconds from the stop bar based 

on the 85th percentile speed and a trailing detection area located 2.5 seconds from the leading 

detector based on the posted speed limit.  Vehicle extensions should be sufficient for a vehicle 

traveling at the posted speed limit to travel from the arterial detection areas to beyond the lower 

limit dilemma zone distance from the stop bar.  This method of design was developed to ensure that 

vehicles traveling at the posted speed limit will not be trapped within the dilemma zone.  The 

variable initial feature could be considered to reduce minimum green values if desired.  The 

controller mode should be set to min recall and the detection mode to presence. 

 

The following table is from the Traffic Control Systems Handbook and lists those distances 

at which 10% and 90% of approaching vehicles are expected to stop for various speeds. 

 Distance   (Feet) 

 Probability of Stopping 

 Speed (MPH) 10% 90% 

 35 102 254 

 40 122 284 

 45 152 327 

 50 172 353 

 55 234 386 

 A trap check should be performed to ensure vehicles traveling the speed limit will not be 

within the dilemma zone upon termination of artery green.   

¶ Determined by subtracting the distance a vehicle traveling the speed limit will cover 

during the extension time (typically 2.5 seconds) from the setback distance of the 

trailing detection area.  See Figure 7-1. 

¶ The difference should be less than the lower dilemma zone limit (see table) at the 

speed limit.  Generally, slower vehicles will not be trapped if the posted speed limit 

and 85th percentile speed are within 15 mph of each other. 

 When a phase terminates at maximum time, dilemma zone protection will not be provided.  

Therefore, maximum green settings should be based on a careful consideration of capacity analysis, 

which balances the efficiency of signal operation with the safety benefits of dilemma zone 

protection. 
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Figure 7-1 Dilemma Zone Trap Check (Two Detectors) 
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 Left-Turn Lane Detection 

Where exclusive left-turn lanes exist, detection should be provided to cover the desired 

detection area adjacent to the stop bar.  The detection area should not end less than 25 feet from the 

stop bar.  See Figure 7-2 for standard placement of detection zones.  The controller phase mode 

should be set to non-lock and the detection mode to presence. 

 

Figure 7-2 Placement of Left-Turn Lane Detection 

 

Where no left-turn lane exists and a fixed advance or lag green phase is designed, consider 

installing a detection area within the intersection such that the wheel path of the left-turning vehicle 

will actuate and extend the left-turn phase.  For a fixed advance the technical note "Detector D1 to 

only extend phase 1" should be added to the plan.  Additionally, the controller phase mode should 

be set to MIN RECALL .  An example of this can be seen in Figure 7-3. 

 

Figure 7-3 Left-Turn Lane Detection 
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 Side Street Detection 

Side street detection should be provided to cover an appropriate detection area adjacent to 

the stop bar.  For through lanes, single lane approaches, and right-turn lanes the recommended 

detection zone should begin no closer than 10 feet from the adjacent roadôs curb line extension and 

end not less than 25 feet from the stop bar.  The controller phase mode should be NON-LOCK  and 

the detector mode PRESENCE.  See Figure 7-4 for detection area placement. 

 

Figure 7-4 Placement of Side Street Detection 

 System Detection 

System detection should be considered for signal designs/revisions which are part of closed 

loop systems.  Contact the Department for guidance on the necessity, type, and placement of system 

detection.   

 Miscellaneous 

1. Detection zones should not be located within crosswalks. 

2. The following items pertain to how detection zones are shown: 

¶ Detection zones should usually be shown as square, rectangular, or other geometric 

shape on signal plans.   

¶ Loop and wireless detectors have a typical longitudinal dimension (length) equal to 

6 feet whereas the length of video detection zones may vary.   

¶ The lateral dimension (width) should be determined based on lane width.   

¶ A detection zone should be sized to be centered in the lane and 3 feet off each 

adjacent centerline, lane line, or edge line/curb line.  For lanes less than 12 feet wide, 

the detection zone(s) should be 6 feet wide and centered in the lane.   

¶ The size of detection zones, as shown in the DETECTORS block of signal plans, 

should be denoted as Width X Length. 

¶ In general, detection areas should not extend across more than one lane.   
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3. Detection zone numbers should correspond to the appropriate signal phase where possible.  

On approaches with two detection zones for dilemma zone protection, each detector should 

be identified by a unique number (for example: D2, D2A, D2B, and D2C). 

 

4. On approaches with wide throat areas and/or where right-turn on red is prohibited, provide a 

detection zone that ensures right-turning vehicles are adequately detected.  This may include 

a trapezoidal or other geometric shape detection zone where video detection is utilized.  

Critical dimensions should be shown on the plan and the size of detection zones should be 

denoted as "SEE PLAN" in the DETECTORS block. 

5. In a loop detector design, the rear loop of a multi-loop approach may be used as a system 

detector to obtain volume counts in a closed loop system; however, the length must be 6 feet 

to obtain accurate counts. 

6. Consider using gap reduction at isolated intersections with relatively equal volumes on all 

approaches and where capacity is of concern. 

 Vehicular Detection Systems 

There are many types of detection systems available.  Below is a brief description, in order 

of preference, of the most common types of systems used: 

¶ Video Detection consists of a video image detector and a computer system that analyzes 

video images.  Detection zones are placed on the video image displayed on a monitor. 

 

¶ Wireless Detection uses battery-powered magnetic sensors that lie beneath the surface of 

the road and transmit information to an associated receiver. 

 

¶ Loop Detection consists of a coil of wire beneath the surface of the road and an amplifier 

located in the controller cabinet.   

 

¶ Microwave (Radar) Detection uses a radio transmitter/receiver to transmit a high 

frequency, low power signal to the desired detection zone.  When a vehicle enters the 

detection zone this signal is reflected back to the detector. 

 Video Detection Guidelines 

Video detection is a non-intrusive detection technology.  The video image detection system 

consists of a detector and an image processor.  The detector is fixed mounted, usually on a far-side 

mast arm assembly or a steel pole.  It is located so as to feed an image of the approach to the 

processor.  Detection zones are then superimposed on the image.  The processor senses contrast 

changes within the zone and then outputs a call to the controller unit.  The processor may be 

programmed to provide outputs which emulate a loop detection system (pulse, presence, delay, and 

extend).  If desired, the processor will accumulate data such as volume, occupancy, speed, and 

vehicle classification. 
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Three types of Video Detection systems are commonly available:   

¶ 360-degree Video Detection uses a high-resolution color optical camera equipped with a 

fish-eye lens which allows a single camera to see all approaches of an intersection.  A single 

360-degree camera can provide detection for an entire intersection under certain 

circumstances, though typically advance cameras are still required for arterial detection.  

360-degree cameras have the same drawbacks as optical cameras.  A special video detection 

processor is also required, but this processor will work with up to four advance cameras or 

thermal sensors along with one 360-degree camera. 

¶ Thermal Video Detection uses a thermal imaging sensor to create a monochromatic heat-

based image for processing.  Thermal sensors do not require illumination to detect 

accurately and still work properly during adverse weather and in direct sunlight.  Thermal 

sensors typically generate a lower resolution image compared to optical cameras.  Most 

video detection processors can use both optical cameras and thermal imaging sensors. 

¶ Standard Video Detection uses an optical camera to create a video image for processing.  

Optical cameras can be monochrome or color.  Optical cameras may have difficulties in 

dimly lit areas, under certain weather conditions, and when sun glare is present.  Headlight 

bloom at night may also cause errant actuations.   

 Video Detector Placement 

The following considerations should be taken when designing video detector placement: 

¶ The ideal detector mounting location is in front of the approaching vehicle and as high as 

possible with an unobstructed line of sight to the area of detection.  The view of a detector 

mounted low or at an angle may be obstructed by an adjacent lane vehicle which is known 

as cross-lane occlusion.   

o If the approach must be viewed at an angle, the detector should be positioned to 

minimize occlusion of left turning vehicles.   

¶ Recommended mounting height is 20 to 35 feet.  The suggested rule is a 1 to 10 ratio of 

mounting height to distance to the detection zone.  A low mounting height may cause 

occlusion of approaching vehicles.   

¶ Detectors should be a range of 300-400 feet from the furthest detection zone.   

¶ Optical cameras should have a clear view of the headlights of approaching vehicles.   

o External illumination may also be required. 

¶ Thermal detectors can be used on east-west approaches to negate the glare from a rising or 

setting sun.   

o Poorly illuminated intersections benefit from Thermal Detection 
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¶ 360-degree cameras can detect all approaches of an intersection.  For most intersections one 

camera can be used, but for large intersections, two 360-degree cameras may be needed.   

o For single camera installations, the camera should be mounted at least 30 feet above 

the roadway, no more than 75 feet from the center of the intersection, and no more 

than 150 feet from the front of the furthest stop bar.  The camera must be mounted in 

front of all stop bars.   

o For two camera installations, the cameras should be installed on opposite corners.  

o Each camera can track and detect vehicles up to 200 feet away, radially.   

o If mast-arm mounting is used, the camera should be no more than 50 feet from the 

center of the intersection, and the maximum detection distance will be reduced if the 

mounting height is less than 30 feet.   

o 360-degree cameras may be co-mounted on the same mounting bracket with either 

an optical or a thermal advance detector. 

¶ The grade of the approach may affect the detection zone and detector placement.   

¶ The final detector mounting location should be as recommended by the specific 

manufacturerôs representative.  Prior to construction, a site survey shall be performed and 

documented by the contractor and the representative to identify and resolve any potential 

issues with the video image detection design.   

 Advantages of Video Detection 

¶ Detection zones may be easily adjusted or relocated to fine tune an intersection or to 

accommodate temporary signalization 

¶ Installation and maintenance does not depend on good pavement conditions, an easement on 

private property, or lane closures 

 Disadvantages of Video Detection 

¶ Video image detector location is crucial for effective operation 

¶ Accuracy degradation under certain conditions such as: congested conditions; low visibility; 

low vehicle to pavement contrast 

¶ Not as effective for ramp (force off) preemption  

¶ Subject to vehicle occlusion 

¶ Adverse weather conditions may reduce effectiveness 
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Wireless Detection Guidelines 

Wireless Detection uses a directional magnetometer sensor installed in a 4 inch diameter 

hole drilled into the roadway.  The sensors send a detection signal to a receiver connected to the 

controller cabinet.  The receiver is connected to a processor in the cabinet which provides 

detection information to the controller. 

 Wireless Detector Placement 

¶ Installed 4.25 inches below the surface of the pavement or based on the manufacturer's 

recommendation.   

¶ Can be installed in relatively poor pavement in a small patched area.  

¶ Installation takes about 15 minutes per sensor and the epoxy cover dries in 5 minutes, 

reducing disruption time to traffic.  

¶ No trenching is required for artery detection though a tall pedestal may be required for a 

transceiver.  

¶ Sensors can transmit a signal approximately 150 feet to a transceiver which relays the 

signal to the receiver up to 1,000 feet away or 2,000 feet away with use of a repeater.   

¶ The detection area of a sensor is approximately a 6 foot diameter zone where detection is 

most effective 4 feet in front of and 2 feet behind the sensor.  

 

 Advantages of Wireless Detection 

¶ Battery powered, low power consumption, and can be used in areas with deteriorated 

pavement 

¶ Simplified maintenance 

 

 Disadvantages of Wireless Detection 

¶ Single lane closure required during installation 

¶ Line of sight required between transceivers and receiver 

¶ Sensors and transceivers battery life 
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 Loop Detection Guidelines 

Loops are typically wound wire installed in a pavement cut.  This coil of wire creates a 

magnetic field which is disrupted by the passage of a vehicle.  This disruption is then detected by 

the amplifier in the controller cabinet.  Cutting the pavement this way may hasten the 

deterioration of the pavement. Alternately, loops can be pre-formed.   

 Loop Detector Placement 

¶ Loop detection should only be considered if other types of detection are not feasible. 

¶ Loop detectors cannot be installed in deteriorated pavement.   

¶ Loop detection installation requires lane closures and the installation of conduit and 

handholes adjacent to detection area.   

¶ Stop bar loop detection typically uses three or more loops spaced 8 feet apart and wired 

in series. Typically one amplifier per lane of detection is used for stop bar detection. 

¶ Artery loop detection typically uses one loop per detection zone.  Each artery detection 

zone will have its own amplifier.  

¶ In Closed Loop Systems, a rear loop at the stop bar used as a System Detector will 

require a separate amplifier.  

¶ Pre-formed loops have the designed number of turns of wire encased in protective tubing 

and are installed after full depth reconstruction and prior to paving the roadway.   

¶ Pre-formed loops may also be attached to re-bar in a concrete bridge deck.   

 Advantages of Loop Detection 

¶ Very accurate detection  

 Disadvantages of Loop Detection 

¶ Loops may not effectively detect some motorcycles 

¶ May require easement onto private property 

¶ Service life is affected by pavement conditions 

¶ Lane closures are required during installation and may be required for repair 
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 Microwave Detection Guidelines 

Microwave detection is a non-intrusive method; however, because of the restrictions on 

placement and lack of presence detection, it is usually used on an approach where other detection 

types are not feasible.  The area of detection is usually shown as a shaded 30 degree cone aimed at 

the approach rather than rectangular symbols.  Since microwave detectors cannot provide true 

presence detection, the phase must be on lock. 

 Characteristics of Microwave Detection 

¶ The microwave detector is directional and requires movement. It may be set for either 

approaching or departing vehicles.  If set to detect approaching vehicles it will exclude 

departing vehicles. 

¶ The cone of detection is approximately 30 degrees. 

¶ The range is 25 to 150 feet. 

¶ The minimum detection speed is normally 5 mph. 

¶ The call will be held as long as the vehicle is moving within the detection zone. 

¶ True presence detection mode, delay, and extend features are not available. 

 Placement of Microwave Detectors 

¶ Fixed-mount to a support structure (span pole or mast arm assembly) or a tall pedestal.   

¶ Unobstructed line-of-sight to the area of detection.   

¶ Most desirable location is in front and above the approaching vehicle.   

¶ Recommended mounting height is between 15 and 24 feet.  

¶ Should not be used for left-turn lanes with concurrent through movement. 

 Advantages of Microwave Detection 

¶ Lane closures during installation are not necessary 

¶ Can be used on any surface 

 Disadvantages of Microwave Detection 

¶ Complex to maintain 

¶ Cannot be  used in presence mode 
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 Bicycle Detection Guidelines 

Ideal bicycle detection design includes thermal video detectors, standard video cameras, 

or inductive loops as detection devices and appropriately located detection areas.  In addition, 

bicycle boxes should only be used where bicycle lanes are present.   

 Bicycle Detection Devices 

 Standard and thermal video detectors are the preferred bicyclist detection devices.  The 

cameras detect either the physical presence or the heat signature of a bicyclist as they cross a 

virtual detection area.  Detectors do not require specific design changes to ensure reliable bicycle 

detection, unlike inductive loops. 

Bicycles require a unique inductive loop design.  A typical loop is not sufficiently 

sensitive to reliably detect bicycles, especially those with low amounts of metal in their 

construction, such as carbon fiber framed bicycles.  A bicycle must often stop directly on the 

loop wire, or oftentimes wait for a motor vehicle to call the phase.  To combat these difficulties, 

a quadrapole (or ñFigure 8ò) traffic loop should be installed.  The ñFigure 8ò provides increased 

sensitivity in the center of the loop, which increases overall reliability.  Refer to Figure 7-5 for 

installation details. 

Department practice prioritizes video cameras and inductive loops as the preferred 

bicycle detection devices for new signal equipment installations, in that order.  Additionally, 

pavement markings designating bicycle detection areas are often used in conjunction with these 

devices.   

 Bicycle Detection Methods 

 Typically, motor vehicle detection areas are located in a manner that is also conducive to 

bicyclists.  Side-street detection areas should be located at the stop bar, which is also typical for 

motor vehicles.   

 Bicycle boxes are a detection method that places bicyclists in front of motor vehicles at a 

red signal, instead of within the vehicle queue.  The bicycle box is placed in front of the stop bar, 

removing the bicyclist from the vehicle queue, and is especially helpful for left-turn movements. 

 Refer to Figure 7-6 for additional details.  The use of bicycle boxes on any roadway requires 

the municipality to obtain interim approval from FHWA.  
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Figure 7-5 Figure 8 Pattern Bicycle Loop 

 

 
Figure 7-6 Bicycle Box 
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8 FLASHING OPERATION AND MAINTENANCE LEVEL 

 Flashing Operation 

New traffic signal designs should not use programmed flashing operation.  New designs 

should indicate ñFLASHò as ñNONEò in the Program Block.  During a malfunction flashing 

operation, the artery typically flashes yellow while the side streets flash red.  Three section protected 

only left turn signal faces shall flash the red indication.  

When exiting flashing operation and beginning normal operation, the controller should start 

in the arterial phase which is usually Phase 2 or Phases 2/6.   

Existing traffic signals may have programmed flashing operation during those hours when 

volume warrants are not satisfied if all of the following conditions are met: 

¶ The artery displays a flashing yellow during flash operation. 

¶ There are no sight line restrictions from the side streets. 

¶ No special feature (such as railroad pre-emption, drawbridge, etc.) of the signal 

requires continuous operation. 

Potential situations for an All Red flashing operation may include: 

¶ Railroad pre-empted signals or drawbridges 

¶ Major intersections with approximately equal volumes on all approaches  

¶ Unusual geometry where it may be difficult to determine which approaches would 

normally flash yellow during a malfunction 

¶ Intersection sight distance restrictions 

 Maintenance Level 

Traffic signal maintenance level is based on safety and operational considerations. 

Justification for an elevated level, alone or in combination, may consist of: 

¶ Restricted sightlines from side streets 

¶ Unusual geometry/phasing 

¶ High traffic volumes during hours outside normal maintenance periods 

Any recommendation for a change to the maintenance level of an existing signal will  be 

reviewed by the Division of Traffic Engineering and the Signal Lab. 

Level 1     24 Hours, daily. Example: Traffic signal that has railroad pre-emption. 

Level 2     Priority, 4 AM to 8 PM, daily. Example: Traffic signal on a commuter route. 

Level 3     Priority, 8 AM to 8 PM, daily. Example: Traffic signal at a shopping center. 

Level 4     Seasonal, same as level 2 from Memorial Day to Labor Day.  Example: Signals 

along primary recreational routes. 

Level 5     Normal, 8 AM to 4 PM, Monday through Friday. 
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9 PRE-EMPTION 
 

Pre-emption is a feature used to modify the operation of a traffic control signal to grant right 

of way to emergency vehicles, trains or a specific traffic movement to meet a special need.  This can 

be accomplished by modifying timing, sequence or display.  When a pre-emption sequence is 

provided, special timings (i.e. clearance intervals, alternative minimum green time, etc.) will be 

required.  Pedestrian walk and clearance intervals may be shortened or eliminated in order to 

provide a quick transition to the railroad track clearance display.  In addition, the designer must 

specify how the signal returns to normal operation after the pre-emption sequence is completed. 

Federal/State funds allocated for a State owned traffic signal upgrade will not be used to 

upgrade an associated town owned EVPS.  All costs for the upgrade of existing pre-emption 

equipment are the responsibility of the town.  Federal/State funds may be used to relocate the 

existing pre-emption equipment to the upgraded traffic signal if the town desires.  A specification 

has been developed by the Department for this work and is available to the designer. 

 Emergency Vehicle Pre-Emption 

In accordance with the Departments Policy No. E & H.O.-16, the State permits a 

municipality to pre-empt State maintained traffic signals.  Funding for the initial installation of an 

EVPS is described in this policy and also in the section on Signal Ownership and Maintenance.  All 

equipment necessary for pre-emption but not essential for normal intersection control is owned and 

maintained by the municipality.  This includes, but is not limited to, the optical detector, RF 

receiver, phase selector and auxiliary equipment cabinet. This cabinet is required to allow 

accessibility by the Town without entering the State owned controller cabinet.  There are a 

maximum number of six separate pre-emption movements available.     

The emergency vehicle pre-emption system (EVPS) causes the traffic signal controller to 

advance to, and/or hold a desired traffic signal pre-emption phase.  Some methods used to activate 

emergency vehicle pre-emption are coded light transmissions, hardwire, radio signals and siren.  

They require a controller that has the internal pre-emption capability and are described below. 

 System Types 

 Coded Light (Optical)  

This system employs optical communication to identify the presence of a designated 

emergency vehicle (such as fire apparatus).  Several components comprise the system.  There is an 

optical emitter which is a high-intensity electronic (strobe) light mounted on the emergency vehicle. 

An optical detector is also provided.  It is a directional electronic device which "sees" the coded 

signal from the emitter on the emergency vehicle from a distance up to 1800 feet (550 m).  The third 

component is a phase selector.  This electronic unit is interfaced with the traffic signal controller.  

The unit receives the pre-emption call from the detector and sends the command to the controller, 

which engages pre-emption. 
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 Hardwire 

This system employs a physical connection to identify the presence of designated 

emergency vehicle(s).  The system requires a cable from the controller to an activation switch.  The 

switch is located at the source of a pre-emption call (such as a fire station).  Railroad Pre-Emption 

also uses this method with the exception that it uses an energized electrical loop with power sent 

and returned through a set of relays, and is subsequently discussed in this manual. 

 Radio  

This system employs a radio frequency (RF) signal to initiate the pre-emption sequence. The 

pre-emption command may be transmitted over a narrowband system or over a wideband system 

which is called spread spectrum.  In the narrowband system the signal is sent directly from the fire 

station to a receiver at the controller cabinet through the fire departments existing RF system. A 

direct line-of-sight is not needed with a narrowband system.  A Town-owned receiver at the 

controller is required. The Spread Spectrum technology may also be used. Although the capabilities 

of an RF communication system are far more than necessary for pre-emption activation, it may be 

economical where it would be costly or impractical to install hardwire (such as over a movable 

bridge or a RR right-of-way). A direct line-of-sight is preferable with a spread spectrum system, 

however may not be necessary. A transmitter and receiver(s) are required to complete the system. 

 Siren 

This system employs the emergency vehicleôs siren to identify the presence of an 

emergency vehicle.  Directional microphones detect when and from which direction an emergency 

vehicle approaches an intersection.  The system is adjustable for vehicle range and also for audible 

signature, such as yelp, wail, and high-low.  This system detects all federally-approved Class A 

sirens eliminating the need for a transmitter on each vehicle. 

 Emergency Vehicle Pre-emption Design Guidelines 

1. The design will be for primary response routes only.   If not already on file, a map of the 

town indicating the location of all fire houses, all signalized intersections, and the primary 

response routes must be submitted to the Division of Traffic Engineering by the town.  This 

map will be stored in Unit 1406 (Electrical). 

2. The Town should be contacted regarding the inclusion, funding, and design of the EVPS for 

new signals or major revisions. Emitters are provided for major fire apparatus only. 
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3. Pre-emption confirmation lights (CL) are generally not allowed on state owned traffic 

signals.  A special condition may warrant a CL such as a fire route from a one-way street 

that does not have signal indications.  Confirmation lights are typically not included in State 

owned traffic signals because in the event of an equipment malfunction the confirmation 

light could mislead the emergency vehicle operator.  A confirmation light may be included 

in the EVPS of a Town owned traffic signal. 

4. The signal phase(s) associated with the pre-emption movement will be labeled "PRE-

EMPT" along with a number, which indicates the priority level.  For example, a #1 is the 

highest priority followed by 2, 3 etc.  

5. If the desired pre-emption phase is exactly the same as a normal phase in the sequence, that 

phase should be designated the hold phase. 

6. If the desired pre-emption phase is not exactly the same as a normal phase, a separate phase 

must be added to the movement diagram and designated the hold phase (e.g. phase 8).  The 

phase will be serviced only during the pre-emption movement.  The mode should be 

On/Omit. This prevents the phase from being serviced after initialization or during manual 

operation.  The hold green (minimum green), yellow and red timings are shown in the phase 

as well as in the pre-emption settings block. 

7. When a sequence that contains a non-standard overlap (e.g. right-turn arrow) is pre-empted, 

skipped phases may occur and produce incorrect clearance indications.  The designer should 

review all possible clearance displays when entering the pre-emption phase and add 

appropriate technical notes. 

8. When a sequence that contains a dummy phase (e.g. flashing sign clearance) is pre-empted, 

the designer should consider the effects if and when the dummy phase is skipped.  In these 

cases, the Signal Lab should be contacted (860-258-0347) to discuss the various possible 

impacts a pre-emption call could have on the overall signal sequence. 

9. Settings and interval timings for all pre-emption movements shall be listed in the pre-

emption settings block on the traffic signal plan.  All the pre-emption data which will be 

programmed in the controller must be provided in this block.  See Figure 9-1. 

10. On the traffic signal plan add the technical note "Pre-Emption to be Inoperative During 

Flashing Operation". 

11. If the traffic signal is maintained by the state and has EVPS, add the note "Emergency 

Vehicle Pre-Emption Equipment to be Owned and Maintained by the Town of (list 

town)" to the signal plan. 

12. The town will be required to provide maintenance on all pre-emption equipment outside of 

the traffic controller cabinet. 

13. Countdown pedestrian indications are allowed on Town owned signals. They cannot be used 

at a signal where multiple pedestrian movements are overlapped.  In these cases the 

pedestrian clearance times may vary, giving inconsistent countdown times.  At locations 

with countdown pedestrian indications in use, the pedestrian clearance interval shall not be 

allowed to be shortened for emergency vehicle pre-emption. 
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 Sample Pre-emption Settings Block 

 

  Railroad  Emergency 

Vehicle 

 

Ramp 

  PRE-EMPT 1  PRE-EMPT 2 (1) 

2(1) 

PRE-EMPT 3 (1) 

 PRIORITY YES NO NO 

 DET LOCK YES YES YES 

 DELAY 0 0 0 

 ALT MIN GRN      0 (2) 5 5 

 ALT YELLOW Parent Parent Parent 

 ALT RED Parent Parent Parent 

 ALT PED CLR NO (3) (4) (4) 

 

      

(5) 

TRACK CLR GRN 15 N/A N/A 

TRACK CLR YLW 3.0 N/A N/A 

TRACK CLR RED 2.0 N/A N/A 

TRACK CLR PHASE 7 N/A N/A 

 HOLD GREEN 10 15 (6) 

 HOLD YELLOW 3.0 3.0 3.0 

 HOLD RED 2.0 2.0 2.0 

 HOLD PHASE 8 2 4 

 EXIT PHASE 1 4 4 

 EXIT CALL  None None None 
 

(Column headings and settings are for illustrative purpose only) 

 

 (1) For locations which do not have railroad pre-emption, the emergency vehicle pre-emption settings are 

programmed in PRE-EMPT 1.  If there is only ramp pre-emption, it is programmed as PRE-EMPT 1.  

 (2) Determined on a case by case basis.  Normally set at zero but can be greater based on vehicle 

approach speeds.  

(3) ALT PED CLR normally not provided, however in cases with handicap/elderly crosswalks or high 

speed roadways may be considered. 

(4) Select the actual pedestrian clearance time if there is an exclusive pedestrian phase, a concurrent 

pedestrian phase with walk/donôt walk indications or a case where the pedestrian clearance time is 

used to operate a Stop Ahead sign.  

 (5) When the signal is to hold in the track clearance phase for pre-emption, these intervals can be deleted 

and timings can be inserted in the hold timing blocks. 

 (6) Sufficient time to clear the queue.  

 

Figure 9-1  Sample Pre-emption Settings Block 
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 Railroad Pre-Emption 

Care should be taken when designing a traffic signal which is adjacent to a railroad crossing 

to preclude the possibility of a vehicle being trapped on the tracks.  The method of actuation should 

be designed with adequate "Fail - Safe" features (a normally energized loop between the traffic 

signal control box and the railroad control box through a set of relays).  Where crossings are 200 ft. 

(60 m) or less from a signalized intersection, railroad pre-emption will usually be required.  At 

signalized intersections where the rail crossing is greater than 200 feet (60 m), but high vehicular 

volumes are expected, a queue analysis should be conducted to ascertain if pre-emption is required. 

 Contact the Division of Traffic Engineering's railroad grade crossing section to determine extent of 

controls.  Track circuit timings are developed by the Division of Traffic Engineering's railroad grade 

crossing section and track circuit designs are normally provided by the operating railroad. 

 Railroad Pre-emption Design Guidelines 

1. Clearance out of normal operation to pre-emption shall follow ConnDOT traffic controller 

specifications. 

2. Railroad pre-emption will require the use of a menu driven controller with internal pre-

emption which will go directly into the pre-emption phase(s) which includes clearances. 

3. Contact the Division of Traffic Engineeringôs railroad grade crossing section during the 

preliminary design to determine how pre-emption will be provided and what special 

requirements must be shown on the plan. 

4. The actual sequence and signal displays for railroad pre-emption must be approved by the 

Division of Traffic Engineeringôs Electrical Unit and railroad grade crossing section; and the 

Department of Transportationôs Signal Maintenance Lab. 

3. Railroad pre-emption consists of two separate traffic control device actuations.  When the 

train hits the approach circuit the first actuation is to the traffic signal controller, which 

immediately advances the sequence to the track clearance phase, via controller internal pre-

emption.  After a pre-determined period, the second actuation is to the railroad warning 

devices, which must operate for 29 seconds prior to the train entering the crossing.  The 

traffic signal track clearance time, to enable vehicles to move off the tracks, must be 

complete prior to the activation of the railroad warning devices.  The total track circuit time 

required is the traffic signal track clearance time, plus the 29 second railroad warning device 

timing.  

4. Depending on the type and class of rail line, two different types of train operations can occur 

at a grade crossing.  The first is a through move (traversing the crossing non-stop), and the 

second is a stop and protect (the train must come to a stop for a pre-determined time period 

before proceeding over the crossing).  For stop and protect crossings controlled by a traffic 

signal, the controller is to provide 29 seconds of all-red clearance and way side signals shall 

be provided for the train which shall be part of the traffic signal operations. 

5. Traffic signals containing railroad pre-emption will normally not be allowed to be placed on 

programmed flash.  A technical note indicating that the "signal shall not be placed on 

programmed flash" should be added to the plan. 
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6. When a railroad crossing is located on the side street leg of a signalized intersection, the 

emergency flash or fail-safe flash should be all red.  This will provide gaps in artery traffic 

for side street vehicles to clear off the railroad crossing.  

7. Separate pre-emption sequences for pre-emption during fail-safe flash or emergency flash 

may be required depending on site conditions. 

8. Traffic signals containing railroad pre-emption should be placed on Maintenance Level 1 

(24-hour). 

9. A railroad pre-emption track circuit timing block should be shown on the roadway portion 

of the signal plan.  Railroad device operational notes should be added directly adjacent to 

the track circuit timing block describing the operation during normal and manual operation 

and the operation during flashing operation.  See Figure 9-2. 

10. A construction note should appear on the signal plan stating that the signal installer must 

coordinate with the operating railroad the installation of the pre-emption interconnect cable 

from the traffic signal control box to the railroad control box. Adjustments of the existing 

railroad track circuit and/or warning devices may be required depending on the railroad pre-

empt design. 

11. The pre-emption phase will be labeled "PRE-EMPT" along with a number, which indicates 

the priority level.  For example a #1 is the highest priority followed by 2, 3 etc.  Railroad 

pre-emption (if present) is always labeled as pre-empt number 1.   

12. If the desired pre-emption phase is exactly the same as a normal phase in the sequence, that 

phase should be designated the railroad hold phase.  If an illuminated turn restriction sign is 

required to be on during railroad pre-emption, but will not be on during normal operation 

then the pre-emption phase is not considered to be exactly the same. 

13. If the desired pre-emption phase is not exactly the same as a normal phase, a separate phase 

must be added to the movement diagram and designated the hold phase (e.g. phase 8).  The 

phase will be serviced only during the pre-emption movement.  The mode should be 

On/Omit.  This prevents the phase from being serviced after initialization or during manual 

operation.  The hold green, yellow and red timings are shown in the phase as well as in the 

pre-emption settings block. 

14. The use of non-standard overlaps (e.g. right-turn arrow) and dummy phases should be 

avoided in the sequence of a traffic signal that has railroad pre-emption.  Incorrect clearance 

indications may be displayed and interval times may vary, which could violate the track 

circuit time requirements.  Because any phase may be skipped, the designer should review 

all possible clearance displays when entering the pre-emption phase.  

15. Settings and interval timings for all pre-emption movements shall be listed in the pre-

emption settings block on the traffic signal plan.  All the pre-emption data which will be 

programmed in the controller must be provided in this block.  See Figure 9-1. 
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16. For railroad pre-emption a track clearance phase is usually required.  This phase will be 

serviced immediately and will time the track clearance green, yellow and red intervals prior 

to the controller transferring to the railroad pre-emption hold phase (unless the track 

clearance phase is the railroad pre-emption hold phase).  The track clearance settings and 

hold phase settings must be entered into Pre-empt 1.  See Figure 9-1. 

17. Some signals have provisions for pre-emption from fail safe flash and emergency flash, 

therefore the need for the technical note ï "Pre-Emption to be Inoperative During Flash 

Operation" will be determined on a case by case basis. 

18. The Department of Transportation will maintain railroad pre-emption equipment housed in 

the traffic control cabinet and also the cable, conduit, etc. up to the railroad control cabinet 

on State maintained traffic signals.  The railroad maintains the track circuit and all the 

equipment in the railroad control cabinet. 

19. Countdown pedestrian indications are allowed on Town owned signals. They cannot be used 

at a signal with railroad pre-emption or at a signal where multiple pedestrian movements are 

overlapped.  In these cases the pedestrian clearance times may vary, giving inconsistent 

countdown times. 

 Railroad Pre-emption Track Circuit Timing Block 

 

NOTE: 

WHEN A PRE-EMPTION CALL IS RECEIVED DURING NORMAL OPERATION OR 

MANUAL OPERATION RAILROAD FLASHING LIGHTS WILL COMMENCE OPERATION 

__ TO __ SECONDS INTO PHASE _ DEPENDING UPON WHICH INTERVAL 

CONTROLLER IS IN WHEN RAILROAD PRE-EMPTION CALL IS RECEIVED.  WHEN 

PRE-EMPTION OCCURS DURING EMERGENCY FLASH OR FAIL-SAFE FLASHING 

OPERATION, RAILROAD FLASHING LIGHTS WILL COMMENCE OPERATION__ 

SECONDS AFTER THE RAILROAD PRE-EMPTION CALL IS RECEIVED. 

 

TIME EVENT

START OF TRAFFIC SIGNAL PRE-EMPTION

START OF RAILROAD FLASHING LIGHTS AND BELLS

RAILROAD GATES START TO DROP

RAILROAD GATES HORIZONTAL

TRAIN ENTERS THE CROSSING

RAILROAD PRE-EMPTION

 

 (Timings and Phase numbers to be entered in the railroad device operation notes and circuit timing block are to be 

determined for each specific location by the Division of Traffic Engineeringôs railroad liaison.) 

Figure 9-2  Railroad Pre-emption Track Circuit Timing Block 
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 Ramp Pre-emption 

An expressway exit ramp may require a pre-emption movement to prevent the queue of 

exiting vehicles from backing up to the expressway mainline. A vehicle detector can be placed on 

the ramp to sense the presence of stopped vehicles and initiate the pre-emption movement which 

will hold in the ramp phase.  Ramp pre-emption will invariably disrupt the normal signal operation 

possibly creating an arterial back-up as well.  Any coordination with adjacent signals will also be 

interrupted.  The designer should try to anticipate any adverse effects pre-emption will create.  

Inclusion of ramp pre-emption in the signal design should be judicious and only used when 

alternative measures have failed to address the situation.  Other methods to prevent a back-up 

should be considered.  These include, but are not limited to switching to a higher maximum green 

setting for the ramp phase, reducing the overall signal cycle length, utilizing volume density 

controller features such as TBR and TTR, providing an additional travel lane, or allowing right-turn 

on red.  Ramp back-ups attributable to scheduled special events are generally handled more 

efficiently with police manual control rather than a ramp pre-emption system.  

 Ramp Pre-emption Design Guidelines 

 

1. The design should be on a case-by-case basis.  Each intersection may have unique 

characteristics that dictate the pre-emption settings.  A ramp on an upgrade will move 

vehicles slower than a ramp on a downgrade.  Adjacent intersections may also require pre-

emption to clear the vehicles leaving the intersection. 

 

2. The size and location of the detector area is critical for effective pre-emption.  The loop 

should be long enough (typically 8 to 10 feet) so that a gap between two stopped vehicles 

does not cause the pre-emption call to be missed.  The loop should be located far enough 

back to prevent unnecessary calls from vehicles that would normally clear during the phase 

green.  The loop should be located close enough to accommodate ramp queues which will 

continue to build after the pre-emption detector is actuated.  In determining the proper 

location for ramp detectors, the designer must consider the vehicle arrival rate on the off 

ramp and account for vehicles which will continue to accumulate at the back of the queue 

during the detector delay time, during the clearance interval for the signal phase being pre-

empted, and during the time it takes for the last vehicle in the queue to start moving after the 

onset of green for the pre-emption phase. 

 

3. A 10 to 12 second delay will typically prevent unnecessary false calls from slow moving 

vehicles or from a series of staggered vehicles on a two lane ramp.  The delay feature of the 

loop detector amplifier should be used rather than a pre-emption setting. 

 

4. When ramp pre-emption is used at locations which have EVPS, the designer must 

determine, in consultation with local officials, which pre-emption will have the higher 

priority. 

 

5. The hold green time should be sufficient to clear the queue and enough vehicles to prevent 

successive pre-emption calls.  If not set high enough, the pre-emption movement may 

prematurely terminate during a gap in the queue. 
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6. The ramp phase may also be designated as the exit phase.  When the pre-emption movement 

terminates, the local detectors will extend the green as needed and therefore a lower hold 

green time may be used. 

  

7. When the ramp signal is coordinated with other signals the designer must consider the 

effects of pre-emption on the system as well as the ramp.  Also, if the intersection double-

cycles, the ramp phase will have an excessive red time, creating another back-up, another 

pre-emption call, and another double cycle. 

 

The above guidelines are written specifically to address queues on a signalized expressway 

off-ramp however the concepts can also apply to other situations where limiting the maximum 

queue length at a signalized location is critical to safe operation. 
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 Pre-Emption Definitions 

Confirmation Light 

 In an EVPS, the confirmation light provides a visual feedback to the emergency vehicle 

operator confirming the traffic signal is in a pre-emption movement.  It is mounted in a 

conspicuous location such as high on a steel pole or on a mast arm assembly.  A 

confirmation light may be used in railroad pre-emption also.  At locations where pre-

emption is frequent and/or false calls occur it provides a visual confirmation to DOT 

maintenance personnel.  In this case it is mounted on top of the traffic control cabinet. 

 

Parent Phase 

 For the purposes of pre-emption, it is the phase the controller is in when a call for pre-

emption is received. 

Pre-emption Movement (Pre-Emption Run) 

 A pre-emption movement is a series of intervals that provide the desired pre-emption 

sequence. Normal operation such as phase timing, vehicle detection, and coordination is 

suspended until the movement criteria are satisfied.  A movement may consist of clearance 

intervals into and out of a pre-emption green.  It also may consist of more than one phase 

such as phases 1 & 6 in a quad or a track clearance phase prior the hold phase. 

Primary Response Route 

 The primary response route is the most common route taken by major fire apparatus from 

the fire station.  The primary response route and the major fire apparatus are designated by 

the town when the fire run map is submitted. 

Track Circuit (Approach Circuit) 

 The track circuit is a low voltage electrical system which senses the presence of an 

approaching train.  The tracks and the train are used to complete the circuit.  It is designed, 

owned and maintained by the railroad company.  The length of the track circuit depends on 

the track clearance time needed, the railroad device warning time and the speed of the train.  

Track Circuit Time 

 The total time needed to safely clear vehicles from the tracks and to activate and set the 

railroad warning devices (lights, bells, and gates) prior to the train entering the crossing.  

The track clearance time and railroad device warning time determines the length of the track 

circuit. 

Track Clearance Time 

 The time needed to safely clear vehicles from the tracks.  It is intersection specific and is  

             programmed in the pre-emption settings as track clearance green, track clearance yellow 

and track clearance red. 

Way Side Signal 

 Traffic signal head(s) located adjacent to the railroad right-of-way, facing the approaching 

train. Prior to the activation of pre-emption this signal is red.  When the traffic signal is pre-

empted and has completed the required track clearance and railroad warning times, the 

signal head facing the train will turn green authorizing the train to proceed over the crossing. 
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Pre-Emption Settings Definitions 

Priority (yes/no) 

 When set to yes, a pre-emption call will override all other pre-emption calls (regardless of 

priority number).  Railroad pre-emption is always yes.  All other pre-emption movements 

are set to no and priority is determined by its number.  

Detector Lock (yes/no) 

 If yes, a call that is dropped before the pre-emption movement begins will still be serviced.  

If no, a call that is dropped (for example, during a delay time or during a higher priority pre-

emption) will not be serviced.  To ensure the pre-emption sequence occurs when called, it is 

recommended to set Detector Lock to yes. 

Delay (seconds) 

 The time between when the pre-emption call is received and the start of the pre-emption 

movement.  Usually used with hardwire pre-emption where the emergency station is a 

distance from the signal.  Typically a "zero" setting is used with optical or siren pre-

emption. 

Alternate Minimum Green (seconds) 

 The time for a green interval which is timing when pre-emption begins.  For example, if the 

controller is 2 seconds into a green interval and the Alt. Min. Green is 5 seconds, then when 

pre-emption begins, the green will time down for 3 more seconds.  Typical values would be 

5 seconds for EVPS and 0 seconds for Railroad.  Note - The setting selected will apply to all 

phases being pre-empted. 

Alternate Yellow (seconds) 

 The interval time for yellow which is timing when pre-emption begins.  Parent can be 

selected to time down the yellow value in the parent phase or timing can be selected to have 

an alternate yellow time.  Under normal circumstances use Parent.  In situations with 

signals that have quad left-turn phasing, selecting Parent will provide the yellow interval 

associated with the left-turn phase of the quad (i.e. Phase 1 if timing with Phase 6).  The 

designer should ensure the yellow interval selected is adequate for all of the movements 

associated with the quad. 

Alternate Red (seconds) 

 The interval time for red which is timing when pre-emption begins.  Parent can be selected 

to time down the red value in the parent phase or timing can be selected to have an alternate 

red time.  Under normal circumstances use Parent.  In situations with signals that have quad 

left-turn phasing, selecting Parent will provide the red interval associated with the left-turn 

phase of the quad (i.e. Phase 1 if timing with Phase 6).  The designer should ensure the red 

interval selected is adequate for all of the movements associated with the quad. 

Alternate Pedestrian Clearance (seconds) 

 The interval time for PED CLR which is timing when pre-emption begins. 

¶ If there is no exclusive pedestrian phase, select NO.  This will result in a zero setting in 

most controllers. 
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¶ If there is an exclusive pedestrian phase, a concurrent pedestrian phase with walk/donôt 

walk indications or a case where the pedestrian clearance time is used to operate a Stop 

Ahead sign, select the actual pedestrian clearance time.   

¶ In special cases such as railroad pre-emption from an exclusive pedestrian movement a 

lower pedestrian clearance time may be selected.  

Track Clearance Green (seconds) 

 The time for which a green indication is maintained in the track clearance phase. 

 

Track Clearance Yellow (seconds) 

 The time for which a yellow indication is maintained in the track clearance phase. 

 

Track Clearance Red (seconds) 

 The time for which a red indication is maintained in the track clearance phase. 

 

Track Clearance Phase (1-8) 

 If needed in a railroad pre-emption movement, this phase will be serviced immediately prior 

to the hold phase. 

 

Hold Green (seconds) 

 The minimum guaranteed green time in the pre-emption phase.  The actual Hold Green time 

depends on the presence of the pre-emption call.  As commonly occurs in an optical EVPS 

or a railroad pre-emption movement, the phase remains on long after the programmed hold 

green time is over. 

 

Hold Yellow (seconds) 

 The time for which a yellow indication is maintained in the pre-emption phase. 

 

Hold Red (seconds) 

 The time for which a red indication is maintained in the pre-emption phase. 

 

Hold Phase (1-8) 

 This is the pre-emption phase(s).  

 

Exit Phase (1-8) 

 The phase(s) that will follow the pre-emption phase(s).  A phase number must be selected in 

all cases.  The selected exit phase will always follow the pre-emption phase regardless of 

vehicle/pedestrian calls. 

 

Exit Call (1-8 or NONE) 

 The phase(s) that will have a vehicle or pedestrian call when the pre-emption terminates.  

Vehicle phases in lock mode and pedestrian phases retain calls that are present before pre-

emption and received during pre-emption.  Vehicle phases in non-lock have presence 

detection and will be called if there is a demand. Since the controller will serve these calls 

when pre-emption is released, specifying exit calls is normally not necessary.  Only non-

actuated phases, such as internal clearances, should be selected.  
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10 TRAFFIC SIGNAL EQUIPMENT 
 

In designing a traffic control signal, it is important that the signal indications are clearly 

visible to intended motorists and pedestrians and that the support structures are located to minimize 

the impact on utilities.  The location of traffic signal appurtenances should not pose a fixed object 

hazard, create an intersection or driveway sight distance restriction, block visibility between 

pedestrians and approaching vehicles or be aesthetically offensive to an adjacent development.  

Placement of controller cabinets should be protected where possible.  

 Signal Head Location 

Signal head location has an effect on crash potential and operational efficiency.  Signal 

heads should be placed for optimum visibility during critical pedestrian/vehicular movements and 

be readily identifiable with the approach which they control.  Head placement should focus a 

driverôs attention to the front and the side rather than cause the driver to look up.  Studies have 

suggested that far side placement will accomplish this and therefore, far side signal faces are 

preferred.  Signal heads can be mounted on either span wire, mast arms or side mounted on 

pedestals/steel span poles.  Two signal faces should be visible to the driver of an approaching 

vehicle for the minimum sight distance as described in section 4D.06 of the MUTCD.  Auxiliary 

signs and signal heads must be considered when the visibility to the signal heads is unsatisfactory 

for pedestrians or vehicles. 

 Lateral Placement 

A minimum of two signal heads shall be provided for each approach.  The primary signal 

head should normally be located in line with, or to the right of, the far-side centerline of an 

undivided two-way road for each direction of travel.  Secondary signal heads may then be located 

according to the most feasible span arrangement.  When signal heads for multiple approaches are 

located on the same span, all signal heads shall be placed a minimum of 3-feet apart measured 

between attachment points.  However, signal heads for any one approach shall be mounted no less 

than 8 feet apart and should be no more than 20 feet apart, measured horizontally and perpendicular 

to the line of approaching traffic.  It is preferable to mount signal heads over the center line/lane 

lines rather than centered over the lane itself as this lessens the chances that the indications could be 

blocked by trucks.  An auxiliary indication may be located left of the centerline if the intersection 

geometry restricts visibility to the primary signal face. 

When a signal face controls a specific lane(s), its position should make it readily visible to 

drivers making that movement, such as with exclusive left-turn control.  Left-turn signal faces 

should be visible up to the point where the turn is executed.   
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 Longitudinal Placement 

At least one and preferably all of the signal faces required should be located within the range 

of 40 to 180 feet from the stop bar.  Where the width of the intersection requires that the nearest 

signal face be placed 150-180 feet from the stop bar, a supplemental near-side signal face may be 

located at or near the stop bar.  If  a signal head is 180 feet or more from the stop bar, then a 

supplemental signal face is required.  Refer to Section 4D.08 of the MUTCD for signal head 

placement. 

 Special Applications 

Signal heads may be mounted horizontally to provide greater visibility for a vehicle 

approaching from an underpass.  Horizontally mounted signal heads may be suspended lower than 

normal when the obstruction sets the minimum vertical clearance for the roadway.  If the signals are 

allowed to be less than 16 feet, they must be positioned so that no vehicles, other than those on the 

underpass approach, pass under them.  This may preclude a far-side signal placement. 

 Under some circumstances, where either vertical or horizontal sight line to the overhead 

signals is restricted, pedestal/pole mounted signal heads can provide added visibility.  These signal 

heads are usually provided in addition to the two overhead signal heads.  

At times, stop bars must be located further from an intersection than is customary.  

Whenever it is important that a vehicle should stop further from an intersection, the signal faces for 

that approach should be located so that motorists are kept at the proper stop position and not 

inclined to creep forward.  This may preclude a far-side signal placement. 

It may be necessary to control vehicles at a point in advance of an intersection due to 

geometric situations.  Examples would be an intersection preceded by a sharp break in grade, sharp 

horizontal curve, sight line obstruction located close to the roadway, or in advance of railroad tracks 

close to the intersection.  The signal heads located in advance of an intersection should stop all 

traffic with an internal clearance phase between that point and the intersection to clear any vehicles 

before the customary intersectional heads display yellow and red. 

A ñSignal Aheadò symbol warning sign shall be erected for all major street approaches to an 

intersection if approaching traffic does not have a continuous view of at least two signal faces, for at 

least the minimum sight distance as referred to in Chapter 4D of the MUTCD, in order to warn 

approaching traffic of the signal.  Flashing lights may be installed on these signs to emphasize the 

message.  Additionally, some of the previously noted applications may require the installation of 

flashing message signs.  See Chapter 14 (Flashing Message Signs) for further details. 

 Visual Shielding Devices 

In cases where intersection alignment results in a comparatively small angle between the 

orientation of signal lenses on intersecting approaches, each signal lens shall be shielded.  Tunnel 

visors and/or louvers can usually provide sufficient screening.  If louvers are required, the 

characteristics of both straight vane louvers and cut-off louvers should be considered.  The 

guidelines on Figure 10-1 may be used to determine screening types. 
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 Visors 

The standard visor that is attached to each signal section is the partial visor or cap visor, 

which is open on the bottom to allow visibility to a driver passing beneath or a pedestrian on the 

side of the road.  Unless otherwise specified, the signal indications shall have cap visors. Tunnel 

visors may be used to screen the signal indication from an adjacent approach.  Full circle visors are 

not used by the Department.  

 Louvers   

Louvers may be inserted in a tunnel visor to provide a narrow cone of visibility.  The most 

common type used by the Department is the 5 vane cut-off type.  The vanes are angled 7 degrees 

and limit the visibility more on one side than the other.  The designer must indicate which direction 

is cut-off, left or right.  For example: if the vehicles to the right of the approach should not see the 

indication, the louvers are described on the plan as cut-off right.  Louvers are not used on arrow 

indications. 

 Visibility Limiting Signals 

Visibility limiting signals, which are optically programmed indications, are also an 

acceptable method of screening.  These signals restrict visibility to the traffic in a specific lane 

and/or at a specified distance from the signal.  Unlike conventional louvers and visors, optically 

programmed signals do not reduce the light intensity of the display.  Optically directed signals 

provide an optical cut-off of the indication, both vertically and horizontally as needed.  Satisfactory 

operation of visibility limiting signals depends on correct alignment.  Therefore, the signal head 

should be mounted on a rigid support rather than a span wire.  With the use of an optically 

programmed signal, a sight triangle must be shown on the signal design plan to indicate the cone of 

visibility to the indication. 

 Backplates 

Backplates shall be attached to all vehicular signal head housings on all new spans.  The 

backplate is a flat black rectangular frame surrounding the signal head, which extends 5-inches 

beyond all sides of the signal head and shall have a 2-inch yellow retro-reflective strip (Type IV 

sheeting) along the perimeter of the face of the backplate.  Due to the use of backplates, signal head 

clusters are only allowed when the signal heads are angled at least 120 degrees apart. 
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 In cases where the intersection alignment results in a comparatively small angle between 

the orientation of signal lenses on intersecting approaches, each signal lens should, to the extent 

practical, be shielded by visors, louvers, or other means.  The following guidelines can be used 

as an aid in determining the type of visibility limiting device to be used. 

 

 
 

 

 
 

 

 
Note: 

At locations where the alignment of a roadway approach is generally tangent, the line of sight for 

the approaching vehicle can be considered parallel to the roadway centerline on the approach. 

 

 

Figure 10-1  Types of Visibility Limiting Devices 

Case III ï between 65° & 90° 

The use of shielding devices is not 

typically required. 

> 65° 

Ò  90° 

Case I - 35° or less 

Tunnel visors with louvers should 

be considered. 

Ò  35° 

Case II ï between 35° & 65° 

Tunnel visors should be considered. 

> 35° 

Ò  65° 
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 Signal Lens Size and Type 

All signal lenses, except for exclusive pedestrian indications, are circular.  For information 

on size of exclusive pedestrian indications refer to CTDOT Standard Sheet TR-1102_01.  There are 

two sizes for circular lenses, 8 inch and 12 inch.  Signal indications and pedestrian indications are 

typically illuminated by light emitting diode (LED) lamps. 

1. 12 inch lenses will normally be used. 

2. 8 inch lenses may be used under the following conditions: 

a. When pedestrian indications are provided for crossing on side street green, every effort 

should be made to pedestal or pole mount these indications for better visibility by the 

pedestrian. 

b. When signals are installed at two closely spaced intersections, it is desirable to provide 

simultaneous yellow indications followed by simultaneous red indications.  If that 

cannot be reasonably accomplished, the signal heads which are nearest the approaching 

driver should be clearly distinguishable from those that are farthest away.  Providing 12 

inch lenses on the nearest set of indications and 8 inch lenses on those farthest away may 

provide this contrast. 

 Signal Support Structures 

 Type 

Generally, at least two support structures are needed in order to locate the signal heads as 

previously described.  The most common types are a span pole or a mast arm assembly.  Utility 

poles can be used in combination with span poles to support signal heads.  A span pole is a pole to 

which span wire is attached for the purpose of supporting the signal heads.  A mast arm assembly is 

a cantilever structure that permits the overhead installation of the signal heads without overhead 

span wire and signal cables. Combination structures (either span pole or mast arm assembly) are 

used to support a luminaire as well as the signal heads.  The support must be strong enough to 

sustain the weight of the signals and cables and tall enough to provide a minimum signal housing 

clearance of 16 feet from the road surface.  The support is made of steel, in accordance with current 

AASHTO Standard Specifications.  The support is bolted to a reinforced cast-in-place concrete 

foundation.   

For temporary installations, a wood pole other than a utility pole can be used to support a 

span wire and cannot be used for a permanent installation.  If a wood pole is used, there must be 

sufficient right-of-way for an anchor and guy opposite the span. 

 Placement 

The major factors to consider when determining a support location are optimal signal head 

placement, safety for vehicles and pedestrians, clearance to utilities (overhead and underground) and 

aesthetics.  After installation, the support may be in place for 20 years or more before a re-design 

and therefore, the designer should carefully consider all factors. 
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The current far-side signal design practice suggests a support on each corner of the 

intersection which enables excellent lateral and longitudinal signal head and sign placement.  

A typical support cannot be designed as breakaway and is therefore considered a fixed 

object and should be located to minimize the possibility of being struck by an errant vehicle.  

Supports should be set, if possible, behind any existing protective device already at the intersection, 

such as guide rail and beyond the deflection limit of the device.  Where right-of-way will allow, the 

supports should be set outside the clear zone. Refer to the Departmentôs Highway Design Manual 

(reference 2) for recommended clear zone distances.   

Supports at the side of a street shall have a horizontal clearance of not less than 2 feet from 

the vertical face of a curb or the edge of the road where curb is not present.  Supports should not be 

located opposite the stem of a T-type intersection.  Also, supports should not be located in areas 

which are likely to contain a driveway if the property opposite the stem of the ñTò is developed.  

Supports and pedestals, should not obstruct a crosswalk or sidewalk.  A free path not less than 4 feet 

must be available for pedestrians in accordance with the requirements of the Public Right of Way 

Accessibility Guidelines.  In addition to not creating a fixed object for motorists and pedestrians, the 

designer should not create a sight line obstruction.  When supports are placed in line with other 

objects such as pedestals, controller cabinets and utility poles, it may obstruct intersection sight 

distances. 

There are usually utilities, both overhead and underground, that the designer must consider 

when locating a support.  There are certain clearances that must be met for safety reasons. The 

utility issues are discussed in depth in Chapter 15 (Electrical Considerations) of this manual.   

In keeping with context-sensitive design practice, the designer should consider the area 

where a proposed support and other large signal appurtenances will be installed.  Some of the more 

common areas to be avoided are the following locations:  

¶ in front of a business/municipal sign  

¶ in front of a business or residence entrance  

¶ in the front yard of a residence  

¶ in front of a historical building  

¶ in a landscaped area   

 Finish 

All steel supports are hot dipped galvanized to prevent corrosion.  When new, the finish has 

a silvery shine.  Over time, the finish oxidizes to a light gray.  When a support is placed in an 

architectural streetscape setting, the pole may be painted after galvanizing to match other structures. 

Ornamental hardware such as covers and caps are available and have been used by several 

municipalities in downtown areas.  If a municipality desires a colored support or ornamental 

hardware at an existing State owned intersection, the State will not participate in funding the cost of 

those appurtenances.  If a colored support or ornamental hardware is being installed at locations in 

projects, such as new installations, the cost is funded in the project.  In either case, the municipality 

must also enter into an agreement with the State to assume the maintenance responsibility for the 

paint and any ornamental hardware.  It should be noted that a painted or ornamental structure that 

has been damaged will be replaced by the Department with standard, in-stock equipment and not 

with one of the same type.   
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 Use of Utility Poles 

There are often utility poles on the corners of an intersection.  It is an acceptable practice to 

attach a span wire to a utility pole rather than installing another support.  When attaching to utility 

poles there are certain Public Utilities Regulatory Authority (PURA) regulations, National Electric 

Safety Code (NESC) clearances, and Occupational Safety and Health Administration (OSHA) 

regulations that must be followed.  There is additional information on this in the Utility 

Considerations section of Chapter 15 (Electrical Considerations) of this manual.  The utility pole 

must be anchored and guyed opposite the span and therefore, sufficient right-of-way must be 

available.  Any attachment to a utility pole must be discussed with and agreed to by the utility 

companies.  The location of utility poles is generally determined by the custodian.  The designer 

may request a more desirable location for a utility pole, however, this could be costly if that also 

requires the re-design and replacement of the nearby power distribution system and communication 

circuits. 

Design and Evaluation Requirements for Traffic Signal Structures 

The general term traffic signal structures is used to address both span poles and mast arms.  

The design of new (proposed) traffic signal structures and the evaluation of existing traffic signal 

structures shall meet the requirements in the Appendix.   

 Span Wire Design Guidelines 

It is required that the designer confer with municipal officials prior to designing an 

intersection to determine which type of support is desired.  Span wire is the preferred method of 

signal support.  There are several types of span designs.  In keeping with the current DOT practice 

of far-side signals, the following span designs are listed in descending order of the preferred 

methods to provide the best signal mounting positions: 

¶ Box Span 

¶ Triangle Span 

¶ V Span 

¶ Y Span 

¶ Straight Diagonal Span 

 

Support locations for a box span design are not as critical as a three pole span. The box span 

is intended for far-side signal placement. The signal assemblies are usually one-way which may be 

moved easily to account for a poor pole location.  When designing a box span, no more than two Y 

points should be used.  If two are used, they should be on diagonally opposite corners only. 

For straight diagonal spans at large intersections, a straight span length may exceed 180 feet 

which requires a high attachment point and possible replacement of adjacent utility poles.  The 

straight diagonal span does not generally allow far-side signal placement on all approaches, likely 

necessitating the provision of a pedestal or span pole mounted signal head on the far left corner for 

approaches that allow left-turn maneuvers.  Support locations for a V, triangle and Y span are not as 

critical as a straight diagonal span.  The center Y point may be located almost anywhere within the 

intersection.  When designing a Y-type span, the distance X must be at least 5% of the distance Z as 

shown in Figure 10-2. 
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Figure 10-2  Y-Type Span Signal Support 

  

Span pole lengths are typically between 26 feet and 34 feet in 2-foot increments.  Refer to 

the Departmentôs Master Bid Item List for standard span pole lengths to be used.  Determination of 

span pole lengths shall follow the procedure described in Chapter 15 (Electrical Considerations) of 

this manual. 

For ñin-houseò designs, the Traffic Project Engineer should send the traffic control signal 

plan(s) to Bridge Design for review.  Bridge Design will provide the signed guide sheets and special 

provisions for the span pole assembly(ies) for the project. 

X 

Z 
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The procedure for consultant engineers for proposed span poles is documented below: 

DESIGN PHASE: 

1. The Consultant Engineer shall review the guide sheets and special provisions for the span 

poles and foundations that are available on the Departmentôs website. 

2. For span poles at town owned signals, the Consultant Engineer revises the guide sheet 

details and special provisions as appropriate. 

3. The Consultant Engineer signs the guide sheets included in the plan set.  The title sheet or 

individual plans must be sealed by a Professional Engineer, licensed in the State of 

Connecticut. 

4. The Consultant Engineer submits the guide sheet details (plans) and special provisions 

for the span poles along with the signal plan as part of the design submissions to the 

Department for review.  For a project, if needed, Bridge Consultant Design will be asked 

to review the span pole documents.  Typically, the Bridge Office would only need to 

perform a review for some cases for item 2 above, however there may be other situations 

in which their review will be needed. 

5. The Department (Division of Traffic Engineering, District Permit Office, and Bridge 

Consultant Design if applicable) reviews and provides comments on the design 

submission(s). 

6. After the Department has no further comments on the signal plan and span pole 

documents, the project can proceed to the construction phase.  It is important that the 

above steps be completed during the design phase prior to construction to ensure that the 

Contractor has all of the necessary plans and special provisions prior to designing the 

span poles and foundations and preparing the working drawings. 

CONSTRUCTION PHASE: 

7. The Contractor submits the working drawings and design computations in accordance 

with the special provisions to the Consultant Engineer. 

8. The Consultant Engineer reviews the working drawings for conformance with the design 

criteria specified in the plans and special provisions.  For span poles at town owned 

signals on State roads, the Department (Bridge Consultant Design for projects) may need 

to be included in the review of the working drawings. 

9. The Consultant Engineer stamps the working drawings as review completed with 

comments as applicable. 

10. The Consultant Engineer provides copy(ies) of the stamped/reviewed working drawings 

to the Department. 

 

 Mast Arm Design Guidelines 

The use of a mast arm assembly rather than a span pole depends on one or more factors.  

The following conditions suggest consideration of a mast arm design: 

¶ Overhead conflicts with utilities 
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¶ Adjacent intersections are mast arm design. 

¶ Mast arms are requested by a municipality. 

¶ Lack of right-of-way prevents the anchoring of a utility pole or prevents the installation 

of a pole on one side of the street.  

 

It is required that the designer confer with municipal officials prior to designing an 

intersection to determine which type of support is desired.  Local opinions regarding the aesthetics 

of a mast arm design vary widely from municipality to municipality.  If a mast arm is chosen for the 

support structure, a design using fixed-mounted signals is preferred. Under certain circumstances, a 

free-swinging design may be necessary. 

A mast arm design eliminates most potential overhead conflicts with utilities.  Unless it is a 

combination structure, the height is low enough not to conflict with primary wires.  Because the arm 

is usually 18 to 20 feet over the road, the designer should be most concerned with communication 

cables which are at the same elevation.   

Each mast arm structure is assigned an identification number. It consists of the state 

intersection number with a letter suffix.  It is used to identify the structure for inspection and 

maintenance purposes. Mast arm information which lists the ID number, shaft height, and arm 

length is placed on the signal plan as shown in Figure 16-7. 

The designer must establish the arm length and arm attachment point.  The arm attachment 

point varies based on the difference in elevation between the foundation and the high point of the 

road under the arm.  The shaft height is a function of fabricatorôs design as noted on the Bridge 

Design guide sheets and should not be shown on the mast arm profile except where luminaire or 

camera extension brackets are proposed.  Round up to the nearest foot.   

 A profile and a plan view of each mast arm assembly must be developed.   The profile view 

should illustrate the structure, foundation, and signal heads in relation to the road.  The view shall be 

perpendicular to the arm and should also show any other traffic appurtenances (signs, luminaries, 

cameras, etc.) supported by the mast arm assembly as well as the dimensions from the centerline of 

the base of the shaft to each traffic appurtenance mounted to the shaft.  Include the width, height, 

and weight of any signs attached to the mast arm assembly.  Sheet aluminum sign weight, including 

mounting hardware, is based on 4 lbs./sq. ft.  The mast arm structure identification number should 

be shown on the profile.  An example profile view is shown in Figure 10-3.   

 The plan view is an overhead illustration of the mast arm assembly showing all traffic 

appurtenances attached to the arm and the distance from each to the centerline of the shaft.  The 

plan view should also include an edge of road reference.  An example plan view is shown in Figure 

10-4. 

 If there is enough space on the signal plan under the construction notes, the profile and plan 

view may be shown there.  If not, the profile and plan view should be shown on a separate plan 

sheet. 

 

 For ñin-houseò designs, the Traffic Project Engineer should send the traffic control signal 

plan(s) including the profile and plan view of each mast arm assembly to Bridge Design for review. 

Bridge Design will provide the signed guide sheets and special provisions for the mast arm 

assembly(ies) for the project. 



 

10-11 

The procedure for consultant engineers for proposed mast arm assemblies is documented below:  

 

DESIGN PHASE: 

1. The Consultant Engineer shall review the guide sheets and special provision for the mast 

arm assembly (MAA) that are available on the Departmentôs website. 

2. The Consultant Engineer revises the sample special provision to provide the consultantôs 

contact information for the working drawing submission. 

3. For mast arms at town owned signals, the Consultant Engineer revises the guide sheet 

details and special provisions as appropriate.  This includes revisions and supporting 

design calculations needed to account for longer mast arms, larger signs, internally 

illuminated signs, etc. 

4. The Consultant Engineer signs the guide sheets included in the plan set.  The title sheet or 

individual plans must be sealed by a Professional Engineer, licensed in the State of 

Connecticut.   

5. The Consultant Engineer submits the guide sheet details (plans), special provisions, and 

design calculations (if applicable) for the MAA along with the signal plan as part of the 

design submissions to the Department for review.  For a project, if needed, Bridge 

Consultant Design will be asked to review the MAA documents.   Typically, the Bridge 

office would only need to perform a review for some cases for item 3 above, however, 

there may be other situations in which their review will be needed. 

6. The Department (Division of Traffic Engineering, District Permit office, and Bridge 

Consultant Design if applicable) reviews and provides comments on the design 

submission(s). 

7. After the Department has no further comments on the signal plan and MAA documents, 

the project can proceed to the construction phase.  It is important that the above steps be 

completed during the design phase prior to construction to ensure that the Contractor has 

all of the necessary plans and special provisions prior to designing the MAA and 

preparing the working drawings. 

CONSTRUCTION PHASE: 

8. The Contractor submits the working drawings and design computations in accordance 

with the special provision to the Consultant Engineer. 

9. The Consultant Engineer reviews the working drawings for conformance with the design 

criteria specified in the plans and special provisions.  For mast arm assemblies at town 

owned signals on State roads, the Department (Bridge Consultant Design for project) 

may need to be included in the review of the working drawings.   

10. The Consultant Engineer stamps the working drawings as review completed with 

comments as applicable. 

11. The Consultant Engineer provides copy(ies) of the stamped/reviewed working drawings 

to the Department.   
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Figure 10-3 Mast Arm Assembly Profile View 

   

Example: Determine the attachment point and shaft height of a 40 foot mast arm.  The 

height (clearance) to bottom of signal housing at high point of road is 17 feet.  Note: A signal 

clearance of at least 16 feet over the road should be provided. 

¶ A fixed mounted signal design requires the arm to be positioned behind the center of the 

signal assembly. Therefore, the arm height should be 17 feet + half the height of the 

largest signal, which in the example equals 19 feet.  It should be noted that a free 

swinging signal design requires the arm to be 1 foot above the signal assembly.  

¶ Establish the vertical rise of the arm = Sine 3° x arm length = 0.052 x 40 feet = 2 feet. 

¶ Calculate the attachment point of the arm = Arm height ï vertical rise ± foundation 

height in relation to the road = 19 feet ï 2 feet ï 0.33 feet = 16.67 feet å 17 feet  

¶ The shaft height should be 1.5 feet higher than the calculated attachment point = 17 feet 

+ 1.5 feet å 18.5 feet 
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Figure 10-4 Mast Arm Assembly Plan View 
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11 PEDESTRIAN CONSIDERATIONS 
 

This chapter establishes guidance for providing pedestrian facilities at traffic control 

signals and the associated type of phasing.   

 

Pedestrian signals should be included in all signalized intersection projects where 

pedestrians are expected.  All pedestrian provisions incorporated into a signal design should 

strive to achieve the latest accessibility guidelines.  Refer to the Departmentôs latest 

Engineering Directive regarding Accessibility Guidelines for further direction.   

 

Pedestrian signal provisions and timings are to be in conformance with the Manual on 

Uniform Traffic Control Devices (MUTCD). 

 

Determination of Pedestrian Facilities 

 

Pedestrian provisions shall be considered at signalized intersections whenever: 

¶ designing a traffic signal installation, replacement, or revision under a project (State or 

Town) or encroachment permit. 

¶ other types of projects or encroachment permits are related to pedestrian movement, 

such as construction of sidewalk and sidewalk ramps through an existing signalized 

intersection, or proposed work impacts existing pedestrian features.   

¶ nearby developments are proposed. 

 

In general, pedestrian provisions are expected to be designed into the majority of 

signalized intersections, with some specific exceptions noted later in this chapter.    

 

Engineering judgment is used to determine the extent of pedestrian facilities at 

signalized intersections and includes, but is not limited to, a review of the following: 

¶ existing or proposed sidewalk network; 

¶ existing or proposed bus stops; 

¶ evidence of pedestrian activity, such as a worn path or field observations; 

¶ existing surroundings (businesses, residences, schools, parking lots, etc.); Do they 

provide a reasonable expectation for a pedestrian to desire to cross the roadway? 

¶ Local Traffic Authority input ï knowledge of the area where physical evidence may not 

be apparent; 

¶ anticipated pedestrian activity from a proposed development, such as an encroachment 

permit or a major traffic generator; 

¶ crash history; 

¶ Bicycle and Pedestrian Travel Needs Assessment Form, where applicable; 

¶ where a wide shoulder provides a reasonable in-roadway pedestrian refuge area and 

pedestrian activity is existing/anticipated. 

https://mutcd.fhwa.dot.gov/kno_11th_Edition.htm
https://mutcd.fhwa.dot.gov/kno_11th_Edition.htm
https://portal.ct.gov/DOT/PP_Policy/Documents/BikePed_Dashboard
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A review shall be documented, by the designer, for each signalized intersection on a 

Pedestrian Provisions Check List (under development) and provided to the Division of Traffic 

Engineering. 

 

There are a few exceptions where pedestrian facilities could potentially not be provided, 

which might include:   

¶ The crossing would be to a pedestrian restricted area, such as freeway ramps, and there is 

no other reasonable expectation for pedestrians to cross the roadway. 

¶ One of the termini at the crossing lacks a walking area or a reasonable in-roadway 

pedestrian refuge area, is considered undesirable for pedestrian presence (e.g., physically 

restricted by guide rail, steep embankment, retaining walls, bridge pier or abutments), and 

there is no other reasonable expectation for pedestrians to cross the roadway. 

¶ Through coordination with the Local Traffic Authority, it is determined there is no existing 

or anticipated pedestrian presence at the intersection. 
 

If pedestrian provisions are not provided for crossing the arterial roadway, ñNo 

Pedestrian Crossingò signs shall be installed.   

 

Pedestrian Signal Phasing 

 

Two types of phasing for pedestrian signals are: 

¶ Concurrent:  Pedestrians cross parallel to through vehicles during phases shared 

with vehicular traffic. 

¶ Exclusive:  All pedestrians cross simultaneously during a separate phase where all 

vehicular approaches have red indications. 

Each intersection is to be reviewed on a case-by-case basis (geometry, lane arrangements, 

volumes, etc.) to determine the most desirable combination of vehicular and pedestrian phasing.  

The least restrictive vehicular phasing practical to facilitate pedestrian crossings should typically 

be utilized in an effort to minimize delays to both motorists and pedestrians.  This is anticipated 

to be concurrent phasing in most cases.    

ñProtectedò concurrent phases should be used when there are opportunities to provide no 

conflicts between pedestrians and concurrent vehicular movements (e.g., concurrent pedestrian 

crossing an off-ramp has no conflict with adjacent through lane, partial roadway crossings where 

medians are present for pedestrian refuge, etc.) 

Concurrent pedestrian phasing is preferred for signals within a signal system, if 

concurrent phasing is appropriate based on the nature and type of pedestrian activity anticipated 

along the signal system corridor.   

A Leading Pedestrian Interval (LPI) should be used in conjunction with concurrent 

pedestrian phasing wherever possible.  However, LPI should typically not be used where 

protected/permitted left-turn phasing is provided for the parallel roadway.   
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 Exclusive pedestrian phasing should be considered under the following scenarios: 

¶ where sight distance is restricted between a turning motorist and a potential concurrent 

pedestrian (e.g., building, retaining wall, bushes/trees); 

¶ where the pedestrian crossing would be in conflict with turning maneuvers from double 

turn lanes during a typical concurrent phase (arterial double right-turns, double left-turns 

or double right-turns from a split side street phase, double right-turns from a side street, 

etc.); 

¶ with complex intersection geometry; 

¶ near schools, parks, recreational areas, senior housing, hospitals, etc. 

 

Accessible Pedestrian Signals (APS) shall be included with all pedestrian signals at State-

owned traffic control signals and is recommended for Town/City signals on State highways.   

 

 Technical aspects associated with the signal design of pedestrian facilities are available 

within the Technical Design of Pedestrian Signals document.   

 

A pedestrian hybrid beacon is a special type of traffic control device used to warn and 

control traffic at marked mid-block crosswalks and allows pedestrians to cross the roadway 

during an exclusive pedestrian phase.  See Chapter 4 (Phasing) for more information on the two 

types of pedestrian hybrid beacons and their typical operation.   

 

https://portal.ct.gov/-/media/DOT/Traffic-Design/Ped_Chapter_Technical_Info_final.pdf
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12 SIGNING AND PAVEMENT MARKINGS 
 

The extent of lane use signing and pavement marking should be kept to a minimum while 

being consistent with State Traffic Commission Regulations, the Manual on Uniform Traffic 

Control Devices (latest edition) and that required for safe and efficient operation at the specific 

location.  Unusual geometric conditions, signal phasing, specific signing needs and operations 

peculiar to a specific location may suggest other treatments. 

In general, movements that are obvious, consistent with basic motor vehicle law, and 

consistent with driver expectancy do not require redundant expression. 

It is desirable to place signs so that they have the greatest target value for the driver.  In 

areas with sheltered turn lanes, the "turn only" sign should be placed overhead.  It is also preferable 

to place "No Turn On Red" signs overhead.  Signs which are generally no larger than 24 in. x 24 in. 

(0.6 m x 0.6 m) can be span-mounted.  Exceptions to this are ñLEFT TURN SIGNALò  and 

ñRIGHT TURN SIGNALò  signs which can be 24ò x 30ò (0.6 m x 0.75 m). 

When post-mounted lane-use control signs are used, one should be placed in the vicinity of 

the stop bar and another should be placed sufficiently in advance of the intersection so that the 

driver may select the appropriate lane.  Supplemental, post-mounted, lane-use signs may be used 

with overhead lane-use signs. 

Pavement marking arrows may be used to supplement the lane-use control signing.  They 

are generally used for specific turn lanes.  When used, the first arrow, closest to the intersection, 

should be placed 40 feet (12 m) from the stop bar.  The specific turn arrow marking will suffice.  

The word "Only" is not used.  

For additional information on pavement marking details, refer to the Office of Engineeringôs 

Drawing "Special Details & Typical Pavement Markings for Two-way Highways" which is 

available on the DOTôs website. 

There are various reflective intensities for signs used at signalized intersections.  For specific 

information regarding legend, size and material type, refer to the DOTôs Catalog of Signs - latest 

edition, which is available from the Division of Traffic Engineering.   

See Chapter 21, Preliminary Design Requirements, Item # 10 for details on plan preparation 

when a signing and pavement marking plan is needed in addition to the signal plan. 
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13 MERRITT PARKWAY GUIDELINES 
 

Span poles will be selected to be as unobtrusive as possible.  Existing utility poles will be 

used for supports where feasible.  Galvanized steel poles will be the standard pole when utility poles 

are not available.  Depending on the setting, the poles shall be painted either charcoal gray or dark 

green when the normal galvanized finish is not aesthetically appropriate for the area.  Typically, 

charcoal gray is used. 

Signing and pavement marking will follow normal state practice. 
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14 FLASHING MESSAGE SIGNS 

There are locations where motorists traveling on the main (artery) roadway may encounter 

conditions that restrict the visibility to the signal faces, queued vehicles or both.  Field 

measurements can determine whether these visibility inadequacies exist.  If the sight restriction to 

either the signal heads or a queue of vehicles or both is caused by the vertical alignment of the road, 

a roadway profile may be necessary to assist the designer.   

Many countermeasures can be implemented to address these visibility concerns such as the 

installation of auxiliary signal heads, regrading, vegetative clearing, signal retiming, etc.  However, 

it may be determined that a flashing sign, integrated with the signal operation, is needed.  This 

chapter provides guidance on the design of such a sign if such a countermeasure is determined to be 

appropriate.  

 A flashing sign, integrated with the signal operation, may also be appropriate for the 

following situations. 

¶ Expressway terminus signals. 

¶ Remote signalized locations where motorists would not expect to come upon a traffic 

control signal.   

When these signs are provided at expressway terminus signals or remote signalized 

locations, the use of the methodology for "Inadequate Visibility to Signal Heads" which follows is 

suggested.   

 A static ñSignal Aheadò sign should also be provided in advance of all flashing sign 

installations.  In general, the signal indications and flashing sign should not be visible to motorists at 

the same time. 
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 Inadequate Visibility to a Queue of Stopped Vehicles 

Under this situation, a side mounted ñBe Prepared to Stopò sign with flashers, and a ñWhen 

Flashingò subplate is typically used.     

 Determining the Critical Queue 

The critical queue is the longest queue that could accumulate that does not have adequate 

stopping sight distance for approaching vehicles.  It should be noted that the maximum queue is not 

necessarily the critical queue.  It may be difficult initially to establish this value.  The potential for 

this condition to occur is first determined by a field visit to the intersection.  A more precise queue 

length estimation is later calculated through a capacity/queue analysis.  It is essential that turning 

movement counts are obtained for periods when peak queue build ups are likely so the effect of 

heavy left or right turning movements with or without turn lanes can be properly evaluated.  The 

effect of future traffic growth should also be considered. 

 Locating the sign 

Calculate the stopping sight distance to the critical queue to permit approaching vehicles 

traveling at the 85 th percentile speed to stop prior to reaching the queue. When locating the sign, 

include a distance reduction of 175 feet for sign visibility.  This results in the sign being placed, at a 

minimum, a distance of (SSD ï 175 feet) from the critical queue.  Further adjustments to the sign 

location may be necessary to ensure proper sign visibility.   

Stopping Sight Distance (SSD) = 
a

V
Vt

2

075.147.1 +  (Level alignment) 

Stopping Sight Distance (SSD) = 

)
2.32

(30

47.1
2

G
a

V
Vt

°

+  (On grade) 

 

where:  t = brake reaction time, 2.5 seconds 

V = 85 percentile speed, mph 

a = deceleration rate, 11.2 ft/sec2 

G = the percent of grade divided by 100 

 

Refer to Figure 14-1 for an example of locating the sign. 
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 Determining time when Flashing Operation Occurs 

The sign should be timed in such a manner as to flash during the period when road users 

passing the sign at the speed limit for the roadway might encounter a queue resulting from the 

display of a red signal upon arrival at the signalized location.  The sign should begin flashing at the 

onset of the artery yellow and remain on while the artery is red and through the portion of artery 

green time (Gc) needed to process the critical queue which accumulated on the approach.  This 

green time (Gc) can be calculated using the following formula:  

Gc = 3.7 + 2.1 (N) 

where N is the number of queued vehicles. 

For this application a ñdummyò phase which precedes the artery phase is necessary to 

accommodate the sign operation. The portion of artery green time (Gc) needed to process the queue 

which accumulated on the approach is entered in the ñdummyò phase as shown in the movement 

diagram in Figure 14-2.  Since the ñdummyò phase precedes the artery phase, appropriate yellow 

and red clearance intervals are placed in the artery phase.   

The use of a "dummy" phase is the preferred method to accommodate the sign operation 

however, there are certain phasing conditions that may prevent the use of a dummy phase to obtain 

"Gc". 

¶ Advance phase preceding the artery phase in the opposite direction of the sign. 

¶ Dual ring sequence 

The necessary time "Gc" may then be taken from the walk interval of the associated artery 

phase.  Under these conditions, the design should be reviewed by the Signal Lab to ensure the 

timing and sequence is correct and all pertinent technical notes are included. 

Signals with certain pre-emption sequences may cause the sign operation to time incorrectly. 

Therefore, any locations with pre-emption where a flashing sign is proposed or where a revision is 

proposed at a signal having flashing signs, the designer should have the design reviewed by the 

Signal Lab prior to approval.  Pre-emption sequences which could cause the sign operation to 

time incorrectly will not be allowed. 
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Figure 14-1 Locating the sign (Inadequate Visibility to a Queue)

Inadequate Visibility to Queue of Stopped Vehicles 

 Restriction is vertical crest; 6% downgrade 

 Posted Speed 40 mph     85% speed 50 mph 

 Critical Queue of 9 Vehicles 

Notes: 

¶ This example is presented for illustrative purposes only.  The calculations shown are applicable to this specific 

example.  Due to the complex nature of traffic flow characteristics, guidelines should be applied with engineering 

judgment to account for site specific field conditions. 

¶ A static ñSignal Aheadò sign should also be provided in advance of the flashing sign. 

¶ In general, the signal indications and flashing sign should not be visible to motorists at the same time. 
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Figure 14-2  Sequential Phasing with a ñDummyò Phase 

Gc 
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 Inadequate Visibility to Signal Heads 

Under this situation, a side mounted ñWhen Flashing Stop Aheadò sign with flashers or an 

overhead flashing ñStop Aheadò sign should be considered.  A side mounted sign is generally used 

however there are special situations such as multiple lane approaches to expressway termini where 

an overhead sign may be necessary. 

When motorists will have restricted visibility to both signal faces and queued vehicles (on 

the same approach), the ñWhen Flashing Stop Aheadò sign with flashers or an overhead flashing 

ñStop Aheadò sign should be considered.  The sign should be located based on the methodology that 

yields the greatest distance from the stop bar. 

 Locating the sign 

Calculate the stopping sight distance (SSD) needed for a vehicle traveling at the 85 th 

percentile speed to stop at the stop bar.  Place the sign, at a minimum, a distance of the calculated 

SSD from the stop bar. Further adjustments to the sign location may be necessary to ensure proper 

sign visibility. 

Stopping Sight Distance (SSD) = 
a

V
Vt

2

075.147.1 +  (Level alignment) 

Stopping Sight Distance (SSD) = 

)
2.32

(30

47.1
2

G
a

V
Vt

°

+  (On grade) 

where:  t = brake reaction time, 2.5 seconds 

V = 85 percentile speed, mph 

a = deceleration rate, 11.2 ft/sec2 

G = the percent of grade divided by 100 

 

Refer to Figure 14-3 for an example of locating the sign. 

 Determining time when Flashing Operation Occurs 

The sign should be timed in such a manner as to flash during the period when road users 

passing the sign at the speed limit for the roadway might encounter a red signal upon arrival at the 

signalized location.  The time is that which is needed for a vehicle traveling at the speed limit to go 

from a point 50 feet in advance of the sign (for motorist recognition) to the stop bar. Refer to Figure 

14-3 for example showing calculation of this time.  This calculated clearance time (Tc) is the 

amount of time prior to the display of the artery yellow indication that the sign should begin 

flashing.  The sign should stay flashing from this point until the artery green indications are 

displayed again.  

¶ For coordinated or full-actuated signals and signals with any type of quad phasing, a 

ñdummyò phase which follows the artery phase is necessary to accommodate the sign 
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operation. The calculated clearance time (Tc) is entered in the movement diagram as 

shown in Figure 14-4.  This time is spread out over a combination of the yellow and red 

clearance intervals of the artery phase and the green interval of the ñdummyò phase.  

The appropriate artery yellow and red clearance intervals are placed in the ñdummyò 

phase as well as the artery phase to provide for consistent clearances to a pre-emption 

movement. Because of driver expectancy, once the sign(s) begins to flash the controller 

must service an opposing phase.  The sign(s) should never begin to flash, and then turn 

off without the approach signals transferring to red.  

Figure 14-4 is an example of an intersection with a flashing sign in one direction which 

is Ø2.  The dummy phase must follow the artery if Ø1&5, Ø1&6 or Ø4 is next.  It may 

be skipped only if Ø2&5 is next.  Once in Ø3 and the sign is flashing, a temporary 

artificial call is placed in Ø1.  This ensures at least one opposing phase is serviced.  If 

the call in Ø4 is dropped during Ø3 due to right turn on red, Ø4 may be skipped 

however Ø1 will be serviced, even if there is no vehicle present.  If Ø4 is serviced, the 

temporary artificial call in Ø1 is dropped and Ø1 may be skipped if there is no real 

demand.  It should be noted that Ø1 should have presence detection and be in non-lock 

mode. 

Figure 14-5 is an example of an intersection with a flashing sign in both directions.  The 

dummy phase must always follow the artery.  Once in Ø3 a temporary artificial call is 

placed in Ø1&5.  If the side street calls are dropped due to right turn on red, the side 

street phases may be skipped, however Ø1&5 will be serviced, even if there are no 

vehicles present.  If any side street is serviced, the temporary artificial call in Ø1&5 is 

dropped and Ø1&5 may be skipped if there is no real demand. It should be noted that 

Ø1&5 should have presence detection and be in non-lock mode. 

¶ Signals, with an exclusive walk phase, regardless of the operation will require the use of 

a ñdummyò phase to ensure proper sign operation. 

¶ In the case of uncoordinated semi-actuated signals with simple sequential phasing and 

no exclusive walk phase, the designer may choose to enter the clearance time (Tc) in the 

ñDonôt Walkò interval of the artery phase rather than use a ñdummyò phase. This may 

allow the use of certain pre-emption sequences which could present timing problems to 

the sign operation if a ñdummy phaseò was used.  If this operation is being considered, 

the signal lab should be consulted for appropriate technical notes, etc.  The use of a 

"dummy" phase is the preferred method to accommodate the sign operation. 

When using a ñdummyò phase in an uncoordinated semi-actuated signal with simple 

sequential phasing and no exclusive walk phase, include technical notes to ensure the 

dummy phase always follows the artery phase. The appropriate artery yellow and red 

clearance intervals are placed in the ñdummyò phase as well as the artery phase to 

provide for consistent clearances to a pre-emption movement.  See movement diagram 

in Figure 14-6 for example of sequential phasing with a ñdummyò phase. 

Signals with certain pre-emption sequences may cause the sign operation to time incorrectly. 

Therefore, any locations with pre-emption where a flashing sign is proposed or where a revision is 

proposed at a signal having flashing signs, the designer should have the design reviewed by the 

Signal Lab prior to approval.  Pre-emption sequences which could cause the sign operation to 

time incorrectly will not be allowed. 
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The use of dilemma zone detection (as described in Chapter 7) is not effective in designs 

where ñWhen Flashing Stop Aheadò signs with flashers or overhead flashing ñStop Aheadò signs 

are used.  This is because of the ñfixed timeò dummy phase which follows the artery phase in a 

design of this type.   

To retain the traffic responsive nature of full-actuated signal operation, it is suggested that 

artery detection be included in the design.  A single loop per lane located approximately 3 seconds 

of travel time in advance of the stop bar is generally acceptable.  The vehicle extension timing will 

define the maximum ñgapò that can occur without exiting the actuated artery phase. The timing 

should be set as short as practical to avoid servicing stragglers but long enough to serve the demand 

that is present.  



 

14-9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14-3  Locating the sign (Inadequate Visibility to Signal Heads)

Notes: 

¶ This example is presented for illustrative purposes only.  The calculations shown are applicable to this specific 

example.  Due to the complex nature of traffic flow characteristics, guidelines should be applied with engineering 

judgment to account for site specific field conditions. 

¶ A static ñSignal Aheadò sign should also be provided in advance of the flashing sign. 

¶ In general, the signal indications and flashing sign should not be visible to motorists at the same time. 

Inadequate Visibility to Signal Heads 

 Restriction is vertical crest; 6% downgrade 

 Posted Speed 40 mph     85% speed 50 mph 
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Figure 14-4  Quad Phasing with Sign on one Artery Approach 

 

 

Tc 
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Figure 14-5  Quad Phasing with Signs on both Artery Approaches 

 

Tc 
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Figure 14-6  Sequential Phasing with a ñDummyò Phase 

Tc 
















































































































































































