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Intersection Safety

Part 2 – Signalized Intersections

Larry Hagen, PE, PTOE, RSP

Standard Disclaimer:

The following interviews and commentaries are for informational exchange only. The views and opinions expressed therein are those of the individual speakers and do not necessarily represent the views and opinions of the Florida LTAP Center, Hagen Consulting Services or any of their respective affiliates or employees. This 2 hour
webinar will not make you an expert in anything. It is impossible to cover all of the necessary topics related to this webinar topic within just a 2 hour time frame. The user assumes all responsibility for the use of any and all information contained within this webinar. The Florida LTAP Center and Hagen Consulting Services, LLC assume no
liability for the use of the information contained herein. The information depicted in this presentation may or may not be fictitious. Any similarity to actual persons, l iving or dead, or to actual events, locations, or firms is purely coincidental. Viewer discretion is advised.

Signalized Intersection Safety
What can we do to make our signalized intersections safer?
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NCHRP 500 Series
• Volume 12: A Guide for 
Reducing Collisions at 
Signalized Intersections
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Fatal Crashes by relationship to junction

Source: 2002 FARS
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2002 FARS Data: 
• 23 percent of all fatal crashes occurred at intersections,
• 6 percent of all fatal crashes occurred at signalized 
intersections,

• 29 percent of fatal crashes at intersections occurred at 
signalized intersections,

• 84 percent of fatal crashes at signalized intersections 
occurred in urban areas, and

• 59 percent of fatal crashes at signalized intersections 
involve angle collisions with other vehicles.
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Objectives of This Emphasis Area
• Reduce frequency and severity of intersection conflicts 

through traffic control and operational improvements
• Reduce frequency and severity of intersection conflicts 

through geometric improvements
• Improve sight distance at signalized intersections
• Improve driver awareness of intersections and signal 

control
• Improve driver compliance with traffic control devices
• Improve access management near signalized intersections
• Improve safety through other infrastructure treatments
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Questions?

Signalized Intersection Safety
Can we get some more details on these countermeasures?

Category A – Reduce Frequency and 
Severity of Intersection Conflicts through 
Traffic Control Improvements
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A1 – Employ Multiphase Signal Operation 

This strategy includes using protected left-turn phases and split phases.

• A two-phase signal is the simplest method for operating a traffic signal, 
but multiple phases may be employed to improve intersection safety. 

• Left turns are widely recognized as the highest-risk movements at 
signalized intersections. Protected left-turn phases significantly 
improve the safety for left-turn maneuvers by removing conflicts with 
the left turn.

• Split phases, which provide individual phases for opposing 
approaches may also increase the overall delay experienced at an 
intersection. However, this strategy may improve intersection safety.
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A2: Optimize Clearance Intervals

The clearance interval is the portion of a signal cycle between 
the end of a green phase and the beginning of the next green 
phase for a conflicting movement. Clearance times provide 
safe, orderly transitions in ROW assignment between 
conflicting streams of traffic. The clearance interval can include 
both yellow and all-red time between conflicting green phases.

18

A3: Restrict or Eliminate Turning Maneuvers

Safety at some signalized intersections can be enhanced by restricting 
or prohibiting turning maneuvers, particularly left turns. This strategy 
can be applied during certain periods of the day (such as peak traffic 
periods) or by prohibiting particular turning movements altogether. This 
strategy may be appropriate where a turning movement is considered to 
be “high risk” and other strategies (such as left-turn channelization or 
retiming of signals) are impractical or not possible to implement.
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A3: Restrict or Eliminate Turning Maneuvers (cont.)

Restrict or Eliminate Turning Maneuvers Using Channelization or 
Signing. Turn restrictions and prohibitions can be implemented by 
channelization or signing. Raised concrete channelization or flexible 
delineators can be used to physically prevent drivers from making 
restricted maneuvers. Turning prohibitions or restrictions implemented 
with signing alone will most likely require some periodic enforcement. 
The cost of enforcement should be considered when discussing 
methods for restricting or prohibiting turns.
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A3: Restrict or Eliminate Turning Maneuvers (cont.)

Prohibit Right Turns on Red. Prohibition of RTOR can help reduce 
crashes related to limited sight distance and pedestrians that involve 
right-turning vehicles. This strategy can also help reduce the frequency 
and severity of crashes between vehicles turning right on red and 
vehicles approaching from the left on the cross street or turning left from 
the opposing approach. Prohibition of RTOR may also be a safety-
effective strategy where weaving or other conflicts are evident 
downstream of the right turn. Prohibition of RTOR at specific 
intersections can be implemented during certain times of the day (such 
as when pedestrians are more likely to be present).

21

A4: Employ Signal Coordination

Signal coordination has long been recognized as having beneficial 
effects on the quality of traffic flow along a street or arterial. Good signal 
coordination can also generate measurable safety benefits, primarily in 
two ways:

• Coordinated signals produce platoons of vehicles that can proceed 
without stopping at multiple signalized intersections. Reducing the 
number and frequency of required stops and maintaining constant 
speeds for all vehicles reduces rear-end conflicts.

• Signal coordination can improve the operation of turning movements.
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A5: Employ Emergency Vehicle Preemption

Signal preemption allows emergency vehicles to disrupt a normal signal 
cycle in order to proceed through the intersection more quickly and 
under safer conditions. The preemption systems can extend the green 
on an emergency vehicle’s approach or replace the phases and timing 
for the whole cycle. The MUTCD discusses signal preemption, 
standards for the phases during preemption, and priorities for different 
vehicle types that might have preemption capabilities.
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A6: Improve Operation of Pedestrian and Bicycle Facilities

Traffic control improvements that can be made to an intersection to 
increase pedestrian safety include the following:

• Pedestrian signs, signals, and markings,

• Crossing guards for school children,

• Lights in crosswalks in school zones,

• Pedestrian-only phase or LPI during signal operation,

• Prohibition of RTOR,

• Technology to show a push button is working (i.e. LED confirmation)

24

A7: Remove Unwarranted Signal

Traffic signals can remedy many safety and operational problems at 
intersections. However, signals often can adversely affect intersections. 
It is possible that a signal may no longer be warranted due to changes 
in traffic conditions. Problems created by an unwarranted signal, such 
as excessive delay, increased rerouting of traffic to less-appropriate 
roads and intersections, higher crash rates, and disobedience of the 
traffic signal can be addressed by removing the signal if doing so would 
not create worse problems.
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A7: Remove Unwarranted Signal

Signalized intersections generally experience crashes of different types 
than unsignalized intersections but not necessarily a lower total crash 
rate. Converting the intersection to unsignalized may not improve the 
total crash rate, but it may improve crash severity for some crash types.

Studies should be performed when considering removing a signal, just 
as installation of a signal is studied. This study should identify the 
appropriate replacement traffic control devices and any sight distance 
restrictions that may not have been an issue while under signalized 
control.
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Traffic Signal Warrants

Most important statement in MUTCD regarding warrants:

The satisfaction of a traffic signal 
warrant or warrants shall not in 
itself require the installation of a
traffic control signal.
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Questions?
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Category B – Reduce Frequency and 
Severity of Intersection Conflicts through 
Geometric Improvements
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B1: Provide or Improve Left-Turn Channelization

This strategy includes the following:

• Providing left-turn lanes,

• Lengthening left-turn lanes,

• Providing positive offset for left-turn lanes,

30

Offset Left-Turn Lanes
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Offset Left-Turn Lanes
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B1: Provide or Improve Left-Turn Channelization

This strategy includes the following:

• Providing left-turn lanes,

• Lengthening left-turn lanes,

• Providing positive offset for left-turn lanes,

• Providing positive guidance with channelization, and

• Delineating turn path.
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Delineation of Turning Path
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B2: Provide or Improve Right-Turn Channelization

Many collisions at signalized intersections are related to right-turn 
maneuvers. A key strategy for minimizing such collisions is to provide 
exclusive right-turn lanes. It is also important to ensure that the right-
turn lanes are of sufficient length to allow vehicles to decelerate before 
turning, ideally without affecting the flow of through traffic. Right-turn 
lanes remove slow vehicles that are decelerating to turn right from the 
through-traffic stream, thus reducing the potential for rear-end collisions.
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B3: Improve Geometry of Ped and Bike Facilities

Geometric or physical improvements that can be made to an 
intersection to increase pedestrian safety include the provision of the 
following:

• Continuous sidewalks,

• Signed and marked crosswalks,

• Sidewalk set-backs,

• Median refuge areas,

• Physical barriers to restrict pedestrian crossing maneuvers at higher-
risk locations
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B3: Improve Geometry of Ped and Bike Facilities (cont.)

Possible improvement projects for bikes would include the following:

• Widening outside through lanes (or adding bike lanes),

• Providing median refuge areas,

• Providing independent crossing structures,

• Upgrading storm drain grates with bicycle-safe designs, and

• Implementing lighting.
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B4: Revise Geometry of Complex Intersections

This strategy includes a series of mostly higher-cost solutions:

• Converting a four-leg intersection to two T intersections,
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Convert a 4-legged Intersection to Two T Intersections
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Convert a 4-legged Intersection to Two T Intersections

Don’t do it this way!!!
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B4: Revise Geometry of Complex Intersections

This strategy includes a series of mostly higher-cost solutions:

• Converting a four-leg intersection to two T intersections,

• Converting two T intersections to one four-leg intersection,

• Improving intersection skew angle, and

• Improving deflection in the through-vehicle travel path.

•Closing an intersection leg
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B5: Construct Special Solutions

This strategy includes the following:

• Providing indirect left turn,

42

Indirect Left Turns
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Indirect Left Turns

44

B5: Construct Special Solutions

This strategy includes the following:

• Providing indirect left turn,

• Reconstructing intersections, converting signalized 
intersections to roundabouts,

• Convert two-way streets to a one-way pair, and

• Constructing interchanges.
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Questions?
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Category C - Improve Sight Distance at 
Signalized Intersections
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C1: Clear Sight Triangles

Sight distance improvements can often be achieved at relatively low 
cost by clearing sight triangles to restore sight distance obstructed by 
vegetation, roadside appurtenances, buildings, bus stations, or other 
natural or man-made objects.

The most difficult aspect of this strategy is the removal of sight 
restrictions located on private property. The legal authority of highway 
agencies to deal with such sight obstructions varies widely, and the time 
(and possibly the cost) to implement sight distance improvements by 
clearing obstructions may be longer if those obstructions are located on 
private property.

48

C2: Redesign Intersection Approaches

Signalized intersections with sight-distance-related safety problems that 
cannot be addressed with less expensive methods (such as clearing 
sight triangles, adjusting signal phasing, or prohibiting turning 
movements) may require horizontal or vertical (or both) realignment of 
approaches. Realigning both of the minor-road approaches so that they 
intersect the major road at a different location, or a different angle, can 
help address horizontal sight distance issues.
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Questions?

Category D - Improve Driver Awareness of 
Intersections and Signal Control

51

D1: Improve Visibility of Intersections on Approach(es)

This strategy includes the following:

• Improving signing and delineation,

• Installing larger signs,

• Providing intersection lighting,

• Installing rumble strips on approaches, and

• Installing queue detection system.
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Improving Signing and Delineation

53

D2: Improve Visibility of Signals and Signs at Intersections

Visibility of traffic signals and signs at intersections may be obstructed 
by physical objects (such as signs or other vehicles) or may be 
obscured by weather conditions, such as fog or bright sunlight. Also, 
drivers’ attention may be focused on other objects at the intersection, 
such as extraneous signs. Poor visibility of signs and signals may result 
in vehicles not being able to stop in time for a signal change or 
otherwise violating the intended message of a regulatory or directional 
sign.
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D2: Improve Visibility of Signals and Signs at Intersections

Methods for improving visibility of traffic signals and signs include the 
following:

• Install additional signal head (supplementary head),

• Provide visors to shade signal lenses from sunlight,

• Install backplates,

• Remove or relocate unnecessary signs, and

• Provide far-side left-turn signal.

52

53

54



8/3/2021

Intersection Safety - Part 2 19

55

Questions?

Category E - Improve Driver Compliance 
with Traffic Control Devices

57

E1: Provide Public Information and Education

Safety problems at signalized intersections cannot always be 
solved only with engineering countermeasures. Enforcement of 
traffic regulations or public information campaigns may be the 
best way to improve intersection safety.

Providing targeted public information and education on safety 
problems at intersections is a preventive measure that can help 
improve driver compliance with traffic control devices and 
traffic laws.
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E2: Provide Targeted Conventional Enforcement of Traffic Laws

Enforcement is a potential countermeasure to unsafe and illegal 
motorist behavior at intersections. Studies report the reduction of traffic 
law violations when enforcement is used. Traffic law enforcement 
agencies will often select locations for targeted enforcement when 
crash, citation, or other sources of information suggest that the site is 
unusually hazardous due to illegal driving practices, such as speeding 
or red-light running.
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E3: Implement Automated Enforcement of Red-Light Running

Automated enforcement refers to the use of photo radar and video 
camera systems connected to the signal control. Such systems record 
vehicles proceeding through the intersection after the signal displays 
red. Red-light-running cameras turn on after the signal turns red. A 
detector senses approaching vehicles and sends a signal to the 
camera, which photographs the vehicles as they enter the intersection. 
It is possible to set a grace period (generally one second) so that the 
cameras do not photograph people who were caught in the dilemma 
zone and enter the intersection just after the signal turns red.
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E4: Implement Automated Enforcement of Approach Speeds

Enforcement of traffic regulations is an important part of an overall 
intersection safety improvement strategy, but limited resources 
constrain the efforts police can devote to providing speed enforcement. 
Traffic law enforcement agencies will often select locations for targeted 
enforcement when crash, situation, or other sources of information 
suggest that the site is unusually hazardous due to illegal driving 
practices. Crash types that might indicate speeding as a concern 
include right-angle and rear-end collisions. Speed-enforcement 
cameras (also known as photo radar) are a potential method to use in 
these locations.
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E5: Control Speed on Approaches

Since speed contributes to crash severity, lowering speeds on 
approaches to intersections can help reduce the severity of crashes. 
Slowing vehicle speeds on intersection approaches can improve safety 
for motorists, pedestrians, and bicyclists. Various techniques for 
attempting to control speeds on approaches involve geometric design, 
signal control technology, and other traffic calming treatments.
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Questions?

Category F - Improve Access Management 
near Signalized Intersections
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F1: Restrict Access to Properties Using Driveway Closures or Turn Restrictions

Restricting access to commercial properties near intersections 
by closing driveways on major streets, moving them to cross 
streets, or restricting turns into and out of driveways will help 
reduce conflicts between through and turning traffic. Such 
conflicts can lead to rear-end and angle crashes related to 
vehicles turning into and out of driveways and speed changes 
near the intersection and the driveway(s).
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F2: Restrict Cross-Median Access near Intersections

When a median opening on a high-volume street is near a 
signalized intersection, it may be appropriate to restrict cross-
median access for adjacent driveways. For example, left and 
U-turns can be prohibited from the through traffic stream, and 
left turns from adjacent driveways can be eliminated. 
Restrictions can be implemented by signing, by redesign of 
driveway channelization, or by closing the median access point 
via raised channelization.

Category G - Improve Safety through Other
Infrastructure Treatments
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G1: Improve Drainage in Intersection and on Approaches

Drainage problems on approaches to and within intersections 
can contribute to crashes just as they can on roadway sections 
between intersections. However, within an intersection, the 
potential for vehicles on cross streets being involved in crashes 
contributes to the likelihood for severe crashes, specifically 
angle crashes.
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G2: Provide Skid Resistance in Intersection and on Approaches

The coefficient of friction is most influenced by vehicle speed, vehicle 
tire condition, and surface condition. Consideration should be given to 
improving the pavement condition to provide good skid resistance, 
especially during wet weather. This can be accomplished by:

• Providing adequate drainage,

• Grooving existing pavement, and

• Overlaying existing pavement.
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G3: Coordinate Closely Spaced Signals near at-Grade Railroad Crossings

At-grade railroad crossings on approaches to intersections 
have potential safety problems related to vehicle queues 
forming across the railroad tracks. The railroad and nearby 
traffic control signals should be coordinated to provide 
preemption of the traffic signals when trains are approaching 
the intersection.
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G4: Relocate Signal Hardware out of Clear Zone

Traffic signal hardware represents a potential roadside hazard similar to 
utility poles, trees, and other large fixed objects. Traffic signal supports 
and controller cabinets should be located as far from the edge of 
pavement as is possible, especially on high-speed facilities, as long as 
this does not adversely affect visibility of the signal indications. 
Consideration should be given to shielding the signal hardware if it 
cannot be relocated.

The signal hardware should not obstruct sight lines.
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G5: Restrict or Eliminate Parking on Intersection Approaches

Parking adjacent to turning and/or through lanes on 
intersection approaches may create a hazard. It can cause a 
frictional effect on the through traffic stream, can often block 
the sight triangle of stopped vehicles, and may occasionally 
cause the blocking of traffic lanes as vehicles move into and 
out of parking spaces. Restricting and/or eliminating parking on 
intersection approaches can reduce the workload imposed on 
the driver and limit additional collision opportunities.
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Questions?
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Signalized 
Intersection 

Safety 
Strategies
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Send follow-up questions to: 
FloridaLTAP@CUTR.USF.edu
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