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Background

Intersection safety is and has been a major program at the Federal Highway Administration 

crashes.



Figure 1.
FHWA’s Report on 
Signalized Intersection 
Safety in Europe.

 2Federal Highway Administration

highway safety.

established a national agenda for intersection safety.

Signalized Intersection Safety in Europe(2) as part of FHWA’s 

Study Goals and Objectives

or contained the following elements:

intersections.
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Figure 2. Areas Visited

Fort Lauderdale
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Study Scope

a willingness to participate and share

were in states that are participating with 

The cities of Detroit and Grand Rapids, Michigan, and the counties of Oakland, Kent p , g , ,



 4Federal Highway Administration

primary reason for selecting Michigan.

within the region.  
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Florida.
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and collaborators to this report.

Organization of Report

Chapter 2

intersections.

hardware.

     biographies.  

 contains a list of the agencies and their personnel who participated in the scanning     

Figure 3.  Scan Team (From left:  Gene 
Calvert, Loren Hill, Stan Polanis, Clayton 
Chen, Doug Harwood, Jen Weigle, and 
Warren Hughes). Not pictured: Debra 
Chappell.
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Table 1.  Factors and weights used by the Road Commission for Oakland County 
for project prioritization using Michigan Transportation Economic Development 
Funds (TEDF-Category C Funds) and Surface Transportation Program (STP) 
Funds.

Weights

Category Criteria TEDF –
C

STP 
Projects

I. Planning 

A. Importance
of Project in the

System

3 3
2. Consistency with SEMCOG 25 Yr.
Plan 1 1
3. Improvement in System Continuity 3 3
4. Improvement in Lane Consistency 2 2

2 2
6. Urban Boundary 2 2
7. Impact of R.O.W. Acquisition 3 3

Subtotal 16 16
B. Coordination

with Other
Modes

1. Coordination with Transit 2 2
2. Coordination with Non-Motorized 2 2

Subtotal 4 4

II Engineering 

A. Crash
Reduction

1. Decrease Crash Frequency 10 10
2. Decrease Crash Rate 10 10
3. Decrease Crash Severity 10 15

Subtotal 30 35

B. Improved
Physical
Roadway

Conditions

1. Improvement in Base 1 3
2. Improvement in Drainage 1 3
3. Improvement in Lane Width 2 2
4. Improvement in Pavement Surface 6 7
5. Improvement in Curb/Shoulder 2 4
6. Improvement in Roadside Obstacle     
Clearance 1 2

7. Improvement in Passing Sight
Distance 2 2

8. Improvement in Stopping Sight
Distance 0 2

Subtotal 15 25

C. Improved

Operations

1. Congestion Reduction Under Existing    12 7

2. Congestion Reduction Under Future 10 5

3 2
4. Improvement in Lane Balance 3 2
5. Improvement in Turning Movements 4 2
6. Improvement in Roadside Park 3 2

Subtotal 35 20

III. Funding 
Considerations

A. Local
Considerations 3 3

Subtotal 3 3

TOTAL POINTS 103 103

 8Federal Highway Administration
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MVM = Million Vehicle Miles
Source: TIA and SEMCOG

Table 2.  Changes in Oakland County’s Population, VMT, Crash Fatalities, and 
Crash Fatality Rate.
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form.
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(Courtesy of Charles Jones, Charlotte DOT)
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Figure 5.  Screen view of sketch with narrative for individual crash location reported 
captured in Charlotte’s crash records system. (Courtesy of Charles Jones, Charlotte
DOT)
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FIgure 6. Dallas County 
pedestrian deaths map. 
(Courtesy of NCTCOG)
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•   Fatal crashes.
•

•

•

•

FIgure 7. Illustrative example 
of spatial crash summary 
generated by SEMCOG.
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•

 as a 

FIgure 8. Charlotte’s safety improvement project selection and evaluation process. 
(Courtesy of Charlotte DOT)
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•
•
• Research
•
•
•
•
•
•

•

•

•

•

•
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•

•
Handbook

•

•

•
•

•

Michigan.
•

•  Intersection Safety for Non-Engineers.

similar project.
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.  In addition to being more energy 

sections in Michigan.

.  In preparation for 

and frame signal indications to draw
attention to them.

18Federal Highway Administration
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Figure 9. Signal head with LED 
sections.

backplates. (Photo courtesy of Kimberly Lariviere,
Michigan DOT).



.  A 

signal arrangement indicates that there are two 

Figure 11. “U-TURN YIELD” regulatory sign for 
Left turn signal head on an approach with dual 
Left turn lanes in south Florida.

Figure 12.  Dynamic regulatory sign at 
intersection in Michigan, with the “NO TURN 
ON RED” message displayed (when a left 
green arrow signal indication is displayed to 

Figure 13.  Dynamic regulatory sign at 
intersection in Michigan, with no message 
displayed (when a red left arrow is displayed 
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Figure 14.  Dynamic regulatory and information signs used in Portland at an intersection where 
a trolley line crosses.  

Figure 16.  Overhead illuminated case 
“LEFT” sign in Michigan.

Figure 15.  Crosshead illuminated case 
“STOP” sign in Michigan.

20Federal Highway Administration
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dramatic at night.

.

old style street name sign and the new one

controlled intersections. With respect to

Figure 17.  Activated, internally illuminated 
“PED XING” warning sign hung from a mast 
arm.

Figure 18.  Overhead, internally illuminated street 
name sign with 12” letters in Clearview font (Photo 
courtesy of Kimberly Lariviere, Michigan DOT).

Figure 19.  “OLD” and “NEW, improved” street 
name signs mounted on signal poles. (Photo 
courtesy of Kimberly Lariviere, Michigan DOT).
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Figure 21.  Signing treatment for two-way 
stop controlled intersection.  (Photo provided 
by Tim Haagsma, Kent County Roads 
Commission).

place stop signs on both the near left side and the near right side of the road at approaches where 

(((

•

intersections.  

Figure 20.  Signing treatment for all-way stop 
controlled intersection.  (Photo provided 
by Tim Haagsma, Kent County Roads 
Commission).
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intersection on the mainline.

the following:
• Wider edgelines and lane lines.
•

•

Figure 22. Intersection in Richardson with “cat” 
tracks, which are also called “puppy” tracks.

Figure 24.  Pavement message for 
pedestrians at crosswalk.

Figure 23. In-lane pavement marking 
message designating Michigan State Route 
10 (M-10) applied in advance of an exist ramp.

23

Innovative Intersection Safety Improvement Strategies and 
Management Practices: A Domestic Scan



th

(see next page)
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Figure 25a.  Angled view of device with lights 
not activated. (Photo courtesy of Gilbert 
Soles, Florida DOT District 4).

Figure 25b.  Angled view of device with lights 
activated. (Photo courtesy of Gilbert Soles, 
Florida DOT District 4). 

Figure 25c.  “Top-Down” view of device with 
lights activated.  (Although lights appear to be 
red in this picture, the actual color is yellow).

Figure 25d.  “Front-On” view of device without 
lights activated. (Photo courtesy of Gilbert 
Soles, Florida DOT District 4). 

Figure 25e.  “Front on” view of device with 
lights activated. (Photo courtesy of Gilbert 
Soles, Florida DOT District 4)
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Figure 28.  View of inside of the controller cabinet 
for Florida ramp. 

Figure 26.  View of the ramp of in-pavement 
lighting device.

Figure 27.  View of pole mounted controller 
cabinet for in-pavement speed reduction 
system mounted on an elevated ramp 
above.

26Federal Highway Administration
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Figure 29.  View of in-pavement lighting device and 
sealant showing sawcut for cable.

Figure 30.  Loops used for speed detection near 
“beginning” ramp upstream of sharp curve.

Figure 31. Two views of SR 84 off ramp before (left) and after (right) installation of LED modules. 
Note: Roadway conditions before and after LED modules installation. (Photo courtesy of Gilbert 
Soles, Florida DOT District 4).
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Figure 32. View of the system at night with the in-pavement lights “on.”(Note:  Photo 
courtesy of Gilbert Soles, Florida DOT District 4).

Figure 33. View of the system during daylight hours with the in-pavement lights 
“on.” (Photo courtesy of Gilbert Soles, Florida DOT District 4).

28Federal Highway Administration
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and Bicycle 

and bicyclists’ awareness in the intersection areas. 

(page 30)

Portland’s Blue Bike Lanes.

Figure 34.  Example of a blue bike lane 
in Portland.
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Figure 35.  A blue bike lane and dedicated 
right turn lane at an intersection in Portland.

Figure 36.  Example of a blue bike lane 
between a dedicated right turn lane and 
a shared use right-and-through lane in 
Portland.

Figure 37.  Raised textured crosswalk in 
Charlotte.

Figure 38.  Brick crosswalks in Charlotte.

30Federal Highway Administration
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Figure 39.  “YIELD TO BIKES” regulatory sign 
in Portland.

Figure 40.  A regulatory sign for the situation 
where a blue bike lane “straddles” a dedicated 
right turn only lane and a shared-use, right-
and-through lane.
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Warning signsg g

warning information
to bicyclists that were 

below.

Figure 41.  Pedestrian crossing 
warning sign and supplemental 
sign in Charlotte.

beacon that complements static 
warning sign and in-pavement 
crosswalk lights in Dallas.

Figure 43.  Symbolic bicyclist “tripping” warning sign in 
Portland.
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pedestrians from staples and splinters as they

Figure 44.  Audible pedestrian signal heads 
and speakers in Charlotte.

Figure 45.  Speaker on underside of a 
pedestrian head in Charlotte.

Figure 46.  Pedestrian push button device 
in Charlotte with supplemental information 
in Braille on sign.

33
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Figure 47.  Pedestrian push button device in 
Charlotte with supplemental information in 
Braille on sign. 

Figure 48.  Example of another pedestrian 
push button device with supplemental raised 
arrow device mounted above the push button.

Figure 49.  Pedestrian push 
button signs in both English and 
Spanish at an intersection in 
Charlotte.

Figure 50.  A close up of the pedestrian 
crossing sign that shows the information in 
Spanish.

signals is installation of pedestrian crossing signs in 

areas with large 

more detailed 

34Federal Highway Administration

Chapter 4



detection system was implemented as a 

technology is one deployed to detect pedestrians

while the pedestrians are in the roadway. 

pedestrian safety.

Figure 51.  Pedestrian detection system that 
employs motion detection technology in 
Detroit.

Figure 52.  Pedestrian detection system that 
detects pedestrians in crosswalk in Portland.

Figure 53.  Closer view of the pedestrian 
detection device deployed in Portland.
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was installed in the trail as presented in 

Figure 54.  Loop in trail crossing to detect 
bicyclists in Portland.

Figure 55.  Video cameras deployed to detect 
bicyclists in Portland.

       Figure 56.  
A closer view of the 
camera mounted on 
the luminaire arm. 
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Figure 57.  Signal heads and phasing for bicycle 
movement at intersection where video cameras 
are used in Portland.
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of the lag left on that approach. 

Figure 58. View from left-turn pocket where a Dallas (city in 
the background) phasing is in operation.
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scan report.

page 40

(page 40) is 

(page 40)

a steady red left arrow indication are displayed to the opposing approach.  After the phase has 
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approach.  One or two intermediate loops are installed on the approach and the gap time is set 

controlled by the detection.

Figure 59b.  Second set of signal indications 

Figure 59c.  Third set of signal indications 
when steady left green arrow is displayed. 

Figure 59d.  Fourth set of signal indications 
when steady left red arrow is displayed.

Figure 59a.  First set of signal indications 
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One treatment that 
has been implemented 

programmed times for 

pedestrian press the

pedestrian clearance 
phase is called into 

it can be considered 

Figure 60.  Intersection in Dallas’ Central Business District where 
longer walk and “FLASHING DON’T WALK” intervals can be put into 
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seconds) period.

and potentially promising.  By placing loops 

red clearance

red 
.

Figure 61.  Intersection approach in Portland 
where loops beyond the stop line are used to 
delay the onset of the yellow interval.
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         Figure 62. Speed prediction algorithm 
for Richardson experimental red clearance 
interval hold.  (Courtesy of the City of 
Richardson).
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Michigan Indirect Left Turns Junction

 (page 45)

type of intersection treatment has been in Michigan 

Signalized Intersections,

crashes.

Figure 63. Michigan Indirect Left Turn 
Junction. Source: AAA Michigan
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Intersection Bulb-out

Figure 65. Intersection bulb-out 
for a light rail/trolley transit stop in 
Portland.

(a) Major street movements (b) Minor street movements

Source:  FHWA’s Signalized Intersections: Information Guide, Report No. FHWA-HRT-04-091, August 
2004, Chapter 10, Alternative Intersection Treatments(6)

Figure 64. Vehicular movements at a Michigan Indirect Left Turn Junction.
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department was to note the telltale items that 

Figure 66.  An example of an intersection “bulb-
out” in West Palm Beach, Florida.

       Figure 67. Intersection bulb-
outs to reduce the street width 
opening in a residential area in 
West Palm Beach.

Figure 68.  Intersection bulb-outs 

area of West Palm Beach.
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a photograph of the same intersection showing 
how a school crossing warning sign is at the 

before and after speed data nor before and after 

be made on whether the treatment depicted in 

Figure 69.  Illustrative example of an ornamental 
intersection bulb-out and pavement design.

Figure 70.  Photograph of same intersection 

heads, the loop, the brick pavement, the 
transverse crosswalk markings and the school 
crossing sign.

Figure 71.  Island implemented in median 
of a two-lane road at an intersection that 
serves as a gateway to a corridor in West 
Palm Beach.
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Median Treatments

page 47

Figure 73.  Channelizing median device used 
in Charlotte.

Figure 72. Median treatment at intersections in 
West Palm Beach.
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intersection sight distance and 

By doing the same on the opposite 

Michigan “Loons”

In addition to the Michigan 

its name from the shape of 

median is too narrow for 

problem by widening the 

opposite direction so that the 

Figure 74. Illustrative example of one method to offset a 
left turn lane. 

Figure 75a.  A Michigan “Loon.” 

Figure 75b.  Aerial sketch of a Michigan Loon.
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Roundabouts

Status Report 

.

Mini-roundabouts

Figure 76.  Aerial view of roundabout 
constructed In Michigan.  (Photo courtesy of 
Wes Butch, DLZ Michigan, Inc.) 

Figure 77.  View of another roundabout 
constructed in Michigan.  (Photo courtesy of 
Wes Butch, DLZ Michigan, Inc.).

Figure 78.  Mini-roundabout in Michigan. 
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Figure 80.  Detailed view of channelizing 
island on approach to mini-roundabout.

Figure 81.  View of warning sign on approach 
to mini-roundabout.

Figure 79.  Approach to mini-
roundabout in Michigan.
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great detail in Signalized Intersections: Information

intersection treatments with potential application 

allowed from the side road onto the major road at the

Figure 82. View of raised intersection/speed 
table in West Palm Beach.

Figure 83.  Closer view of raised intersection/
speed table in West Palm Beach.

Figure 84.  At-grade intersection with jug-
handle ramps in two quadrants located in 
Bend, Oregon.
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to the need to enhance safety.

(page 54) presents the

Figure 85.  Intersection in West Palm Beach. Figure 86.  Illustration of alternative 
intersection.

Figure 87.  Photograph of Clematis Street in 
West Palm Beach, looking west.

Figure 88.  Photograph of Clematis Street in 
West Palm Beach looking east.
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Figure 89.  Plaza at east end of Clematis 
Street.

Figure 90. Intersection of Narcissus Street and 
Datura Street in West Palm Beach.

Figure 91.  Aerial 
view of intersection 
in Charlotte prior to 
implementation of 
geometric treatment.  
(Courtesy of Charlotte
DOT).

applicability based on safety concerns are limited. 

(page 56) 
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 Figure 93. Two photographs of pedestrian refuge at an intersection in Charlotte after 
improvement.  (Courtesy of Charlotte DOT).

Figure 92.  Photograph of Charlotte 
intersection after improvement.
(Courtesy of Charlotte DOT)
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pedestrian crossing at a somewhat complex intersection in Charlotte. 
(Courtesy of Charlotte DOT).
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Figure 97. Close up of larger concrete landing 
in one corner. (Courtesy of Charlotte DOT).

Figure 95.  
Depiction of 
completed 
intersection 
geometric 
treatment 
implemented 
in Charlotte.  
(Courtesy of
Charlotte DOT).

Figure 96. Close-up of crossing and median 
refuge island. (Courtesy of Charlotte DOT).
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CHAPTER 7.  ENFORCEMENT PRACTICES AND EDUCATIONAL
PROGRAMS

host agencies and noted by the

speed enforcement were 
topics that warrant brief 

Almost all of the agencies wer

Figure 98.  View of signal-controlled intersection equipped 
with “rat lights” in Richardson, Texas. 
(Courtesy of the City of Richardson).

Figure 99. Another 
detailed view of “rat 
light.” 
(Courtesy of the City 
of Richardson).

observe and
pursue from
downstream.

Enforcement
light visible
from all
directions.
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Figure 100.  View of advance sign for a red 
light running automated enforcement system 
in Portland.

Figure 101. View of camera for a red light 
running automated enforcement system.

Figure 102.  View of strobe light at the 
intersection for a red light running automated 
enforcement system in Portland.

      Figure 103 
View of 
inductive 
loops at stop 
line for a red 
light running 
automated 
enforcement 
system in 
Portland.
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the system has been implemented for ostensibly 
safety reasons or whether it was implemented 

program that employs mobile technology 

      Figure 104.  
View of advance 
sign for a red 
light running 
automated 
enforcement 
system in 
Charlotte.

Figure 105.  View of camera for a red light 
running automated enforcement system in 
Charlotte.
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deals with safety awareness 

.

implemented safety awareness 

toward intersection safety.  For 

large display and promotional 

that promote intersection safety 

(2) how best can that message be

engineers and highway safety
Figure 106.  SEMCOG’s program to reduce red light running.
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Figure 108.  Spanish version of 

(Source: Courtesy of NCTCOG).

Figure 107.  English version of 

(Source: Courtesy of NCTCOG).
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Intersection Safety Management

Intersection and Safety Data

empowered.
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Intersection Safety Research

these treatments.

Chapter 8
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Intersection Geometric Design
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that are similar to speed tables. At a few downtown intersections where some of these treatments 

Intersection Safety-Oriented Enforcement and Education

intersections.

Summary

Chapter 8
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