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: Safe Transportation 
for Every Pedestrian



Speakers
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Peter Eun
• FHWA Resource Center Safety & Design TST
• Located: Olympia WA
• Transportation Safety Engineer
• peter.eun@dot.gov
• 360-328-3044



Participant Introductions 

• Name

• Agency and Position

• Why did you decide to attend this workshop?
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Agenda

Welcome & Introductions

Presentations

Field Visit / Group Exercise

Resources & Questions
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What is “Every Day Counts”(EDC)?
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State-based model to identify and rapidly 
deploy proven but underutilized innovations to:
shorten the project delivery process
enhance roadway safety
reduce congestion 
improve environmental sustainability

 EDC Rounds:  two year cycles
 Initiating 5th Round (2019-2020) 



Why is pedestrian safety and accessibility 
important? 
Too many people dying on our roadways
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Pedestrians now account for a larger proportion of traffic 
fatalities (16%) than they have in the past 33 years

Photo Credit: GHSA 
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Why?

Because we are all pedestrians
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Why?

Because many people do not drive
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Why?

Because other modes depend on walking
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Why?

Because it’s good for business – people walk into stores
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http://www.pedbikeinfo.org/data/factsheet_economic.cfm
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http://www.pedbikeinfo.org/data/factsheet_economic.cfm


Why?

Because walking is healthy exercise

Photo Credit: Dan Burden
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Do you agree?
 Pedestrians are legitimate users of the 

transportation system and should be included as 
design users for all roads where peds are legally 
permissible.

 Transportation agencies should consider 
pedestrian safety needs when designing roads.

 Transportation agencies should consider 
pedestrian convenience (such as delay, travel 
distance, etc.) when designing and operating 
intersections and pedestrian crossing locations so 
that pedestrians may travel to their intended 
destinations without unreasonable delay.
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So Therefore …
All roads should be designed with the premise 
that there will be pedestrians, that they must 
be able to cross the street, and that they must 
be able to do it safely. 
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For transportation 
professionals, the 
question then 
becomes, “How can 
this task best be 
accomplished?” 



Why STEP?

• Over 72% of pedestrian fatalities occur at non-
intersection locations

• Roughly 27% of pedestrian fatalities occur at 
intersections
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What is the STEP innovation?
Enhanced Crossings at Crossing Locations



How many grew up as Free Range Children?
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Are your kids Free Range? 

MiniCooped

19



20



Low Connectivity

Moderate Connectivity

High Connectivity Travel Lanes Required
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Pedestrians cross where it’s most convenient



How far are you willing to walk out of your 
way to a controlled crossing? 45 mph 4 lanes 
w/TWLTL
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A. 50 ft
B. 100 ft
C. 500 ft
D. 1300 ft

How far are you willing to walk out of your way to a 
controlled crossing? 45 mph 4 lanes w/TWLTL
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Learning from Frogger

http://www.frogger.net/As volunteers play 
try for top score, 
audience  
observe and write 
down what are 
some contributing 
factors for getting 
squished.  

http://www.frogger.net/


Midblock vs. Intersection

What is the relative risk of crossing midblock 
vs. crossing at an intersection?
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Midblock: Pedestrian faces 2 directions of traffic
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Intersection: pedestrian faces other conflicts
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Mid-Block or Intersection?

~300 ft from Signalized Intersection to Mid-block Crossing

Washington State SR99 29



Street View
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Crosswalk Laws
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State laws: 7/7/16 http://www.ncsl.org/research/transportation/pedestrian-crossing-50-state-summary.aspx

http://www.ncsl.org/research/transportation/pedestrian-crossing-50-state-summary.aspx


32

What is a crosswalk?
The 2000 Uniform Vehicle Code (Section 1-112) defines a crosswalk as: 

(a) “That part of a roadway at an intersection included within the connections of the lateral 
lines of the sidewalks on opposite sides of the highway measured from the curbs, or in the 
absence of curbs, from the edges of the traversable roadway; and in the absence of a sidewalk on 
one side of the roadway, the part of a roadway included within the extension of the lateral lines 
of the existing sidewalk at right angles to the centerline.

(b) Any portion of a roadway at an intersection or elsewhere distinctly indicated for pedestrian 
crossing by lines or other markings on the surface.”

In simpler words:
• At an intersection, a crosswalk is defined as the extension of the sidewalk (or the 

shoulder) across the intersection, regardless of whether it is marked or not. 
• In most places it is legal for pedestrians to cross the street at any intersection (whether 

marked or not), unless the pedestrian crossing is specifically prohibited.

• The only way a crosswalk can exist at a midblock location is if it is marked.
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Can you cross legally at A or B?

A B
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Who has the Right of Way at A, B, C crossing 
Main St?



Missouri Pedestrian Crossing Laws

35



Missouri Laws 300.375
Pedestrians’ right-of-way in crosswalks
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1. When traffic control signals are not in place 
or not in operation the driver of a vehicle shall 
yield the right-of-way, slowing down or 
stopping if need be to so yield, to a 
pedestrian crossing the roadway within a 
crosswalk when the pedestrian is upon the half 
of the roadway upon which the vehicle is 
traveling, or when the pedestrian is 
approaching so closely from the opposite half 
of the roadway as to be in danger.



Missouri Laws 300.375
Pedestrians’ right-of-way in crosswalks
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2. No pedestrian shall suddenly leave a curb 
or other place of safety and walk or run into 
the path of a vehicle which is so close that it is 
impossible for the driver to yield.
4. Whenever any vehicle is stopped at a 
marked crosswalk or at any unmarked 
crosswalk at an intersection to permit a 
pedestrian to cross the roadway, the driver of 
any other vehicle approaching from the rear 
shall not overtake and pass such stopped 
vehicle.



Missouri Laws 300.390
When pedestrian shall yield
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1. Every pedestrian crossing a roadway at any 
point other than within a marked crosswalk or 
within an unmarked crosswalk at an 
intersection shall yield the right-of-way to all 
vehicles upon the roadway.
2. Any pedestrian crossing a roadway at a 
point where a pedestrian tunnel or overhead 
pedestrian crossing has been provided shall 
yield the right-of-way to all vehicles upon the 
roadway.



Missouri Laws 300.395 – Prohibited crossing
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1. . Between adjacent intersections at which 
traffic control signals are in operation, 
pedestrians shall not cross at any place 
except in a crosswalk
2. No pedestrian shall cross a roadway other 
than in a crosswalk in any business district.
3. No pedestrian shall cross a roadway other 
than in a crosswalk upon any street 
designated by ordinance.



Illinois Sec. 11-1002.
Pedestrians' right-of-way at crosswalks.
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(a) When traffic control signals are not in place or not in 
operation the driver of a vehicle shall stop and yield the right-of-
way to a pedestrian crossing the roadway within a crosswalk 
when the pedestrian is upon the half of the roadway upon which 
the vehicle is traveling, or when the pedestrian is approaching so 
closely from the opposite half of the roadway as to be in 
danger.
(b) No pedestrian shall suddenly leave a curb or other place of 
safety and walk or run into the path of a moving vehicle which is 
so close as to constitute an immediate hazard.
(d) Whenever any vehicle is stopped at a marked crosswalk or at 
any unmarked crosswalk at an intersection to permit a 
pedestrian to cross the roadway, the driver of any other vehicle 
approaching from the rear shall not overtake and pass such 
stopped vehicle.
(e) Whenever stop signs or flashing red signals are in place at an 
intersection or at a plainly marked crosswalk between 
intersections, drivers shall yield right-of-way to pedestrians as set 
forth in Section 11-904 of this Chapter.



Sec. 11-1003.
Crossing at other than crosswalks.
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(a) Every pedestrian crossing a roadway at any point other than within a 
marked crosswalk or within an unmarked crosswalk at an intersection 
shall yield the right-of-way to all vehicles upon the roadway.
(b) Any pedestrian crossing a roadway at a point where a pedestrian 
tunnel or overhead pedestrian crossing has been provided shall yield 
the right-of-way to all vehicles upon the roadway.
(c) Between adjacent intersections at which traffic-control signals are in 
operation pedestrians shall not cross at any place except in a marked 
crosswalk.
(d) No pedestrian shall cross a roadway intersection diagonally unless 
authorized by official traffic-control devices; and, when authorized to 
cross diagonally, pedestrians shall cross only in accordance with the 
official traffic-control devices pertaining to such crossing movements.
(e) Pedestrians with disabilities may cross a roadway at any point other 
than within a marked crosswalk or within an unmarked crosswalk where 
the intersection is physically inaccessible to them but they shall yield the 
right-of-way to all vehicles upon the roadway.



Marked vs. Unmarked Crosswalks at 
Uncontrolled Locations
Marked vs. Unmarked Analysis
Speeds < or = to 40 mph

• Two-lane roads: No significant 
difference in crash rate

• Multilane roads (3 or more 
lanes)
o Under 12,000 ADT: no significant 

difference in crash rate
o Over 12,000 ADT w/ no median: 

crashes marked > crashes 
unmarked

o Over 15,000 ADT & w/ median: 
crashes marked > crashes 
unmarked https://www.fhwa.dot.gov/publications/res

earch/safety/04100/
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https://www.fhwa.dot.gov/publications/research/safety/04100/


One explanation of higher crash rate at 
marked crosswalks: multiple-threat crash

1st vehicle stops and “masks” visibility for driver in 2nd lane
Solution: advance stop bar (we’ll discuss later…)
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Multiple Threat Crash Problem

• 1st car stops to let 
pedestrian cross, 
blocking sight lines

• 2nd car doesn’t 
stop, hits 
pedestrian at high 
speed
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15 MPH

Speed Matters 

• Drivers’ field of 
vision to see 
pedestrians

• Drivers’ ability to 
react and avoid 
a crash

• Crash Severity
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Ability to React and Avoid

60 kph (37 mph)
vs. 
65 kph (40 mph)
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Australian PSA on Speed



Speed Affects Crash Avoidance

High speeds equate to greater reaction and stopping distance
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German Speed Management
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MUTCD Section 3B.18 Crosswalk Markings

New marked crosswalks alone, without other 
measures designed to reduce traffic speeds, 
shorten crossing distances, enhance driver 
awareness of the crossing, and/or provide active 
warning of pedestrian presence, should not be 
installed across uncontrolled roadways where the 
speed limit exceeds 40 mph and /or either:

• Has 4 or more lanes without 
a raised median or island and 
ADT of 12,000 or more, or

• 4 or more lanes with 
raised median island and 
ADT of 15,000 or more
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• Crosswalk markings provide guidance for pedestrians by 
defining and delineating paths on approaches to and 
within signalized intersections, and on approaches to other 
intersections where traffic stops.

• In conjunction with signs and other measures, crosswalk 
markings help to alert road users of a designated 
pedestrian crossing point across roadways at locations 
that are not controlled by traffic control signals or STOP or 
YIELD signs.

• At non-intersection locations, crosswalk markings legally 
establish the crosswalk.

How to determine where to mark a crosswalk?



MUTCD Guidance 3B.18 paragraph 8
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Crosswalk lines should not be used indiscriminately. An engineering 
study should be performed before a marked crosswalk is installed at 
a location away from a traffic control signal or an approach 
controlled by a STOP or YIELD sign. The engineering study should 
consider the number of lanes, the presence of a median, the distance 
from adjacent signalized intersections, the pedestrian volumes and 
delays, the average daily traffic (ADT), the posted or statutory speed 
limit or 85th-percentile speed, the                                                            
geometry of the location, the                                                   possible 
consolidation of multiple crossing                                                     
points, the availability of street lighting,                                                
and other appropriate factors.

https://mutcd.fhwa.dot.gov/htm/2009/part3/part3b.htm#section3B18

https://mutcd.fhwa.dot.gov/htm/2009/part3/part3b.htm#section3B18


How to determine where to mark a crosswalk? 

In this case, apartments across from bus stop & stores

It Starts with Origins and Destinations
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2005

https://safety.fhwa.dot.gov/ped_bike/step/docs/STEP_Guide_for_Impr
oving_Ped_Safety_at_Unsig_Loc_3-2018_07_17-508compliant.pdf

https://safety.fhwa.dot.gov/ped_bike/step/docs/STEP_Guide_for_Improving_Ped_Safety_at_Unsig_Loc_3-2018_07_17-508compliant.pdf


Guide for Improving 
Pedestrian Safety at 
Uncontrolled Crossing 
Locations 
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What STEP treatment(s) would you install?
35 mph speed limit
4 lanes w/TWLTL 
ADT: 14,500
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Pedestrian Safety 
Countermeasures for Uncontrolled 
Crossing Locations
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• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Island
• Rectangular Rapid Flashing Beacon (RRFB)
• Pedestrian Hybrid Beacon (PHB)
• Road Diets
• Leading Pedestrian Interval (LPI)

Spectacular Seven
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• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Island
• RRFB
• PHB
• Road Diets
• LPI

Spectacular Seven
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• Crosswalk Marking Style
• Pedestrian Warning Signs on Approach and at 

Crosswalk
• Size and Placement
• Enhanced Conspicuity (flashing beacons, 

embedded LEDs) 
• Advance Stop or Yield Lines with Signs (e.g., “Stop 

Here for Crosswalk”)
• In-Street Pedestrian Crossing Signs
• Curb Extensions
• Parking Restrictions on Crosswalk Approach
• In-roadway Warning Lights
• Lighting

Crosswalk Visibility Enhancements
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Crosswalk Visibility Enhancements
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Crosswalk Markings - MUTCD
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Crosswalk Visibility Enhancements
High Visibility Crosswalk

What Pedestrians See

What Drivers See
Photo Source all 4: Michael Ronkin
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Crosswalk Visibility Study

Objective: Investigate 
relative daytime and 
nighttime visibility of 3 
crosswalk patterns
• Transverse lines
• Continental
• Bar Pairs

https://www.fhwa.dot.gov/publications/rese
arch/safety/pedbike/10067/
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https://www.fhwa.dot.gov/publications/research/safety/pedbike/10067/


Crosswalk Visibility Study

Photo and images from Crosswalk Visibility Study
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Crosswalk Visibility Study Conclusions
• Detection distances Continental & Bar Pairs 

statistically different from Transverse
• Existing midblock locations: General observation 

Continental detected about twice the distance 
upstream as transverse during daytime conditions. 

• Increase in distance reflects 8 s of increased 
awareness of the presence of the crossing at 
a 30-mi/h operating speed.

• Participants preferred Continental & Bar Pairs over 
Transverse

• Participants gave Continental & Bar Pairs 
similar ratings during both the day and night

• Transverse ratings differed based on the light 
level
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Crosswalk Visibility Study



Textured crosswalks: How effective are they?

In theory, more visible.     
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Reality (after a period of time)
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What the pedestrian sees

What the driver sees
73



Brick crosswalks: prone to failure
Difficult for wheelchair users
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Supplement textured crosswalks with white 
lines to increase visibility
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National MUTCD Compliant? 

https://mutcd.fhwa.dot.gov/team.htm

https://mutcd.fhwa.dot.gov/resources/interpretations/index.htm
76

https://mutcd.fhwa.dot.gov/team.htm
https://mutcd.fhwa.dot.gov/resources/interpretations/index.htm


MUTCD – Official Ruling 3(09)-24(I) – Application of 
Colored Pavement Date:  August 15, 2013
• … subdued-colored aesthetic treatments between the legally 

marked transverse crosswalk lines are permissible provided that 
they are devoid of retroreflective properties and that they do 
not diminish the effectiveness of the legally required white 
transverse pavement markings used to establish the crosswalk. 

• Acceptable examples: brick lattice patterns, paving 
bricks, paving stones, setts, cobbles, or other resources 
designed to simulate such paving. 

• Acceptable colors: red, rust, brown, burgundy, clay, tan 
or similar earth tone equivalents. 

• All elements of pattern and color for these treatments are 
to be uniform, consistent, repetitive, and expected so as 
not to be a source of distraction. 

• No element of the aesthetic interior treatment is to be random 
or unsystematic.  

• No element of the aesthetic interior treatment can implement 
pictographs, symbols, multiple color arrangements, etc., or 
can otherwise attempt to communicate with any roadway 
user.
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Pedestrian Warning Signs – MUTCD 2C.50
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“… may be used to alert road users in advance of locations 
where unexpected entries into the roadway might occur or 
where shared use of the roadway by pedestrians, animals, or 
equestrians might occur.”



Embedded LED’s in Signs
• STOP Sign

• 28.9% reduction number of vehicles not fully 
stopping

• 52.9% reduction number of vehicles moving 
through intersection w/o significantly slowing

https://safety.fhwa.dot.gov/intersection/conventional/unsignalized/tech_sum/fhwasa09006/

2009 MUTCD Section 2A.07 Retroreflectivity and Illumination
https://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A07
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https://safety.fhwa.dot.gov/intersection/conventional/unsignalized/tech_sum/fhwasa09006/
https://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A07


LED Pedestrian Sign

80






Multiple Threat Crash Problem

• 1st car stops to let 
pedestrian cross, 
blocking sight lines

• 2nd car doesn’t 
stop, hits 
pedestrian at high 
speed
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Multiple Threat Crash Solution

Advance stop or 
yield line
• 1st car stops 

further back, 
opening up sight 
lines 

• 2nd car can be 
seen by 
pedestrian
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MUTCD Figure 3B-17

83



Signing to go along with markings 

(Use where local law says 
yield to pedestrians)

(Use where local law says 
stop for pedestrians)

MUTCD Sec. 2B.11 and Figure 2B-2
84
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• Advance yield line (shark’s teeth) & sign
• Consider double white lines for no passing

2009 MUTCD Section 3B.16 and Figure 3B-17 85
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Portland OR

Advance stop line and sign

2009 MUTCD Section 3B.16 86



In-street pedestrian crossing signs
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Tampa FL

R1-6aR1-6
MUTCD  signs

Yield or Stop depends 
on state law

2009 MUTCD Section 2B.12 and Figure 2B-2

87



In-Street Pedestrian Sign - MUTCD Standards

• Shall be placed in the roadway at the crosswalk 
location on the center line, on a lane line, or on a 
median island

• Shall not be post-mounted on the left-hand or 
right-hand side of the roadway

• Unless placed on a physical island, the sign support 
shall be designed to bend over and then bounce 
back to its normal vertical position when struck by 
a vehicle

• Top of sign placed in an island shall be a maximum 
of 4 feet above the island surface

https://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B12
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https://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2b.htm#section2B12


In Street Gateway Treatment

https://mdotcf.state.mi.us/public/tands/Details_W
eb/mdot_user_guide_gateway_treatment.pdf

https://conservancy.umn.edu/bitstream/handle/11
299/189957/CTS%2017-
05.pdf?sequence=1&isAllowed=y
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https://mdotcf.state.mi.us/public/tands/Details_Web/mdot_user_guide_gateway_treatment.pdf
https://conservancy.umn.edu/bitstream/handle/11299/189957/CTS%2017-05.pdf?sequence=1&isAllowed=y


Research Abstract key points
• Increase in the percentage of drivers yielding to 

pedestrians at midblock and multilane urban and 
suburban locations from 15% to 70% and that these 
increases endured without any decrement over the 
spring, summer and fall of 2016. 

• Speed data collected at each site showed 4 to 5 
mph reduction in mean when motorists traversed 
the crosswalk when pedestrians were absent. 
These speed changes persisted over time. 

• An additional study showed that placing the signs 
between 5, 10, 20, 30, and 50 ft in advance of the 
crosswalk were equally effective and they enticed 
drivers to yield further ahead of the crosswalk. 
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Research Abstract key points cont.
Signs mounted on a 
curb type mount with 
a flexible rubber 
attachment all 
survived while only 
58% of the flush 
mounted signs with a 
pivoting base survived. 

None of the signs 
mounted on top of the 
edge of a curb on a 
refuge island or median 
island, curb extension, or 
the curb on the edge of 
the roadway under FHWA 
permission to experiment 
were destroyed or 
damaged.
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Crosswalk Visibility Enhancements
Curb Extensions

93



Curb extensions
Most focus is on 
reduced crossing 
distance

Other advantages:
 Better visibility between peds and motorists
 Traffic calming
 Room for street furniture
Curb extensions should be the width of the parking 
lane and not encroach on bike lanes or travel lanes
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Better Visibility
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Curb extensions enable signs to be moved in
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Drainage solutions: Additional inlet 
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Drainage solutions: Same as before, plus plate 
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Before: road looks and feels wide
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After: curb extension integral to sidewalk
Street looks narrow even with no parked cars
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Curb extension integrated into sidewalk
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Bollards, planters, & 
other fixed objects 
may be placed at the 
back of curb to 
protect pedestrians 
and prevent vehicles 
from driving onto the 
sidewalk.

Fixed objects

Warren & Smith Streets, Brooklyn DOT
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Paint & delineator posts
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No Curb Extension? 
Limit Parking Near Crosswalk

On-street parking 
should be restricted 
at least 20 feet in 
advance of the 
crosswalk to allow for 
good visibility of 
pedestrians

Figure Source: City of Honolulu Complete Streets Manual



Curb radius –
small radii are 
safer for 
pedestrians
Large radii:
Increases crossing 
distance
Makes crosswalk 
& ram placement 
more difficult
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Effect of large radius on crosswalk:

… and makes it hard to figure out where to cross

Note right-turning vehicle 
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Calculate 
effective 
radius: Larger 
than built 
radius if travel 
lanes offset 
from curb with 
parking 
and/or bike 
lane

Minimize curb radius
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Effective Curb Radius



Minimize Curb Radius w/Truck Apron
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Crosswalk Visibility Enhancements
Crosswalk Lighting 

Photo source: Youtube screen capture SWARCO 

• CRF 42% to 59%  
• Lighting at 

intersections
• 4 star rating 
• Vehicle/ped

crashes 
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Informational Report on Lighting Design for 
Midblock Crosswalks

Vertical illuminance of 20 
Lx in the crosswalk, 
measured at a height 5 ft
from the road surface, 
provided adequate 
detection distances in 
most circumstances

https://www.fhwa.dot.gov/publications/resear
ch/safety/08053/

111

https://www.fhwa.dot.gov/publications/research/safety/08053/


Lighting Over Crosswalks

112

Fig 12. New design for midblock 
crosswalk lighting layout

Fig 11. Traditional midblock 
crosswalk lighting layout

Recommended lighting level: 20 lux at 5’ above pavement
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Lummi Nation Haxton Way Pedestrian 
Pathway Adaptive Solar Lighting WSDOT 

https://www.youtube.com/watch?v=ltR2oiQ3R9Q

113

https://www.youtube.com/watch?v=ltR2oiQ3R9Q


• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Island
• RRFB
• PHB
• Road Diets
• LPI

Spectacular Seven

11
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Raised Crosswalks 
May be appropriate for 
roads with:

• Two or three lanes 

• Speed limits of 30 mph 
or less

• AADT below 9,000 

Photo Source: SRTS Guide
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Raised Crosswalk

NCHRP 674 Crossing Solutions at Roundabouts and Channelized Turn Lanes for 
Pedestrians with Vision Disabilities
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Raised Crosswalks 
NCHRP Synthesis 498 (December 2016)

Key Measured Effects 
•Lower speeds
• Improved motorist 
yielding at some locations

•30% CRF for all crashes
•36% CRF for all fatal injury 
crashes

http://www.trb.org/Publications/Blurbs/175419.aspx
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http://www.trb.org/Publications/Blurbs/175419.aspx


Considerations
• May not be appropriate if street is a bus 

route or emergency route
• Emergency services consulted
• Snow plowing public works consulted

• ADA – Truncated domes for visually impaired
• Drainage
• May be inappropriate for crossings on curves 

or steep roadway grades
• Several raised crossings in succession may be 

disruptive 
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Raised Crosswalk

Traffic Calming ePrimer
• https://safety.fhwa.dot.gov/speedmgt/traffic_calm.cfm
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https://safety.fhwa.dot.gov/speedmgt/traffic_calm.cfm


Raised Crosswalk - MUTCD

https://mutcd.fhwa.dot.gov/htm/2009/part3/fig3b_30_longdesc.htm
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https://mutcd.fhwa.dot.gov/htm/2009/part3/fig3b_30_longdesc.htm


Raised Crosswalks

121



• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Island
• RRFB
• PHB
• Road Diets
• LPI

Spectacular Seven
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Pedestrian Refuge Islands



Pedestrian Refuge Islands
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• Minimum 6 feet wide
• 8 feet to accommodate bicycles, 

wheelchairs, scooters, and groups of 
pedestrians

• Length parallel to street 20 feet minimum

6-inch raised
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• No detectable 
warning strips in 
median

• Need 2ft gap 
between 
truncated domes

Medians less than 6 feet wide

Graphic:  San Francisco Better Streets Guide
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http://www.sfbetterstreets.org/wp-content/uploads/2012/04/median-designs-at-various-widths.jpg


Less than 6 feet median: no truncated domes
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• Pathway & waiting 
area should be at 
street grade

• 2 foot wide 
detectable warning 
strips on each end

• 2 foot wide clear 
zone (min.) in the 
center

Medians between 6 and 16 feet wide

Graphic: San Francisco Better Streets Guide
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http://www.sfbetterstreets.org/wp-content/uploads/2012/04/median-designs-at-various-widths.jpg


Angled cut through right or wrong?

129



• Landscaping can be 
a positive feature

• Must not block sight 
lines of pedestrians 
and motorists at the 
crossing area

• Use of ground 
covering, low shrubs, 
colorful native plants

Landscaping
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Hardscape treatments , patterned concrete 
or paver surface, may be used on splitter 
islands in lieu of landscaping

Landscaping
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Case Studies
Phoenix

132



Community 
Center

Phoenix, AZ – W. Van Buren Street. Before: 1/2-mile signal 
spacing; high-volume, high-speed; marked crosswalks at 
unsignalized intersections
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Before: No frills marked crosswalk at intersection
Phoenix, AZ
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Before: Challenging 6-lane crossing at Community 
Center

Phoenix, AZ
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After: Marked crosswalk moved to midblock location 
near Community Center; Raised median with 
stagger; advance stop lines

Phoenix, AZ

136



After: Raised median with stagger, Advance stop 
lines (not visible), Location near destination

Phoenix, AZ
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Raised median- Breaks complex crossing 
into two simpler crossings

138



WSDOT Low profile Barrier



http://www.wsdot.wa.gov/Design/Standards/PlanSheet/GD-3.htm

WSDOT standard drawings

http://www.wsdot.wa.gov/Design/Standards/PlanSheet/GD-3.htm


• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Island
• RRFB
• PHB
• Road Diets
• LPI

Spectacular Seven
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Rectangular Rapid Flashing Beacon 
New IA-21

• Must request and receive permission to use this new 
Interim Approval (1A-21) even if prior approval had 
been given for Interim Approval 1A-11

• A State may request Interim Approval for all 
jurisdictions in that State.
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Interim Approval – Allowable Uses

143

• Function as pedestrian-actuated conspicuity 
enhancement

• Shall only be used to supplement post-
mounted Pedestrian, School, Trail Crossing 
warning sign with diagonal downward arrow, 
plaque, or overhead-mounted warning sign 
located at or immediately adjacent to an 
uncontrolled marked crosswalk

• If deemed necessary by the engineer, in event 
of sight distance, additional RRFB may be 
installed in advance of crosswalk. Shall 
supplement not replace.



IA-21 3.a  For any approach two RRFB required, One on right-
hand and one on left-hand of roadway. If divided highway left-hand 
should be installed on median if practical rather than far left-hand.

St. Petersburg FL
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RRFB Video IA-21Flash Pattern
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IA-21Beacon Operation

6. e. Flash period shall be immediately 
initiated each and every time a pedestrian is 
detected through passive detection or 
pushbutton activated, including when 
pedestrians are detected while RRFB’s are 
already flashing and when pedestrians are 
detected immediately after the RRFB’s have 
ceased flashing.
6. f. Small pilot light may be                             
installed

146146



IA-21 Accessible Pedestrian Features

147

7. a. - If speech pushbutton information 
message is used locator tone shall be 
provided
7. b. - If speech pushbutton information 
message is used, the audible information 
device shall not use vibrotactile indications or 
percussive indications 
7. c. - Speech pushbutton message       
“Yellow lights are flashing”. Message       
should be spoken twice.



Rectangular Rapid Flash LED Beacon
• Studies indicate motorist yield 

rates increased from about 20% 
to 80%

• Higher yielding rates sustained 
even after two years of 
operation and no identifiable 
negative effects
• St. Petersburg FL research 

report 2008
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• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Island
• RRFB
• PHB
• Road Diets
• LPI

Spectacular Seven
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Pedestrian Hybrid Beacon



• Pedestrians want or need to cross the high 
speed multilane roadways

• Crossing location doesn’t meet signal 
warrants

• Crosswalk markings and signs just won’t do 
• if there are any at all

• Pedestrians complain or crash data shows a 
problem

When to consider a PHB
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Pedestrian Hybrid Beacon
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Pedestrian Hybrid Beacons (PHB)
1

Blank for
drivers

2

Flashing 
yellow

Steady yellow

3

4
Steady red

Wig-Wag
5

Return
to 1

CRF: Vehicle/Pedestrian 69%
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Research of PHB
• 20 PHB sites open-road study

• Driver yielding to pedestrians 
avg. 96% 

• Overall, 91% pedestrians 
pushed pushbutton to activate 
the PHB in the crosswalk

• A greater percentage of 
pedestrians activated the 
device when on 45 mph 
posted speed limit roads as 
compared to roads with 
posted speed limits of 40 mph 
or less

https://www.fhwa.dot.gov/publications/research/safety/16040/16040.pdf
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Excerpts from 2009 MUTCD Chapter 4F For 
Pedestrian Hybrid Beacons

The CROSSWALK STOP ON RED sign shall be used
There are Guidelines (similar to signal warrants) for 
Pedestrian Hybrid Beacons – variables include:
• Pedestrian volume
• Traffic speeds
• Traffic volumes
• Crosswalk length

MUTCD Sections 4F.1 and 4F.2

93
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Standard:
• If used, PHBs shall be 

used in conjunction 
with signs and 
pavement markings 
to warn and control 
traffic. 

• A PHB shall only be 
installed at a marked 
crosswalk.

MUTCD Section 4F.01 
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Standard:
A CROSSWALK STOP ON 
RED (symbolic circular 
red) (R10-23) sign shall be 
mounted adjacent to a 
PHB face on each major 
street approach.
Option:
• State MUTCD’s may allow 

other appropriate MUTCD 
approved ped, bike or 
school crossing signs

2009 MUTCD mandated sign
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Optional Signing
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Section 4F.02, paragraph 04 
Guidance:
• “When an engineering study finds that installation 

of a pedestrian hybrid beacon is justified, then 
the PHB should be installed at least 100 feet from 
side streets or driveways controlled by STOP or 
YIELD signs.”

“Guidance” not a “Standard”
NCUTCD voted to remove that Guidance.
Proposed Standard for next MUTCD: 

• “If a pedestrian hybrid beacon is installed at or 
immediately adjacent to an intersection with a 
side road, vehicular traffic on the side road shall 
be controlled by STOP signs.”

MUTCD – PHB & Intersections
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• “Guidance” not based on research from 
Tucson, AZ where PHB (HAWK) was 
developed 

• (HAWKs in TTI study were at local street 
intersections)

• 2009 MUTCD “Guidance” was not a part of 
the Preliminary Rulemaking

• Some State supplements have eliminated  
the “Guidance” statement (Arizona)

• Ultimate decision up to FHWA

MUTCD - PHB & Intersections
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If used at an intersection or driveway, the PHB 
crossing and signal equipment should only 
control one crossing

• ITE Traffic Control Devices Handbook

One or Two crossing(s) at intersections
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PHB Florida Success Story
FDOT D7 installed three PHBs along 
Hillsborough Ave in the Fall of 2015.
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Hillsborough Ave Preliminary Crash Data

PHB Installed 
Fall of 2015

Six year average 
20 crashes per 
year

163



Education Campaign

164



• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Island
• RRFB
• PHB
• Road Diets
• LPI

Spectacular Seven
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Road Diet / Roadway Reconfiguration

• Reduce crossing distance
• Eliminate /reduce “multiple threat” crash types
• Install crossing island to cross in 2 simple steps

166



Road Diet / Roadway Reconfiguration

• Reduce top end travel speeds
• Buffer sidewalk from travel lanes (parking or 

bike lane)
• Reclaim street space for “higher and better 

use” than moving peak hour traffic
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Road Diet CMF = 0.47 & 0.71 
CRF = 53% & 29%

Source: CMF Clearinghouse www.cmfclearinghouse.org

Implementing Road Diets in New Jersey video 
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Road Diet Informational Guide &
Road Diet Case Studies

169

https://safety.fhwa.dot.gov/road_diets/case_studies/https://safety.fhwa.dot.gov/road_diets/g
uidance/info_guide/

https://safety.fhwa.dot.gov/road_diets/case_studies/
https://safety.fhwa.dot.gov/road_diets/guidance/info_guide/


New Jersey Road Diet

https://www.youtube.com/watch?v=lm_zrAfRj20
170

https://www.youtube.com/watch?v=lm_zrAfRj20


General Guidelines for Traffic Volumes

In most 
instances 
traffic will likely 
not be 
negatively 
affected. 

Agencies should 
conduct intersection 
analysis to study 
potential traffic 
operational effects 
and consider signal 
retiming as needed.  

Agencies should 
conduct a corridor 
analysis since 
traffic operations 
may be affected at 
this volume 
depending on the 
“before” condition. 

LESS THAN
10,000 ADT

10,000 –
15,000 ADT

Great 
candidate 
for Road 
Diet 

15,000 –
20,000 ADT

Agencies should 
complete a feasibility 
study to determine 
whether this is a good 
location for a Road Diet. 
Operations may be 
affected at this volume. 

GREATER THAN
20,000 ADT

Very good 
candidate 
for Road 
Diet 

Good 
candidate 
for Road 
Diet 

Potential 
candidate 
for Road 
Diet 

There are examples across the country where Road Diets have been 
successful with ADTs as high as 26,000



Road Diets
Considerations
• Safety
• Operations

• Peak Hour
• Design

• Signalized Intersection 
Adjustments

• Resurfacing
• Context Sensitive 

Solutions/Complete 
Streets
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Some four-lane roads 
operate essentially like a 
three-lane road (defacto
one lane in each direction) 
and do not experience a 
reduction in capacity. 

When a corridor contains a large number of access points (driveways) the 
majority of through traffic will tend to utilize the outside lanes to avoid being 
delayed by left-turning vehicles slowing and stopping in the inside lanes. 



Intersections “Control” Capacity
Converting four through lanes to two through lanes may 
make it possible to install dedicated turn lanes at the 
intersection 



• Signal timing or phasing changes at 
intersections to optimize operations and 
safety benefits

• Roundabouts Single Lane
• ~ 20,000 ADT

Intersections
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LaJolla Blvd – Bird Rock Community 
(San Diego, CA)
Prior to 2003, La Jolla Boulevard was a four-lane 
boulevard moving 20,000 cars per day with average 
speeds of 38-42 mph. 
The roadway configuration and speed of traffic 
created a setting uninviting for pedestrians and 
unable to stimulate growth among local businesses.
In response to numerous community members 
demanding a safer walking environment, the City of 
San Diego, in partnership with the community, 
embarked upon a project to improve safety along 
the boulevard. 

Source: Arnold, M., Chui, G., and Lupo, D., P.E. “Roundabout Product Demonstration Showcase” 
Presentation on December 10, 2008, City of San Diego Engineering & Capital Projects Department



LaJolla Blvd – San Diego, CA



Narrower travel lanes, five roundabouts, landscaped medians 
and angled parking have slowed traffic speeds, improved 
pedestrian safety, and also revitalized the businesses!!! 

LaJolla Blvd – Bird Rock Community 
(San Diego, CA)



LaJolla Blvd – Photo Credit: Mark Doctor FHWA



Guide for Improving Pedestrian 
Safety at Uncontrolled Crossing 
Locations

180



FHWA Guide

181

• Provides guidance 
and suggested 
process for selecting 
countermeasures 

• Assists agencies in 
developing a policy to 
support the installation 
of countermeasures at 
uncontrolled crossing 
locations 

www.fhwa.dot.gov/innovation/everydaycounts/edc_4/guide_to_improve_uncontrolled_crossings.pdf

http://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/guide_to_improve_uncontrolled_crossings.pdf


Countermeasure Selection Process

182

Following the process 
suggested in the guide offers 
countermeasure options 
based on road conditions, 
crash causes, and pedestrian 
safety issues. 
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• Collect pedestrian crash and safety data

• Evaluate pedestrian accommodation 
policies

• Initiate a Pedestrian Safety Action Plan

• Review pedestrian and traffic safety plans

• Conduct a walkability audit



Planning for Crosswalks 
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Common Crosswalk Myths 
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MYTH: There is an MUTCD pedestrian volume warrant for 
marked crosswalks.
REALITY: There is no pedestrian volume requirement to mark a crosswalk in 
the MUTCD. 

MYTH: Research supports the removal of crosswalks. 
REALITY: Marked crosswalks should not be removed without a plan for 
improving safety. 

MYTH: Not marking a crosswalk is safer than marking a 
crosswalk. 
REALITY: Pedestrians can be expected to cross most types of roadways, with 
or without marked crosswalks. Research demonstrates that marked 
crosswalks alone along high-volume or high-speed roadways are generally 
not sufficient to improve pedestrian safety. 
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• Inventory pedestrian crossings and 
observed traffic behavior 

• Classify pedestrian crossings: controlled vs 
uncontrolled

• Inventory roadway characteristics 

• Screen the network for high-crash or high-
risk locations 



Field Guide

Sample Inventory 
Form

Worksheets for each 
countermeasure:
• Definition
• Roadway conditions 

checklist
• Safety issues checklist
• Installation guidelines and 

MUTCD references
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Crosswalk Inventory Form Ex. Seattle

6-
188

http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=1054591C88EF8267799D2D1037C55
6F1?doi=10.1.1.376.1348&rep=rep1&type=pdf

http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=1054591C88EF8267799D2D1037C556F1?doi=10.1.1.376.1348&rep=rep1&type=pdf


ActiveTrans Priority Tool Guidebook

189

• Step-by-Step methodology for 
prioritizing improvements to 
pedestrian & bicycle facilities

• Can prioritize separately or 
together as part of a "complete 
streets" evaluation 

• Flexible: assign goals & values 
that reflect those of the agency 
& community

• Transparent: Broken down into 
series of discrete steps that can 
be easily documented & 
communicated to the public.
http://www.pedbikeinfo.org/pdf/PlanDesign_Tools_APT_Guidebook.pdf
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ActiveTrans Priority Tool Guidebook

www.pedbikeinfo.org/apt

EXCEL
Spreadsheet

GIS

http://www.pedbikeinfo.org/apt
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• Diagram crash reports

• Identify crash factors 

• Lead an informal site visit

• Conduct an Road Safety Audit 
Image Source: City of Phoenix, Arizona



Implementation

• Crash Data
• High Crash Locations by

• Location
• Corridor

• Systematic Approach
• Area wide

• Systemic Approach
• Identifying roadway features

• Public Involvement

192



Systemic Approach

• A systemic approach to safety 
involves widely implemented 
improvements based on high-risk 
roadway features correlated with 
specific severe crash types

• Proactive
• Risk Based
• FHWA Safety Systemic Approach 

Training Webpage
• https://safety.fhwa.dot.gov/systemic/training.cfm
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https://safety.fhwa.dot.gov/systemic/training.cfm


Systemic Approach Common Risk Factors

• Number of Crashes/Injuries/Fatalities
• Posted Speed limit
• AADT
• Undivided 4-lane Segment Characteristics
• Proximity to Signal
• Proximity to Transit Stop
• Pedestrian Activated Beacon or Flasher
• Near Senior Citizens, Schools, Bars, etc…
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Virginia Systemic Analysis and Priority 
Corridors

195

181 Priority Corridors
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State Guidance Examples/Check MUTCD
• Virginia DOT Traffic Engineering Division 

• Guidelines for the installation of Marked 
Crosswalks

• http://www.virginiadot.org/business/resources/IIM/TE-384_Ped_Xing_Accommodations_Unsignalized_Locs.pdf

• Seattle Department of Transportation 
• Director’s Rule 04-01
• http://www.seattle.gov/transportation/docs/crosswalksDirectorsRule04-01FINAL.pdf

• City of Boulder
• Pedestrian Crossing Treatment Installation 

Guidelines
• https://www-static.bouldercolorado.gov/docs/pedestrian-crossing-treamtment-installation-guidelines-1-

201307011719.pdf

• Pennsylvania DOT 
• Midblock Crosswalk Engineering and 

Traffic Study form
• http://www.dot.state.pa.us/public/PubsForms/Forms/TE-113.pdf

19
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http://www.dot.state.pa.us/public/PubsForms/Forms/TE-113.pdf
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HSIP Non-Motorized Fatalities & Serious 
Injuries 

https://www.fhwa.dot.gov/tpm/reporting/state/safety.cfm?state=Oklahoma

https://www.fhwa.dot.gov/tpm/reporting/state/safety.cfm?state=Oklahoma


• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Island
• RRFB
• PHB
• Road Diets
• LPI

Spectacular Seven
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Leading Pedestrian Interval 

59% Reduction 
in Pedestrian Crashes

3+ Second 
Advance Start

202



Leading Pedestrian Interval (LPI) 

City of Charlotte, NC

203






LPI : WALK comes on at least 3 seconds prior to the green vehicular 
signal; pedestrians enter crosswalk before turning vehicles start 
moving into their path. 

MUTCD Sec. 4E.06, 
paragraphs 19-23
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Peds need 30 
seconds to cross

Where do the extra 3-5 seconds come 
from?

Vehicle queue 
needs less 
time to clear

Major Street

Minor Street
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Implementation Considerations

• Hardware 
Requirements

• Vision 
impairment

• Left Turn 
Phasing

• Mode of 
Operation • NEMA TS2 Type 1 or 2

• 2070 or 270

Controller Requirements

206



Vision Impairment and APS

• Without APS, 
pedestrians with 
vision impairments 
cross by listening to 
vehicle movement

• APS important when 
either LPI or 
exclusive ped
phase used
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LPI & Protected / Permitted Left Turn Phasing 1/2
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LPI & Protected / Permitted Left Turn Phasing 2/2



LPI & Four Section Flashing Yellow Arrow 1/2
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LPI & Four Section Flashing Yellow Arrow 2/2
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Mode of Operation

• Free Operations – Added to overall cycle 
(which fluctuates per demand)

• TOD or Coordination – must be accounted 
for since vehicular time on coordinated 
phase (Main St.) will be shortened 

212



Case study 
St. Petersburg, FL 

• Problem/Background
• High rate of collisions 

between left-turning 
motorists and pedestrians 
during WALK interval

• LPI - 3 intersections
• Pedestrian crossings 

averaged 60 per hour
• No public outreach / 

awareness to ensure 
unbiased results
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Case study 
St. Petersburg, FL 

• Installed 3-second LPI 
• Studies pedestrian                                             

behavior and conflicts                                                              
with turning vehicles

• Each street had four                                                
lanes & high traffic volume

• 30 mph posted speed 
• Data collected for:

• pedestrian/motor vehicle conflicts
• pedestrians beginning to cross during the 5-

second period at the start of the WALK interval
• pedestrians starting to cross during the remainder 

of the WALK interval
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Case study 
St. Petersburg, FL 

Results
Conflicts virtually eliminated for pedestrians 
departing during start of the WALK interval

• Before: average of 2-3 conflicts per 100 
pedestrians

• After: no observation period had more 
than 2 conflicts per 100 pedestrians & 34 
of the 41 periods had no conflicts

Smaller reduction in conflicts during the 
remainder of the WALK interval
Four months after installation, no reduction in 
effectiveness
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Questions
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Dreams of a Frogger

217






Group Field Exercise
Woodson Road

218
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Field Visit Instructions
• MOST IMPORTANT – Don’t get hit by a vehicle

• Break up into your groups

• Look for good pedestrian features

• Look for where crossings can be installed or 
improved

• Groups will report out when we return to class
220



Field Visit Instructions
Try to Observe:
• Driver yielding behavior
• Vehicle-pedestrian turning conflicts at 

crossing locations
• Vehicle operating speeds
• Lighting conditions at the crosswalk
• Visibility obstructions of the crosswalk due to 

roadway curvature or topography
• Obstructions such as on-street parking, 

vegetation and signage
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Resources

• EDC4 STEP Website
• https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/step.cfm

• EDC5 STEP Website
• https://www.fhwa.dot.gov/innovation/everydaycounts/edc_5/step2.cfm

• FHWA Pedestrian Safety Website
• https://safety.fhwa.dot.gov/ped_bike/

• PBIC Website
• www.pedbikeinfo.org

222
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Resources
PEDSAFE http://www.pedbikesafe.org/PEDSAFE/index.cfm
Links  in PEDSAFE to specific countermeasures 
• Marked Crosswalks and Enhancements

o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=4

• Lighting and Illumination
o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=8

• Crossing Islands 
o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=6

• Raised Pedestrian Crossings/ Raised Crosswalks 
o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=7

• Raised Medians 
o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=22

• RRFB 
o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=54

• Pedestrian Hybrid Beacon 
o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=53

• Road Diets (Lane Reduction)
o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=19

• Leading Pedestrian Interval (LPI)
o http://www.pedbikesafe.org/PEDSAFE/countermeasures_detail.cfm?CM_NUM=12

Costs of Treatments  http://www.pedbikeinfo.org/cms/downloads/Countermeasure%20Costs_Report_Nov2013.pdf
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NCHRP Synthesis 498 (December 2016)
Developed by 
1. Surveying State DOT’s, 

Local Transportation 
Agencies

2. Identifying & synthesizing 
effective practices and 
policies

3. Comprehensive literature 
review of safety evidence 
for more than 25 
pedestrian crossing 
treatments http://www.trb.org/Publications/Blurbs/

175419.aspx
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NCHRP 841 Development of CMF for 
Uncontrolled Pedestrian Crossing Treatments

http://www.trb.org/Main/Blurbs/175381.aspx
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STEP Guides and Tech Sheets

https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/step_tech_sheet.pdf
228
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Achieving Multimodal Networks

24 design topics: 2 Parts
1. 12 design topics on 

design flexibility
2. 12 topics on 

measures to reduce 
conflicts between 
modes

https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/multimodal_networks/

229

https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/multimodal_networks/


Design Flexibility

230



Small Town and Rural Multimodal Networks

FHWA-HEP-17-024
https://www.fhwa.dot.gov/environment/bicycle_p
edestrian/publications/small_towns/

• Resource and Idea 
book to support safe, 
accessible, 
comfortable, and 
active travel 

• Bridges design and 
practice

• Examples & project 
implementation
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EDC4 Other Initiatives of Interest

https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/connecti
ons.cfm https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4

/ddsa.cfm
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https://safety.fhwa.dot.gov/provencountermeas
ures/local_road/

https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/connections.cfm
https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/ddsa.cfm
https://safety.fhwa.dot.gov/provencountermeasures/local_road/


Traffic Calming ePrimer

https://safety.fhwa.dot.gov/speedmgt/traffic_calm.cfm
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LPI Additional Resources
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• FHWA 
• Proven Safety Countermeasures
• https://safety.fhwa.dot.gov/provencountermeasures/lead_ped_int/

• Safety Evaluation of Protected Left-Turn 
Phasing and Leading Pedestrian Intervals 
on Pedestrian Safety

• Publication No. FHWA-HRT-18-044
• October 2018
• https://www.fhwa.dot.gov/publications/research/safety/18044/1804

4.pdf

• NACTO Urban Street Design Guide
• https://nacto.org/publication/urban-street-design-

guide/intersection-design-elements/traffic-signals/leading-
pedestrian-interval/

https://safety.fhwa.dot.gov/provencountermeasures/lead_ped_int/
https://www.fhwa.dot.gov/publications/research/safety/18044/18044.pdf
https://nacto.org/publication/urban-street-design-guide/intersection-design-elements/traffic-signals/leading-pedestrian-interval/


Thank You 
Walk Safely and Cross Safer
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