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Why is pedestrian safety important? 
Pedestrian fatalities in the US are increasing
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Pedestrian fatalities increased 
27% from 2007 to 2016, while all 
other traffic deaths decreased by 
14%

Pedestrians now account for a larger proportion of traffic 
fatalities (16%) than they have in the past 33 years

Pedestrian Fatalities in US



We are all Pedestrians …
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Many people do not drive …
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Pedestrian safety is integral to other modes …
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Pedestrian access is good for business !!!
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Enhanced Crossings @ Uncontrolled Locations

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

What is the STEP focus?

Roughly 16% of pedestrian fatalities 
occur at uncontrolled intersections
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Why did the pedestrian cross the road 
at an uncontrolled location?
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Pedestrians cross where it’s most convenient



Question / Discussion:

How far are you willing to go out of your way 
for an “improved” crossing?

Would you walk: 25’ 50’ 75’ 100’ 125’
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Nobody likes to wait …
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“In general, if it takes a person more 
than 3 minutes to walk to a crosswalk, 
wait to cross the street, and then 
resume his or her journey, he or she 
may decide to cross along a more 
direct, but unsafe or unprotected, 
route. While this behavior depends 
heavily on the speed and volume of 
motorists, it is imperative to 
understand crossing behaviors from a 
pedestrian’s perspective.”

NACTO Urban Street Design Guide



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 must walk out-of-direction
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Intersection: pedestrian faces other conflicts
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Mid-Block or Intersection?

~300 feet  from Signalized Intersection to Mid-block Crossing
SR 99 - Tukwila, Washington 
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New Library



Street View
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FDOT Design Manual - 222.2.3.2



Study of Marked vs. Unmarked Crosswalks at 
Uncontrolled Locations

https://www.fhwa.dot.gov/publications/research/safety/04100/
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On multilane roads with traffic 
volumes above 12,000 vehicles per 
day, having a marked crosswalk 
alone (without other substantial 
improvements) was associated with 
a higher pedestrian crash rate (after 
controlling for other site factors) 
compared to an unmarked 
crosswalk.



Multiple Threat Crash Problem

• Car A stops to let 
pedestrian cross, but 
blocks sight lines

• If Car B doesn’t stop, 
pedestrians may get 
hit at high speed
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Key concern: multiple-threat crash

1st vehicle stops 
and “masks” visibility 
for driver in 2nd lane
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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 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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FDOT Design Manual - 222.2.3.1
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Applicable 
Pedestrian 

Crash 
Countermeasure

Speed

Road 
Configuration

Traffic 
Volume

Context

Considerations



Speed Affects Crash Avoidance

High speeds equate to greater reaction and stopping distance
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Speed Matters

https://nacto.org/wp-content/uploads/2012/06/Tefft-B.C.-2011.pdf
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In Summary …
• Pedestrians are going to cross where they feel it is safe and 

convenient (which may not be at a signalized intersection)

• Perhaps we should challenge “conventional thinking” that signalized 
intersections are the “best” locations for pedestrians to cross

• If we are going to implement more mid-block or uncontrolled 
intersection pedestrian crossings, it is important to include appropriate 
“enhancements” based upon:

1. Speeds
2. Traffic Volumes
3. Number of Lanes Crossed
4. Context of the Crossing Location 



Pedestrian Safety 
Countermeasures for Uncontrolled 
Crossing Locations
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• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Islands
• Pedestrian Hybrid Beacon (PHB)
• Road Diets

Fabulous Five
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• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Islands
• Pedestrian Hybrid Beacon (PHB)
• Road Diets

Fabulous Five
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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
• Crosswalk Lighting

Crosswalk Visibility Enhancements
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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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Crosswalk Visibility Study

Photo and images from Crosswalk Visibility Study
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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
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FDOT Design Manual - 222.2.3.1 & 222.2.3.2

Use Special Emphasis crosswalk 
markings at signalized intersections on 
all marked legs and at roundabouts. 

Use standard crosswalk markings for 
stop or yield-controlled intersections.

Use Special Emphasis crosswalk 
markings at midblock crossings. 



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
39



Supplement textured crosswalks with white 
lines to increase visibility
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Brick crosswalks: prone to failure
Difficult for wheelchair users
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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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FDOT Design Manual
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Regular Flashing Beacon
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Rectangular Rapid Flashing Beacon

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

• Different flash sequence from previous Interim Approval
• Reprogram as part of a systematic upgrading process or when the units are serviced 

or when replaced

NEW FHWA Interim Approval (IA-21)
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https://mutcd.fhwa.dot.gov/res-interim_approvals.htm#valid09



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 FL47



Embedded LED’s in Signs

2009 MUTCD Section 2A.07 Retroreflectivity and Illumination
https://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A07
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Multiple Threat Crash Mitigation

Advance stop or yield line

• 1st car stops further 
back, opening up sight 
lines so 2nd car can be 
seen by pedestrian
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MUTCD Figure 3B-17
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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
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Placed in the roadway at the crosswalk location on 
the center line, on a lane line, or on a median island 
(not be post-mounted) 



52

Advance Pavement Marking



Crosswalk Visibility Enhancements
Curb Extensions
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Curb extensions

In addition to 
reducing the 
crossing distance, 

curb extensions provide:
 Better visibility between peds and motorists
 Traffic calming
 Room for street furniture
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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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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



In-Roadway Warning Lights – MUTCD 4N.02
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Lighting Over Crosswalks
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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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Crosswalk Visibility Enhancements
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Crosswalk Visibility Enhancements

65



• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Islands
• Pedestrian Hybrid Beacon (PHB)
• Road Diets

Fabulous Five
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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

68



Raised Crosswalk Considerations
• Drainage
• Evacuation route
• Curves or steep roadway grades
• Several raised crossings in succession may be 

disruptive 
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Raised Crosswalk - MUTCD

https://mutcd.fhwa.dot.gov/htm/2009/part3/fig3b_30_longdesc.htm
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Raised Crosswalks
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• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Islands
• Pedestrian Hybrid Beacon (PHB)
• Road Diets

Fabulous Five
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Pedestrian Refuge Islands
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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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• 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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Pedestrian Refuge Islands



• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Islands
• Pedestrian Hybrid Beacon (PHB)
• Road Diets

Fabulous Five
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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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• 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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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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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
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Education Campaign
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Pedestrian Hybrid Beacon
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Grade Separated Pedestrian Crossings

Source: https://safety.fhwa.dot.gov/ped_bike/ped_transit/ped_transguide/ch3.cfm

• Because they are expensive to construct, grade separated crossings (bridges 
and tunnels) are usually reserved for locations where there is a very high 
crossing demand or the hazards of an at-grade crossing are particularly high. 

• Ideally, overpasses and underpasses should take advantage of the topography 
of a site to achieve gradual grade separations that are more likely to be used if 
they avoid going up and down steep slopes and long ramps.

• Grade separated crossings should be located conveniently so that pedestrians 
are not forced to go out of their way to use them. When a long detour is 
necessary, pedestrians will often choose to cross at-grade regardless of the 
safety conditions on the street. 

• The overpass or underpass should provide adequate width (for users to pass 
each other comfortably), lighting, and surveillance to increase pedestrians' 
perceptions of security and comfort. 



• Crosswalk Visibility Enhancements
• Raised Crosswalks
• Pedestrian Refuge Islands
• Pedestrian Hybrid Beacon (PHB)
• Road Diets

Fabulous Five
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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
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Road Diet Informational Guide &
Road Diet Case Studies
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https://safety.fhwa.dot.gov/road_diets/case_studies/https://safety.fhwa.dot.gov/road_diets/g
uidance/info_guide/



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



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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New Guides and Materials being Developed

https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/step_tech_sheet.pdf
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FHWA Guide
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• 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



Countermeasure Selection Process
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Following the process 
suggested in the guide offers 
countermeasure options 
based on road conditions, 
crash causes, and pedestrian 
safety issues. 
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