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Purpose of this study is to address conditions and needs for alternative connectivity framework
within the City of Marianna. Focus is on non-motorized transportation systems, traffic calming
and roadway softening. The study is in two parts: the alternative mobility component and the
potential traffic calming/safety improvements. First, the alternative mobility component will
provide recommendation for improving existing sidewalk system, pedestrian safety
improvements, and core multi-use trail option. The second component will suggest potential
traffic calming/safety examples for the existing street system that can be used to address
improvements suggested by earlier studies.
While the provision of a separated and aesthetically pleasing pedestrian and bicycle mobility
system throughout the entire city is a wonderful goal, it is not a reasonable expectation in the
short term. Funding, right of way, time, and public life safety priorities will provide competitive
challenges for municipal resources far into the future. This study will attempt to provide a near
term (5-10 years) set of options for significant improvement to the municipal pedestrian/bicycle
mobility system. Suggested improvements will attempt to take advantage of the current
sidewalk system, public property, easements, street network and connecting neighborhood
Origins and key community destinations identified on the system overview map. The location of
dense residential areas is a key factor for both prioritizing improvements and identifying
potential primary pedestrian and bicycle routes. A population density map is also provided in
the map series found in Appendix A.

CONDITIONS:
The 2021 report Dangerous by Design, produced by National Complete Streets Coalition and
Smart Growth America, lists Florida as the most dangerous state for pedestrians. This report,
first published in 2010, now shows that 5,893 pedestrian fatalities have occurred between
2010-2019. Florida tops the nationwide list of metropolitan statistical areas with seven of the
top ten most dangerous cities for pedestrians. The 2018 report Pedestrian Traffic Fatalities by
State, produced by the Governors Highway Safety Association (GHSA), indicated five states
(California, Florida, Texas, Georgia, Arizona, New York, and North Carolina) accounted for 46%
of ALL PEDESTRIAN DEATHS for that period. Both reports can be found in Appendix B.
Passenger cars are the predominate vehicle involved impacts, however, a growing trend is SUV
impact. The data indicates pedestrian fatalities are largely occurring at night, with a 45%
increase compared to daytime at 11%. Contributing factors include modern streets with higher
speed limits, limited and unmarked crosswalks, limited pedestrian pathways/linkage, lack or
inadequate lighting and a transportation design focused on moving cars not people. Generally,
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the transportation system lacks pedestrian support facilities. Bicycle and pedestrian
transportation facilities are more often considered as “nice to have structures” rather than
required infrastructure. This infrastructure approach has a regressive impact on our citizens
with seniors, unemployed, mobility impaired and residents of low-income communities being
most affected. You add limited provision of transit and commercial transport to the lacking
infrastructure, and we see the resulting negative impact on pedestrians in every town, city and
even rural areas across the country.
Marianna is not immune to this trend. Data provided by the Marianna Police Department
indicates there were 20 incidents involving pedestrians or bicyclists between 2014 and
September of 2021. This is 2.8 incident annual average with some years seeing as many as 5
events. The injury of pedestrians and bicyclists is a growing trend.

Marianna Police Department
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FDOT GIS Map Data 2021, recorded crashes: red pedestrian incident, yellow bike incidents

The City of Marianna adopted a Bicycle and Pedestrian Master Plan in January of 2021. The Plan
indicates the city has 18 miles of existing sidewalk and proposes the development of 18 miles of
NEW sidewalk. The current sidewalk system is severely fractured, disconnected and does not
provide efficient or safe origin/destination connectivity. The city has five miles of Multi-Use
Path with an initial goal to add ten more new miles of path toward a long-term goal of 54 miles.
The current trail is not connected to the existing municipal sidewalk system and the city has
zero on-street bikeway miles. Sidewalks typically offer little separation from vehicle traffic
lanes, rarely employ supplemental safety systems at crossings and has few purpose-designed
transit stop/structures. The community lacks comprehensive transit integration plan and
connected sidewalk system.

Pedestrian/Bicycle System Connectivity
The study of the current alternative mobility system has identified numerous broken segments
and the lack of origin/destination connection. Sidewalk interconnection to the city’s multi-use
trail and FDOT Bike Friendly Roads map ( https://data.fdot.gov/road/BikePed/ ) needs
significant improvement. Appendix C provides potential project sheets for individual segments
of each of the three system components (existing sidewalk, proposed new sidewalk and
proposed multi-use trail). Identified in red on the system map are disconnected sidewalk
segments. Blue segments identify potential new construction to create connectivity of the
system between neighborhood origins and community key destinations. A neighborhood origin
is an area that generates pedestrian trips such as generally traditional neighborhoods, multifamily developments and heavy residential mixed-use areas. The destination are those magnet
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locations like neighborhood retail services, hospitals and schools. A typical sidewalk section
design is provided in Appendix D.
The green highlighted map segments and project sheets offer a potential phased multi-use trail
development route. These segments attempt to follow existing right of way, easement or
vacant space property to offer low-cost development opportunity. Trail segments suggest
additional alternative routes in yellow.

Safety Improvement Options
There are several safety enhancements that can be considered for use in improving pedestrian
and bicycle safety. Florida Department of Transportation and the City of Marianna have
adopted a “Complete Streets Policy” that endorses “an integrated transportation network that
permits safe and convenient travel along and across all streets for all users.” This policy
guidance encourages the use of traffic calming, improved pedestrian routing, increased use of
visual and technological warning, transit integration, and a wholistic approach to transportation
that does not relegate non-motorized movement to a side note. Furthermore, Federal Highway
Manual on Uniform Traffic Control Devices (MUTCD) states the “Crosswalks should be marked
at all intersections where there is substantial conflict between vehiclular and pedestrian
movements.” These principles and new design components should be considered in any
street/roadway or non-motorized system improvement project.
One safety feature often absent in the current
alternative system is crosswalks and crosswalk
lighting. Crosswalk identification is a key
component to safe street crossing and traffic
control. Many communities are
experimenting with various lighting
improvements and high visibility reflective
paint schemes. The application of Illuminated
Pavement Marking (IPM) systems is seeing
increased use and reaping good safety
benefits. Use of In-Roadway Warning Light
Systems (IRWL) indicates strong potential for increased safety. The “IPM systems show
potential for: (1) enhancing warning through school and construction zones, at highway-rail
crossings, at horizontal curves, and during adverse weather; (2) enhancing guidance through
multiple-turn lanes, at merge locations, and through tunnels; (3) enhancing regulation at
intersection stop bars and where left turns are prohibited; and (4) enhancing illumination at
vehicle and truck inspection points and environmentally sensitive areas.” Historically these
systems were used at airport runways/taxiways or pedestrian crosswalks. Recently use of these
systems at RR crossings, horizontal curves, adverse weather tunnels, merge sites, intersection
stop bars, left turn lanes, and environmentally sensitive areas is becoming more frequent. This
broader use of IPM systems has resulted in reduction of vehicle speeds, improved lane-tracking,
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increased road user awareness, and high public acceptance. Application of this tool on
Marianna’s collector street crossing is a recommended approach to supporting safe pedestrian
and bicycle movement traffic. An example of this type of system design and list of FDOT District
3 approved product vendors is provided in Appendix D.
The use of laser/projected lighting systems is also being utilized in urbanized areas. These
systems combine high intensity lighting with motion sensors to create a reactive and highly
visible crossing easily recognized by both vehicle operators and non-motorized users.

The use of innovative application of high visibility paint schemes has also found a role that
provides both improved safety and aesthetics. Crosswalks can be marked in paint, or a longer
lasting plastic or epoxy material embedded with reflective glass beads, although more
expensive, longer-lasting, high-visibility crosswalk marking materials are a better value over
time as they require less maintenance. However, paint/marking material is very effective and
generally one of the lowest-cost safety improvement measures for existing non-motorized
mobility systems.

(Federal Highway Administration)

With lower speeds, in-house maintenance capacity and local regulatory control, generally, local
governments are not as constrained as are Federal and State highway managers. With this
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latitude, communities are looking at increasing the use of stamped asphalt and unique paint
schemes or colors to improve safety and visual impact.

Three-dimensional paint schemes ARE NOT RECOMMENDED as they may cause drivers to make
erratic corrections thinking the image is a real obstacle.

Appendix B of this report also contains suggested crosswalk safety projects highlighted in
yellow. These projects may be improved lighting and/or marking to improve recognition of the
crosswalk. Special notation of the need to improve all pedestrian crossings of US90 through
the city must be made. The combination of high traffic volumes, high speed, high turning
movements, and lack of high visibility markings make these particularly dangerous pedestrian
crossings. This real danger is clearly supported by the concentration of ped/bike accidents on
the US90 corridor found on the Pedestrian/Bicycle Crash Map (Appendix A). Three crossing
areas within the corridor are particularly challenging: 1) Smith Street/US90, 2) Jefferson/US90,
and 3) Madison/US90.
The Smith Street location is a key link for pedestrian access from the residential areas south of
90 and is located at an on-grade curve that exacerbates sight issues. The crossing is key for
access to the neighborhood grocery and hospital. Although this crossing has a ped activated
signal and traffic light, the crossing markings are not highly visible, there is little warning of the
crossing beyond the signal and entry/exit of the crossing.

US90/Smith Street crosswalks
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The pedestrian crossings on US90 at the Caledonia Street and the Madison Street intersections
are signalized (Ped activated) and collocated with traffic signals. Here again the crossing
markings are minimal, do not use high visibility/reflective paint, and entry and exit of the
crossings are minimally identified These concerns generally apply to all US90 pedestrian
crossings within the City of Marianna.

US90 crosswalk at top of grade on Madison St.

Unmarked upper sidewalk access “ramp”

Traffic Calming
Another area for potential gain of improved safety for both vehicles and non-motorized users is
application of traffic calming techniques. This consists of physical design and other measures
that are put in place on existing roadway systems to describe a full range of methods to slow
traffic. The intent is to create a balance between all system users so no one mode dominates at
the cost of other users. Some examples of current techniques include lane closures, median
barriers, narrowing, surface texture and visual devices, street landscaping, channelization and
modified intersection designs.
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This study has identified Smith Street as a potential example location for implementation of
specific traffic calming components in an aesthetically pleasing
format that provides comprehensive safety improvements while also
improving hospital access and entrance corridor appearance. The
engineered design plans for a “boulevard” street and integrated
traffic circle were developed in tandem with this study and are
provided separately.
“The Florida Department of Transportation (FDOT) is actively promoting the installation of modern
roundabouts throughout the state highway system due to their proven safety and operational
benefits. Currently, there are approximately 20 roundabouts operating on the state highway system
and over 300 roundabouts on local roads throughout the State…”
More information on the State of Florida move to increase use of roundabouts can be found on the
FDOT website: https://www.fdot.gov/agencyresources/roundabouts/index.shtm

Multi-Use Trail
Marianna’s adopted Bicycle and Pedestrian Plan includes future development of a Multi-Use
Trail. This was also supported by the recent CPAT and R2P2 reports completed following
hurricane Michael. The State of Florida has continued to grow funding and support for
development of trails statewide. Included in this study is a potential multi-use trail route that
with few exceptions utilizes existing public rights of way and properties.
The Florida Department of Environmental Protection has developed Florida Trail Design
Standards (Appendix D). The State offers several funding resources for trail development:
Florida Recreation Development Assistance Program (FRDAP), Florida Communities Trust (FCT),
Recreational Trails Program (RTP), Transportation Alternative Program (TAP) and Shared Use
Nonmotorized Trail -Network. In addition, CDBG and community improvement funding for
projects can incorporate trail development with other work.
Answering the question “Why consider trail development” also provides insight into how. Trails
fill a recreation need and channel recreation activities to an appropriate area (FRDAP), trails
reduce use of roadways and the expensive need for deconflicting users (TAP, SUN), and trail
development adds to quality of life improving community health, economic development and
local community pride (CDBG, TDC, Main Street). The city will also have significant opportunity
to initiate segments of this project concurrently with hurricane Michael disaster funding of
recovery efforts (CDBG-DR, CV, MIT).
The route suggested by this study is focused on creation of a multi-use trail that circles the city.
This provides the opportunity to connect the developing sidewalk and bikeway components
and develop a true “alternative transportation” system that connects the entire community and
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County/regional Greenway efforts, Chipola Blueway and the Congressionally funded Cross
Florida Trail system.
The conceptual route presented connects city parks, municipal entry points and the Chipola
River. The recommended design is to utilize all three of the State recommended design
standards by developing Urban, Suburban and Natural Rural trail segments. This has the
advantage of reducing development costs while also increasing types of trail experiences and
supporting development of these segments to fit the geographic character they pass through.
Trail design should follow the adopted FDOT Trail Design Standards and incorporate two of the
adopted designs: Urban and Rural. Doing so supports integration with the existing
street/sidewalk routes, utilizes utility right of way, and offers flexibility to reduce cost but meet
needs of users.
Urban = minimum trail width 8 feet, impervious surface, separated from traffic
Suburban = Minimum width 10-14 feet, pervious/impervious surfaces incorporated
Rural = minimum width 12-14 feet, pervious/impervious surfaces incorporated
Developing the trail system with a minimum trail width of eight (8) feet for Urban and Rural
segments is viable and supports appropriate maintenance. Given the limited rights of way
inside developed areas maintaining an 8-foot width may be challenging but should be pursued.
Short trail lengths with a width of 6 feet (sidewalk) could support a multiple use trail as
connecting segments but will result in choke points and areas of challenge for two-way traffic.
Construction cost for all the approximately nine miles of proposed trail (8-10 feet wide) is
estimated at 2.2 million dollars. Cost may be less as there may well be areas that are not
developed with the full width paved surface. Project sheets for the proposed trail route are
provided in Appendix C and FDOT Trail Design Standards is included Appendix D. A brief
description of the proposed Multi-use Trail route is outlined below.

Potential Trail Route:
1) Starting at NE intersection of Pennsylvania Avenue and South Street (potential trailhead)
travel SE into Endeavor site and then east along existing intermittent stream run (utility
easement), cross stream and travel east to Orange Street, continue east along stream to Wynn
St, cross and travel east along easement to SR73 Potential trailhead at Jennings Field);
2) Cross SR73 and turn NE to travel north along eastside of SR73 (South Jefferson) to crossing of
Florida Gulf Atlantic RR; (this segment along SR73 poses several challenges and is a safety
concern, east ROW has severe slope and is along an elevated curve, speed is 45mph)
*Alternate Route: cross SR73 travel east and then north on private property to Thomas
Drive, continue north along eastside of SR73 and across RR crossing);
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3) Turning east along northside of the Florida Gulf & Atlantic RR, travel eastward to Heatrice
Street (about 340 feet), travel four blocks along Heatrice Street to Bertram Street, turn left
(North) onto Bertram and travel two blocks to Marion Street;
4) Turn right (east) onto Marion Street and travel 380 feet to eastside of water tank, turn left
(north) and travel 250 feet to Jackson Street, cross Jackson and continue north on the eastside
of Noland Street to traffic light at US 90;
5) Cross US90 and travel north along eastside of Noland to Broad Street, turn right (east) into
unimproved Broad Street ROW and travel 870 feet east to Dogwood Street;
6) Cross Dogwood Street, turn left (north) and travel to Putnam Street, turn right (east) on
Putnam Street, travel east to Cherokee Street and cross, turn left (north) and travel north to
Ridge Street, turn right and travel to the end of pavement, then continue east (430 feet) along
the wood line to east side of “Riverside School” walking track, turn left (north) and travel 365
feet to north side of cleared powerline easement;
*Alternate route through wooded area: Cross Dogwood Street and continue east (private
land) 955 feet to undeveloped City of Marianna parcel, continue east 825 feet to State owned
land, turn left (north) and travel 1000 feet to north side of power line easement.
7) From north side of power line travel northwest approximately 1325 feet to Butler Recreation
Area (City of Marianna) and travel west along property line to Noland Street, cross Noland and
travel west along northside of Kelson Street to CR166 (North Jefferson) and cross;
8) Travel north on west side of Jefferson to River Forest Road, turn left (northwest) and travel to
Prough Drive, turn left (west) and travel to Longhouse Court (Potential Trailhead location);
9) Cross Longhouse Court, turn left (south) and travel along Longhouse Court to Indian Circle,
cross Indian Circle, turn left (south) and travel to College Street;
10) Cross College Street and turn left (south), cross 5th Avenue and turn right (west), *travel to
6th Street, turn left and travel south to Hospital Drive, turn right and travel west to enter “Golson
site” and travel south to 2nd Avenue, turn west and travel to Carter’s Mill Road, turn left (south)
and travel Kelson Street;
*Alternate Route: Travel to 6th Avenue, cross and jog right into parking lot of
“Tallahassee Orthopedic Clinic” (Jackson Hospital). Travel west to stream path, cross and
continue west through parking lot to North Hospital Drive, travel west to Carter’s Mill Road and
cross, Travel west through undeveloped property to Bumpnose Road, Turn left (south) and travel
to US90;
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11) Cross Kelson Street and turn right (west), travel along Kelson to Baltzell Street, turn right
(west) cross Kelson and travel Baltzell Street to Bumpnose Road, turn left (south) and travel
along eastside of Bumpnose Road to US90;
12) Cross US90 and travel south along eastside of Pennsylvania Avenue to South Street
intersection. The segment from US90 to south of RR crossing will need design care as this is a
safety challenge.
Route complete.
Study Summary
Alternative connectivity systems should provide mobility options that are safe, convenient,
accessible, pleasant, and thoughtfully connected to neighborhood origins and key community
destinations. The most important characteristic needed for a functioning pedestrian/bicycle
system is passable, meaning that on a continuous path you can physically walk/bike from an
origin to a destination without negotiating unimproved grounds, jumping obstacles, wading
water, or climbing fences. Completing the Internal and New connector links identified in this
study will result in a passable basic system. Future links will need to ensure connectivity to this
system
FDOT and City of Marianna crash data indicate the concentration of city bike/ped incidents to
be along US 90, Kelson and Old Cottondale Road with the intersection of US 90/Penn Ave and
US90/SR73 being high incident areas. The US90 corridor would seem to warrant a priority focus
for implementation of bike/ped safety improvements. To address improvement of these areas
the city will need to coordinate with the FDOT District 3 Pedestrian/Bicycle Safety and Traffic
Operations offices. However, the control latitude available to the city for its own streets offers
opportunity to implement local street projects like Smith Street and Kelson internally. The
integration of TRANSIT stops may become more viable with the proposed national
infrastructure funding. FDOT has an excellent guide to design and implementation of Transit
infrastructure and can be accessed online:
https://www.fdot.gov/transit/Pages/NewTransitFacilitiesDesign.shtm .
This study of Marianna’s alternative transportation connectivity has identified some potential
improvement options. This includes connection of existing fractured sidewalk links, addition of
new links, initiation of a multi-use trail and application of traffic calming. Project sheets are
included in Appendix C to assist in future planning and implementation. These suggestions can
form a Capital Improvement Plan base that results in a passable and connected alternative
mobility system that supports Marianna’s adopted Bike and Pedestrian and Master Plan.
Appendices:
A - Marianna Map Series
B - Refenced Reports and Data
C – Potential Project Sheets
D – Design examples
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Appendix A
Marianna Map Series
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EXECUTIVE SUMMARY
In recent years, the number of pedestrian fatalities in the United States has grown sharply. During
the 10-year period from 2008 to 2017, the number of pedestrian fatalities increased by 35 percent
(from 4,414 deaths in 2008 to 5,977 deaths in 2017); meanwhile, the combined number of all other
traffic deaths declined by six percent. Along with the increase in the number of pedestrian fatalities,
pedestrian deaths as a percentage of total motor vehicle crash deaths increased from 12 percent in
2008 to 16 percent in 2017.
Earlier studies by the Governors Highway Safety Association (GHSA), based on preliminary data
reported by State Highway Safety Offices (SHSOs), were the first to predict recent increases in
pedestrian fatalities. The present study, based on preliminary data from all 50 states and the District
of Columbia (DC), found the alarming rise in pedestrian deaths observed in both 2015 and 2016
appears to have resumed in 2018, although at a lesser pace. For the first six months of 2018 GHSA
found a three percent increase in the reported number of pedestrian fatalities compared with the first
six months of 2017. However, after adjusting for
GHSA estimates the nationwide
anticipated underreporting in the preliminary
number of pedestrians killed
state data and considering the historic trends
in pedestrian fatalities during the first and
in motor vehicle crashes in
second halves of the year, GHSA estimates
2018 was 6,227, an increase
the nationwide number of pedestrians killed in
of four percent from 2017.
motor vehicle crashes in 2018 was 6,227, an
increase of four percent from 2017. This projection represents a continuation of an increasing trend
in pedestrian deaths going back to 2009 and would be the largest annual number of pedestrian
fatalities in the U.S. since 1990.
GHSA’s latest analysis of preliminary pedestrian fatality data also indicates the following:
●● States reported a range of changes in the number of pedestrian fatalities in the first half of

2018 compared with the same period in 2017:
25 states (and DC) had increases in pedestrian fatalities;
ii
23 states had decreases; and
ii
Two states remained the same.
ii
●● States differ widely in fatality numbers:

The estimated number of pedestrian deaths for the first half of 2018 ranged from one in
ii
New Hampshire to 432 in California.

Seven states (California, Florida, Texas, Georgia, Arizona, New York and North Carolina –
ii
in rank order) are each expected to have more than 100 pedestrian deaths – an increase
of two states from 2017.

Five states (Arizona, California, Florida, Georgia and Texas) accounted for almost half — 46
ii
percent — of all pedestrian deaths.

New Mexico had the highest rate of pedestrian deaths per resident population, while New
ii
Hampshire had the lowest.
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●● States use various combinations of engineering, enforcement and education countermeasures

to address pedestrian safety, including targeted enforcement in conjunction with public outreach
and education.
Many factors outside the control of state and local traffic safety officials contribute to annual changes
in the number of pedestrian fatalities, including economic conditions, population growth, demographic
changes, weather conditions, fuel prices, vehicle miles traveled and the amount of time people
spend walking.
The increasing shift in U.S. vehicle sales away from passenger cars to light trucks (with light trucks
generally causing more severe pedestrian impacts than cars) is also a factor. Although passenger cars
are the largest category of vehicles involved in fatal pedestrian crashes, the number of pedestrian
fatalities involving SUVs increased at a faster rate — 50 percent – from 2013 to 2017 compared to
passenger cars, which increased by 30 percent.
Increases in pedestrian fatalities are occurring largely at night. From 2008 to 2017 the number of
nighttime pedestrian fatalities increased by 45 percent, compared to a much smaller 11 percent
increase in daytime pedestrian fatalities.
Additionally, increases in pedestrian fatalities may be linked to population growth in specific cities and
states. For example, the 10 states with the highest population growth from 2017 to 2018 – Arizona,
Colorado, Florida, Idaho, North Carolina, Nevada, South Carolina, Utah, Texas and Washington State –
had an overall five percent increase in the number of pedestrian fatalities during the first six month of
2018 compared with the same period in 2017.1
Another possible factor contributing to the recent rise in the overall number of pedestrian fatalities
could be the large growth in smartphone use over the past decade, which can be a significant source
of distraction for all road users.
Despite the overall increase in pedestrian deaths, there is some good news in the 2018
preliminary data:
●● Pedestrian fatalities during the first half of 2018 declined in 23 states compared with the same

period in 2017.
●● Six states (Alabama, Indiana, Michigan, Nevada, Oklahoma and Wisconsin) reported double-digit

declines in both the number and percent change in pedestrian fatalities from the same period in
2017.
●● Three states (Iowa, New Hampshire and Utah) reported two consecutive years of declining

numbers of pedestrian fatalities.
●● The number of pedestrian fatalities in the 10 largest cities declined 15 percent in 2017. The

decline was especially sharp in New York city, providing evidence of local successes that may
not be reflected in statewide data.

1

https://www.census.gov/newsroom/press-releases/2018/estimates-national-state.html
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INTRODUCTION
Walking is the most basic, inexpensive and environmentally-friendly form of human transportation.
Walking provides essential connections between residential, retail, and commercial land uses as
well as access to public transit, especially in urban and suburban areas. But unfortunately, walking
has become increasingly risky in recent years, whether walking the dog, traveling to work or school,
exercising or simply taking a stroll.
During the 10-year period of 2008 to 2017, the number of pedestrian fatalities in the U.S. increased
by 35 percent, from 4,414 deaths in 2008 to 5,977 deaths in 2017 (Figure 1 and Table 1). This
translates into more than 1,500 additional pedestrian deaths in 2017 compared with 2008. At
the same time that pedestrian deaths have been increasing, the number of all other traffic deaths
combined decreased by six percent.
Table 1

Pedestrian Fatalities and Percent of Total Traffic Fatalities, 2008 - 2017

Year

Pedestrian
Fatalities

All Other Traffic
Fatalities
Combined

Total Traffic
Fatalities

Pedestrian Deaths as
a Percent of Total
Traffic Fatalities

2008

4,414

33,009

37,423

12%

2009

4,109

29,774

33,883

12%

2010

4,302

28,697

32,999

13%

2011

4,457

28,022

32,479

14%

2012

4,818

28,964

33,782

14%

2013

4,779

28,115

32,894

15%

2014

4,910

27,834

32,744

15%

2015

5,495

29,990

35,485

15%

2016

6,080

31,726

37,806

16%

2017

5,977

31,156

37,133

16%

Source: National Highway Traffic Safety Administration (NHTSA) Fatality Analysis Reporting System (FARS)
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Numbers of U.S. Traffic Deaths in 2008 and 2017

Source: NHTSA FARS

Figure 1

Along with the increase in the number of pedestrian fatalities, pedestrian deaths as a percentage
of total motor vehicle crash deaths increased from 12 percent in 2008 to 16 percent in both 2016
and 2017. This is due to the simultaneous trends of increasing numbers of pedestrian deaths and
general declines in the number of occupant fatalities. Declines in occupant deaths are attributed in
part to steady enhancements in vehicle crashworthiness and crash avoidance technology, whereas by
contrast, pedestrians remain just as susceptible to sustaining serious or fatal injuries when struck by
a motor vehicle.

2018 PRELIMINARY PEDESTRIAN FATALITY DATA
Tables 2-4 demonstrate the number of pedestrian fatalities projected in each state for the first half
of 2018, sorted by state (Table 2), percentage (Table 3) and number of fatalities (Table 4). The
preliminary data provided by State Highway Safety Offices have been adjusted based on historical
trends to achieve the most accurate projection.
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Sorted by State

Table 2
Pedestrian
Fatalities by State,
Jan-June 2017 & 2018
Source: State Highway
Safety Offices

State
Alabama

Jan-June 2017

Jan-June 2018
(Preliminary
Adjusted)

59

40

% Change from 2017 to 2018
#

%

-19

-32%

Alaska

7

5

-2

-29%

Arizona

112

125

+ 13

+ 12%

Arkansas

25

23

-2

-8%

California

468

432

-36

-8%

Colorado

37

34

-3

-8%

Connecticut

19

29

+ 10

+ 53%

Delaware

13

7

-6

-46%

DC

7

8

+1

+14%

Florida

326

330

+4

+1%

Georgia

101

133

+ 32

+ 32%

Hawaii

1

19

+ 18

+ 1800%

Idaho

7

4

-3

-43%

Illinois

67

80

+ 13

+ 19%

Indiana

61

42

-19

-31%

Iowa

10

9

-1

-10%

Kansas

12

16

+4

+ 33%

Kentucky

38

33

-5

-13%

Louisiana

69

77

+8

+ 12%

5

3

-2

-40%

Maryland

48

60

+ 12

+ 25%

Massachusetts

35

38

+3

+ 9%

Michigan

72

58

-14

-19%

Minnesota

18

14

-4

-22%

Mississippi

31

44

+ 13

+ 42%

Missouri

42

44

+2

+ 5%

Montana

5

6

+1

+ 20%

Nebraska

7

12

+5

+ 71%

Nevada

43

31

-12

-28%

New Hampshire

5

1

-4

-80%

New Jersey

67

73

+6

+ 9%

New Mexico

32

47

+ 15

+ 47%

New York

112

117

+5

+ 4%

North Carolina

83

102

+ 19

+23%

Maine

North Dakota

3

3

0

0%

Ohio

55

63

+8

+15%

Oklahoma

33

22

-11

-33%

Oregon

34

28

-6

-18%

Pennsylvania

64

90

+ 26

+ 41%

Rhode Island

10

4

-6

-60%

South Carolina

69

74

+5

+ 7%
+ 150%

South Dakota

2

5

+3

Tennessee

57

52

-5

-9%

Texas

266

298

+ 32

+ 12%

Utah

18

13

-5

-28%

Vermont

2

2

0

0%

Virginia

45

53

+8

+ 18%

Washington

46

44

-2

-4%

West Virginia

10

7

-3

-30%

Wisconsin

29

18

-11

-38%

Wyoming

3

4

+1

+ 33%

U.S. Total

2,790

2,876

+ 86

+ 3%
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Sorted by Percentage Change

Table 3

Change from 2017 to 2018

Jan-Jun 2017

Jan-Jun 2018
(Preliminary Adjusted)

#

%

Hawaii

1

19

+ 18

+ 1800%

South Dakota

2

5

+3

+ 150%

Nebraska

7

12

+5

+ 71%

Source: State Highway
Safety Offices

Connecticut

19

29

+ 10

+ 53%

New Mexico

32

47

+ 15

+ 47%

Mississippi

31

44

+ 13

+ 42%

Pennsylvania

64

90

+ 26

+ 41%

Kansas

12

16

+4

+ 33%

Wyoming

3

4

+1

+ 33%

Georgia

101

133

+ 32

+ 32%

Maryland

48

60

+ 12

+ 25%

North Carolina

83

102

+ 19

+ 23%

Montana

5

6

+1

+ 20%

Illinois

67

80

+13

+ 19%

Virginia

45

53

+8

+ 18%

Ohio

55

63

+8

+ 15%

DC

7

8

+1

+ 14%

Arizona

112

125

+ 13

+ 12%

Louisiana

69

77

+8

+ 12%

Texas

266

298

+ 32

+ 12%

Massachusetts

35

38

+3

+ 9%

New Jersey

67

73

+6

+ 9%

South Carolina

69

74

+5

+ 7%

Missouri

42

44

+2

+ 5%

New York

112

117

+5

+ 4%

Florida

326

330

+4

+ 1%

North Dakota

3

3

0

0%

Vermont

2

2

0

0%

46

44

-2

-4%
-8%

Washington
Arkansas

25

23

-2

California

468

432

-36

-8%

Colorado

37

34

-3

-8%

57

52

-5

-9%

10

9

-1

-10%

Kentucky

38

33

-5

-13%

Oregon

34

28

-6

-18%

Michigan

72

58

-14

-19%

Minnesota

18

14

-4

-22%

Nevada

43

31

-12

-28%

Utah

18

13

-5

-28%

Alaska

7

5

-2

-29%

West Virginia

10

7

-3

-30%

Indiana

61

42

-19

-31%

Alabama

59

40

-19

-32%

Oklahoma

33

22

-11

-33%

Wisconsin

29

18

-11

-38%

Maine

5

3

-2

-40%

Idaho

7

4

-3

-43%

Delaware

13

7

-6

-46%

Rhode Island

10

4

-6

-60%

New Hampshire

5

1

-4

-80%

2,790

2,876

+ 86

+ 3%

U.S. Total
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Sorted by Number of Fatalities

Table 4
Pedestrian
Fatalities by State,
Jan - June 2018
Source: State Highway
Safety Offices

State

Pedestrian Fatalities
(Preliminary Adjusted)

California

432

Florida

330

Texas

298

Georgia

133

Arizona

125

New York

117

North Carolina

102

Pennsylvania

90

Illinois

80

Louisiana

77

South Carolina

74

New Jersey

73

Ohio

63

Maryland

60

Michigan

58

Virginia

53

Tennessee

52

New Mexico

47

Mississippi

44

Missouri

44

Washington

44

Indiana

42

Alabama

40

Massachusetts

38

Colorado

34

Kentucky

33

Nevada

31

Connecticut

29

Oregon

28

Arkansas

23

Oklahoma

22

Hawaii

19

Wisconsin

18

Kansas

16

Minnesota

14

Utah

13

Nebraska

12

Iowa

9

DC

8

Delaware

7

West Virginia

7

Montana

6

Alaska

5

South Dakota

5

Idaho

4

Rhode Island

4

Wyoming

4

Maine

3

North Dakota

3

Vermont

2

New Hampshire
Total

1
2,876
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As illustrated in Figure 2, five states (Arizona, California, Florida, Georgia, and Texas) accounted
for almost half — 46 percent — of all pedestrian deaths during the first six months of 2018. By
comparison, these five states represented approximately 33 percent of the U.S. population according
to the 2018 U.S. Census.
Figure 2

5 States Comprising 46% of Pedestrian Deaths, Jan - June 2018

California

Florida
Texas
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Sorted by State

Table 5
Pedestrian Fatalities
by State per 100,000
Population, Jan - June 2018
Source: State Highway
Safety Offices and
U.S. Census Bureau

Table 5 shows the rate
of pedestrian fatalities
per 100,000 population
by state for the first six
months of 2018. New
Mexico had the highest
rate (2.26), while New
Hampshire had the
lowest (0.07). Twelve
states and D.C. had
pedestrian fatality rates
of 1.0 or higher per
100,000 population.

State

Pedestrian Fatalities
per 100K Population

Sorted by Fatality Rate
State

Pedestrian Fatalities
per 100K Population

Alabama

0.82

New Mexico

Alaska

0.64

Arizona

1.74

Arizona

1.74

Louisiana

1.66

Arkansas

0.78

Florida

1.55

California

1.09

Mississippi

1.46

Colorado

0.60

South Carolina

1.46

Connecticut

0.82

Hawaii

1.36

Delaware

0.73

Georgia

1.27

DC

1.14

DC

1.14

Florida

1.55

California

1.09

Georgia

1.27

Texas

1.04

Hawaii

1.36

Nevada

1.01

Idaho

0.22

Maryland

1.00

Illinois

0.63

North Carolina

0.98

Indiana

0.63

Alabama

0.82

Iowa

0.28

Connecticut

0.82

Kansas

0.54

New Jersey

0.82

Kentucky

0.73

Arkansas

0.78

Louisiana

1.66

Tennessee

0.77

Maine

0.22

Kentucky

0.73

Maryland

1.00

Delaware

0.73

Massachusetts

0.55

Missouri

0.72

Michigan

0.59

Pennsylvania

0.71

Minnesota

0.25

Wyoming

0.69

Mississippi

1.46

Oregon

0.66

Missouri

0.72

Alaska

0.64

Montana

0.56

Indiana

0.63

Nebraska

0.62

Illinois

0.63

Nevada

1.01

Nebraska

0.62

New Hampshire

0.07

Virginia

0.62

New Jersey

0.82

Colorado

0.60

New Mexico

2.26

New York

0.60

New York

0.60

Washington

0.59

North Carolina

0.98

Michigan

0.59

North Dakota

0.39

South Dakota

0.57

Ohio

0.54

Montana

0.56

Oklahoma

0.56

Oklahoma

0.56

Oregon

0.66

Massachusetts

0.55

Pennsylvania

0.71

Ohio

0.54

Rhode Island

0.40

Kansas

0.54

South Carolina

1.46

Utah

0.41

South Dakota

0.57

Rhode Island

0.40

Tennessee

0.77

North Dakota

0.39

Texas

1.04

West Virginia

0.39

Utah

0.41

Vermont

0.37

Vermont

0.37

Wisconsin

0.32

Virginia

0.62

Iowa

0.28

Washington

0.59

Minnesota

0.25

West Virginia

0.39

Maine

0.22

Wisconsin

0.32

Idaho

0.22

Wyoming

0.69

New Hampshire

0.07

U.S. Average

0.88

U.S. Average

0.88

Spotlight on Highway Safety | Governors Highway Safety Association | ghsa.org | @GHSAHQ

2.26

11

Pedestrian
Traffic Fatalities
by State
2018 PRELIMINARY DATA

Based on the preliminary number of pedestrian fatalities during the first six months of 2018 along
with historic data regarding the annual numbers and proportions of pedestrian deaths that occurred
during the first and second halves of the year, GHSA projects there were 6,227 pedestrian
fatalities in 2018, an estimated four (4) percent increase from 2017.
As shown in Figure 3, the projected number of 6,227 pedestrian fatalities in 2018 represents a
continuation of an increasing trend in pedestrian deaths going back to 2009 and would be the
largest annual number of pedestrian fatalities in the U.S. since 1990.

Source: SHSOs and FARS

Figure 3 U.S. Pedestrian Fatalities: 1990 - 2018

* 2018 estimate based on preliminary data and historical trends
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2017 PEDESTRIAN FATALITY DATA
In addition to analyzing preliminary pedestrian fatality data for the first six months of 2018, GHSA also
examined pedestrian fatality data for the most recent complete calendar year (2017) as published by
NHTSA through FARS. The following crash factors were examined:
●● Population
●● Light Level
●● Location
●● Alcohol and Other Drugs
●● Vehicle Type

Population
Table 6 and Figures 4 through 15 provide analysis of the most recent pedestrian fatality data available
from FARS.
Table 6 shows the rate of pedestrian fatalities per 100,000 population by state for 2017 based on the
number of pedestrian fatalities reported by FARS and U.S. Census population data.
●● New Mexico had the highest pedestrian fatality rate (3.53), while Minnesota had the lowest (0.75).
●● Fifteen states had pedestrian fatality rates per 100,000 population greater than or equal to 2.0

in both 2017 and 2016. By comparison, 11 states had fatality rates this high in 2015, and
7 states had fatality rates this high in 2014 (Figure 4).

Source: SHSOs, FARS and U.S. Census Bureau

Figure 4 Number of States with Fatality Rates ≥ 2.0 per 100,000 Population
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Sorted by State

Table 6
Pedestrian Fatalities
by State per 100,000
Population, Jan - Dec 2017
Source: State Highway
Safety Offices and
U.S. Census Bureau

State

Pedestrian Fatalities per
100K Population - 2017

Sorted by Fatality Rate
State

Pedestrian Fatalities per
100K Population - 2017

Alabama

2.32

New Mexico

Alaska

1.89

Delaware

3.45

Arizona

3.21

Nevada

3.36

Arkansas

1.53

Arizona

3.21

California

2.41

South Carolina

3.15

Colorado

1.64

Florida

3.14

Connecticut

1.29

Kentucky

2.67

Delaware

3.45

Georgia

2.49

DC

1.58

Louisiana

2.48

Florida

3.14

California

2.41

Georgia

2.49

Mississippi

2.37

Hawaii

1.05

Alabama

2.32

Idaho

0.93

Texas

2.17

Illinois

1.15

Oklahoma

2.11

Indiana

1.61

New Jersey

2.07

Iowa

0.76

Rhode Island

1.99

Kansas

1.17

Maryland

1.98

Kentucky

2.67

North Carolina

1.96

Louisiana

2.48

Alaska

1.89

Maine

1.50

Tennessee

1.88

Maryland

1.98

Oregon

1.78

Massachusetts

1.08

Missouri

1.65

Michigan

1.60

West Virginia

1.65

Minnesota

0.75

Colorado

1.64

Mississippi

2.37

Indiana

1.61

Missouri

1.65

Michigan

1.60

Montana

1.33

DC

1.58

Nebraska

1.04

Arkansas

1.53

Nevada

3.36

Maine

1.5

New Hampshire

0.89

Washington

1.47

New Jersey

2.07

Utah

1.35

New Mexico

3.53

Virginia

1.35

New York

1.29

Montana

1.33

North Carolina

1.96

Connecticut

1.29

North Dakota

0.79

New York

1.29

Ohio

1.24

Vermont

1.28

Oklahoma

2.11

Ohio

1.24

Oregon

1.78

Kansas

1.17

Pennsylvania

1.17

Pennsylvania

1.17

Rhode Island

1.99

Illinois

1.15

South Carolina

3.15

South Dakota

1.15

South Dakota

1.15

Massachusetts

1.08

Tennessee

1.88

Hawaii

1.05

Texas

2.17

Nebraska

1.04

Utah

1.35

Wyoming

1.04

Vermont

1.28

Wisconsin

1.00

Virginia

1.35

Idaho

0.93

Washington

1.47

New Hampshire

0.89

West Virginia

1.65

North Dakota

0.79

Wisconsin

1.00

Iowa

0.76

Wyoming

1.04

Minnesota

0.75

U.S. Average

1.91

U.S. Average

1.91
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Light Level
Darkness poses an especially high risk for those traveling by foot. On a national basis, about 75
percent of pedestrian fatalities in 2017 occurred after dark (Figure 5).

Source: FARS

Figure 5 2017 Pedestrian Fatalities by Light Level

Figures 6 and 7 show trends in the numbers of daytime and nighttime pedestrian fatalities. From
2008 to 2017 the number of nighttime pedestrian fatalities increased by 45 percent, compared to a
much smaller 11 percent increase in daytime pedestrian fatalities. Over this 10-year period, nighttime
crashes accounted for more than 90 percent of the total increase in pedestrian deaths.
Figure 6 Number of Daytime and Nighttime Pedestrian Fatalities, 2008 - 2017

Nightime

Source: FARS

Daytime

Spotlight on Highway Safety | Governors Highway Safety Association | ghsa.org | @GHSAHQ

15

Pedestrian
Traffic Fatalities
by State
2018 PRELIMINARY DATA

Source: FARS

Figure 7 Percentage of All Pedestrian Fatalities that Occurred in the Dark, 2008-2017

Location
As illustrated in Figure 8, the largest category of roads on which pedestrian fatalities occurred in 2017
was local streets, followed by state highways. A surprisingly large number of pedestrian fatalities – ten
percent of the total – occurred on Interstates. Some of the pedestrian fatalities on Interstates involve
motorists who are struck while standing outside of their cars due to mechanical issues or minor crashes.

Source: FARS

Figure 8 Pedestrian Fatalities by Roadway Type, 2017

Spotlight on Highway Safety | Governors Highway Safety Association | ghsa.org | @GHSAHQ

16

Pedestrian
Traffic Fatalities
by State
2018 PRELIMINARY DATA

On a national basis, about 26 percent of pedestrian fatalities in 2017 occurred at intersections or
were intersection-related (Figure 9). The majority of pedestrian fatalities occurred at non-intersection
locations.

Source: FARS

Figure 9 2017 Pedestrian Fatality Locations
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Alcohol and Other Drugs
Alcohol impairment — for the driver and/or pedestrian — was reported in about half of traffic crashes
that resulted in pedestrian fatalities in 2017. An estimated 32 percent of fatal pedestrian crashes
involved a pedestrian with a Blood Alcohol Concentration (BAC) of 0.08 grams per deciliter (g/dL)
or higher; an estimated 17 percent of drivers involved in these crashes had a BAC of 0.08 or higher
(Figure 10).
Even in cases where the pedestrian’s or driver’s alcohol consumption may not be identified by police
as a contributing factor to the crash, a pedestrian or driver with a BAC of .08 or higher has diminished
faculties that could impact judgment, decision-making, and reaction time.

Source: FARS

Figure 10 Percent of Pedestrians and Drivers with BACs ≥ 0.08 g/dL in Fatal 2017 Pedestrian Crashes
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Figure 11 shows the percentage of pedestrians killed in traffic crashes with a BAC greater than or
equal to 0.08, by age group. The percentage of fatally-injured pedestrians with high BACs is relatively
stable for those within the 21 through 54 age groups.

Source: FARS

Figure 11 Alcohol Impairment for Pedestrians Killed in Traffic Crashes by Age Group in 2017

For comparison, Figure 12 shows the percentage of drivers killed in traffic crashes with a BAC greater than
or equal to 0.08, by age group. Unlike pedestrians, the percentage of fatally-injured drivers with high BACs
is highest among young drivers of legal drinking age (21-24) and declines for each successive age group.

Source: FARS

Figure 12 Alcohol Impairment for Drivers Killed in Traffic Crashes by Age Group in 2017
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In addition to alcohol, both drivers and pedestrians involved in traffic fatalities can be under the
influence of other drugs, although the best available data is incomplete. For example, if alcohol is
present, tests may not be administered for other drugs. Also, caution should be exercised in assuming
that drug presence implies impairment. Drug tests do not necessarily indicate impairment at the
time of the test. In some cases, drug presence can be detected for a period of days or weeks after
ingestion.
Figure 13 shows the percent of (tested) fatally-injured pedestrians that had police-reported drug
involvement for pedestrians ages 18-35 and for all those ages 18+. The most commonly-reported
drug was methamphetamine. Because fatally-injured pedestrians that test positive for drugs can also
have BACs greater than or equal to 0.08, combining the percentages in figures 10 and 13 would
result in an overcount.

Source: FARS

Figure 13 Percent of (Tested) Fatally-Injured Pedestrians with Police-Reported Drug Involvement, 2017
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Vehicle Type
Figure 14 shows the number of pedestrians killed in single-vehicle crashes by vehicle type in 2017.
The largest category of striking vehicles (42 percent of the total) was passenger cars.

Source: FARS

Figure 14 Number of Pedestrians Killed in Single-Vehicle Crashes by Vehicle Type in 2017

Figure 15 shows trends in the numbers of pedestrians killed in single-vehicle crashes involving
passenger cars and SUVs from 2013 to 2017. Although passenger cars account for a larger number
of pedestrian deaths, the number of pedestrian fatalities involving SUVs increased at a greater rate —
50 percent — during this 5-year period compared to passenger cars, which increased by 30 percent.
Figure 15 Number of Pedestrians Killed in Single-Vehicle Crashes Involving Passenger Cars

Source: FARS

and SUVs, 2013 - 2017
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WHAT ABOUT CITIES?
Because most pedestrian fatalities occur in urban areas, GHSA also examined changes in the number
of pedestrian fatalities for the ten most populous U.S. cities.
The total number of pedestrian fatalities for the ten largest cities decreased by about 15 percent, from
2016 to 2017, but remained about 9 percent higher than in 2015 (Figure 16).

Source: FARS

Figure 16 Pedestrian Deaths in the 10 Largest U.S Cities – 2015 - 2017

Figure 17 shows the number of pedestrian fatalities for each of the ten largest cities in 2015, 2016,
and 2017. Several cities had substantial reductions in pedestrian fatalities in 2017, including New
York, Los Angeles, San Antonio and San Diego.

Source: FARS

Figure 17 Pedestrian Deaths in the 10 Largest U.S Cities – 2015 - 2017
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EFFORTS TO REDUCE PEDESTRIAN FATALITIES AND INJURIES
Achieving robust and sustained progress toward reducing – and someday eliminating — pedestrian
fatalities and injuries requires a comprehensive approach to pedestrian safety that combines:
●● Enforcement;
●● Engineering;
●● Education; and
●● Emergency medical response.

Programs should incorporate the latest advances in technology and best practices and must be
tailored to the needs of state and local communities.

Federal Safety Programs and Resources
Federal government resources available to help states reduce pedestrian fatalities and serious injuries
include the following:
Section 402. The State and Community Highway Safety Grant Program is the
ii

cornerstone of state behavioral highway safety strategies. It provides the greatest
flexibility for states to target resources to meet their most pressing needs. Eighteen states
responding to GHSA’s questionnaire for this report indicated they currently use Section
402 funds to support pedestrian safety programs.

Pedestrian and Bicycle Safety Focus States and Cities. Since 2004, the Federal
ii

Highway Administration’s (FHWA’s) Safety Office has been working aggressively to reduce
pedestrian deaths by focusing extra resources on the cities and states with the highest
numbers of pedestrian fatalities and/or fatality rates. Part of this effort has included How
to Develop a Pedestrian Safety Action Plan, which helps state and local officials know
where to begin to address pedestrian safety issues.

Section 403. Under this program, NHTSA has conducted a series of education and
ii

enforcement efforts in pedestrian focus cities, including demonstration projects in
Louisville, New York City, and Philadelphia. In addition, funds were awarded to the Safe
States Alliance for a project on injury prevention for pedestrians.

Section 405. The FAST Act, enacted on December 15, 2015, created a new National
ii

Priority Safety Program, Section 405(h) Nonmotorized Safety, to provide approximately
$70 million annually through Federal Fiscal Year (FFY) 2020 for eligible states to
decrease pedestrian and bicyclist crash fatalities. Under the nonmotorized safety grant
program, NHTSA awarded approximately $14 million to 22 states for FFY 2017, 23 states
for FFY 2018, and has determined 25 states to be eligible for grants being awarded this
year for FFY 2019. A state is eligible if its bicyclist and pedestrian fatalities exceed 15%
of its total annual crash fatalities based on the most recent year of FARS data available.
Funds may be used to train law enforcement officials on bicyclist/pedestrian traffic laws,
for bicyclist/pedestrian safety enforcement of these laws, and for education campaigns
promoting bicyclist/pedestrian traffic laws. Congress could provide states more flexibility
in the kinds of programs these funds can be used for, such as public education on safe
bicyclist and pedestrian practices generally, not just traffic laws, on the safe use of

Spotlight on Highway Safety | Governors Highway Safety Association | ghsa.org | @GHSAHQ

23

Pedestrian
Traffic Fatalities
by State
2018 PRELIMINARY DATA

infrastructure, to aggregate more data on non-motorized safety, and to expand programs to
more classes of non-motorized road users.
Highway Safety Improvement Program (HSIP). The goal of this program is to achieve
ii
a significant reduction in traffic fatalities and serious injuries on all public roads, including
non-state-owned public roads and roads on tribal lands. The HSIP requires a data-driven,
strategic approach to improving highway safety, focusing on the application of proven
engineering countermeasures to significantly reduce fatal and serious-injury crashes.
Although prior federal transportation legislation allowed HSIP funds to be spent on public
education and law enforcement efforts – and several states leveraged this opportunity –
this option was eliminated in the latest reauthorization bill.

What States Are Doing
SHSOs are committed to improving the safety of all road users by focusing on behavioral issues
that lead to traffic crashes such as impaired, distracted and aggressive driving; seat belt use; child
passenger, pedestrian, bicyclist and motorcyclist safety; and teen and older driver issues. SHSOs are
typically tasked with addressing behavioral safety issues via education and enforcement initiatives.
SHSOs administer federal highway safety grants (including Sections 402 and 405 as outlined
above) and produce annual state Highway Safety Plans (HSPs) as required by the U.S. Department
of Transportation. In some states, SHSOs are responsible for traffic records coordination and Safe
Routes to School programs.
Many factors that contribute to pedestrian crashes are outside of the control of SHSOs. For example,
traffic engineering considerations such as roadway design, traffic signal design, sidewalk construction,
and street lighting fall under the purview of the engineering divisions of state and local DOTs. SHSOs
work with their state DOT counterparts to align behavioral solutions with engineering efforts. SHSOs
provided the following examples of strategies they and their partners employ to reduce pedestrian
fatalities and serious injuries:
●● Targeted law enforcement efforts.

For example, Massachusetts provided funding to 84 local police departments across the
ii

state to conduct overtime enforcement patrols aimed at reducing pedestrian and bicyclist
injuries and fatalities.

●● Public information campaigns.

For example, Connecticut introduced the “Watch for Me CT” campaign, which is a
ii

statewide educational community outreach campaign involving media components and
community engagement in partnership with CT Children’s Medical Center.

●● Educational outreach in high-risk areas.

For example, the Georgia Office of Highway Safety has grantees in cities with significant
ii

increases in pedestrian fatalities that are working on educational programs. These
programs have been focused on areas where there are significant numbers of people who
walk as a primary form of transportation.

Spotlight on Highway Safety | Governors Highway Safety Association | ghsa.org | @GHSAHQ
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●● Safe Routes to School programs.

For example, Ohio DOT administers funding that can be used to improve the design of
ii

pedestrian facilities, such as the Safe Routes to School program, which provides $4 million
annually to communities looking to improve the safety of K-8 students who walk or bike
to school.

●● Focusing enforcement in high-risk zones.

For example, the Delaware Office of Highway Safety partners with law enforcement
ii
agencies in high crash locations to educate pedestrians and give citations when
necessary.

●● Pedestrian safety assessments/road safety audits.

For example, New York State DOT is conducting pedestrian safety site evaluations at
ii

approximately 2,000 unsignalized midblock crosswalks and 2,400 signalized crosswalks
on state-maintained routes in urban areas.

●● Support for engineering countermeasures, including some that target high-risk pedestrian

crossing intersections and corridors.
For example, Florida allocated $100 million to lighting improvements in 2,500 priority
ii

locations across the state to increase the visibility of pedestrians using the roadway at
night.

●● Adoption of Complete Streets policies, which direct transportation planners and engineers

to routinely design and operate the entire right of way to enable safe access for all users,
regardless of age, ability, or mode of transportation.
●● Inclusion of pedestrian safety action items in Strategic Highway Safety Plans (SHSPs).

Every state is addressing pedestrian safety using a combination of engineering, education and
enforcement. Specific SHSO-reported activities are provided in the Appendix. This list does not
represent the full spectrum of activities happening across the country.
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DISCUSSION
In recent years, pedestrian fatalities in the U.S. have risen at an alarming and unprecedented rate:
●● During the 10-year period 2008-2017 the number of pedestrian fatalities increased by 35

percent, while the number of all other traffic deaths combined decreased by six percent.
●● GHSA projects 6,227 pedestrians were killed in traffic crashes 2018, representing a four

percent increase from 2017 and the largest annual number of pedestrian fatalities in the U.S.
since 1990.
●● Pedestrian deaths as a percent of total motor vehicle crash deaths increased from 12 percent in

2008 to 16 percent in both 2016 and 2017. Pedestrians now account for the largest proportion
of traffic fatalities in more than 30 years.
●● The number of states with pedestrian fatality rates >2.0 per 100,000 population more than

doubled from seven in 2014 to 15 in both 2016 and 2017.
Many factors outside the control of traffic safety officials contribute to the observed year-to-year
changes in the number of pedestrian fatalities, including economic conditions, population growth
demographic change, weather, fuel prices, the amount of motor vehicle travel, and the amount of time
people spend walking. Travel monitoring data published by FHWA indicates that motor vehicle travel
on all roads and streets increased by 0.3 percent for the first half of 2018 as compared with the same
period in 2017. 2 The increase in motor vehicle travel was smaller on non-interstate urban arterials (0.2
percent) and other urban roads (0.1 percent) where most pedestrian fatalities occur. Unfortunately,
comparable exposure data for nationwide pedestrian activity is not available.
Other factors contributing to the recent rise in the overall number of pedestrian fatalities could include
the increasing shift in U.S. vehicle sales away from passenger cars to light trucks (with light trucks
generally causing more severe pedestrian impacts than cars), and the large growth in smartphone use
(which can be a significant source of distraction for all road users).
Figure 18 shows U.S. retail sales (in thousands) of passenger cars and light trucks from 2008-2017,
indicating a sharp increase in sales of light trucks accompanied by a decline in sales of passenger
cars. Figure 19 shows a correspondingly steady increase in light trucks as a percent of total light
vehicle sales.
Light trucks – as well as passenger cars – can be made safer by installing automatic emergency
braking systems that can detect and brake for pedestrians. This technology uses information from
forward-looking sensors to automatically apply or supplement the brakes when the system determines
a pedestrian is in imminent danger of being struck. A recent study found that automatic emergency
braking technology installed by one vehicle manufacturer was associated with a 35 percent reduction
in the rate of likely pedestrian-related insurance claims. 3

2  https://www.fhwa.dot.gov/policyinformation/travel_monitoring/18juntvt/
3 Insurance Institute for Highway Safety. 2018. Subaru crash avoidance system cuts pedestrian crashes Status Report, Vol. 53, No. 3 |
May 8, 2018
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Figure 19

Light Trucks as a Percent of Total U.S. Light Vehicle Sales, 2008-2017

Source: U.S. Department of Commerce BEA

Figure 18

Source: U.S. Department of Commerce Bureau of Economic Analysis (BEA)
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Regarding cellphone use, the reported number of smartphones in active use in the U.S. more than
quintupled from 2010 to 2017, and the amount of wireless data usage over this period increased by
about 4,000 percent (Figures 21 and 22). 4
Figure 21 Number of Smartphones in Active Use

Figure 22 Annual Wireless Data Traffic (Billions of MB)

4

Chakravarthy, B.; Anderson, C.L.; Ludlow, J.; Lotfipour, S.; and Vaca, F.E. 2010. The Relationship of Pedestrian Injuries to
Socioeconomic Characteristics in a Large Southern California County. Traffic Injury Prevention 11/5.
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Analysis of data from the National Electronic Injury Surveillance data base shows the number of
cell-phone-related Emergency Department visits is increasing in parallel with the prevalence of cell
phone use in the United States. 5 Many of these injuries are sustained while the user is engaged in
text messaging rather than conventional telephone conversation, and this trend appears to have
contributed to a sharper increase in the number of incidents in recent years.
Although the surge in smartphone use coincides with a sharp rise in pedestrian fatalities during
the same period, there is a lack of evidence to establish a definitive link. This may be due in part
to the inability of police crash investigators to accurately capture momentary distraction caused by
smartphones, many of which are mounted on vehicle dashboards and windshields.
That pedestrian deaths as a percent of total motor vehicle crash deaths have increased steadily in
recent years (from 12 percent to 16 percent) could reflect, in part, the fact that passenger vehicles
have become increasingly safer for vehicle occupants through design changes and supplemental
safety equipment, thereby decreasing the chance of fatal injuries. Pedestrians, on the other hand, do
not benefit from occupant-oriented vehicle crashworthiness improvements, and thus could account
for an increasing share of total traffic fatalities. The movement toward equipping more vehicles with
automatic braking and pedestrian detection technologies could help reduce pedestrian collisions.
The welcome decrease of 15 percent in pedestrian fatalities in the nation’s 10 largest cities from
2016 to 2017 might be attributable in part to aggressive traffic safety initiatives such as Vision Zero,
which has a principal aim of reducing the number of pedestrian and bicyclists fatalities, with the longterm goal of bringing these numbers to zero.
This report provides insights into crash factors documented in FARS that can help inform the efforts
of state and local safety officials to reduce pedestrian fatalities. For example:
●● About 75 percent of pedestrian fatalities occur after dark, and increases in pedestrian

fatalities are occurring largely at night. From 2008 to 2017 the number of nighttime pedestrian
fatalities increased by 45 percent, compared to a much smaller, 11 percent increase in daytime
pedestrian fatalities. The growing prevalence of nighttime pedestrian fatalities suggests a need
to prioritize engineering and enforcement countermeasures that can improve safety at night
(e.g., improved street lighting, nighttime enforcement patrols).
●● About 60 percent of pedestrian fatalities occur on local streets and state highways. Challenging

crossing locations such as multilane urban arterials often have bus stops or land use patterns
that require pedestrians to cross busy roads. Countermeasures such as rectangular rapid
flashing beacons, curb extensions, and pedestrian refuge islands can improve pedestrian safety
in these environments.
●●

Alcohol impairment is a major factor. An estimated 32 percent of fatal pedestrian crashes
involved a pedestrian with a BAC of 0.08 or higher, and an estimated 17 percent of drivers
involved in these crashes had a BAC of 0.08 or higher. Pedestrian safety can be addressed
by conducting high visibility impaired driving enforcement in areas with robust nighttime
pedestrian activity.

●● The majority of pedestrian fatalities occur at non-intersection locations. Although it is impossible

to make all non-intersection locations safe or suitable for pedestrian activity, there are
5

Saltos, A.; Smith, D.; Schreiber, K.; Lichtenstein, S.; and Lichtenstein, R. 2015. Cell-Phone Related Injuries in the United States from
2000-2012Journal of Safety Studies ISSN 2377-3219 2015, Vol. 1, No. 1.
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opportunities to improve pedestrian safety at midblock locations through speed enforcement
and management along with increased street lighting.
●● Pedestrians struck by a large SUV are twice as likely to die as those struck by car. 6 Design

changes such as softer vehicle fronts, pedestrian detection systems, and replacing the blunt
front ends of light trucks with sloping, more aerodynamic (car-like) designs can reduce the risk
of pedestrian deaths in the event of a crash. In the short-run, local efforts to reduce speed limits
and speeding in pedestrian zones can help reduce the severity of light truck-pedestrian crashes.
As previously mentioned, the number of pedestrian fatalities involving SUVs increased by 50
percent from 2013 to 2017, significantly more than did passenger cars (which continue to be the
largest category of vehicles involved in fatal pedestrian crashes).
Despite the overall increase in pedestrian deaths, there is some good news in the 2018 preliminary
data. Twenty three states saw declines in pedestrian fatalities for the first half of 2018 compared to
2017, with six states reporting double-digit declines and three states reporting consecutive years
of declines. Further, the sharp decrease in pedestrian fatalities in some cities suggests progress in
urban centers that may not be reflected in state-level data.
SHSOs in all 50 states and territories continue to actively engage with their partners to implement a
wide range of educational, enforcement and engineering initiatives aimed at reducing the numbers
of pedestrian fatalities and serious injuries. Along with critical funding support provided through
federal partners, states will continue to focus their efforts on effective countermeasures to reverse
the trend of increasing pedestrian fatalities. In addition, some communities have seen a localized rise
in pedestrian activism and pedestrian-centered safety planning, such as Vision Zero initiatives and
the preparation of pedestrian action plans, while other communities lack this type of coordinated
advocacy or planning.
The national footprint of pedestrian safety is not uniform, and there are many reasons for differing
pedestrian fatality rates among states, including land use patterns, roadway designs, vehicle speeds,
population density and demographics. The physical environment in which pedestrians walk has a
profound influence on safety outcomes, and roadway design practices have been evolving over time
to increasingly accommodate pedestrians, including those with disabilities. There is a significant time
lag, however, in achieving roadway design improvements through roadway construction and land
development projects.

6

Lefler, D.E. and Gabler, H.C. 2004. The fatality and injury risk of light truck impacts with pedestrians in the United States. Accident
Analysis & Prevention Volume 36, Issue 2, Pages 295-304.
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Socioeconomic status (SES) – in particular, poverty — is another strong risk factor for pedestrian
crashes. For example, Canadian researchers analyzed the influence of SES levels on rates of death
from unintentional injury among Canadian children from 1971 to 1998 and found that for each
unit change in income quintile, from highest to lowest, the risk of death from pedestrian collisions
increased by 13 percent.7 A California study found that pedestrian crashes are four times more
frequent in poor neighborhoods and that neither age of the population, education, English language
fluency, nor population density explained the effect of poverty. 8
Although this pedestrian fatality analysis has focused on statewide data, pedestrian safety problems
must also be considered on the local level, in the settings where pedestrian fatalities and serious
injuries occur. States along with their local/regional partners should engage in robust data analyses
and field assessments to identify high-risk corridors, allocate resources where they are most needed,
and implement evidence-based pedestrian safety improvements on a systemic basis.
States should also continue to work with local law enforcement partners to address chronic driver
violations that contribute to pedestrian crashes such as speeding, impaired driving and distracted driving.
Enhancing pedestrian safety is in all of our best interest: almost everyone is a pedestrian at some point
in their day, whether just a short walk to the car, one’s primary form of transportation or somewhere in
between. As fatal pedestrian crashes have come to represent a higher percentage of all traffic deaths,
it is clear that this issue needs to be a continued priority for states and their partners in the effort to
reach zero fatalities. While improvements to infrastructure are essential, educational campaigns and law
enforcement have crucial roles to play in supporting and bolstering pedestrian safety. Together, we can
implement proven countermeasures to achieve our shared goals.

7

Birken, C.S.; Parkin, P.C.; To, T.; and Macarthur, C. 2006. Trends in rates of death from unintentional injury among Canadian children in
urban areas: influence of socioeconomic status. CMAJ 175(8).

8

Chakravarthy, B.; Anderson, C.L.; Ludlow, J.; Lotfipour, S.; and Vaca, F.E. 2010. The Relationship of Pedestrian Injuries to
Socioeconomic Characteristics in a Large Southern California County. Traffic Injury Prevention 11/5.
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APPENDIX: WHAT STATES ARE DOING
Every state is addressing pedestrian safety using a combination of engineering, education and
enforcement. Specific SHSO-reported activities are provided. This list does not represent the full
spectrum of activities happening across the country.
Alaska
Engineers have adopted internal policies on the use of refuge islands and divided traffic ways when
applicable to new road construction. Some jurisdictions have adopted the Complete Streets concept.
Arizona
Arizona law enforcement agencies concentrate on enforcement, education and awareness when it
comes to pedestrian safety, focusing on the habits of the pedestrian and the driver. Pedestrians are
reminded to walk on a sidewalk facing traffic, cross at intersections or within crosswalks, be visible at
night by wearing light colors, and avoid distractions like cell phone use. Drivers are reminded to look
for pedestrians everywhere, always stop for them in crosswalks, never pass vehicles stopped at a
crosswalk, and slow down around pedestrians, especially in neighborhoods and school zones.
California
California has implemented proven countermeasures such as:
●● Classroom and community group safety presentations;
●● Positive reinforcement citations for children demonstrating safe pedestrian behavior;
●● A Safetyville mock city to practice safe behavior;
●● Walking school bus activities;
●● Enforcement of safe driving behavior at crosswalks; and
●● Efforts to educate the community on how to interact with new types of infrastructure.

In addition, Section 402 funds were used in Lancaster to purchase utility box wraps with pedestrian
safety messaging, as well as for the Southern California Association of Governments to promote
community outreach and traditional countermeasures.
Colorado
The Colorado Highway Safety Office funds two large metro pedestrian enforcement grants and one
community education grant. The City and County of Denver has highlighted pedestrian safety in its
Vision Zero plan.
Connecticut
Connecticut introduced the “Watch for Me CT” campaign, which is a statewide educational community
outreach campaign that involves media components and community engagement in partnership with
CT Children’s Medical Center. Section 402 funds were used for the “Watch for Me CT” campaign, law
enforcement training and the development of public information and education rack cards.
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The first non-motorized safety course for law enforcement was held in 2018.
A statewide signage project was recently completed to ensure pedestrian signage was up to date with
current standards, including near schools and bus stops.
On the public information and education front, track cards were developed with CT laws and safe
driving tips related to pedestrian safety.
Delaware
The Delaware Office of Highway Safety partners with enforcement agencies in high crash locations
to educate pedestrians and give citations when necessary. Delaware DOT conducts roadway safety
audits, performs roadway diets, adds pedestrian lighting and builds sidewalks, among other pedestrian
safety measures. Section 402 funds are used for education and enforcement efforts, as well as paid
media.
District of Columbia
DC employed improvements in infrastructure; development and implementation of safety plans (i.e.
SHSP, Vision Zero); behavioral safety programs; and technology enhancements that have helped to
control the rate of change of pedestrian fatalities. Section 402 funds were used to target outreach to
smaller geographic areas by Ward and – even at a lower level – zip code to engage the community
and understand their concerns.
Florida
Florida uses a combination of education, enforcement, engineering and emergency response
countermeasures that are data-driven and context-sensitive to improve pedestrian safety.
●● GIS maps are used to track the coordinated effort and to ensure that all elements work

together comprehensively to ensure success.
●● Behavioral components include enforcement as a first line of education during high visibility

enforcement sweeps in areas with higher representation of pedestrian-involved traffic
crashes, as well as paid media and grassroots activities to educate the public on traffic laws
and provide safety tips and information.
●● First responders are educated on the most common types of injuries sustained in crashes

so they are prepared to provide the best possible response to crash victims. Additional
education is provided in the trauma centers during the recovery process to crash victims,
their families and friends.
●● Engineering components include Complete Streets and context-sensitive solutions to ensure

that pedestrians have safe and accessible routes. This is overlaid with enforcement advice
to engineers on how a pedestrian or motorist may use the selected countermeasure to
ensure the state is putting the right elements in the right places based on the context of the
community.
●● Florida allocated $100 million to lighting improvements in 2,500 priority locations across the

state to increase the visibility of pedestrians using the roadway at night.
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●● Educational materials are developed based on the context of the community to ensure that

all messages resonate with the state’s diverse audiences. A new 4-hour classroom-based
law enforcement training class was implemented in 2018, which all officers participating in
high visibility pedestrian safety enforcement are required to attend.
●● Florida engages “brand ambassadors” to share safety messages and shift the safety culture.

More than 70 federal, state and local partners, stakeholders and safety advocates on
Florida’s Pedestrian and Bicycle Safety Coalition are committed to reducing fatalities with a
goal of zero.
Florida uses a variety of funding sources to improve pedestrian safety, including 402 funds. For
example, the University of South Florida Center for Urban Transportation Research (CUTR) was the
subrecipient of a grant to implement a Florida Bicycle/Pedestrian educational paid media campaign, as
well as a grant for facilitation and support of the functions of Florida’s Comprehensive Pedestrian and
Bicycle Safety Program and Coalition.
Georgia
The Georgia Office of Highway Safety has grantees in cities with significant increases in pedestrian
fatalities that are working on educational programs. These programs have been focused on areas
where there are significant numbers of people who walk as a primary form of transportation. Much
of the focus has been on school children. Georgia is also increasing the number of crosswalks with
audible directions and countdowns. With regard to Section 402 programs, the City of Macon had one
of the highest per capita fatality rates for pedestrians. City leaders including the mayor, council, sheriff
and school system have worked on educational programs for all pedestrians.
Hawaii
Hawaii continued educational presentations to remind drivers and pedestrians about pedestrian
safety. The state also used NHTSA funds for pedestrian enforcement efforts focused on drivers and
pedestrians. As for infrastructure, Hawaii began installing “gateway” treatments in the Nuuanu area of
Oahu, and Hawaii DOT has begun to display traffic safety messages on Dynamic Message Signs on
Oahu’s highways. Section 402 funds are used for media, educational presentations and pedestrian
enforcement.
Idaho
Idaho funds $2 million per year of bicycle and pedestrian infrastructure improvements and educational
programs through the Transportation Alternatives Program. The Idaho Office of Highway Safety is
working with the Idaho Walk and Bike Alliance to develop PSAs about walking and bicycling in Idaho.
Indiana
Indiana DOT is addressing pedestrian safety through emphasis on walkways, lighting, and audible
signals. Section 402 funds are being used for a pedestrian and bicyclist safety program, and
the agency will be implementing a new Stop Arm Violation Enforcement (SAVE) program to help
enforcement focus on catching school bus stop arm violators to protect children getting on or off the
school bus.
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Kansas
Kansas’ primary focus has been on education, including small mini-grants to a number of cities. The
primary countermeasures have been education efforts, distribution of brochures and creation of radio
advertising.
Louisiana
The Louisiana Highway Safety Commission (LHSC) funds behavioral programs that educate young
people on the pedestrian laws and how to be safe when walking. This is accomplished through safety
towns, bike rodeos, and one-on-one education. The Department of Transportation and Development
(DOTD) initiated three new pedestrian and bicycle planning projects in different jurisdictions, kicked
off a statewide analysis of pedestrian and bicyclist crashes to identify risk factors and influence
countermeasure prioritization, and supported an MPO project that provided safety equipment to schools
and shelters along with a data-driven media campaign encouraging “safe streets for everyone.” From a
broader perspective, DOTD has continued implementing its Complete Streets policy to ensure the safety
and infrastructure needs of pedestrians are considered on every project.
LHSC has used 402 funds for behavioral projects to educate young people on ways to safely
walk and increase their knowledge of Louisiana laws. The educational projects conduct classroom
presentations, coordinate safety towns, administer pre- and post-tests to gauge knowledge change,
and coordinate community outreach events. Another project utilizing 402 funds works with schools in
the greater New Orleans area to develop travel safety plans that include pedestrian and bicycle safety.
Students are taught about pedestrian safety through a curriculum and a safety town.
Maine
The Maine Bureau of Highway Safety, with Maine DOT and designated partners, conducts an
extensive and targeted public education program and outreach campaign aimed at pedestrians
and motor vehicle safety. Print materials for pedestrians and drivers are distributed to businesses
and community centers in locations identified by Maine DOT. Maine uses multiple media venues to
promote the “Heads Up! Safety is a Two-Way Street” campaign. Media efforts concentrate in the top
10 community clusters with the highest pedestrian fatality rates. The focus of the media campaign is
to educate the walking and motoring public about pedestrian hazards.
Targeted enforcement serves to increase compliance with appropriate traffic laws by both pedestrians
and motorists. Behavioral pedestrian safety initiatives require improvements in unsafe driver or
pedestrian behaviors. Traffic enforcement focuses on the high pedestrian-motor vehicle crash
locations across the State of Maine based on the past three years of data.
Maine currently has several programs approved in their Highway Safety Plan with 402 funding,
including a planned activity for the “Heads Up! Safety is a Two-Way Street” educational and media
campaign for pedestrians. It also has High Crash Pedestrian Community Law Enforcement Agencies
as well a Targeted Pedestrian-Motor Vehicle Traffic Enforcement program.
Massachusetts
The Massachusetts Office of Highway Safety developed educational media messaging on pedestrian
safety in collaboration with Massachusetts DOT (MassDOT). Additionally, Massachusetts provided
funding to 84 local police departments across the state to conduct overtime enforcement patrols
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aimed at reducing pedestrian and bicyclist injuries and fatalities. Subrecipients were also allowed to
purchase equipment specifically for improving pedestrian and bicycle safety such as traffic cones,
crosswalk signs, crosswalk markers and bicycle helmets. On the engineering front, MassDOT performed
a safety evaluation of the improvement of 34 signalized intersections throughout the Commonwealth.
Intersection improvements included signal equipment and timing upgrades; pedestrian, bicycle and ADA
improvements; pavement resurfacing; and signage and pavement marking upgrades.
The majority of MassDOT’s federally funded projects involve intersection improvements or redesigns
to make roads safer for all users (motor vehicle occupants, motorcyclists, bicyclists and pedestrians).
Through subrecipient WalkBoston, MassDOT also helped fund an engineering-centric project that
worked with six communities with high incidence of pedestrian injuries and fatalities to develop
strategies for improving their respective towns’ walking environments.
Section 402 funds are used for pedestrian and bicycle media, including the initial launch of a “Scan
the Street for Wheels and Feet” awareness campaign done in collaboration with MassDOT.
Michigan
Michigan is implementing a variety of measures to improve pedestrian safety, including law
enforcement training and mobilization, public education, Road Safety Audits (RSAs), a Work Zone
Mobility Manual featuring guidance on the treatment of pedestrians in work zones, Complete Streets
policies and traffic control devices.
Over two years, Michigan used Section 402 funds to conduct a comprehensive pedestrian and
bicyclist crash evaluation through Western Michigan University. A pedestrian and bicyclist safety
statewide conference was held in May 2016, using 402 funds, to share the information and results of
the 2016 Michigan Comprehensive Pedestrian and Bicycle Crash Evaluation Report.
Minnesota
Minnesota provided the following examples of pedestrian safety projects:
●● Evaluation of Sustained Enforcement, Education, and Engineering Measures on

Pedestrian Crossings study, HumanFirst Lab, University of Minnesota: The objective
of this study is to review the City of St. Paul’s effort to improve pedestrian safety and
investigate whether a program similar to a NHTSA-supported study could be applied to
changing the driving culture related to yielding to pedestrians and speed compliance on
arterial and collector roads on a citywide basis.

●● Enforcing Pedestrian Laws: More than one-fourth of pedestrian deaths occur in Hennepin

County, and the majority within the city of Minneapolis. Minnesota crash data show that
drivers made errors in judgment approximately half of the time, and the other half, the
pedestrian made the error. Aiming to decrease the number of pedestrian fatalities, a grant
was written with the Minneapolis Police Department and the Ramsey County Sheriff’s Office
to conduct HVE and increase the number of citations written to pedestrians and drivers.
Missouri
Limited applications of traffic calming are being implemented (speed humps, roundabouts, road diets,
etc.). Enhanced signing, particularly at mid-block crossings, is frequently used to emphasize pedestrian
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crossings. In addition, pedestrian countdown timers and audible pedestrian signals are being used at
several signalized intersections. Behavioral solutions are more limited, but public awareness campaigns
focused on keeping pedestrians safe have been conducted in St. Louis and Kansas City.
Montana
Pedestrian fatalities have represented approximately seven percent of all fatalities in Montana
during the last five years. Montana’s Comprehensive Highway Safety Plan requires that the
Montana Department of Transportation (MDT) review fatalities on high-risk roads and fatalities
and serious injuries per capita among older drivers and pedestrians annually to assess if action is
needed. The Roadway Departure and Intersection Crashes emphasis area contains a strategy to
“reduce and mitigate intersection crashes through data-driven problem identification and the use
of best practices.” Under this strategy, MDT has developed an implementation step to construct
infrastructure improvements to mitigate intersection-related crashes. Examples include but are
not limited to: turn lanes; signal phasing/timing; flashing yellow arrows; retroreflective backplates
on signals; sight distance improvements; roundabouts or other intersection control improvements;
pedestrian improvements, including improvements at midblock crossings; bicycle improvements; signal
coordination and timing improvements; enhanced/improved lighting; or enhanced/improved signing.
MDT requires that during any construction project, pedestrian issues are reviewed to determine the
best practice for the specific project.
Nevada
After having a record year in 2017 with 100 pedestrian fatalities statewide, the Nevada Office of
Traffic Safety through the Zero Fatalities program launched an aggressive new Pedestrian Safety
campaign in May of 2018. Nevada’s campaign speaks to drivers and pedestrians, emphasizing the
role of both in enhancing safety. The campaign is highly geo-targeted to the most dangerous roads,
intersections and behaviors to best reach its audience and is primarily a paid media approach,
complemented with public relations safety messages.
New Hampshire
The New Hampshire Highway Safety Office works directly with its local law enforcement partners to
educate, message and enforce pedestrian and bicyclist safety laws on the state’s roadways.
New Jersey
The primary activities being implemented include overtime enforcement and education funding to
police departments. Both the State Pedestrian Fund and Section 402 funds are used to pay for
overtime enforcement that target high pedestrian crash locations and provide pedestrian safety
education materials for delivery to high-risk segments of the pedestrian population.
New Mexico
New Mexico has created “Look For Me” corridors, high crash risk travel corridors coupled with
high frequency transit travel corridors throughout Albuquerque. Road Diets are being studied and
implemented in parts of the city.
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New York
The Governor’s Traffic Safety Committee (GTSC), the New York State Department of Health (NYS
DOH), and the NYS Department of Transportation (NYS DOT) are continuing to play key roles
in pedestrian safety guided by the New York State Pedestrian Safety Action Plan (PSAP). The
$110 million initiative identifies 20 “focus communities,” which account for nearly 50 percent of
all pedestrian crashes. The five-year plan calls for a variety of low-cost engineering improvements
undertaken by NYS DOT, enforcement strategies organized by GTSC and educational/public
information initiatives spearheaded by NYS DOH.
NYS DOT is conducting pedestrian safety site evaluations at approximately 2,000 unsignalized
midblock crosswalks and 2,400 signalized crosswalks on state-maintained routes in urban areas.
Improvements to crosswalk safety design and construction, consisting of proven countermeasures to
reduce conflicts between pedestrians and vehicles, are also ongoing.
GTSC planned, promoted and coordinated two, six-hour pedestrian safety training workshops for law
enforcement officers. Officers learned about the state’s plan to address pedestrian injuries and fatalities,
relevant vehicle and traffic laws, pedestrian crash issues and data. They were also given tools and
strategies for the effective implementation of pedestrian education and enforcement countermeasures.
GTSC also conducted an annual pedestrian safety enforcement mobilization. GTSC worked with
police agencies covering 20 designated PSAP “focus communities” to allocate a portion of their
PTS grant to fund additional patrols during the high-visibility blitz, “Operation See! Be Seen!”
Grantees were encouraged to issue warnings and educational materials prepared by the NYS DOH
to pedestrians and drivers found violating safety laws during the first week of the campaign, and
citations during the second week.
New York City has its own pedestrian safety initiative known as Vision Zero. Age-appropriate
educational and outreach programs are provided at hundreds of schools and senior centers in target
communities. Multi-language presentations are provided to parents at health centers, schools and public
assistance centers. Outreach to schools includes meetings with principals and school staff and walking
tours to identify issues around the locations. New York City’s Department of Transportation also staffs
street teams to engage with community residents and business owners in high-risk corridors.
North Carolina
The “Watch for Me NC” program grant supports training for law enforcement related to crosswalk and
pedestrian traffic laws.
North Dakota
North Dakota DOT teamed up with local communities to plan, design and install temporary Active
Transportation Demonstration Projects. These temporary demonstration projects help determine the
public’s desired types of long-term changes for safer streets. These demonstration projects included
crosswalk enhancements in which nine communities participated. The projects are designed to make
the intersections more pedestrian-friendly while keeping vehicular traffic moving.
Engineering measures include new or replaced pedestrian and bicyclist facilities, new bicycle lanes,
new or replaced ADA measures, and pedestrian signage. The facilities are placed throughout the
state where federal funding was requested and awarded along with local funding matches.
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Law enforcement is also tasked with enforcing pedestrian right-of-way laws when they
encounter violations.
Ohio
Ohio DOT (ODOT) developed materials for a statewide campaign around pedestrian safety in 2018,
called “Your Move Ohio.” Messages included “Yield to Pedestrians When Turning,” “Look Out for Each
Other,” and “Slow Down, Watch for Pedestrians.” The campaign included a statewide advertisement
buy, social media page, development of materials for local communities, car magnets and distribution
of flashing reflectors across the state. In addition, Ohio DOT and statewide partners are working to
emphasize pedestrian safety within the novice Driver’s Education Program. Statewide partners are
creating supplemental materials on driver education emphasizing laws that keep pedestrians safe.
Regarding enforcement, ODOT facilitates a statewide active transportation network for partners and
practitioners. Best practices for bicyclist and pedestrian safety are shared, including enforcement
strategies. Within the scope of the Safe Routes to School Program, ODOT funds projects to
improve student safety, including training and implementation of enforcement activities. At least four
communities were awarded projects in 2018 that addressed enforcement in some way.
ODOT administers funding that can be used to improve the design of pedestrian facilities. For
example, the Safe Routes to School program provides $4 million annually to communities looking to
improve the safety for K-8 students to walk or bike to school. The Transportation Alternatives program
provided roughly $27 million for projects in 2018, many of which supported bicycle and pedestrian
facilities. The Highway Safety Improvement Program funds programs focused on improving roadway
safety, for which pedestrian projects are eligible.
Through Section 402 funding, each Safe Communities program can direct programming based on
local problem identification. Butler County, Franklin County and Hamilton County (which represent
28 percent of statewide pedestrian fatalities) have proposed pedestrian activities in their grants to
address pedestrian issues. Butler, Franklin and Hamilton County Safe Communities will conduct
evidence-based programs that will specifically address their pedestrian problem identification.
Oklahoma
The Oklahoma Highway Safety Office has supported a pilot project in Tulsa for the last three years
to identify means and methods for improving pedestrian and bicyclist safety. This effort involves both
enforcement and engineering concepts working together to identify and address the increasing
number of pedestrian fatalities. The “Walk This Way” and “Everyone is a Pedestrian” programs have
been used in both Tulsa and Oklahoma City, but not to any great extent yet. The DOT sponsors a
bicyclist and pedestrian safety committee that makes recommendations for improved engineering
assistance in roadway design. Several larger communities have added pavement markings and
signage to better indicate bicycles are allowed on the main roadways unless other prohibited.
Additionally, the use of a “3-foot buffer” is encouraged and in some cases mandated by local laws.
Oregon
The Oregon Department of Transportation (ODOT) re-released its PSA for the “Oregonian Crossing –
Every Intersection is a Crosswalk” campaign in theatres and Facebook ads. Oregonian Crossing yard
signs were also created and distributed to all regions. The new campaign “Oregonians Standout” was
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also released to remind Oregonians to be visible to drivers. The state re-released the “Say What You
See” back-to-school pedestrian safety PSA in September. An updated brochure on “What you need to
know about Oregon Crosswalk Laws: A Driver’s Guide” was created and translated in other languages
to be distributed to local Department of Motor Vehicle offices and local police departments. Also, the
state created a pocket “Driver’s Field Guide to Sharing Oregon’s Roads” which is also stocked at DMV
offices and used in partnership with the state Driver Education Program.
Pedestrian Safety Enforcement (PSE) Operation overtime mini-grants were awarded to 28 local law
enforcement agencies to do PSE operations statewide from April to September 2017. Non-funded law
enforcement agencies also conducted their own PSE operations throughout the year.
In 2014, ODOT developed the Oregon Statewide Pedestrian and Bicycle Safety Implementation Plan.
Oregon did a crash- and risk-based analysis with practitioners statewide to develop a list of systemic
mitigation measures being implemented with HSIP funds. For 2017 statewide, ODOT continued
to implement improved pedestrian crossings, including: installation of Rapid Flashing Beacons and
Pedestrian Hybrid Beacons, using Leading Pedestrian Intervals, and upgrading and installing accessible
pedestrian push buttons, sidewalks and curb ramps. ODOT has made it common practice to use
advanced stop bars at signalized intersections as a pedestrian/bicyclist safety measure. Also, House Bill
2017 (Keep Oregon Moving) passed, approving funding of multiple transportation projects to include
statewide pedestrian safety improvement and Safe Routes to School infrastructure in the coming years.
Pennsylvania
Pennsylvania law enforcement conduct targeted enforcement stings for motorists who fail to yield to
pedestrians in crosswalks. The Pennsylvania Department of Transportation (PennDOT) website has a
number of safety videos targeted at parents and children that are focused on walking safely to school.
Packages of pedestrian safety cards have been distributed at numerous events. The state’s district
press and safety officers execute a range of other activities in support of pedestrian safety. From an
engineering perspective, the state is focused on being more aggressive with road diets, bulb-outs,
speed tables and raised intersections.
Rhode Island
Rhode Island has created a law enforcement pedestrian safety training, which all agencies requesting
funding for pedestrian projects are required to attend. The training offers best practices, data and a review
of pedestrian statutes and policies. A training course is also available for businesses and their employees,
which offers some of the same information and data. Infrastructure measures include road diets and
statewide mitigation programs focused on curves, signalized intersections and high-risk crosswalks.
South Carolina
The Office of Highway Safety and Justice Programs partnered with the South Carolina Highway Patrol
to specifically target pedestrian and bicyclist safety issues through the Target Zero umbrella campaign.
The Highway Patrol utilizes multiple avenues in its effort to educate the public about highway safety
issues related to pedestrians, bicyclists and mopeds. Community Relations Officers give approximately
700 safety presentations a year, attend hundreds of safety fairs and give thousands of interviews on
various topics, including the topic of vulnerable roadway users. Section 402 funds were used for a
billboard campaign to supplement the Vulnerable Roadway Users (VRU) outreach efforts that had been
used in the past. A sustained, redesigned VRU campaign is planned for spring 2019.
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Texas
The state is conducting educational, training, outreach, research and engineering measures to
address pedestrian safety. Some engineering efforts include: 1) safer places to walk along a roadway
such as complete sidewalk networks; 2) safer places to cross a roadway such as intersection
improvements including pedestrian signals, detection and crosswalks; and 3) Pedestrian Hybrid
Beacons for mid-block crosswalks.
Section 402 funds are used to support the following projects:
●● Pedestrian and bicyclist outreach
●● Early child safety education focusing on pedestrians/bicyclists aged 5-10 years old
●● Statewide pedestrian and motorist outreach and support to address pedestrian safety

Utah
Utah placed messaging on sidewalks and near public transportation informing people about
pedestrian myths such as “pedestrians always have the right of way.” They have also coordinated
crosswalk enforcement mobilizations and encouraged each police department to reach out to their
local media for coverage. Each of these mobilizations has been coupled with straightforward social
media posts explaining laws. Utah is currently conducting a pilot study on advanced crosswalk signal
timing giving pedestrians extra time to get out into the crosswalk while the lights are all red.
Utah has used 402 funds for local health departments to provide outreach by helping their
communities with Green Ribbon Month and Walk to School days. As part of these projects,
departments are also required to conduct pedestrian observational surveys to better understand
behaviors in the communities they serve. The state also funded enforcement for school bus safety
with officers riding on buses calling out vehicles who violate the red stop arm.
Vermont
Vermont efforts to reduce pedestrian crashes emphasize speed enforcement, lighting and markings of
crosswalks, and safety education.
Virginia
In Virginia, the localities that receive highway safety funding to raise awareness of and enforce
pedestrian safety laws include Arlington County, Fairfax County, Prince William County, Richmond
City, Roanoke City, Salem City and Harrisonburg City. Additionally, Virginia’s “Street Smart Regional
Pedestrian and Bicycle Safety Program” focuses on promoting pedestrian and bicyclist safety and
includes similar strategic enforcement engagements around the metropolitan Washington region. This
public awareness and enforcement campaign aims at reducing the number of pedestrian and cyclist
injuries and deaths in the Washington metropolitan area (including Northern Virginia). The campaign
uses creative radio and television advertising in English and Spanish to reach drivers, pedestrians and
cyclists, while targeting them through outdoor and transit advertising on bus shelters and bus sides.
In addition, law enforcement and local, county and state agencies distribute handouts and tip cards
to further spread awareness and educate drivers and pedestrians. Virginia also has several selective
enforcement programs to address pedestrian safety. Section 402 funds support Working Towards
Zero Pedestrian Deaths, including Street Smart Metro Washington, Share Virginia Roadways and
selective enforcement.
Spotlight on Highway Safety | Governors Highway Safety Association | ghsa.org | @GHSAHQ

41

Pedestrian
Traffic Fatalities
by State
2018 PRELIMINARY DATA

Washington State
Many cities are implementing design features on roadways to enhance pedestrian safety, such as
curb bulb-outs, protected left turn lanes, pedestrian crossing intervals for crosswalks and various
traffic calming measures to slow drivers down.
The Washington Traffic Safety Commission supports several pilot projects on high visibility
enforcement that couple public education and outreach with enforcement targeted to locations with
histories of pedestrian fatalities and serious injuries.
The Washington State Legislature created a Pedestrian Safety Advisory Council (PSAC) to study the
common causes of pedestrian crashes, which often center on the speed the driver was going and
whether the driver or pedestrian were paying attention. The 2018 PSAC report was just submitted
and it supports increased used of automated speed enforcement, increased data collection and
analysis and strengthening and clarifying the state’s vulnerable user law.
Section 402 funds are used to support several pilot projects working on high visibility enforcement,
coupling public education and outreach with enforcement targeted to locations with histories of
pedestrian fatalities and serious injuries.
Wisconsin
The Bureau of Transportation Safety (BOTS) hosted two Designing for Pedestrian Safety classes in
Wisconsin, instructed by FHWA staff. This course provided resources and knowledge about behavioral
and infrastructural design to engineers and planners to help increase pedestrian safety. Each course
was held over two days, with 20 participants in each course. BOTS also held three Pedestrian and
Bicyclist Safety Law Enforcement Trainings. The training is specifically designed to support law
enforcement when addressing and enforcing pedestrian and bicycle safety.
In the summer of 2018, BOTS provided the Wisconsin Bike Federation a grant to increase pedestrian
safety in Milwaukee, which has the highest rate of pedestrian crashes and fatalities in the state. The
goal was to create strategic marketing and advertising that would advance safety messages to the
forefront of motorists’ and pedestrians’ knowledge.
BOTS provided four Pedestrian/Bicycle High Visibility Enforcement Grants. This grant program
reimbursed officers for overtime while conducting high visibility enforcement to reduce bicyclist and
pedestrian crashes and fatalities. Each agency agreed to participate at a minimum of one HVE per
week for three months. This minimum was identified from evidence-based, peer-reviewed research.
In addition, all agencies were required to participate in the Pedestrian and Bicyclist Safety Law
Enforcement Trainings that the Bureau conducted.
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Our current
approach to
addressing the rising
number of people
struck and killed
while walking has
been a total failure.
It needs to be
reconsidered or
dropped altogether.
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EXECUTIVE
SUMMARY

Between 2010 and 2019, drivers struck and killed
53,435 people while walking throughout the United
States, more than 14 people per day on average.
It has been more than a decade since the first edition
of Dangerous by Design, and the problem has only
gotten worse: drivers strike and kill thousands of
people walking every year, and the annual death
count continues to climb with each new edition of
this report.

The number of people struck and killed each year
has grown by 45 percent between 2010 and 2019,
and 2018 and 2019 saw the highest numbers of
pedestrian deaths since 1990.*
Our streets are getting more dangerous—this edition
finds that almost every single state in the U.S. has
grown more dangerous for people walking since
the last edition of Dangerous by Design. (49 of
50)

Pedestrian
fatalities
are up 45
percent
from
2010 to
2019

National Complete
Streets Coalition

*Note: NHTSA released a report in December 2020 with fatality numbers in 2018 and 2019 (6,374 and 6,205) that differ compared to the raw Fatality
Analysis Reporting System (FARS) data used in Dangerous by Design (6,283 and 6,237). Finding no way to reproduce NHTSA’s numbers within the comprehensive FARS data, Dangerous by Design 2021 includes the numbers found in that raw, publicly accessible data. This discrepancy does not impact
the overall trend in rising fatalities, and will be corrected if NHTSA releases updated raw data that are accessible to the public. View NHTSA’s report: https://
crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813060.
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while often ignoring the role of roadway design in these deaths. Meanwhile the
death count has continued to climb year after year. States and localities cannot
simply deploy the same playbook and expect this trend to change—they need
a fundamentally different approach to the problem. They need to acknowledge
that their approach to building and operating streets and roads is contributing
to these deaths.

Photo from Jackson, MS courtesy of Dr. Scott Crawford

This report also highlights ongoing disparities in which groups of people are at
greatest risk of dying while walking. Older adults, Black or African American
and American Indian or Alaska Native people, and people in low-income
communities continue to be disproportionately represented in fatal crashes
involving people walking.
We know many of the factors responsible for these deaths. Policymakers
are choosing not to address them. We continue to design and operate streets
that prioritize the speedy movement of vehicles at the expense of safety for all
people who use them. There are core tenets of acceptable roadway design
that actively put people at risk and increase the likelihood that people walking
and moving actively using assistive devices such as wheelchairs, walkers, sight
canes, prosthetics, and scooters will continue to pay the price. These street
design practices can also set drivers up to fail by making mistakes easier and
the consequences of them more deadly, even when following the rules.
Our current approach to addressing these deaths needs to be
reconsidered or dropped altogether—it is not working. Many states
and localities have spent the last ten years focusing on enforcement, running
ineffectual education campaigns, or blaming the victims of these crashes,
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This problem continues to get worse.
49 states and 84 of the 100 largest metro
areas have become more dangerous compared
to the decade of data covered in Dangerous by
Design 2019.
It is past time for policymakers to take responsibility for stopping
these preventable deaths. With discussions currently underway about the
next reauthorization of our federal transportation bill, federal policymakers
in Congress have an opportunity—and an obligation—to act now to make
streets safer for everyone. Congress should create policy to change how we
fund, design, and measure the success of our streets to prioritize the safety
of all people who use them, especially people walking and traveling actively.
The Complete Streets Act of 2021, which would do many of these things, was
reintroduced in this Congress in February 2021. It should be supported and
wholly incorporated into the next transportation authorization.
The U.S. Department of Transportation has an equal responsibility to
ensure these changes take place by instructing states to set targets to reduce
injuries and fatalities, improving current national data, and changing the
standards that contribute to hostile conditions for people walking in federal
manuals for roadway design and operations. USDOT also needs to set better
motor vehicle safety standards that protect people walking. Traffic fatalities
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overall have declined thanks partially to better safety standards for vehicle
occupants, but federal decision-makers have failed to protect people walking
from the impacts of larger and larger personal vehicles like SUVs. There is no
shortage of other concrete, tangible actions that the new leadership at USDOT
could take right now, many of which were outlined in Smart Growth America’s
transition recommendations (see p.15). President Biden’s talented team at
USDOT has much to do if they want to turn their words on safety into action.
We also call on states, the main builders and managers of our transportation
system, to take responsibility for the safety of people walking on their streets.
They must go beyond the ineffective education campaigns that have failed to
stem the tide of fatalities, and make fundamental changes to how they design
roads. We have to stop thinking that we can educate or enforce our way out of
a problem largely created and exacerbated by streets designed to treat people
outside of a car as afterthoughts at best and with outright neglect or hostility
at worst. And we call on all levels of government—states, regions, and
localities—to prioritize protecting the most vulnerable people using our streets.
This ten-year increase in deaths is a failure of our government at
nearly all levels. We have been producing this report for more than a decade.
During those ten-plus years, this report has documented the slow, steady,
and terrifying increase in the number of people struck and killed while walking
each year in this country—even as overall traffic fatalities have been trending
downward.
We are tired and saddened to produce yet another edition of this report
without any positive change to show for it. We must do more to reduce
the number of people that die while walking every day on our roadways, and
more to protect older adults, Black or African American and American Indian or
Alaska Native people walking, and people walking in lower income areas. This
is a matter of life and death. We hope the next edition of Dangerous by Design
will tell a different story, but without some fundamental changes in the near
term, the problem will only get worse, and thousands of Americans will pay
with their lives.
DANGEROUS BY DESIGN 2021
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Introduction
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Our approach
to building
and operating
streets and
roads is directly
contributing to
these deaths.

Throughout the United States between 2010 and
2019, drivers struck and killed 53,435 people
while walking, more than 14 people per day on
average. The number of people struck and killed
each year has been on a steady and inexorable rise
over this decade, growing by 45 percent between
2010 and 2019.1 2018 and 2019 saw the highest
numbers of pedestrian deaths since 1990.2,3
If these statements feel familiar, it’s because they are.
It has been more than a decade since the first edition
of Dangerous by Design, and the problem has only
been getting worse. Drivers strike and kill thousands
of people while walking every year, and the annual
death count continues to climb with each new edition
of this report. Over the years, we have compared
the magnitude of those deaths to everything from a
jumbo jet crashing every month to more than sixteen
times the deaths caused by natural disasters. We are
running out of comparisons.
We would love to stop releasing Dangerous by
Design because policymakers have finally heard the
urgent need and taken action to fix the problem.
Yet our streets are only getting more dangerous.
Unlike our last report in 2019 when 13 states were
improving, forty-nine out of fifty states in the U.S.
became more dangerous for people walking since
the last edition of this report using our “Pedestrian
Danger Index” (PDI) metric, which puts these deaths
in the context of states’ populations and walking
rates.

Our current approach to addressing these
deaths is not working.
Many states and localities have spent the last ten
years focusing on enforcement, running ineffectual
education campaigns, or blaming the victims of these
crashes, while ignoring or actively distracting people
from the role of roadway design in these deaths.
States and localities cannot simply deploy the same
playbook and expect this trend to change—they
need a fundamentally different approach to the
problem. They need to acknowledge that their
approach to building and operating streets and roads
contributes to these deaths.
Like previous editions, this report ranks the most
dangerous states and metropolitan areas for people
walking across the United States, using a metric that
allows us to fairly compare states and metro areas to
one another. It also exposes continued disparities in
which groups of people are at greatest risk of dying
while walking: older adults, Black or African American
and American Indian or Alaska Native people, and
people walking in low-income communities. This
report calls on leaders at the federal, state, and local
level to do more to ensure streets are designed and
operated to protect the safety of all people who use
them.
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The number of people struck and killed while walking has
grown by 45 percent over the last decade

It’s long past time for policymakers to
take responsibility for these preventable
deaths

The impacts of COVID-19 on traffic safety
While the federal government has only released national data on
pedestrian deaths through 2019 at the time of this report, we know
the COVID-19 pandemic has profoundly impacted daily travel,
particularly in the early stages of lockdown in early 2020. Driving
initially declined significantly as people followed stay-at-home orders;
but with fewer cars on the road, speeding went up. All of the 25
largest metro areas in the U.S. saw an increase in average travel
speeds early in the pandemic, some by as much as 65 percent.4
While we don’t yet know the full consequences of that
speeding for people walking, we know the rate of traffic deaths
overall skyrocketed even as driving plummeted. The National
Safety Council estimates a 24 percent spike in (all) traffic fatality rates
in 2020—the biggest increase in 96 years—a year when miles driven
overall was down 13 percent.5 One way to take this is that typical
levels of congestion and delay on our roads—which transportation
agencies typically try to eliminate at almost any cost—are perhaps
placing a crucial role in preventing thousands more traffic fatalities, for
people walking and driving. Put another way, for states and metros
that are unwilling to commit to designing roads for safety over speed,
congestion might be their most effective (though accidental) safety
tool. See page 17 for a closer look at what we know about 2020.

Every single one of these deaths is tragic—even more so because many are
avoidable. Policymakers have allowed this trend to continue. This report may
sound like a broken record, but it hasn’t always been this way. The national
surge in pedestrian deaths is a relatively recent phenomenon. The number of
people fatally struck while walking decreased steadily for three decades before
starting to rise at an alarming rate beginning in 2009.
DANGEROUS BY DESIGN 2021
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This staggering increase of people fatally struck has far outpaced
motor vehicle occupant deaths. While the number of people struck
and killed by drivers while walking increased by 45 percent between
2010 and 2019, driver and passenger fatalities increased by just 3.7
percent.6
This isn’t a clear byproduct of any major shift in how people travel—
especially not a change in walking. The percent of people walking to
work dropped slightly and total annual vehicle miles traveled (VMT)
increased by only 9.6 percent.7
National travel surveys from 2009 and 2017—the closest available
years—show that walking as a share of all trips held steady at around
10.5 percent.8
Photo of Southside Dr. & Kenwood in Louisville, Kentucky courtesy of Wakeley/Flickr

From 2010 to 2019:

Pedestrian
deaths
increased by

45%

Traffic deaths
among motor
vehicle occupants
increased by

3.7%

Walking as a
share of total trips
stayed steady
around

10.5%
*From 2009-2017
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Vehicle miles
traveled
increased by

9.6%

We know many of the factors responsible for these deaths.
Policymakers are choosing to ignore them. We continue to design
streets that are dangerous for all people, especially people walking and
moving actively using assistive devices such as wheelchairs, walkers,
sight canes, prosthetics, and scooters. Yet no matter how many times
we (and countless other advocates and researchers) say it, federal and
state decision-makers have failed to change the policies, standards,
and funding mechanisms that produce roads that prioritize high
speeds for cars over safety for all people. In doing so, policymakers are
choosing to let these deaths continue.
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The federal government has failed
to act when it comes to the deadly
impacts of ever-larger vehicles

Percent U.S. annual market share of new
vehicles, by type

We know more people are driving trucks and
SUVs (sport utility vehicles), which are two
to three times more likely than smaller
personal vehicles to kill people walking in
the event of a crash.9 Recent research from
the University of Wisconsin-Milwaukee found
the share of pedestrian deaths involving trucks,
vans, and SUVs has increased from 22 to 44
percent since the mid-1980s.10 The size of larger
vehicles has also increased dramatically over the
past several decades: pickup trucks in particular
are nearly 1,256 pounds (32 percent) heavier
than they were in 1990.11
The National Transportation Safety
Administration issued recommendations in 2018
to revise motor vehicle safety standards to better
protect pedestrians, but federal policymakers
have so far failed to make changes.12 This is
directly contributing to the deaths of people
walking, but it also sets drivers up to make
mistakes that bring devastating impacts to them:
failing to see a child walking until it is too late
because of the vehicle size, or killing a person
walking in a crash that could otherwise have
resulted in injury with a smaller, safer vehicle. For
every pedestrian killed, at least three people are
forever changed: a victim who dies, the people
who loved them, and the person who has to live
with the knowledge that they killed someone.

DANGEROUS BY DESIGN 2021

The graphic above shows the change in the makeup of the US
vehicle fleet. At the top right, a comparison of truck sizes from 20
years ago vs more recent models, and the height of a new 2021
truck model on display at the Washington Auto Show. Below, a
simple graphic shows why people struck by larger vehicles are more
likely to die in a collision. Top, Flickr photo by Norman Walsh, bottom
Stephen Lee Davis / Smart Growth America
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An alarming number of states have abdicated their responsibility
to improve safety, suggesting that the rising death count is a
consequence of factors outside their control. Beginning in 2018, the
federal government required states to set a combined target for the number
of non-motorized deaths and serious injuries, which includes people walking,
biking, using wheelchairs, and riding scooters and other non-motorized
vehicles. In that first year—shown in the graphic below—18 states accepted
the current trend line and set targets for more people traveling outside a vehicle
to be killed and injured compared to the most recent year of data reported at
the time. And unfortunately, six of those states exceeded those grim targets
to increase fatalities and serious injuries in 2018.13 In 2020, more states threw
their hands up at the problem: 20 states set “safety” targets for more deaths
and serious injuries than the previous year.14 These states need to accept the
role their roadway design practices play in these deaths and actively participate
in the solution, starting with setting performance targets to reduce the number
of people killed while walking and funding projects to make it happen.

In 2018, 18 states set targets for more people to die
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Speed kills
Designing roads
If hit by a car
traveling:
for high speeds
dramatically
increases the
likelihood that
20 MPH
5%
a person struck
while walking will
be killed. At 40
30 MPH
45%
miles per hour,
85 percent of
crashes involving a
person walking are
40 MPH
85%
fatal.15 Designing
National Traffic Safety Board (2017) Reducing Speeding-Related Crashes Involving Passenger Vehicles.
Available from: https://www.ntsb.gov/safety/safety-studies/Documents/SS1701.pdf
streets for slower
speeds is directly
connected to
improving safety and reducing deaths.

Lower speeds save lives, and good design reduces both
speed and driver error
It’s not just about the presence or lack of sidewalks and crosswalks—other
aspects of roadway design lead directly to higher speeds and more deadly
streets. Most drivers have experienced that momentary shock of looking down
at their speedometer and discovering they are well above the posted speed
limit. Drivers follow visual cues and the majority drive at a speed that feels safe.
The “design” speed of a road may be far higher than the speed limit.
Conventional wisdom used by federal and state safety offices attributes most
crashes to driver or pedestrian error, but rarely to designer error. Yet good
design leads to better driving behavior, fewer mistakes, and mistakes with less
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deadly impacts. A recent research scan from the Journal of Planning Education
and Research indicates street design and other physical characteristics of the
surrounding environment prime drivers’ expectations about potential conflicts
or hazards and risk response, playing a direct role in many of the human errors
that result in crashes.16

The illustrations on the following page explain how roadway design
contributes to the preventable deaths of people walking and how better
design can shape driver behavior, lower speeds, and make people safer.

Good design also means less enforcement
Designing roads for slower speeds that are self-enforcing also reduces the
need to rely on law enforcement, which can pose disproportionate financial
and legal burdens on lower-income people. This also saves money and
prevents potentially deadly encounters with police for Black and Brown people.
Designing to prioritize the safety of people walking also helps mitigate risky
pedestrian behavior and can make the “crime” of jaywalking obsolete. Our
goal with design should be to make dangerous behavior difficult and
safe behavior easy.
Safer design can even make distracted driving collisions less deadly.
While some media outlets have pointed to distracted driving as a potential
cause of rising deaths among people walking, recent research from Ohio State
indicates road design plays an important role in curbing the most dangerous
consequences of distracted driving by reducing the severity of those crashes. It
finds crashes involving a distracted driver are less severe in urban areas where
street design and other visual cues are more likely to encourage slow speeds
and awareness of people walking, particularly certain states like Florida, North
Carolina and North Dakota. It also finds these crashes are more severe when
high speeds are involved.17
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Dangerous by design

Streets that have wide lanes that allow room
for mistakes, lack high-visibility crosswalks,
have wide intersections that encourage
drivers to make turns without slowing, and
have long distances between intersections,
encourage higher speeds—regardless of
how low speed limits are set. Yet people
will cross even in dangerous conditions
when the nearest safe crosswalk requires
a long detour, especially when there are
destinations or transit stops along the road.

Safer by design

1 While important to lower speed limits, safe
design gives drivers other visual cues to slow
down. 2 Narrower travel lanes naturally slow
traffic, 3 high-visibility, signalized crosswalks
make drivers more aware of pedestrians, and
extended curbs shorten the distance required
to cross the street. 4 Decreasing the distance
between intersections also helps reduce speeds.
5 Adding signalized crosswalks in the middle of
long blocks slows traffic and provides valuable
new connections where people already want to
walk. 6 Eliminating right turn “slip” lanes in favor
of right-angle turns produces slower, safer turns
and shorter crossing distances for pedestrians.
(See p.16)
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Addressing the problem—what can be done
Federal policymakers in Congress have an opportunity—and an
obligation—to act now to make streets safer for all people, with discussions
currently underway about the next reauthorization of our federal transportation
bill. Congress should create policy that changes how we fund, design,
and measure the success of streets nationwide to make safety our highest
priority, especially the safety of the most vulnerable people. The next federal
transportation reauthorization bill should incorporate a focus on safety over
speed throughout all federal programs. The INVEST Act passed by the House
of Representatives in June of 2020 was a great start.18 This isn’t just about
safety—our federal policy and fundings systems should prioritize investments
that improve access to jobs and necessities for everyone, including those who
cannot drive or afford a vehicle, and making streets safer for people walking is
a necessary step to doing that. And Congress must hold states accountable
for making reductions in serious injuries and fatalities.

there is a considerable delay in its release; we don’t know how many people
died in a given year for a full year afterwards.
In addition, the disability data reported by FARS is incomplete, and
inappropriately groups wheelchair and scooter users with skateboarders, roller
skaters, baby carriages, and more. We also need standards for better race and
ethnicity data at the time of crashes, which are often missing or inadequately
recorded. And after years of leaving it out, FARS has finally moved toward
including national injury data—a longstanding gap—but those data are not yet
comprehensive.
If we don’t fully understand who is being killed and where in great detail, how
will we ever comprehensively address this problem?

Congress should also pass the Complete Streets Act, which sets aside
funding for complete streets technical assistance, planning, and construction.
Any reauthorization or infrastructure legislation must include a strong federal
Complete Streets policy that requires state departments of transportation to
consistently plan for and construct projects for all people who use the street,
including the most vulnerable, and that opens the door for more innovative,
flexible design guidance.
We also need more and better data on the street conditions where fatalities
occur, the demographics of the victims, and other conditions of the crash.
While we know some of the factors likely responsible for this decade’s sharp
increase in fatalities of people walking—like the increasing share of SUVs and
larger vehicles on the road—limitations and inconsistencies in the data prevent
a fuller picture. More research is needed to identify all the factors behind this
terrible trend. At the national level, the Fatality Analysis Reporting System
(FARS) is the most comprehensive dataset on traffic fatalities we have, but
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Photo of Jackson, MS,
courtesy of Dr. Scott Crawford
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The U.S. Department of Transportation (USDOT) has an equal
responsibility to ensure these changes take place. We recently released
recommendations for President Biden’s administration with immediate actions
USDOT should take: requiring that states stop setting negative injury and
fatality targets, improving current national data, and updating federal manuals
for roadway design and operations to change standards that contribute to
hostile conditions for people walking.19 The National Highway Traffic Safety
Administration (NHTSA) should also update its guidance and approach to
deprioritize traffic enforcement and revise vehicle safety standards to better
protect pedestrians. USDOT has substantial authority to act, and many of
these steps are actions the agency could and should have taken years ago.
Failing to act is consenting to the result.
States must implement performance measures to reduce the number of
people killed while walking. One way to make safety a higher priority is to
deprioritize or get rid of roadway design metrics focused exclusively on
minimizing how often cars need to slow down. This emphasis on reducing
traffic “delay” as the number one goal produces some of the most dangerous
roads—roads where drivers travel at high speeds, aren’t expecting to need to
slow down, and aren’t looking for people walking. States can also provide their
engineers with the most up-to-date training and education on implementing
Complete Streets and update policies and decision-making frameworks to
support Complete Streets.
And all levels of government—states, regions, and localities—should
prioritize projects that bring the greatest benefits to those who are
suffering disproportionately. Traffic deaths impact every community in the
United States, but this report shows that people living across the southern
continental United States, older adults, people of color, and low-income
communities bear a larger share of this harm.

DANGEROUS BY DESIGN 2021

Photo courtesy of Andy Boenau

Failing to act is
consenting to
more preventable
deaths.

16

How does speed get prioritized over safety?
Slip lanes, those short right-turning lanes at intersections that allow vehicles to
turn without slowing down, demonstrate how we could improve safety through
design, if safety were truly the highest priority. Slip lanes were created to solve
one specific set of problems: vehicle speed and delay.
They were borne of the simple realization by traffic engineers that cars turning
right—even on a green light—can produce congestion because slowing down
to a safe turning speed in a travel lane can delay traffic traveling straight. Slip
lanes prioritize vehicle speed over the safety of everyone who uses the road
by 1) increasing the distance required to cross a street, 2) putting people
walking into the very spots that can have the worst visibility for a driver, and 3)
encouraging drivers not to slow down when approaching an intersection and a
crosswalk—the precise moment they should be the most careful.
For drivers turning right in the images below, all the design cues are directing
them to blaze through their turn right into the precise spot where engineers
have said that a pedestrian should “safely” cross.
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We already know how to design a safer intersection, but all the embedded
practices of the agencies in charge prioritize keeping cars moving by default.
Slip lanes are found everywhere across the country in rural, urban and
suburban areas, designed and built with federal money and guidance over the
last 50 years. Better education and enforcement will not fix this problem.
Even the Federal Highway Administration (FHWA) knows efforts to make slip
lanes “safer” will always be limited, because their created purpose—keeping
traffic moving—is fundamentally opposed to safety for people walking:
“While right-turn slip lanes are generally a negative facility from the pedestrian
perspective due to the emphasis on easy and fast vehicle travel, they can be
designed to be less problematic.”20
A small change to a road in Arlington, Virginia (noted on the following page) is
a great example of prioritizing safety over speed. Unfortunately, Arlington is in
the minority. Most states and cities will not change their practices unless
Congress and USDOT sends a directive that the lives of people who die
as a result of traffic fatalities are more important than a few seconds of
delay.

Stephen Lee Davis / Smart Growth America
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What we saw in 2020
The coronavirus pandemic has had unprecedented impacts on daily life,
including the trips people take for work and leisure. And while the federal
government likely won’t release full 2020 national data on people struck and
killed while walking until late 2021, new data estimates and broader highway
safety trends paint a troubling picture.

Before
Back in 2009, this slip lane in Arlington, VA made it possible for drivers to zoom onto a
neighborhood street without so much as a tap on the brakes, right into a crosswalk. But
changes were subsequently made to narrow the lanes, eliminate the the slip lane, convert
the right turn into a sharper turn that requires drivers to slow down before turning, and move
the crosswalk to the safest and shortest point of the intersection where pedestrians will be
the most visible. Perhaps there’s some additional vehicle delay today as cars now have to
slow down to turn right, but that’s what it looks like in practice to prioritize safety over vehicle
speed or delay. Imagery from Google Street View.

During lockdown, traffic fatality rates shot up, even as driving dropped
precipitously. The fatality rate from April-June increased by 32 percent to its
highest level in 15 years, according to data from the National Highway Traffic
Safety Administration (NHTSA). While the overall number of traffic deaths
(including motor vehicle occupants, people walking, and others) decreased
slightly during that period compared to the same three months of 2019, driving
dropped by 26 percent.21 Once the initial stage of lockdown ended and driving
began to increase back toward pre-COVID levels, the raw number of traffic
fatalities also began to climb again, increasing 13.1 percent in July-September
compared to the same three months in 2019, according to a later NHTSA
report.22
With fewer drivers and less congestion on the road, speeding went up.
A number of states and cities reported higher instances of speeding in the first
few months of the pandemic, and preliminary national research supports those
findings. A report from INRIX found average speeds increased in all 25 of the
largest metropolitan areas in the U.S during April-July 2020, in some cases by
nearly 65 percent, like in Philadelphia and San Francisco.23 This is likely a factor
in the sharp rise in the traffic fatality rate early in the pandemic—and something
that designing roads for slower speeds could have helped prevent.
The trend for the full year tells a similar story: driving went down and
traffic fatality rates spiked. The National Safety Council is estimating the
biggest increase in traffic fatality rates in 96 years in 2020—a 24 percent
spike—during a year when miles driven overall was down 13 percent. This
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shows that typical levels of congestion and delay on our roads—which
transportation agencies typically try to eliminate at almost any cost—is perhaps
playing a crucial role in preventing thousands more deaths of people driving
or walking. Put another way, for the states and metros that are unwilling to
commit to prioritizing safety over speed and a holistic approach to safety,
congestion might be the most effective (and unintentional) safety tool that they
have.
There’s no clear story yet about people killed while walking in 2020.
While we don’t have national data on people killed while walking in 2020,
some state departments of transportation, like Massachusetts and Washington
State, provide publicly available safety data portals with relatively current
information.24,25 Several others—Connecticut, Colorado, Louisiana, and
Washington, DC—offered preliminary crash data from 2020 at our request.
These states all deserve recognition for their transparency and willingness to be
a partner in addressing the problem.
These states’ combined data don’t tell a clear story yet. In most of them,
preliminary data show that the raw number of people struck and killed while
walking over the first ten months of the year remained similar in 2020 to 2019,
though there are exceptions: the number of people killed while walking in
Louisiana spiked in 2020, while people killed while walking dropped nearly
in half in Massachusetts. However, significant data cleaning occurs between
initial police reports and the final numbers released in FARS. These preliminary
death counts are subject to change and it is difficult to draw final conclusions.
Congress and USDOT should actively seek ways to speed the sharing of these
data, as 9-10 months is too long to wait for it.
These pedestrian deaths will also need to be taken in the context of other
changes to travel behavior in 2020, including where and how frequently
people walked in 2020. And it will be crucial to dig into who the victims of
these crashes were in 2020, whether the same groups continue to be most
vulnerable, and whether any disparities grew even more pronounced as work
and leisure trips shifted during the pandemic.
DANGEROUS BY DESIGN 2021

Buford Highway in the Atlanta,
Georgia metro area. Stephen Lee
Davis / Smart Growth America
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Oakland, CA was one city that piloted approaches
to make streets safer during COVID
At the beginning of the pandemic, a number of local governments
partially or fully closed certain segments of streets to vehicles to
provide more space for residents to safely exercise outdoors and move
around the city. While many cities focused on closing residential streets
to traffic to improve safety for exercise and play, the City of Oakland’s
“Slow Streets” program stands out for also emphasizing safe access
to essential places, addressing high-crash streets, and focusing on
vulnerable communities.
Oakland initially launched their Slow Streets Program in April 2020 to
support physical activity and reduce overcrowding on trails, parks, and
sidewalks during the pandemic by closing over 20 miles of streets to
motor vehicles. After implementation, the city set out to evaluate the
program and gather feedback from residents.
City staff heard that trafﬁc safety is a more important issue during
COVID-19 than creating space for physical activity for many
Oaklanders, especially those in East Oakland and in high priority
neighborhoods where fewer workers are able to telecommute. In
response, the City launched a new stage of the program, “Slow
Streets: Essential Places,” in May, installing temporary intersection
improvements to support safe access to grocery stores, food
distribution sites, and Covid-19 test sites. The city overlaid these
essential places with its High Injury Network, where just 6 percent
of city streets account for over 60 percent of severe and fatal traffic
crashes, as well as the highest-priority neighborhoods according to
equity indicators like race and income. Oakland installed its first Slow
Streets: Essential Places project near a neighborhood grocery store at
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the intersection of Avenal and Bancroft avenues, using traffic cones and
signage to create a temporary median and upgraded crosswalks to rapidly
reduce the risk of traffic crashes. Between May and July, the city installed
14 additional projects.
In October, again in response to community feedback, the city kicked
off another new phase of the Slow Streets program and partnered with
Oakland-based artist Jonathan Brumfield to make the purpose of the
temporary installations clearer and the installations themselves more
attractive and reflective of the surrounding neighborhoods. Oakland
received funding support for Blumfield’s time through Smart Growth
America’s ongoing Arts & Transportation Rapid Response initiative, which
seeks to pair transportation agencies with artists to develop creative
solutions to COVID-related transportation challenges.26
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Flickr photo by Andrew Bossi

The most dangerous places to walk in the
United States
Our “Pedestrian Danger Index” (PDI) calculates how deadly it is for people
to walk in a state or metropolitan area based on the number of people killed
by drivers while walking, controlling for the number of people that live in that
state or metro area and the share of people that walk to work. Among limited
datasets about walking, the share of people who walk to work is the best
nationally available approximation of the total number of people who walk
for all trips. This approach allows for a balanced comparison by accounting
for places that may have higher numbers of fatalities simply as a function of
higher numbers of people traveling on foot overall. For example, the New York
City metropolitan area saw the largest number of people struck and killed
while walking between 2010-2019 by a large margin, yet also has a very large
population and incredibly high rates of walking to work. PDI allows us to fairly
compare it to a metropolitan area like Orlando, which also has fairly high fatality
numbers but a lower population and far lower rates of walking to work.
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The 2021 calculations include traffic deaths that occurred between 2010 and
2019 from the Fatality Analysis Reporting System (FARS). Mode share and
population data are taken from the U.S. Census Bureau’s 2019 American
Community Survey five-year estimates. For PDI by race, and ethnicity, we use
walking rates from the American Community Survey Public Use Microdata
Sample (PUMS). Consult the Appendix for a more detailed description of our
methodology.
This report calculates PDI for all 50 states and for the 100 largest metropolitan
statistical areas (MSAs) nationwide (inclusive of the Washington, D.C. region),
highlighting the places that are especially deadly for people walking. Since
the previous edition of Dangerous by Design, which looked at traffic deaths
between 2008 and 2017, states have gotten worse. In our 2019 report, 13
states got less deadly compared to the previous edition, but this time PDI
scores have increased in 84 of the top 100 MSAs and forty-nine out of
fifty states. In the remaining state, Rhode Island, it stayed the same.
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The graphic on this page highlights the top twenty
most dangerous states for people walking based
on PDI scores.
Nine of the top ten most dangerous states fall
across the southern continental U.S., as do many
of the top twenty most dangerous states. Much
of the growth and development in southern states
occurred after World War II as car ownership
became widespread, and those states still face
that legacy today in the form of spread out,
driving-scale development with wider roads and
long blocks. Those conditions make it more
dangerous to travel outside a car and more difficult
to make design changes that improve safety.
The ten most dangerous states for people
walking in this report are the same ten states that
topped the list in Dangerous by Design 2019,
although some rankings within the top ten have
shifted (consult Appendix A for a comparison
of rankings). While improving safety requires a
long-term commitment to retrofitting infrastructure
and changing the practices that lead to these
dangerous roads, any state can make immediate
progress today. There is no excuse not to take
action now.
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The graphic on this page shows the ten states that
saw the biggest increases in PDI since Dangerous
by Design 2019. PDI scores for these states rose
by anywhere from 13.4 to 32.2 points, meaning
these places have become even more dangerous
for people walking since the last report. These are
noteworthy large increases, reflecting an increase
in the number of deaths in 2018 and 2019 in many
cases. As of Dangerous by Design 2019, which
analyzed deaths from 2008-2017, the states with
the largest change in PDI scores since the prior
2016 report ranged from 7.9 to 24.5 points.
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Top photo by the National Complete Streets Coalition,
middle photo by Stephen Lee Davis / Smart Growth
America, and the bottom photo by BikeWalk KC on
Flickr.
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The graphic on this page shows the PDI scores
for the top twenty most dangerous metropolitan
areas for people walking. Once again, seventeen
of those twenty most dangerous metro areas
are located within southern states. Research has
consistently linked the sprawling growth patterns
common in many of those states to higher rates of
both traffic-related deaths for people walking and
traffic-related deaths overall.27,28 Nine of the twenty
most dangerous MSAs are in Florida.
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Eighty-four of the 100 largest metropolitan areas
grew more dangerous for people walking since
the previous edition of Dangerous by Design. The
graphic above shows the metropolitan areas that
experienced the worst increases. These regions
saw PDI scores climb by as much as 77 points,
meaning the decade from 2010 to 2019 was
much more dangerous on average for people
walking in these places compared to the decade
between 2008 and 2017.
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In Jackson, MS, the metro area with the fifthbiggest increase in PDI since the 2019 report, every
improvement in conditions (as seen in the top and
middle photos at right) is countered by hundreds of
other streets and sidewalks that are woefully insufficient
to allow for safe travel by all people who need to use the
road, as with the bottom image. Moments of progress
are worth celebrating, but scattered, small fixes will fail to
keep up with the scale and scope of the probem. Photos
submitted by Dr. Scott Crawford.
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Some Florida cities are becoming
safer, but statewide progress has
stalled
For many years, Florida has topped the list of
most dangerous states in the U.S. for people
walking, with scores of metropolitan areas in
Florida consistently falling within the top twenty
most dangerous cities. Despite that, recent
editions of this report have applauded Florida
state leaders’ recognition of the problem and
efforts to improve safety for people walking.
In 2014, the state adopted a Complete
Streets policy and the Florida Department of
Transportation (FDOT) initially took ambitious
steps to implement the policy, launching major
updates to its design standards and planning
statewide training for roadway engineers.
Policies intended to save lives should be
measured by their success, and Florida’s
effort has failed to live up to its billing.
Undoing the damage caused by decades
spent building dangerous roads and car-scale
development takes continuous and ongoing
commitment. While it makes sense not to see
dramatic improvements immediately, progress
should be evident at some point. But Florida
has continued to grow more dangerous for
people walking. In fact, the state saw one of the
largest increases in PDI score since Dangerous
by Design 2019. FDOT may have taken some
important initial steps and clearly continues
to have champions working to make streets
DANGEROUS BY DESIGN 2021

This example from Hollywood Blvd. in Broward
County, FL shows some of the simple
interventions that are proven to enhance
safety: bulbouts, mid-block crossings,
additional lighting, narrower lanes, and others.
Photo courtesy of the Broward MPO.

safer, but the state has lost the momentum
and political will needed to truly implement that
change, and people walking continue to pay
the price with their lives.
On the other hand, four of the most dangerous
metropolitan areas in Florida (and in the
country) have improved slightly in PDI scores
since Dangerous by Design 2019 (Appendix A
has all changes in PDI scores). This is a good
trend, but hold your applause—all four still rank
in the top 11. Orlando, Lakeland-Winterhaven,
Jacksonville, and Cape Coral-Fort Myers saw
the largest drops in PDI scores since the last
edition. Those drops suggest those cities have
made some strides in recent years in making
streets less dangerous for people walking.
For example, Orlando has taken steps to
address the city’s safety problem by developing
a Vision Zero resolution and action plan to
eliminate serious injuries and fatalities and
installing traffic calming projects, though the
improvements weren’t enough to move it
down from the top spot for most dangerous
metro area. Other Florida regions topping the
list of most dangerous MSAs have also seen
some success reducing speeding and crashes
through design changes on specific high-crash
corridors. But no city will be able to do it on
their own because FDOT owns and operates
many of the roads in those metro areas.
Orlando and other Florida cities need the state
to be a stronger partner.
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The most vulnerable populations
All people do not experience the benefits and burdens of transportation policy
and funding decisions equally. Low-income households are significantly less
likely to have access to a vehicle and also less likely to live in communities
where they can reach daily needs safely and affordably outside a car.
Structural racism has guided many of the decisions made about housing and
transportation for decades. The construction of the National Highway System
disproportionately carved through communities of color.29 “Urban renewal”
projects have displaced more than a million Americans and continue to harm
Black and Brown communities today.
Many of these same disparities persist when it comes to who is most
vulnerable to being struck and killed while walking. Though people of all ages,
races, ethnicities, and income levels suffer the consequences of dangerous
street design, some neighborhoods and groups of people bear a larger share
of the burden.

Older adults, Black or African American and
American Indian or Alaska Native people, and people
walking in low-income communities continue to
be disproportionately represented in fatal crashes
involving people walking.
To round out this analysis of the most vulnerable populations, we also wanted
to analyze disparities for people living with different disabilities, but as noted
on page 14, the data is incredibly incomplete on this count and makes
conclusions difficult. Better data is urgently needed.
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Older adults
As the graphic on this page shows, people between ages 50 and 65, and
people over 75, are overrepresented in deaths involving people walking.30
Our nation’s population is becoming older on average. According to the
U.S. Census Bureau projections, one in five Americans will be over age 65
by 2030.31 We must devote greater attention to the needs of older adults
when we design our streets. A 2018 survey from the National Aging and
Disability Transportation Center found that older adults who give up driving
face substantial barriers to getting around and often face physical isolation,
frustration, and feel dependent and trapped. Forty percent of the non-driving
older adult survey respondents cited access and availability of affordable
transportation as a barrier.32

Pedestrian fatalities per 100,000 people by age (2010-2019)
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People of color

Relative pedestrian danger by race and ethnicity (2010-2019)

People of color, especially Black or African American and
American Indian or Alaska Native people, continue to die while
walking at higher rates compared to White, Non-Hispanic, Asian,
and Pacific Islander people. The graphic on the top illustrates
these inequities, controlling for differences in population and
walking rates.33,34
Structural racism in policy and funding decisions has perpetuated
these disparities. Implicit bias may also play a role. Research by
the University of Nevada found that drivers are significantly more
likely to yield to a white pedestrian in a crosswalk than to a Black
pedestrian.35

Low-income communities
While there are no national data on household income of people
struck and killed while walking, we know where individuals were
walking at the time of death—and as the bottom graphic shows,
people die while walking at much higher rates in lower-income
communities compared to higher-income areas.36 Low-income
communities are significantly less likely to have sidewalks, marked
crosswalks, and street design to support safer, slower speeds.37
It is likely that many of the people walking in these lower-income
census tracts are also lower-income themselves.

People in rural areas
Unlike past editions, this edition of Dangerous by Design examines
the relative danger to people walking in urban communities and
rural communities in the U.S. While more people are struck and
killed while walking in urban areas than rural areas, people in
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Pedestrian fatalities per 100,000 people by census tract MHI (20102019)
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rural areas are struck and killed at about the same rates when controlling for
population: 1.7 pedestrian deaths for every 100,000 people in rural areas
versus 1.6 pedestrian deaths for every 100,000 people in urban areas.
While we can’t readily draw a comparison that accounts for differences in
walking rates between urban and rural areas using available national data,
past research indicates people do not universally walk more in urban areas
than rural areas. The time spent walking and share of trips taken by walking in
urban versus rural areas varies substantially between regions of the U.S. and
purposes of the walking trip (walking for leisure or traveling to work, stores, and
services).38
What we do know is that people walking in areas designated as “rural” face
unique dangers. Small town main streets are often also state highways that
carry significant regional and truck traffic (and the state departments of
transportation that manage those highways are often resistant to changes
that slow down traffic.) Rural roads are less likely to be designed with people
walking in mind, often lacking sidewalks and safe options to cross the street,
but that doesn’t mean people in rural areas don’t walk. More than one million
households in primarily rural counties in the U.S. do not have access to a
vehicle.39
We need better data and better geographic designations to help us understand
the needs and dangers faced by people walking in communities outside major
metro areas. The “urban” and “rural” dichotomy in many national datasets is a
false one. Exurban communities that are developed but relatively low-density
face distinct safety challenges that differ from the safety challenges of their truly
rural counterparts, which differ from the challenges in small town centers.

Flickr photo by BikeWalk KC
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Conclusion

Endnotes

We are tired and saddened to produce yet another edition of this report that
reads so much like every other edition. We continue to mourn the increase
in pedestrian deaths, especially while many of the steps needed to reverse
this trend are well-known. We must do more to reduce the number of people
that die while walking every day on our roadways and more to protect older
adults, Black or African American and American Indian or Alaska Native
people walking, and people walking in lower income areas. Policymakers
have disregarded this problem for too long and failed to change how we fund,
design, operate, maintain, and measure the success of our roads. They have
failed to make vehicles safer for people walking. Despite what they claim about
safety, they continue to prioritize moving cars at high speeds. People walking—
especially those most vulnerable to being struck and killed—continue to pay
the price.
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Appendix A: Methodology
Dangerous by Design uses several metrics to assess relative danger to
pedestrians across different geographies and demographic characteristics. All
pedestrian fatalities are reported within the 10-year timeframe of 2010 to 2019
to account for any large variations in fatalities in a single year. The previous
iteration of the report, published in 2019, accounted for data between 2008
and 2017.
One measure of pedestrian fatality rates that this report cites across different
demographic characteristics is pedestrian fatalities per 100,000 people. This
metric accounts for the number of pedestrian deaths that are occurring within
a certain population, while normalizing by the population itself. That metric is
used in this report to evaluate pedestrian deaths by age, neighborhood income
level, and in comparing urban and rural areas. All population, race, age, and
ethnicity data are from the 2015-2019 American Community Survey 5-year
estimates, to ensure the most up-to-date information at the time of this report.

The Pedestrian Danger Index (PDI) takes pedestrian deaths per 100,000
people and normalizes it by walking rates. All PDI scores in this edition
of Dangerous by Design were calculated using walking rates measured
with Census “Means of Transportation to Work” data. While walk-to-work
percentage is merely a proxy for the share of walking trips in an area, the
metric is available uniformly across all states and the top 100 metropolitan
statistical areas.
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The previous edition of this report, Dangerous by Design 2019, used a different
version of the PDI score for all demographic categories across age, race, and
ethnicity. This is because walking rates in the 2019 report were taken from
the percentage of total trips, calculated from the 2017 National Household
Travel Survey (NHTS), instead of journey-to-work trips from the Census. That
approach allowed relative danger by age, race, and ethnicity to reflect whether
these populations tend to walk more or less than the population as a whole.
However, it prevented a direct comparison to the PDI scores of states and
MSAs. The NHTS is also updated infrequently, meaning those data will grow
more out of date with each future edition of Dangerous by Design. Therefore,
in this 2021 edition of the report, all PDI calculations use Census data and
the same methodology, and can be compared directly. Due to limitations of
journey-to-work walking data, this edition does not include PDI scores by age
group, instead relying on pedestrian fatalities per 100,000 people to put the
relative dangers faced by different age groups in context.
NHTSA FARS data do not include information about the household income
of individuals who are struck and killed while walking; however, they do reveal
where people are walking when they are killed. To analyze where pedestrian
fatalities occur relative to median household income of the surrounding area,
fatalities were joined using GIS to census tracts. The median household
income of census tracts was grouped into quintiles to determine high- and
low- income communities. Pedestrian deaths were then aggregated into these
5 tract types, and normalized by the population of the tracts. While FARS data
do not include individual-level household income data, this analysis serves as a
method to determine whether pedestrians die disproportionately in low-income
areas.
To calculate the number of fatalities by MSA, a spatial join was performed with
the longitude and latitude as reported by FARS.
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State Pedestrian Danger Index, 2010-2019

Rank

State

Pedestrian
fatalities
(2010-2019)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Florida
Alabama
New Mexico
Mississippi
Delaware
Louisiana
Arizona
South Carolina
Georgia
Texas
Nevada
Tennessee
North Carolina
Oklahoma
Arkansas
California
Missouri
Maryland
Michigan
Kentucky

5,893
936
626
596
269
1,118
1,710
1,280
1,980
5,308
651
1,008
1,890
662
473
7,891
852
1,083
1,460
649

Average annual
pedestrian
fatalities per
100,000 (20102019)
2.8
1.9
3.0
2.0
2.8
2.4
2.4
2.6
1.9
1.9
2.2
1.5
1.8
1.7
1.6
2.0
1.4
1.8
1.5
1.5

21
22
23
24
25
26

National average
New Jersey
Indiana
Connecticut
Utah
Virginia
West Virginia

53,435
1,598
808
467
344
957
233

1.6
1.8
1.2
1.3
1.1
1.1
1.3

DANGEROUS BY DESIGN 2021

Pedestrian
Danger Index
201.4
174.6
149.5
142.9
140.5
133.3
127.9
127.5
126.7
125.3
121.7
115.4
102.2
98.8
92.9
77.3
73.7
72.0
66.8
66.4
63.3
58.1
55.0
48.5
46.3
45.2
44.1

Rank

State

Pedestrian
fatalities
(2010-2019)

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Ohio
Hawaii
Oregon
Colorado
Illinois
Kansas
Pennsylvania
Rhode Island
Nebraska
Washington
Wisconsin
Idaho
South Dakota
North Dakota
New Hampshire
Montana
Minnesota
Wyoming
New York
Maine
District of Columbia
Massachusetts
Iowa
Alaska
Vermont

1,125
277
636
662
1,416
246
1,575
114
146
798
512
128
75
63
101
136
383
56
2,887
130
98
760
215
101
53

Average annual
pedestrian
fatalities per
100,000 (20102019)
1.0
2.0
1.5
1.2
1.1
0.9
1.2
1.1
0.8
1.1
0.9
0.8
0.9
0.8
0.8
1.3
0.7
1.0
1.5
1.0
1.4
1.1
0.7
1.4
0.9

Pedestrian
Danger Index
44.1
43.3
42.8
42.1
37.0
37.0
33.2
30.0
29.2
29.2
28.4
27.8
26.1
25.9
25.9
25.8
25.6
25.3
25.1
24.3
23.9
23.1
21.3
17.8
15.2
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Change in statewide ten-year Pedestrian Danger Index
scores, from Dangerous by Design 2019 to 2021

Rank

State

Dangerous by
Design 2019
PDI

3
2
11
4
8
1
7
12
10
5
14
9
16
20
6
15
24
29
36
18
30
17
31
27

New Mexico
Alabama
Nevada
Mississippi
South Carolina
Florida
Arizona
Tennessee
Texas
Delaware
Oklahoma
Georgia
California
Kentucky
Louisiana
Arkansas
Connecticut
Hawaii
Nebraska
Maryland
Oregon
Missouri
Colorado
West Virginia

117.3
145.0
101.0
122.7
107.7
182.0
111.5
100.8
111.9
127.1
85.6
117.3
68.2
57.5
125.0
84.7
40.7
36.4
23.0
65.9
36.8
67.9
36.7
38.7

DANGEROUS BY DESIGN 2021

Dangerous by
Design 2021 PDI

Change in PDI,
DBD 2019 to
DBD 2021
(largest to
smallest change)

149.5
174.6
121.7
142.9
127.5
201.4
127.9
115.4
125.3
140.5
98.8
126.7
77.3
66.4
133.3
92.9
48.5
43.3
29.2
72.0
42.8
73.7
42.1
44.1

32.2
29.6
20.7
20.2
19.8
19.4
16.4
14.6
13.5
13.4
13.3
9.3
9.2
8.9
8.3
8.2
7.8
7.0
6.3
6.1
5.9
5.8
5.5
5.5

Rank

State

Dangerous by
Design 2019
PDI

45
28
25
22
13
32
40
34
38
23
42
19
39
44
26
51
50
52
41
37
43
33
49
46
47
35
48

Wyoming
Ohio
Utah
New Jersey
North Carolina
Illinois
South Dakota
Pennsylvania
Wisconsin
Indiana
New Hampshire
Michigan
Idaho
Minnesota
Virginia
Alaska
Iowa
Vermont
North Dakota
Washington
Montana
Kansas
Massachusetts
New York
Maine
Rhode Island
District of Columbia

20.5
39.6
41.9
54.1
98.3
33.2
22.4
30.0
25.8
52.4
23.6
64.6
25.5
23.6
43.3
16.0
19.4
13.8
24.7
28.1
24.9
36.1
22.5
24.6
23.9
30.0
26.8

Dangerous by
Design 2021 PDI

Change in PDI,
DBD 2019 to
DBD 2021
(largest to
smallest change)

25.3
44.1
46.3
58.1
102.2
37.0
26.1
33.2
28.4
55.0
25.9
66.8
27.8
25.6
45.2
17.8
21.3
15.2
25.9
29.2
25.8
37.0
23.1
25.1
24.3
30.0
23.9

4.8
4.5
4.3
4.0
3.9
3.8
3.7
3.2
2.6
2.6
2.3
2.3
2.3
2.0
1.9
1.8
1.8
1.4
1.2
1.1
0.9
0.9
0.6
0.5
0.4
0.0
-2.9
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Metropolitan statistical area Pedestrian Danger Index,
2010-2019 (top 100 metro areas in population)
Rank

Metropolitan statistical area

1
2
3
4

Orlando-Kissimmee-Sanford, FL
Bakersfield, CA
Memphis, TN-MS-AR
Palm Bay-Melbourne-Titusville, FL
Deltona-Daytona Beach-Ormond
Beach, FL
North Port-Sarasota-Bradenton, FL
Jackson, MS
Tampa-St. Petersburg-Clearwater, FL
Lakeland-Winter Haven, FL
Jacksonville, FL
Cape Coral-Fort Myers, FL
Albuquerque, NM
Miami-Fort Lauderdale-Pompano
Beach, FL
Greenville-Anderson, SC
Stockton-Lodi, CA
Baton Rouge, LA
Birmingham-Hoover, AL
Houston-The Woodlands-Sugar Land,
TX
Atlanta-Sandy Springs-Alpharetta, GA
El Paso, TX
Fresno, CA
Las Vegas-Henderson-Paradise, NV
Riverside-San Bernardino-Ontario, CA
Phoenix-Mesa-Chandler, AZ

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

DANGEROUS BY DESIGN 2021

Average
Pedestrian annual
fatalities
pedestrian
(2010fatalities
2019)
per 100,000
(2010-2019)
740
3.0
260
2.9
350
2.6
168
2.9

Pedestrian
Danger
Index
295.0
293.0
261.0
260.9

235

3.6

260.0

199
128
968
162
462
170
270

2.5
2.1
3.1
2.4
3.1
2.3
3.0

248.0
237.8
222.9
214.6
204.7
192.5
174.1

1,675

2.8

171.9

212
187
211
190

2.4
2.5
2.5
1.8

169.3
168.0
164.7
159.1

1,298

1.9

157.5

1,160
215
235
485
1,078
1,042

2.0
2.6
2.4
2.2
2.4
2.2

152.3
150.6
149.4
148.0
147.5
146.0

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

Little Rock-North Little Rock-Conway,
AR
Tulsa, OK
McAllen-Edinburg-Mission, TX
San Antonio-New Braunfels, TX
Augusta-Richmond County, GA-SC
Greensboro-High Point, NC
Dallas-Fort Worth-Arlington, TX
Louisville/Jefferson County, KY-IN
Detroit-Warren-Dearborn, MI
Charlotte-Concord-Gastonia, NC-SC
Raleigh-Cary, NC
Sacramento-Roseville-Folsom, CA
Nashville-Davidson--Murfreesboro-Franklin, TN
Winston-Salem, NC
Oklahoma City, OK
Tucson, AZ
Charleston-North Charleston, SC
Kansas City, MO-KS
Knoxville, TN
Indianapolis-Carmel-Anderson, IN
St. Louis, MO-IL
Austin-Round Rock-Georgetown, TX
Richmond, VA
New Orleans-Metairie, LA
Los Angeles-Long Beach-Anaheim,
CA
San Jose-Sunnyvale-Santa Clara, CA
Chattanooga, TN-GA
Salt Lake City, UT
Ogden-Clearfield, UT
Baltimore-Columbia-Towson, MD
San Diego-Chula Vista-Carlsbad, CA
National average

139

1.9

145.4

171
133
582
122
133
1,160
247
774
421
182
476

1.7
1.6
2.4
2.0
1.8
1.6
2.0
1.8
1.7
1.4
2.1

144.2
141.8
138.8
135.3
134.6
131.7
130.7
127.9
126.9
124.6
121.2

276

1.5

113.1

98
245
240
188
258
111
297
429
360
193
268

1.5
1.8
2.3
2.4
1.2
1.3
1.5
1.5
1.7
1.5
2.1

113.1
110.6
106.4
105.7
100.8
100.0
97.3
95.6
94.4
89.4
87.9

2,717

2.1

85.4

323
69
171
71
517
676

1.6
1.2
1.4
1.1
1.9
2.0

81.0
77.5
74.7
71.3
71.2
70.3

53,435

1.6

63.3
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Rank

Metropolitan statistical area

56
57
58
59
60

Wichita, KS
Denver-Aurora-Lakewood, CO
Oxnard-Thousand Oaks-Ventura, CA
Columbia, SC
Durham-Chapel Hill, NC
Hartford-East Hartford-Middletown,
CT
Columbus, OH
Scranton--Wilkes-Barre, PA
Grand Rapids-Kentwood, MI
Toledo, OH
Akron, OH
Philadelphia-Camden-Wilmington,
PA-NJ-DE-MD
Bridgeport-Stamford-Norwalk, CT
Milwaukee-Waukesha, WI
Dayton-Kettering, OH
Cincinnati, OH-KY-IN
Omaha-Council Bluffs, NE-IA
Harrisburg-Carlisle, PA
Boise City, ID
Allentown-Bethlehem-Easton, PA-NJ
Des Moines-West Des Moines, IA
Buffalo-Cheektowaga, NY
New Haven-Milford, CT
Portland-Vancouver-Hillsboro, OR-WA
Virginia Beach-Norfolk-Newport
News, VA-NC
Washington-Arlington-Alexandria, DCVA-MD-WV
Cleveland-Elyria, OH

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
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68
395
96
215
88

Average
annual
pedestrian
fatalities
per 100,000
(2010-2019)
1.1
1.4
1.1
2.6
1.4

158

1.3

57.0

244
83
121
83
57

1.2
1.5
1.1
1.3
0.8

55.7
55.2
54.3
53.8
50.6

1,104

1.8

50.6

119
196
95
210
75
77
56
99
55
125
133
350

1.3
1.2
1.2
1.0
0.8
1.4
0.8
1.2
0.8
1.1
1.6
1.4

50.4
49.6
49.2
47.5
47.1
46.6
46.5
45.4
45.0
44.4
44.3
43.3

239

1.4

41.2

801

1.3

40.3

169

0.8

39.1

Pedestrian
fatalities
(20102019)

Pedestrian
Danger
Index
62.9
62.3
59.5
59.3
58.3

83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Chicago-Naperville-Elgin, IL-IN-WI
Albany-Schenectady-Troy, NY
Rochester, NY
Urban Honolulu, HI
Providence-Warwick, RI-MA
Worcester, MA-CT
Syracuse, NY
San Francisco-Oakland-Berkeley, CA
Minneapolis-St. Paul-Bloomington,
MN-WI
Colorado Springs, CO
New York-Newark-Jersey City, NYNJ-PA
Pittsburgh, PA
Seattle-Tacoma-Bellevue, WA
Springfield, MA
Boston-Cambridge-Newton, MA-NH
Poughkeepsie-NewburghMiddletown, NY
Madison, WI
Provo-Orem, UT

Change in
statewide ten-year
Pedestrian Danger
Index rankings,
Dangerous by
Design 2019 to
2021

PDI
Rank
1
2
3
4
5
6
7
8
9
10

1,112
111
120
189
186
104
81
687

1.2
1.3
1.1
1.9
1.2
1.1
1.2
1.5

39.0
38.2
36.1
34.9
33.8
33.3
32.6
32.4

254

0.7

32.3

75

1.0

29.7

3,112

1.6

28.3

217
408
86
469

0.9
1.1
1.2
1.0

28.2
26.9
26.7
19.0

56

0.8

18.9

52
40

0.8
0.7

17.4
14.8

Dangerous by
Design 2019 rank
Florida
Alabama
Delaware
Louisiana
Mississippi
Georgia
New Mexico
Texas
Arizona
South Carolina

Dangerous by Design
2021 rank
Florida
Alabama
New Mexico
Mississippi
Delaware
Louisiana
Arizona
South Carolina
Georgia
Texas
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Change in metropolitan statistical area ten-year Pedestrian
Danger Index scores, from Dangerous by Design 2019 to
2021
PDI
Rank
3
2
15
20
7
12
36
23
18
26
32
19
51
21
40
22
34
13
41

Metropolitan statistical area

Memphis, TN-MS-AR
Bakersfield, CA
Stockton-Lodi, CA
El Paso, TX
Jackson, MS
Albuquerque, NM
Sacramento--Roseville--ArdenArcade, CA
Riverside-San BernardinoOntario, CA
Houston-The Woodlands-Sugar
Land, TX
Tulsa, OK
Louisville/Jefferson County, KY-IN
Atlanta-Sandy Springs-Roswell,
GA
Chattanooga, TN-GA
Fresno, CA
Tucson, AZ
Las Vegas-Henderson-Paradise,
NV
Charlotte-Concord-Gastonia,
NC-SC
Miami-Fort Lauderdale-West
Palm Beach, FL
Charleston-North Charleston, SC
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8
14
24
38

Dangerous
by Design
2019 PDI

Dangerous
by Design
2021 PDI

184.2
217.7
105.5
98.6
192.0
138.2

261.0
293.0
168.0
150.6
237.8
174.1

Change in
PDI, DBD
2019 to DBD
2021 (largest
to smallest
change)
76.8
75.3
62.5
52.0
45.8
35.9

86.2

121.2

35.0

68

115.6

147.5

31.9

25

130.0

157.5

27.5

116.9
104.1

144.2
130.7

27.3
26.6

127.9

152.3

24.5

55.0
127.7
86.1

77.5
149.4
106.4

22.5
21.7
20.3

128.8

148.0

19.2

107.9

126.9

19.1

69

153.5

171.9

18.4

87.3

105.7

18.3

28
54
31

4
42
37
6
63
47
72

35
74
53
30
59
49
89
58
45

Tampa-St. PetersburgClearwater, FL
Greenville-Anderson-Mauldin, SC
Phoenix-Mesa-Scottsdale, AZ
Winston-Salem, NC
Palm Bay-Melbourne-Titusville,
FL
Kansas City, MO-KS
Nashville-Davidson-Murfreesboro--Franklin, TN
North Port-Sarasota-Bradenton,
FL
Scranton--Wilkes-Barre-Hazleton, PA
Richmond, VA
Omaha-Council Bluffs, NE-IA
Bridgeport-Stamford-Norwalk,
CT
Little Rock-North Little RockConway, AR
Raleigh, NC
Boise City, ID
Ogden-Clearfield, UT
Greensboro-High Point, NC
Columbia, SC
Los Angeles-Long BeachAnaheim, CA
Syracuse, NY
Oxnard-Thousand Oaks-Ventura,
CA
St. Louis, MO-IL
Milwaukee-Waukesha-West Allis,
WI
San Antonio-New Braunfels, TX
Baltimore-Columbia-Towson, MD
Dallas-Fort Worth-Arlington, TX

204.7

222.9

18.2

152.7
130.0
97.1

169.3
146.0
113.1

16.6
16.0
15.9

245.0

260.9

15.9

86.9

100.8

13.9

99.2

113.1

13.9

234.6

248.0

13.5

42.1

55.2

13.1

77.2
36.1

89.4
47.1

12.2
11.0

39.6

50.4

10.8

135.0

145.4

10.4

114.2
36.1
61.2
124.6
49.8

124.6
46.5
71.3
134.6
59.3

10.4
10.4
10.2
10.0
9.6

76.4

85.4

9.0

23.8

32.6

8.9

51.0

59.5

8.5

87.5

95.6

8.1

41.9

49.6

7.8

131.2
63.6
124.2

138.8
71.2
131.7

7.6
7.6
7.5
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PDI
Rank

79
85
61
16
70
92
78
66
44
55
73
71
83
86
52
65
57
67
84
82
64
46
17
96
62

Metropolitan statistical area

Portland-Vancouver-Hillsboro,
OR-WA
Rochester, NY
Hartford-West Hartford-East
Hartford, CT
Baton Rouge, LA
Dayton, OH
Colorado Springs, CO
New Haven-Milford, CT
Akron, OH
Indianapolis-Carmel-Anderson, IN
San Diego-Carlsbad, CA
Harrisburg-Carlisle, PA
Cincinnati, OH-KY-IN
Chicago-Naperville-Elgin, IL-INWI
Urban Honolulu, HI
Salt Lake City, UT
Toledo, OH
Denver-Aurora-Lakewood, CO
Philadelphia-CamdenWilmington, PA-NJ-DE-MD
Albany-Schenectady-Troy, NY
Cleveland-Elyria, OH
Grand Rapids-Wyoming, MI
Austin-Round Rock, TX
Birmingham-Hoover, AL
Springfield, MA
Columbus, OH
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Dangerous
by Design
2019 PDI

Dangerous
by Design
2021 PDI

Change in
PDI, DBD
2019 to DBD
2021 (largest
to smallest
change)

75
91
93

35.9

43.3

7.5

27

29.1

36.1

7.0

29

50.0

57.0

7.0

94

157.9
42.4
23.5
38.1
44.4
91.3
64.5
41.7
42.9

164.7
49.2
29.7
44.3
50.6
97.3
70.3
46.6
47.5

6.8
6.8
6.2
6.2
6.2
6.0
5.9
4.9
4.6

81

34.5

39.0

4.5

30.6
70.5
49.6
58.2

34.9
74.7
53.8
62.3

4.3
4.2
4.2
4.1

46.8

50.6

3.8

34.6
35.9
51.4
91.8
157.0
24.7
53.8

38.2
39.1
54.3
94.4
159.1
26.7
55.7

3.6
3.1
2.9
2.7
2.1
2.1
1.9

76
50
95
87
77
88
39
80
99
97
90
48
43
100
5
33
56
9

Allentown-Bethlehem-Easton,
PA-NJ
Minneapolis-St. PaulBloomington, MN-WI
New York-Newark-Jersey City,
NY-NJ-PA
McAllen-Edinburg-Mission, TX
Augusta-Richmond County,
GA-SC
Pittsburgh, PA
Washington-Arlington-Alexandria,
DC-VA-MD-WV
Des Moines-West Des Moines, IA
San Jose-Sunnyvale-Santa Clara,
CA
Seattle-Tacoma-Bellevue, WA
Providence-Warwick, RI-MA
Buffalo-Cheektowaga-Niagara
Falls, NY
Worcester, MA-CT
Oklahoma City, OK
Virginia Beach-Norfolk-Newport
News, VA-NC
Madison, WI
Boston-Cambridge-Newton,
MA-NH
San Francisco-Oakland-Hayward,
CA
New Orleans-Metairie, LA
Knoxville, TN
Provo-Orem, UT
Deltona-Daytona Beach-Ormond
Beach, FL
Detroit-Warren-Dearborn, MI
Wichita, KS
Lakeland-Winter Haven, FL

43.9

45.4

1.5

30.9

32.3

1.4

27.1

28.3

1.1

140.8

141.8

1.0

134.4

135.3

1.0

27.3

28.2

0.9

39.7

40.3

0.6

44.4

45.0

0.6

80.6

81.0

0.4

26.5
33.6

26.9
33.8

0.4
0.2

44.2

44.4

0.2

33.3
110.7

33.3
110.6

0.0
-0.1

41.3

41.2

-0.1

18.0

17.4

-0.6

19.6

19.0

-0.6

33.5

32.4

-1.1

89.6
102.5
17.3

87.9
100.0
14.8

-1.7
-2.5
-2.6

265.4

260.0

-5.4

135.4
70.7
230.9

127.9
62.9
214.6

-7.5
-7.7
-16.4

38

PDI
Rank
1
10
11
NA
NA
NA
NA

Metropolitan statistical area

Orlando-Kissimmee-Sanford, FL
Jacksonville, FL
Cape Coral-Fort Myers, FL
Spokane-Spokane Valley, WA
Youngstown-Warren-Boardman,
OH-PA
Durham-Chapel Hill, NC
Poughkeepsie-NewburghMiddletown, NY

Dangerous
by Design
2019 PDI

Dangerous
by Design
2021 PDI

313.3
226.2
217.0
36.2

295.0
204.7
192.5
NA

Change in
PDI, DBD
2019 to DBD
2021 (largest
to smallest
change)
-18.3
-21.5
-24.5
NA

67.2

NA

NA

NA

58.3

NA

NA

18.9

NA

*The list of top 100 MSAs by population changes slightly from year to year as metro
areas grow. These regions were either in the top 100 largest MSAs in 2017 but not 2019,
or vice versa.
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Traffic Calming
11.1 Purpose

11.2 Traffic-Calming
Objectives

Traffic calming is a traffic management approach that
evolved in Europe and is now being implemented in
many U.S. cities. The following definition is quoted
from An Illustrated Guide to Traffic Calming by
Hass Klau (1990):

The most fundamental traffic-calming goal is to
reduce the speed of vehicular movement. With
reduction of speed, the following objectives can be
realized:

“Traffic calming is a term that has emerged in Europe
to describe a full range of methods to slow cars, but
not necessarily ban them, as they move through
commercial and residential neighborhoods. The
benefit for pedestrians and bicyclists is that cars now
drive at speeds that are safer and more compatible to
walking and bicycling. There
is, in fact, a kind of equilibrium
among all of the uses of a
street, so no one mode can
dominate at the expense of
another.”

1.

Improved “feel” of the street.
This objective calls for increased community
involvement in and “ownership” of the street. If
people feel more comfortable on the street, they
are more likely to walk or bicycle there and to

This chapter explores the
principle of traffic calming and
provides a variety of studies,
design details, and photographs of areas where traffic
calming has been effectively
used in the United States and
in Europe. Along with the
advantages of traffic calming,
the text describes mistakes
that practitioners have
sometimes made in implementing traffic-calming techniques.
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engage in other streetoriented activities with their
neighbors. A key aspect of
achieving this objective is
reducing the perceived
threat of danger from motor
traffic.
2.

3.

Enhanced aesthetic values
and a sense of nature.
5.
Increased safety/deSeveral traffic-calming
creased severity of injury in
techniques, such as street
traffic crashes. With reduced
landscaping, pedestrian
speeds comes a significant
amenities, and reclamation
Traffic-calming devices are used to break up long
reduction in the number and
of roadway areas can serve
uninterrupted street vistas that encourage
severity of crashes involving
as community open space.
speeding.
motor vehicles. Traffic-calming
Not only do these techfacility evaluations uniformly show fewer
niques make the neighborhood more attractive,
crashes, fewer fatalities, and less severe injuries.
but they also break up long, uninterrupted street
vistas conducive to speeding and convey the
6. Improved air quality and noise levels.
message that “this is a pedestrian place.”
Slower moving vehicles make less noise and,
generally, emit fewer pollutants.
Reduced crime.
It’s harder to make a speedy getaway if a fleeing
felon has to deal with speed humps, woonerfs,
and traffic circles. It’s harder to get away
without being spotted if there are “eyes on the
street” – if the street is a positive, community
focus.

4.

calming sends the message that
“motor vehicles don’t exclusively OWN the roadway” –
that other modes have equal
rights. Studies that evaluate
traffic-calming improvements
show increased levels of
walking, bicycling, and transit
use following installation.

7.

Decreased fuel consumption.
With more trips made by walking, bicycling, and
transit, and with slower traffic speeds, fuel
consumption reductions of 10 to 12 percent have
been reported.

8.

Continued accommodation of motor vehicle
traffic.
An important objective is the continued accommodation of motor vehicle traffic. Although
traffic calming shifts the balance among travel
modes, this shift should not result in
severely restricted traffic volumes or
in shifting traffic problems from the
traffic-calmed area to other streets.

Equitable balance among transportation modes.
With reduced motorist speeds, safety is improved. Pedestrians and bicyclists have more
time to detect and avoid motor vehicles. Traffic

11.3 Traffic-Calming
Issues
When any new traffic management
approach is introduced, issues,
concerns, and questions are bound
to arise. Design decisions related to
traffic can have far-reaching consequences. Lives, economic well-being,
and urban livability are directly
affected.
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Professional engineers, planners,
government, and the public all are
aware of and sensitive to proposals
for changes in the traffic environment. Roadway congestion, air
quality, traffic safety, street crimes,
and the high cost of new improvements are among the most-widely
debated issues in America today.
New design ideas are, and should be,
subjected to rigorous testing and
evaluation before being accepted as
part of the standard engineering and
transportation planning tool kit.
Traffic calming is not a panacea for
urban transportation woes, but it can
have significant benefits in many
situations.

Traffic calming can be termed as engineering and other physical measures designed
to control traffic speeds and encourage driving behavior appropriate to the

Comment: A 5-year German Federal Government
evaluation of traffic calming and follow-up research
found:

In considering the application of traffic-calming
techniques, what specific issues are likely to arise?
The discussion on the following pages focuses on
traffic-calming issues. (Note: Studies and statistics
referenced are cited in FHWA Case Study Nos. 19
and 20, National Bicycling and Walking Study.)

•
•
•

1. Traffic safety.
The Issue: Encouraging people to walk, play, and
bicycle in and next to the streets is just asking for
trouble. They will have a false sense of security and
accidents will increase. They will develop bad habits
that may increase their when they leave the
neighborhood.

Little change in overall traffic volumes.
Reduction in average vehicle speeds by almost
50 percent.
Average increase in motorist trip time of only 33
seconds.

3. Lack of proven design standards.
The Issue: There are no uniform, accepted, and
legally defensible standards to follow. If we want to
try traffic calming, where can we get specific information about design?

Comment: Traffic-calming measures have been
implemented in many European cities. In the
Netherlands and Germany, extensive research has
been conducted to evaluate the safety and impact of
traffic-calming techniques and devices.
2. Impact on traffic volumes, distribution, and
operations.
The Issue: Traffic calming will never work on
anything except very low-volume residential streets.
It will substantially reduce the amount of traffic that a
street can handle efficiently and this is counterproductive. We need to move vehicles, not restrict them.
Furthermore, if we slow traffic on one street, the
traffic will simply be diverted to another street. The
net result will be increased congestion and more
problems overall.

Comment: Many U.S. cities are now developing and
testing design guidelines for traffic-calming improvements. Although uniform, national standards have
yet to evolve, valuable experience is being gained.
The list of references at the end of this lesson
provides a starting point for further exploration of
specific design approaches.
4. Liability.
The Issue: These traffic-calming ideas may be
accepted in Europe, but they haven’t really been tried
here. Are we opening the door to all kinds of legal
problems if somebody crashes on a traffic circle or a
speed table and sues us?
Comment: When considering the use of any new
design approach, concerns about liability can be
TRAFFIC CALMING
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Comment: A 5-year German Federal
Government evaluation of traffic
calming and follow-up research
found doubling of bicycle use over a
4-year period.
• Implementation of traffic management strategies in the downtown
area of the Dutch City of
Groningen contributed to a
substantial increase in bicycling
and walking. Bicycle use is now
well over 50 percent of all trips.
• Studies of traffic-calming areas in
Japan show increases in both
Emergency vehicle access should always be considered when incorporating traffic-calming
bicycle and pedestrian traffic
measures.
volumes along most routes.
(Note:
Cyclists
and
Traffic Calming, a Technical
addressed somewhat through performance of “due
Note
publication
of
the
Cyclists Touring Club (see
diligence” on the part of the engineer, planner, or
references,
end
of
lesson),
includes extensive
other professionals involved in the design. Research
information
on
adapting
traffic-calming
techniques
into the experiences of other U.S. cities, European
for
bicycling.
standards, and evaluation studies should be thorough and followed up with a first-hand look if
possible. Construction of a pilot project or other
testing of proposed designs can benefit, as can ongoing and systematic evaluation of the improvements
once installed.
5. Emergency and service vehicle access.
The Issue: Construction of speed bumps, neckdowns, medians, and traffic circles will increase
response times for emergency vehicles and may
restrict access for garbage trucks, delivery vans, and
other large vehicles.

11.4 Traffic-Calming
Devices
Traffic calming has many potential applications,
especially in residential neighborhoods and small
commercial centers. Traffic-calming devices can be
grouped within the following general categories:
•
•

Bumps, humps, and other raised
pavement areas.
Reducing street area where motor traffic
is given priority.
Street closures.
Traffic diversion.
Surface texture and visual devices.
Parking treatments.

Comment: Studies in Berkley and Palo Alto, CA,
show that traffic management measures (e.g., traffic
diverters, bicycle boulevards) have not impaired
police or fire emergency response times.

•
•
•
•

•

Frequently, a combination of traffic-calming devices
is used. Examples of such combinations will be
discussed briefly, including:

The Seattle Engineering Department works
closely with its Fire Department to design and
field-test traffic circles on a site-specific basis to
ensure good emergency access.

6. Impacts on bicycling.
The Issue: Pavement texturing, speed tables, wider
sidewalks, “bulb-outs” at corners and similar
improvements may make things better for pedestrians, but may have a negative impact on bicycling.

•
•
•
•
•
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Entry treatments across intersections.
Shared surfaces.
Bicycle boulevards.
Slow streets.
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•
•
•

Speed Humps
A speed hump (or “road hump”)
is a raised area in the roadway
pavement surface extending
transversely across the roadway.
Speed humps normally have a
minimum height of 3 to 4 inches
and a travel length of approximately 12 feet, although these
dimensions may vary. In some
cases, the speed hump may raise
the roadway surface to the height
of the adjacent curb for a short
distance.

Channelization changes.
Traffic calming on a major
road.
Modified intersection
design.

1. Bumps, humps, and other
raised pavement areas.
This category includes all
traffic-calming devices raised
above pavement level. Drivers
must slow down when they
cross these devises or suffer an
uncomfortable KER-BUMP or
Speed bumps can be combined with curb extensions
(KER-BUMP-KER-BUMP),
and a winding street alignment. Signing and
The humps can be round or flatrunning the risk of spilled
pavement markings should clearly identify the bump. topped. The flat-topped
coffee and a severe jolt to their
configuration is sometimes called
tailbones. Although people
a “speed table.” Humps can
often gripe about the inconvenience of having to
either extend the full width of the road, curb-to-curb,
slow down for these devices, they don’t have much
or be cut back at the sides to allow bicycles to pass
choice. Their effectiveness at slowing traffic cannot
and facilitate drainage.
be disputed. They are sometimes referred to as
“Silent Policemen.”
Design Considerations:
• If mid-block pedestrian crossings exist or are
Included in this category are:
planned, they can be coordinated with speed
hump installation since vehicle speeds will be
• Speed bumps.
lowest at the hump to negotiate ramps or curbs
• Speed humps.
between the sidewalk and the street.
• Raised crosswalks.
• The hump must be visible at night.
• Raised intersections.
The following are brief descriptions of each, with
definitions, comments, and examples:

•

Speed humps should be located to avoid conflict
with underground utility access to boxes, vaults,
and sewers.

Speed Bumps
A speed bump is a raised area in the
roadway pavement surface extending
transversely across the travel way,
generally with a height of 3 to 6 inches
and a length of 1 to 3 feet.
Design Considerations:
• Most effective if used in a series at
300- to 500- foot spacing.
• Typically used on private property
for speed control – parking lots,
apartment complexes, private
streets, and driveways.
• Speed bumps are not conducive to
bicycle travel, so they should be
used carefully.

Speed humps slow traffic speeds on residential streets.
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•

Speed humps should not be constructed at
driveway locations.

•

Speed humps may be constructed on streets
without curbs, but steps should be taken to
prevent circumnavigation around the humps in
these situations.

•

•

•

or no discomfort at speeds of 15 to 25 mph, but will
cause discomfort at higher speeds. The humps are
marked clearly, distinguishing them from crosswalks.
White reflectors enhance nighttime visibility.
Bellevue found that the speed humps reduced traffic
speeds and volumes. The humps, in general,
received strong public support, and residents
favored their permanent installation.

Adequate signing and marking of each speed
hump is essential to warn roadway users of the
hump’s presence and guide their subsequent
movements.

The following concerns were raised regarding the
speed hump installation:

Speed humps should not be installed in street
sections where transit vehicles must transition
between the travel lane and curbside stop. To
the extent possible, speed humps should be
located to ensure that transit vehicles can
traverse the hump perpendicularly.
A single hump acts as only a point speed
control. To reduce speeds along an extended
section of street, a series of humps is usually
needed. Typically, speed humps are spaced at
between 300 and 600 feet apart.

•

Concern about restricted access and increased
response time for emergency vehicles. The
Bellevue Fire Department asked that the humps
be installed on primary emergency access routes.

•

Concern about aesthetics of signing and
markings at the traffic humps. Residents raising
the concerns, however, felt that the speed
reductions compensated for the appearance of
the humps.

•

Concern about the effectiveness of the humps in
reducing motor vehicle speeds along the length
of a street, not at just two or three points. The
distance between speed humps was found to
have an impact on traffic speeds. The City
found that maximum spacing should be approximately 500 feet.

Example:
Bellevue, Washington has installed speed humps in
residential neighborhoods (labeled as speed
“bumps” below, although broader than the typical
speed bump). The City uses a 12-foot-wide hump, 3
inches high at the center. The design allows for little

The Bellevue Department of Public
Works concluded that speed humps
were effective speed-control measures
on residential streets and recommended
their use be continued. The table on the
following page summarizes “before” and
“after” data related to the Bellevue
speed humps:

Raised crosswalks can both slow motor traffic and give pedestrians a continuouslevel surface at the crossing. Changes in texture and color help define the edges
of the crossing.
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Raised crosswalks are essentially broad,
flat-topped speed humps that coincide
with pedestrian crosswalks at street
intersections. The crosswalks are raised
above the level of the roadway to slow
traffic, enhance crosswalk visibility, and
make the crossing easier for pedestrians
who may have difficulty stepping up
and down curbs.
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Source: FHWA Case Study No. 19.
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Design Considerations:
• Ramps should not exceed a
maximum gradient of 16 percent.
• Raised and/or textured surfaces can
be used to alert drivers to the need
for particular care.
• Distinctive surfacing helps
reinforce the concept of a “calmed”
area and thus plays a part in
reducing vehicle speeds.

ONE-LANE SLOW POINT

TWO-LANE SLOW POINT

• Distinctive surfacing materials
should be skid-resistant, particularly on inclines.

Design Considerations:
•

Ramps should be clearly marked to enable
bicyclists to identify and anticipate them,
particularly under conditions of poor visibility.

•

Care must be taken so the visually impaired have
adequate cues to identify the roadway’s location
(e.g., tactile strips). Color contrasts will aid
those who are partially sighted.

• Can be constructed of brick, concrete block,
colored asphalt or cement, with ramps striped for
better visibility.
• Raised crosswalks are applicable:
(1) On roadways with vehicular speeds perceived
as being incompatible with the adjacent
residential land uses.
(2) Where there is a significant number of pedestrian crossings.
(3) In conjunction with other traffic-calming
devices, particularly entry treatments.
(4) On two-lane or fewer residential streets
classified as either “local streets” or neighborhood collector streets.”
(5) On roadways with 85th percentile speeds less
than 45 mph.

2. Reducing street area where motor traffic is given
priority.
This category of traffic-calming techniques includes
all those that reduce the area of the street designated
exclusively for motor vehicle travel. “Reclaimed”
space is typically used for landscaping, pedestrian
amenities, and parking.

Intersection Humps/Raised Intersections
Intersection humps raise the roadway at the intersection, forming a type of “plateau” across the
intersection, with a ramp on each approach. The
plateau is at curb level and can be enhanced through
the use of distinctive surfacing such as pavement
coloring, brickwork, or other pavements. In some
cases, the distinction between roadway and sidewalk
surfaces is blurred. If this is done, physical obstructions such as bollards or planters should be
considered, restricting the area to which motor
vehicles have access.

Discussed here are:
• Slow points.
• Medians.
• Curb extensions.
• Corner radius treatment.
• Narrow traffic lanes.
Slow Points (neck-downs, traffic throttles, pinch
points)
Slow points narrow a two-way road over a short
distance, forcing motorists to slow and, in some
cases, to merge into a single lane. Sometimes these
are used in conjunction with a speed table and
coincident with a pedestrian crossing. The following
are advantages and disadvantages of both one-lane
and two-lane slow points:
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(1) One-lane slow point.
One-lane slow points restrict traffic flow to one lane.
This lane must accommodate motor traffic in both
travel directions. Passage through the slow point
can be either straight through or angled.

road to prevent overtaking on the approach to
and passage through the narrow area.
•

To reduce the risk of bicyclists’ being squeezed,
slow points should generally be used in conjunction with other speed control devices such
as speed tables at the narrowing. Slower moving
drivers will be more inclined to allow bicyclists
through before trying to pass. Where bicycle
flows are high, consideration should be given to
a separate right-of-way for bicyclists past the
narrow area.

•

A textured surface such as brick or pavers may
be used to emphasize pedestrian crossing
movement. Substituting this for the normal
roadway surface material may also help to
impress upon motorists that lower speeds are
intended.

•

Such measures should not confuse pedestrians
with respect to the boundary of the roadway
area over which due care should still be taken.
In particular, where a road is raised to the level of
the adjacent sidewalk, this can cause problems
for those with poor sight. However, a tactile
strip may help blind people in distinguishing
between the roadway and the sidewalk; similarly,
a color variation will aid those who are partially
sighted.

•

Slow points can be used to discourage use of
the street by large vehicles. They can, however,
be barriers to fire trucks and other emergency

Advantages:
• Vehicle speed reduced.
• Most effective when used in a series.
• Imposes minimal inconvenience to local traffic.
• Pedestrians have a reduced crossing distance,
greater safety.
Disadvantages:
• Reduced sight distances if landscaping is not
low and trimmed.
• Contrary to driver expectations of unobstructed
flow.
• Can be hazardous for drivers and bicyclists if not
designed and maintained properly.
• Opposing drivers arriving simultaneously can
create confrontation.
(2) Two-lane slow point.
Two-lane slow points narrow the roadway while
providing one travel lane in each direction.
Advantages:
• Only a minor inconvenience to drivers.
• Regulates parking and protects parked vehicles
as the narrowing can help stop illegal parking.
• Pedestrian crossing distances reduced.
• Space for landscaping provided.
Disadvantages:
• Not very effective in slowing
vehicles or diverting through
traffic.
• Only partially effective as a
visual obstruction.
Design Considerations:
• Where slow points have been
used in isolation as speed
control measures, bicyclists
have felt squeezed as motorists
attempt to overtake them at the
narrowing. Not all bicyclists
have the confidence to position
themselves in the middle of the

This traffic-calming measure uses a landscaped median to narrow the travel lanes.
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vehicles. Some designs
permit access by emergency vehicles by means
of lockable posts or
ramped islands.
•

Slow points can enhance
the appearance of the
street. For example,
landscaped islands can be
installed, intruding into
the roadway to form a
narrow “gate” through
which drivers must pass.
Landscaping enhances the
neighborhood’s sense of
nature and provides a
visual break in views along
the street.

• Used in isolation, roadway medians
do not have a significant impact in
reducing vehicle speeds. For the
purpose of slowing traffic, medians
are generally used in conjunction
with other devices, such as curb
extensions or roadway lane
narrowing.
Several caveats apply:

This median provides a diagonal waiting area
for bicyclists, including a railing to hold onto.

•

Slow points are generally only sanctioned
where traffic flows are less then 4,000 to 5,000
vehicles per day. Above this level, considerable
delays will occur during peak periods.

•

Clear signing should indicate traffic flow
priorities.

Slow Point Examples:
Medians
Medians are islands located along the roadway
centerline, separating opposing directions of traffic
movement. They can be either raised or flush with
the level of the roadway surface. They can be
expressed as painted pavement markings, raised
concrete platforms, landscaped areas, or any of a
variety of other design forms. Medians can provide
special facilities to accommodate pedestrians and
bicyclists, especially at crossings of major roadways.

•

Bicyclists have been put at risk of being
squeezed where insufficient room has been left
between a central median and the adjacent curb.
Experience shows that most drivers are unlikely
to hold back in such instances to let bicyclists
go through first. This threat is particularly
serious on roads with high proportions of heavy
vehicles.

•

The contradiction between the need to reduce
the roadway width sufficiently to lower motorist speeds, while at the same time leaving
enough room for bicyclists to ride safely, must
be addressed. This may be achieved by reducing
the roadway width to the minimum necessary
for a bicyclist and a motorist to pass safely
(i.e., 3.5 meters).

There are three suggestions:

Design Considerations:
• Medians are most valuable on major, multi-lane
roads that present safety problems for bicyclists
and pedestrians wishing to cross. The minimum
central refuge width for safe use by those with
wheelchairs, bicycles, baby buggies, etc. is 1.6
meters (2 meters is desirable).
•

• To achieve meaningful speed
reductions, the travel lane width
reduction must be substantial and
visually obvious. The slowing,
however, is temporary; as soon as
the roadway widens again, traffic
resumes its normal speed.

Where medians are used as pedestrian and
bicyclist refuges, internally illuminated bollards
are suggested on the medians to facilitate quick
and easy identification.

•

Introducing color or texture changes to the road
surface material around the refuge area reminds
motorist that a speed reduction is intended.

•

White striping gives a visual impression that
vehicles are confined to a narrower roadway
than that created by the physical obstruction —
adjacent areas exist that vehicles can run over,
but these are not generally apparent to approaching drivers.

•

In some cases, provide an alternate, cut-through
route for the bicyclists.
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Curb Extensions
The sidewalk and/or landscaped
area on one or both sides of the
road is extended to reduce the
roadway to a single lane or
minimum-width double lane. By
reducing crossing distances,
sidewalk widening is used to
facilitate easier and safer
pedestrian movement.
Reducing roadway width results
in vehicle speed reductions.
When curb extensions are used
at intersections, the resultant
tightened radii ensure that
vehicles negotiating the
intersection do so at slow
speeds.

A 7-foot radius allows for a slow and safe turn. As the radius increases, so does the speed
of the vehicle.

•

Design Considerations:
• Can be installed either at intersections or midblock.
•

May be used in conjunction with other trafficcalming devices.

•

Curb extensions are limited only to the degree
that they extend into the travelway. Curb
extensions cannot impede or restrict the operation of the roadway.

Corner Radius Treatment
Corner radii of intersection curbs are reduced, forcing
turning vehicles to slow down. Efforts to accommodate trucks and other large vehicles have historically
led to increased corner radii at intersections.

•

Successful bicycle facilities need a clear separation from sidewalk and street pavement, with
adequate distances from parked cars to avoid
opening doors. Cross-traffic should be slowed
to allow bicyclists better continuity and safety.

•

Narrowing certain streets can, at the same time,
create safer bicycle facilities, but care should be
taken that bicyclists are not squeezed by
overtaking vehicles where the road narrows.
Encouraging motorists to let the bicyclists
through first by using complementary trafficcalming techniques such as speed tables and
cautionary signing or leaving sufficient room for
both to pass safely at the narrowing would be
appropriate measures.

•

If it is expected that a motorist should be able to
pass a bicyclist, the minimum desirable width is
3.5 meters.

Curb extensions can be employed to facilitate
bicycle movement where a segregated multi-use
trail crosses a busy street.

The following results have been observed:
• Large vehicles (trucks, vans, etc.) turn the
corners easily.
• Other vehicles turn faster than with a reduced
radius corner.
• Pedestrian crossing distances are increased by
up to 4 feet, depending on the radius.
• Pedestrian safety is decreased, due to higher
speeds.
• The sharper turns that result from the reduced
radii require motorists to reduce speed, increasing the time available to detect and take
appropriate actions related to pedestrians at the
crossing.
Advantage:
• Can result in increased safety for pedestrians by
reducing crossing distances and slowing the
speed of turning vehicles.
Disadvantages:
• May result in wide swings in turning movements
of large vehicles.
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on neighborhood on-street parking
needs. In the past, residential
streets were required to be as wide
as 32 feet. To achieve a variety of
benefits, the City reduced residential
street widths. The City’s Fire Bureau
participated in the development of
this standard to ensure access for
emergency vehicles.

The design of street closures should provide specific parking areas to discourage
obstruction of bicycle and pedestrian traffic.

•

(Caution: Street closures must be considered in an
area-wide context or traffic problems may simply shift
to another nearby street).

May affect response times for emergency
vehicles.

Design Consideration:
• To slow traffic, a corner radius of approximately 7
feet is recommended.
Narrow Traffic Lanes
Especially in residential areas, wide streets may not
be necessary or desirable. Wide traffic lanes
encourage faster motor vehicle speeds. Consideration should be given to the review of cross-sections
for all street classifications to determine whether
roadway lane widths can be reduced (within
AASHTO guidelines) so more area can be dedicated
to bicycle and pedestrian use and associated trafficcalming facilities.
Advantages:
• Additional area for landscaping, and pedestrian
facilities.
• Reduced vehicle speeds and increased safety.

Complete Street Closures
Street closures, generally on residential streets, can
prohibit through-traffic movement or prevent
undesirable turns. Street closures may be appropriate
where large volumes of through-traffic or “short-cut”
maneuvers create unsafe conditions in a residential
environment.
Design Considerations:
• Where proposals are likely to lead to a reduction
in access, prior consultation with residents at
early stages of planning and design is especially
important to minimize opposition.
•

The benefits of exempting bicyclists should be
carefully considered in all cases.

•

Bicycle gaps should be designed to minimize the
risk of obstruction by parked vehicles. Painting
a bicycle symbol and other directional markings
on the road in front of the bicycle gap has
proven to be effective.

•

Bollards can reduce the parking obstruction.

•

Bollards should be lighted or reflectorized to be
visible at night.

Disadvantage:
• On-street parking may be restricted.
Design Consideration:
• Cross-section approaching the reducedwidth street should also be slowed.
Example: City of Portland, Skinny Street Program
The City of Portland requires most newly constructed
residential streets to be 20 or 26 feet wide, depending

3. Street closures.
Three types of street closures are
described in the following discussion:
• Complete street closures.
• Partial street closures.
• Driveway links.
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•

The design of bicycle gaps should permit good
visibility of adjacent roads.

•

Signing should acknowledge the continued
route as a through one for bicyclists.

•

Clearly defined parking can reduce the problem
of parked cars blocking the closure and bicycle
gap.

•

Police and fire departments should be consulted
early in the design process to determine emergency access requirements. Often, removable
bollards, crash gates, and card or key-operated
gates can satisfy these requirements, combined
with parking restrictions. A 20-foot-wide clear
path is needed for emergency access.

•

Tree planting, benches, and textured paving can
enhance appearance.

•

Street closures are recommended only after full
consideration of all expected turning and
reversing movements, including those of refuse
trucks, fire trucks, and other large vehicles.

Partial Street Closures
Access to or from a street is prohibited at one end,
with a no-entry sign and barrier restricting traffic in
one direction. The street remains two-way, but
access from the closed end is permitted only for
bicyclists and pedestrians.

roadway is narrowed and defined with textured or
colored paving. A ribbon curb or landscaping may be
used to delineate roadway edges. “Reclaimed”
roadway area is converted to pedestrian facilities and
landscaping.
This is a very effective method of changing the initial
impression of the street. If done right, drivers will not
be able to see through. It appears as a road closure,
yet allows through traffic.
The driveway link can provide access to small groups
of homes and is especially applicable to planned
residential developments. The “go slow” feel of the
driveway link is enhanced by design standards that
eliminate vertical curb and gutter and use a relatively
narrow driveway cross-section. A ribbon curb may be
used to protect roadway edges.
4. Traffic diversion.
Traffic diversion is one of the most widely applied
traffic-calming concepts. It includes all devices that
cause motor vehicles to slow and change direction to
travel around a physical barrier. Physical barriers used
to divert traffic in this fashion can range from traffic
circles to trees planted in the middle of the road. The
discussion that follows provides information on:
traffic diverters, traffic circles, chicanes, and “tortuous” street alignments as traffic-calming devices.
Traffic Diverters
Traffic diverters are physical barriers installed at
intersections that restrict motor vehicle movements in

Design Considerations:
• Bicycle and pedestrian exemptions should be provided as a
general rule, designed to
minimize the likelihood of
obstruction by parked vehicles.
•

All signing should acknowledge
the continued existence of the
route as a through one for
bicyclists and pedestrians.

Driveway Links
A driveway link is a partial street
closure, where the street character is
significantly changed so it appears
to be a private drive. Typically, the

Diagonal road closures/diverters limit vehicular access, but allow emergency vehicles
to enter through removable bollards.
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selected directions. The
diverters may be designed to
prevent right- or left-hand turns,
to block straight-ahead travel
and force turns to the right or
left, or create a “T” intersection.
In all cases, paths, cut-throughs,
or other provisions should be
made to allow bicyclists and
pedestrians access across the
closure.
Traffic diverters can take many
forms. Here are two examples:

• Area for landscaping is
provided.
• Conflicts are reduced.
• Pedestrian safety is increased.
• Can include a bicycle
pathway connection.
Disadvantages:
• Will inconvenience residents
in gaining access to their
properties.

The splitter islands should be raised and

• May inhibit access by
emergency vehicles unless
street names are changed.

landscaped to prevent left-turning vehicles from
(1) Diagonal road closure/
taking a short cut to avoid driving around the
diversion.
• Will move through traffic to
outside of the island.
Straight-through traffic moveother streets if not back to
ments are prohibited. Motorists are diverted in one
the arterial.
direction only.
Example:
Advantages:
Eugene, Oregon has used diagonal diverters with
• Through-traffic is eliminated.
positive community response. Eugene installs the

Example of an integrated traffic-calming plan.
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diverters on a temporary basis
to get neighborhood feedback
before making a permanent
installation. Two types of
diagonal diverters are used —
some are landscaped, while
others are just guardrails. Both
types have openings for
bicycles. These have been
supported by nearby residents.
Seattle installed truncated
diagonal diverters, which allow
right-turn movements around
one end of the diverter. The
Engineering Department found
Traffic circles can be designed to accommodate large vehicles and emergency access
that these diverters were
without undue restrictions.
disruptive to neighborhood
Traffic Circles
traffic and has focused instead on installation of
Small traffic circles (center island approximately 4
traffic circles to control neighborhood traffic probmeters in diameter) can be used as traffic-calming
lems. Problems experienced with diverters included:
devices at intersections, reducing vehicle speeds. A
(1) travel time and distance increased for all users; (2)
roundabout is a channelized intersection at which all
local residents were diverted to other streets; (3)
traffic moves counterclockwise around a central
visitors and delivery services were often confused
traffic island. These islands may be painted or
and delayed; and (4) emergency vehicle response
domed, mountable elements may be curbed, and may
times were potentially increased.
include landscaping or other improvements.
(2) Turning-movement diverters.
Advantages:
This type of diverter is designed to prevent cut• Crashes reduced by 50 to 90 percent when
through traffic at the intersection of a neighborhood
compared to two-way and four-way stop signs
street with a major street or collector. It prevents
and other traffic signs by reducing the number of
straight-through movements and allows right turns
conflict points at intersections.
only into and out of the neighborhood.
•

Advantages:
• Effective at discouraging cut-through traffic.
• Relatively low cost.
• Creates sense of neighborhood entry and
identity.
Disadvantages:
• Limits resident access. Should be installed as
part of overall neighborhood circulation improvements to ensure reasonable convenience
for residents.
•

Effective in reducing motor vehicle speeds.
Success, however, depends on the central island
being sufficiently visible and the approach lanes
engineered to deflect vehicles, preventing
overrun of the island. Overrunnable
roundabouts on straight roads are less likely to
produce the desired speed reduction.

Roundabout Accident Study
In 1989, a survey of crashes at mini-roundabouts
examined years of crash data for 447 sites in
England, Wales, and Scotland.

Motorists may try to override the diverter to
make prohibited turns unless vertical curbs,
barriers, landscaping, or other means are used to
discourage such actions.

Key survey findings were:
• Mini-roundabouts were most commonly used
on streets with speed limits of 30 mph or less.
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motorists have a tendency to
shortcut the turn to avoid
driving around the outside of
the central island. The islands
should, preferably, be raised
and landscaped. If this is not
possible, painted island
markings should be provided.
Design Considerations:
• Roundabouts should
preferably have sufficiently
raised and highly visible
centers to ensure that
motorists use them, rather
than overrunning.
Where possible, cyclists should be provided with cycle slips which enable them to bypass
speed humps.

•

Mini-roundabouts were found to have a far
lower overall accident rate than that of signalized
intersections with equivalent speed limits.

•

Looking only at crashes involving bicycles, the
study showed that four-arm mini-roundabouts
have about the same involvement rate (accidents
per million vehicles of that type entering the
intersection) as do conventional, four-legged,
signalized intersections.

Comparative Accident Rates:
Signalized intersections:
2.65 accidents/intersection/year
34 accidents per 100 million vehicles
20% resulted in serious or fatal injury
Roundabouts:
0.83 accidents/intersection/year
20 accidents per 100 million vehicles
19% resulted in serious or fatal injury
Both types of intersections compared have 30-mph
speed limits and are four-legged intersections.
Splitter islands are the islands placed within a leg of
the roundabout, separating entering and exiting
traffic and designed to deflect entering traffic. They
are designed to prevent hazardous, wrong-way
turning movements.
These islands are important design elements and
should be provided as a matter of routine, wherever
feasible. Without splitter islands, left-turning

•

Clear signing is essential.

•

Complementary speed reduction measures such
as road humps on the approach to roundabouts
can improve safety.

•

The design of roundabouts must ensure that
bicyclists are not squeezed by other vehicles
negotiating the feature. Yet, where possible,
adequate deflection must be incorporated on
each approach to enforce appropriate entry
speeds for motor vehicles.

Example: Seattle Neighborhood Traffic Control
Program
The Seattle Engineering Department (SED) has
experimented since the 1960’s with a variety of
neighborhood traffic control devices. The major
emphasis of the SED Neighborhood Traffic Control
Program is installing traffic circles (roundabouts) at
residential street intersections. City staff report that
about 30 circles are built each year. A total of
approximately 400 circles have been installed to date.
Each circle costs about $5,000 to $6,000.
In Seattle, a traffic circle is an island built in the
middle of a residential street intersection. Each circle
is custom-fitted to the intersection’s geometry; every
circle is designed to allow a single-unit truck to
maneuver around the circle without running over it.
A 2-foot concrete apron is built around the outside
edge of the circle to accommodate larger trucks.
Large trucks, when maneuvering around the circle,
may run over the apron. The interior section of the
circle is usually landscaped.
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SED coordinates the design and construction of each
circle with the Seattle Fire Department and school
bus companies.
Traffic circles are installed at the request of citizens
and community groups. Because there are more
requests than funding to build them, SED has created
a system for evaluating and ranking the requests.
Before a request can be evaluated, a petition requesting a circle must be signed by 60 percent of the
residents within a one-block radius of the proposed
location. Then, the intersection’s collision history,
traffic volume, and speeds are studied.
Chicanes
Chicanes are barriers placed in the street that require
drivers to slow down and drive around them. The
barriers may take the form of landscaping, street
furniture, parking bays, curb extensions, or other
devices.
The Seattle Engineering Department has experimented with chicanes for neighborhood traffic
control. It has found chicanes to be an effective
means of reducing speed and traffic volumes at
specific locations under certain circumstances. A
demonstration project at two sets of chicanes
showed:
•
•
•
•

Reduction of traffic volumes on the demonstration streets.
Little increase in traffic on adjacent residential
streets.
Reduced motor speeds and

potentially dangerous. A reduction in sight lines
may be appropriate to avoid excessive land
taking or as a reinforcing measure only where
other physical features are employed that reduce
speed.
•

Chicanes offer a good opportunity to make
environmental improvements through planting.
However, preference should be given to lowlying or slow-growing shrubs to minimize
maintenance and ensure good visibility.

•

Measures should be employed to ensure that
chicanes are clearly visible at night.

•

Where full closure or speed humps are not
feasible, chicanes may be used to reduce traffic
speeds. Many different layouts are possible,
including staggered parking (on alternating sides
of the road).

Tortuous Roads
Roads can be designed to meander or jog sharply,
slowing traffic and limiting views to discourage
speeding. This technique can incorporate use of culde-sacs and courtyards.
Design Considerations:
Tortuous roads are generally planned as part of the
design stage of a new road layout, rather than being
superimposed on an existing layout. The siting of
buildings is used to create a meandering road.

collisions.
Strong support for permanent installation of chicanes
by residents (68 percent).

Design Considerations:
• Consideration should be
given to safe bicycle travel.
Bicycle bypasses and signs
to indicate directional
priority are suggested.
•

A reduction in sight lines
should not be used in
isolation to reduce speeds,
as alone, this could be

These pavement markings at a median refuge not only delineate the crossing for motorists,
but also cue pedestrians about the location of the roadway edge.
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•

Designers should be aware of the need for
accessibility to residential properties, both in
terms of servicing and the needs of the individual. Tortuous roads will prove to be
unpopular if they severely restrict accessibility.

motorists to the need for alertness, much as conspicuous materials increase bicyclist and pedestrian
visibility. Signs and pavement markings also provide
information about applicable regulations, warnings,
and directions.

•

Where traffic is deliberately diverted onto a
tortuous route — to avert town center congestion, for example — consideration should be
given to maintaining as direct a route as possible
for bicyclists.

•

Tortuous roads (a.k.a. serpentines) are under
study, but have not yet been approved for use in
Portland. If approved, they would be limited for
use on two-lane or fewer residential streets.

Signing and Pavement Markings
Installation of directional, warning, and informational
signs and pavement markings should conform to
MUTCD guidelines, as applicable. Traffic-calming
devices may be new to many people in the United
States and the signs and markings will help minimize
confusion and traffic conflicts.

•

Road design is limited by AASHTO standards
for transition taper lengths.

•

This traffic-calming device may require significant parking removal and should be used where
parking removal is not an issue.

5. Surface texture and visual devices.
This category of traffic-calming devices includes
signing, pavement marking, colored and textured
pavement treatments, and rumble strips. These
devices provide visual and audible cues about the
traffic-calmed area. Colors and textures that contrast
with those prevailing along the roadway alert

Design Considerations:
• A part of the sign/pavement marking approach
to mitigating traffic in residential areas includes
painting of stripes/lines on the roadway and
other patterns that are designed to have a
psychological impact on drivers. Although such
patterns are basically intended to slow vehicles
rather than reduce traffic, they should make
passage over residential streets less desirable
than if the roadway were untreated, in effect,
encouraging the use of alternative routes.
•

Many of the patterns tried have had only
marginal success. In a few cases, the average
speed increased slightly. A pattern that is
successful is that of painting transverse bands.
Painted lines are applied to the
road at decreasing intervals
approaching an intersection or
“slow-down” point. They are
intended to give the impression
of increasing speed and
motorists react by slowing
down.

Pavement treatments can be applied to the entire traffic-calmed area or limited to specific
street uses. The texture or color should be a noticeable contrast to the approaching
roadways if speeds are to be reduced.
TRAFFIC CALMING
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Model of a “woonerf.”
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The distinction between sidewalks and roadway is blurred in woonerfs.

Design Considerations:
• The choice of materials should ensure that they
do not pose a danger or deterrent to bicyclists.
Cobbles present special difficulties, particularly
for vehicles with narrow wheels and without the
benefit of suspension. Such treatment is
particularly discouraging for bicyclists on steep
slopes, making it harder to maintain momentum
when riding uphill. Thus, as a general rule,
cobbles should not be employed. Similarly,
pavers with chamfered edges impair a bicyclist’s
stability and should be avoided.
•

The woonerf (plural — woonerven) is a concept that
emerged in the 1970’s as increased emphasis was
given by planners to residential neighborhoods.
People recognized that many residential streets were
unsafe and unattractive and that the streets, which
took up a considerable amount of land area, were
used for nothing but motor vehicle access and
parking. Most of the time, the streets were empty,
creating a “no-man’s land” separating the homes
from one another.

The color and texture of the street surface are
important aspects of the attractiveness of many
residential streets. The variation from asphalt or
concrete paving associated by most people with
“automobile territory” signals to the motorist
that he or she has crossed into a different,
residential zone where pedestrians and bicyclists
can be expected to have greater priority.

Putting the Design Techniques to Work: Selected
Examples of Traffic Calming
Most traffic-calmed streets utilize a combination of
the devices just discussed. The following are some
examples: the woonerf, entry treatments, shared
streets, and other techniques (bicycle boulevards,
modified street design, modified intersection design,
channelization changes, traffic calming on a major
road, slow streets, transit streets, and pedestrian
zones).

1. The woonerf.
A woonerf (or “living yard”)
combines many of the trafficcalming devices just discussed
to create a street where pedestrians have priority and the line
between “motor vehicle space”
and “pedestrian (or living)
space” is deliberately blurred
(see the model of a woonerf).
The street is designed so
motorists are forced to slow
down and exercise caution.
Drivers, the Dutch say, do not
obey speed limit signs, but they
do respect the design of the
street.

The Dutch, in particular, experimented extensively
with street design concepts in which there was no
segregation between motorized and non-motorized
traffic and in which pedestrians had priority.
A law passed in 1976 provided 14 strict “design
rules” for woonerfs and resulted in construction of
2,700 such features in the following seven years.
The woonerven were closely evaluated, with the/
following findings:
•

Injury accidents were reduced by 50 percent.

•

Vehicle speeds were reduced to an average of 8
to 15 mph (13 to 25 km/h).

•

Nationally, 70 percent of the Dutch population
thought woonerven to be attractive or highly
attractive.

•

Non-motorized users assessed woonerven more
positively than motorized users.
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•

Feedback from residents living on woonerfs was
very positive. They appreciated the low traffic
volumes and absence of cut-through traffic, but
considered the larger play areas and other
improvements to the street environment to be
even more important benefits.

Woonerf Design Principles:
Following evaluation of the woonerven, the Dutch
law was amended (July 1988) to allow greater design
flexibility, replacing the design rules with six basic
principles.
(1) The main function of the woonerf shall be for
residential purposes. Thus, roads within the
“erf” area may only be geared to traffic terminating or originating from it. The intensity of traffic
should not conflict with the character of the
woonerf in practical terms: conditions should
be optimal for walking, playing, shopping, etc.
Motorists are guests. Within woonerven, traffic
flows below 100 vehicles per hour should be
maintained.
(2) To slow traffic, the nature and condition of the
roads and road segment must stress the need to
drive slowly. Particular speed-reduction features
are no longer mandated, so planners can utilize
the most effective and appropriate facilities.
(3) The entrances and exits of woonerven shall be
recognizable as such from
their construction. They
may be located at an
intersection with a major
road (preferable) or at
least 20 meters (60 feet)
from such an intersection.
(4) The impression shall not
be created that the road is
divided into a roadway
and sidewalk. Therefore,
there shall be no continuous height differences in
the cross-section of a
road within a woonerf.
Provided this condition is
met, a facility for pedestrians may be realized.

Thus, space can be designated for pedestrians
and a measure of protection offered, for example,
by use of bollards or trees.
(5) The area of the road surface intended for parking
one or more vehicles shall be marked at least at
the corners. The marking and the letter “P” shall
be clearly distinguishable from the rest of the
road surface. In shopping street “erfs”
(winkelerven), special loading spaces can be
provided, as can short-term parking with time
limits.
(6) Informational signs may be placed under the
international “erf” traffic sign to denote which
type of “erf” is present.
2. Entry treatment across intersections.
Traffic-calming devices can be combined to provide
an entry or “gateway” into a neighborhood or other
district, reducing speed though both physical and
psychological means. Surface alterations at intersections with local streets can include textured paving;
pavement inserts; or concrete, brick, or stone
materials. At the entry, the surface treatment can be
raised as high as the level of the adjoining curb.
Visual and tactile cues let people know that they are
entering an area where motor vehicles are restricted.
Eugene, Oregon installs curb extensions at entrances
to neighborhood areas, usually where a residential

The conversion of a 58-foot roadway. Elimination of one travel lane in each direction
creates space for bicyclists.
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street intersects an arterial. The curb extension is
placed to prevent motor vehicle traffic from cutting
through the neighborhood. The curb extension is
signed as a neighborhood entrance or exit. Most of
the street remains two-way, but one end becomes a
one-way street. Compliance by motor vehicles is
mostly good. Bikes are allowed to travel both ways
at all curb extensions.

travel. The City received complaints about the visual
appearance of the initial street closure barriers (since
upgraded with landscaping), but is unaware of any
other serious concerns of nearby residents.
Plans for the extension of the bicycle boulevard
through downtown Palo Alto were approved by the
City Council in the summer of 1992. Included in this
extension was the installation of a traffic signal to
help bicyclists cross a busy arterial.

3. Bicycle boulevards.
The City of Palo Alto, California has moved beyond
spot traffic-calming treatments and has created
bicycle boulevards — streets on which bicycles
have priority.

4. Channelization changes.
The Seattle Engineering Department is changing
some of its streets from four lanes to two lanes. with
a center left-turn lane. These channelization changes
can provide extra room for bicycle lanes or a wide
lane for cars and bikes to share.

The purpose of a bicycle boulevard is to provide:
•
•
•
•

Throughway where bicycle movements have
precedence over automobiles.
Direct route that reduces travel time for bicyclists.
Safe travel route that reduces conflicts between
bicyclists and motor vehicles.
Facility that promotes and facilitates the use of
bicycles as an alternative transportation mode
for all purposes of travel.

Numerous comments from users of some of those
streets say motor vehicle speeds seem to have
decreased. One street in particular, Dexter Avenue
North, is a popular commuting route to downtown
Seattle for bicyclists.

The Palo Alto bicycle boulevard is a 2-mile stretch of
Bryant Street — a residential street that runs parallel
to a busy collector arterial. It was created in 1982
when barriers were fitted to restrict or prohibit
through motor vehicle traffic, but to allow through
bicycle traffic. In addition, a number of stop signs
along the boulevard were removed. An evaluation
after 6 months showed a reduction in the amount of
motor vehicle traffic, a nearly twofold increase in
bicycle traffic, and a slight reduction in bicycle traffic
on nearby streets.
The City also found that anticipated problems failed
to materialize and concluded that a predominately
stop-free bikeway — on less traveled residential
streets — can be an attractive and effective route for
bicyclists. The bicycle boulevard bike traffic
increased to amounts similar to those found on other
established bike routes.

Traffic counts on the street show bicyclists make up
about 10 to 15 percent of the traffic at certain times
during the day. The rechannelization had little or no
effect on capacity, reduced overtaking accidents, and
made it easier for pedestrians to cross the street (by
providing a refuge in the center of the road).

11.5 Exercise
Do one of the following exercises:
1.

Choose a site-specific location (such as two to
three blocks of a local street) where fast traffic or
short cuts are a problem. Conduct a site analysis
to determine problems. Prepare a detailed site
solution that incorporates several traffic-calming
devices. Illustrate with drawings and describe
the anticipated changes in traffic speed.

2.

Prepare a traffic-calming solution for an entire
neighborhood or downtown area that illustrates
an area-wide approach to slowing traffic.
Conduct a site analysis to determine problem
areas. Illustrate your solutions and describe the
anticipated changes in traffic speed and flow.

The bicycle boulevard continues to function as a
normal local city street, providing access to residences, on-street parking, and unrestricted local
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Appendix C
Potential Project Sheets

NEW LINKS

PROJECT #: 1

LOCATION: Hwy 73 (Jefferson St): Kent Dr to Wandell St (FDOT)

LENGTH: 1,130'

Cost: $27,120.00

Estimate dependent on fluctuating price of site prep, materials, and installation
for 4" thick slab and 5' wide sidewalk.

COMMENTS:
This area sees SIGNIFICANT DAILY pedestrain use on road shoulder. Sidewalk is needed and
should connect in to South Street.

PROJECT #: 2
LENGTH: TBD

LOCATION: SR 73 S: Caledonia Street to South Street
Cost: $190,920.00

Estimate dependent on fluctuating price of site prep, materials, and installation for
4" thick slab and 5' wide sidewalk.

Hwy 73 & Caledonia Intersection

Caledonia Street along Jennings Park

Caledonia Street at South Street

COMMENTS:
Needed sidewalk to provide recreation area access and connect to high pedestrain neighborhoods on SR73 at city limits.

PROJECT #: 3

LOCATION: Marion: Chipola Street to Bertram Street

LENGTH: 485'

Cost: $11,640.00

Estimate dependent on fluctuating price of site prep, materials, and installation for
4" thick slab and 5' wide sidewalk.

Marion Street at Chipola Street

Marion Street:
St. Johns St to Bertram St 1

COMMENTS:
Missing links in high pedestrain area.

Marion Street at St. Johns Street

Marion Street:
St. Johns St to Bertram St 2

Marion Str & Bertram St

PROJECT #: 4

LOCATION: Bertram: Marion Street to U.S. 90 (Lafayette St)

LENGTH: 579'

Cost: $13,896.00

COMMENTS:
Broken linkage.

Estimate dependent on fluctuating price of site prep, materials, and installation
for 4" thick slab and 5' wide sidewalk.

PROJECT #: 5

LOCATION: Fifth Ave: College to 4th St (Chipola to Rehab)

LENGTH: 1,022'

Cost: $24,528.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Corner of College St & 5th Ave

5th Ave at 4th St

COMMENTS:
Missing linkage.

5th Avenue at 2nd Street

5th Ave close to 4th St

Corner of 5th Ave & 4th St

PROJECT #: 6

LOCATION: Fifth Ave: 6th Street to Hospital Drive

LENGTH: 260'

Cost: $6,240.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

5th Avenue at 6th Street

6th Street and Hospital Dr

COMMENTS:
Missing linkage and intersection ada ramps/crosswalks.

PROJECT #: 7

LOCATION: Hospital Drive: 6th Street to ER Drive

LENGTH: 446'

Cost: $10,704.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

from 6th Street looking down
Hospital Drive to ER Drive

on Hospital Drive
looking down ER Drive

COMMENTS:
High risk area for pedestrians, no lighting, no sidewalk and route for
access to ER.

PROJECT #: 8

LOCATION: 6th Street: Kelson to Hospital Drive

LENGTH: 1,007'

Cost: $24,168.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

intersection of Kelson Ave & Guyton Street

6th Street toward Hospital Drive

COMMENTS:
Missing links, crosswalks and intersection ADA ramps.

PROJECT #: 9

LOCATION: Old Cottondale Road: Orange Street to U.S. 90

LENGTH: 836'

Cost: $20,064.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Old Cottondale Road
& Orange Street

Old Cottondale Rd
at Hannah St

Railroad Tracks
to US 90

COMMENTS:
Missing links and should be a considered a HIGH priority improvement. Pedestrain use is VERY high and serves as
a pedestrain artery to connect neighborhoods to shops and hospital access.

SAFETY

PROJECT #: 1

LOCATION: All mrked CITY crossings

LENGTH:

Cost: $150,000.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Repaint Crosswalks with High Vizreflective Paint & Hatching

COMMENTS:

PROJECT #: 2

LOCATION: Pedestrian Crossing at Hwy 90/Smith Street (FDOT)

LENGTH: 64'

Cost: $64,000.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Hwy 90 at Smith Street

COMMENTS:
This is a high traffic area for both vehicles and pedestrians. Improvment is needed and site is part of accident
incident area along US90. In Pavemnt Illumination of crosswalk should be considered. Site is entrance to hospital
and sees responding emergency vehicle traffic often.

PROJECT #: 3
LENGTH: 290'

LOCATION: Pedestrian Crossing at Hwy 90/Caledonia Street
Cost: $85,000.00

Estimate dependent on fluctuating price of site prep, materials, and installation for
4" thick slab and 5' wide sidewalk.

Southside of Hwy 90 Crosswalk at Caledonia Street

Middle of Hwy 90 Crosswalk

Northside of Hwy 90 Crosswalk at Caledonia Street

COMMENTS:
This is a high traffic area for both vehicles and pedestrians. Improvment is needed and site is part of accident incident area along US90. In
Pavemnt Illumination of crosswalk should be considered.

PROJECT #: 4

LOCATION: Pedestrian Crossing at Hwy 90/Madison Street

LENGTH: 132'

Cost: $64,000.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

North side of Hwy 90 at Madison

south side of Hwy 90 at Madison

COMMENTS:
This is a high traffic area for both vehicles and pedestrians. Improvment is needed and site is part of accident incident area along US90. In
Pavemnt Illumination of crosswalk should be considered.

PROJECT #: 5

LOCATION: ADA Route at Hwy 90/Madison Street

LENGTH: 8'

Cost: $20,000.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

multi-level ramp

COMMENTS:
Sidewalk and crosswalk connection needs improvments.

INTERNAL CONNECTOR LINKS

PROJECT #: 1

LOCATION: Penn Avenue: South Street to Martin Luther King Jr. Ave

LENGTH: 4365'

Cost: $104,760.00

Estimate dependent on fluctuating price of site prep, materials, and installation
for 4" thick slab and 5' wide sidewalk.

Penn Avenue & Bull Pup Drive

Penn Avenue & Long Street

Penn Avenue & Cedar Street

COMMENTS:

PROJECT #: 1

LOCATION: Penn Avenue: South Street to Martin Luther King Jr. Ave

LENGTH: 4365'

Cost: $104,760.00

Penn Avenue & Sherman Avenue

Penn Avenue & Clay Street

Penn Avenue & Herring Street

Penn Ave & Martin Luther King, Jr. Ave

COMMENTS:
Broken links mid block and ADA ramps at intersections.

PROJECT #: 2

LOCATION: South Street: to 125 W of McPherson Street

LENGTH: 4912'

COST: $117,888.00

Estimate dependent on fluctuating price of site prep,
materials, and installation for 4" thick slab and 5' wide

MMS Drive #2
toward Eva Mae

MMS Drives 1 & 2 toward South Street

South Street & Eva Mae Street

MMS Drive 3 toward Eva Mae
COMMENTS:
Broken links mid block and ADA ramps at intersections. Recent TAP award by FDOT can resolve most of this.

PROJECT #: 2

LOCATION: South Street: to 125 W of McPherson Street

LENGTH: 4912'

COST: $117,888.00

South Street & Orange Street

South Street & Hawk Street

South Street & Barnes Street

COMMENTS:

PROJECT #: 2

LOCATION: South Street: to 125 W of McPherson Street

LENGTH: 4912'

COST: $xxxx

South Street at Borden Street

South Street & Stuart Street

South Street & Baker Street

South Street & Wynn Street

COMMENTS:

PROJECT #: 3

LOCATION: Wandell Street: South Street to Dial Street (at Jennings Park)

LENGTH: 479'

COST: $11,496.00

Estimate dependent on fluctuating price of site prep, materials, and installation
for 4" thick slab and 5' wide sidewalk.

Wandell Street (midway)
South Street & Wandell Street

COMMENTS:

PROJECT #: 3

LOCATION: Wandell Street: South Street to Dial Street (at Jennings Park)

LENGTH: 479'

COST: $11,496.00

Wandell Street
& Dial Street

Wandell Street & Dial Street
across from Jennings Park

COMMENTS:
Broken links mid block and ADA ramps at intersections.

Wandell Street
at Janet Street

PROJECT #: 4

LOCATION: Cedar Street: Eva Mae Street to Orange Street

LENGTH: 761'

COST: $18,264.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Cedar Street & Eva Mae Street

Cedar Street & Orange Hill

COMMENTS:

PROJECT #: 4

LOCATION: Cedar Street: Eva Mae Street to Orange Street

LENGTH: 761'

COST: $18,264.00

Cedar Street & Booker Street

Cedar Street & Kenny Street

Cedar Street at Orange Street

Cedar Street & Washington Street

COMMENTS:
Broken links mid block and ADA ramps at intersections.

PROJECT #: 6

LOCATION: Clay Street: Godfrey Lane to Borden (30' on Borden)

LENGTH: 280'

COST: #6,720.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Penn Avenue & Bull Pup Drive

Penn Avenue & Long Street

Penn Avenue & Cedar Street

COMMENTS:

PROJECT #: 6

LOCATION: Clay Street: Godfrey Lane to Borden (30' on Borden)

LENGTH: 280'

COST: #6,720.00

Penn Avenue &
Sherman Avenue

Penn Avenue & Clay Street

Penn Avenue & Herring Street

Penn Avenue &
Martin Luther

COMMENTS:
Broken links mid block and ADA ramps at intersections.

PROJECT #: 7

LOCATION: Marion Street: Chipola Street to St. Clair Street public parking

LENGTH: 358'

COST: $8,592.00

Estimate dependent on fluctuating price of site prep, materials, and installation
for 4" thick slab and 5' wide sidewalk.

Marion Street at St. Clair Street
& Public Parking Area

Chipola Street to St. Clair Street

COMMENTS:
Vital link missing.

PROJECT #: 8

LOCATION: Hall Street: Old Cottondale Road to U.S. 90

LENGTH: 2790'

COST: $66,960.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Old Cottondale Road at Hall Street

Hall Street at Sunset (south section)

COMMENTS:
Vital linkage missing altogether.

PROJECT #: 8

LOCATION: Hall Street: Old Cottondale Road to U.S. 90

LENGTH: 2790'

COST: $966,960.00

Hall Street at McCrary Drive

Hall Street at Sunset Drive (north sect)

Hall Street at U.S. 90 (Lafayette Street)

COMMENTS:

PROJECT #: 9

LOCATION: Penn Avenue: Rail Road Track to U.S. 90

LENGTH: 300'

COST: $7,200.00

Estimate dependent on fluctuating price of site prep, materials,
and installation for 4" thick slab and 5' wide sidewalk.

Penn Avenue at Rail Road Track
(northward)

COMMENTS:

PROJECT #: 9

LOCATION: Penn Avenue: Rail Road Track to U.S. 90

LENGTH: 300'

COST: $7,200.00

Between Rail Road Tracks
& Liquor Store

U.S. 90 Intersection

COMMENTS:
Broken links and need traffic separation.

PROJECT#: 10

LOCATION: Broad Street: Spring Street to Park Street (mid block east)

LENGTH: 180'

COST: $4,320.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Broad Street & Spring Street

4463 Broad Street

COMMENTS:
Broken link mid block.

PROJECT#: 10

LOCATION: Broad Street: Spring Street to Park Street (mid block east)

LENGTH: 180'

COST: $4,320.00

4466 Broad Street

Between Spring Street

Corner of Broad Street & Park Street

COMMENTS:
Broken link mid block and ADA ramps.

PROJECT #: 11

LOCATION: Broad Street: Park Street to Noland Street

LENGTH: 425'

COST: $10,200.00

Estimate dependent on fluctuating price of site prep, materials,
and installation for 4" thick slab and 5' wide sidewalk.

End of 4480 Broad Street Property

4481 & 4485 Broad Street

Broad Street & Noland Street

COMMENTS:
Broken link s and missing mid block.

PROJECT #: 12

LOCATION: Broad Street: Madison Street east for 1/2 blk

LENGTH: 194'

COST: $4,656.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Corner of Broad Street & Madison Street

midway of Broad St.
from Madison St.

Possible Barriers

COMMENTS:
Broken link mid block.

PROJECT #: 13

LOCATION: Broad Street: Madison Street east for 1/2 block

LENGTH: 62'

COST: $1,488.00

Estimate dependent on fluctuating price of site prep, materials,
and installation for 4" thick slab and 5' wide sidewalk.

Corner of Putnam Street & Spring Street

Possible cracks near Madison Street intersection

COMMENTS:
Broken link mid block and switch sides with no crosswalk.

PROJECT #: 14

LOCATION: Putnam Street: Spring Street to Park Street (east end of block)

LENGTH: 253'

COST: $6,072.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

(2013) Putnam at Spring
(2021) Putnam at Spring

barriers
COMMENTS:
Broken link mid block.

PROJECT #: 14

LOCATION: Putnam Street: Spring Street to Park Street (east end of block)

LENGTH: 253'

COST: $6,072.00

Penn
Avenue
&
Sherman

Penn Avenue & Clay

Penn Avenue & Herring Street

Penn Ave & Martin Luther King, Jr. Ave

COMMENTS:
Broken links mid block and at intersections.

PROJECT #: 15

LOCATION: Kelson Avenue: Jefferson (East side of intersection)

LENTH: 60'

COST: $1,440.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Kelson Avenue
east looking west

Corner of Kelson Avenue
looking northward

COMMENTS:
East and north missing crosswalk

PROJECT #: 16

LOCATION: Caledonia Street: Kelly Avenue to Deering Street

LENGTH: 247'

COST: $5,928.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Corner of Kelson Avenue
looking northward

COMMENTS:
Broken link mid block.

PROJECT #: 17

LOCATION: Deering Street: Dickson Street to Caledonia Street (each end of blk)

LENGTH: 250'

COST: $6,000.00

Estimate dependent on fluctuating price of site prep, materials, and installation for
4" thick slab and 5' wide sidewalk.

Deering Street & Dickson Street

4388 Deering Street
left: view on east side of house
above: view on west side of house

COMMENTS:
Broken link mid block.

PROJECT #: 17

LOCATION: Deering Street: Dickson Street to Caledonia Street (each end of blk)

LENGTH: 250'

COST: $6,000.00

from 4388 Deering St
looking toward Caledonia St

from Caledonia St
looking toward 4388 Deering St

COMMENTS:
Disconnecteed segments

PROJECT #: 18

LOCATION: Wynn Street: Florence Drive to Sylvia Street

LENGTH: 250'

COST: $6,000.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Wynn Street looking north
toward Florence Drive
Corner of Wynn Street
& Florence Drive looking
south toward Sylvia Street

Wynn St looking toward Sylvia St
COMMENTS:
Disconnected segments

PROJECT #: 19

LOCATION: Deering Street: Staley Intersection & mid block east on Deering

LENGTH: 232'

COST: $5,568.00

Deering Street & Staley Street

COMMENTS:

Estimate dependent on fluctuating price of site prep, materials, and installation
for 4" thick slab and 5' wide sidewalk.

PROJECT #: 19
LENGTH: 232'

LOCATION: Deering Street: Staley Intersection & mid block east on Deering
COST: $5,568.00

from 4388 Deering St
looking toward Caledonia St

from Caledonia St
looking toward 4388 Deering St

COMMENTS:

PROJECT#: 20

LOCATION: Deering Street: Staley Intersection & mid block east on Deering

LENGTH: 232'

COST: $8,928.00

Estimate dependent on fluctuating price of site prep, materials, and installation for
4" thick slab and 5' wide sidewalk.

Kelson Ave
& Daniels St

Daniels Street at parking area

COMMENTS:
Disconnected segements.

PROJECT#: 19

LOCATION: Deering Street: Staley Intersection & mid block east on Deering

LENGTH: 232'

COST: $8,928.00

from 4388 Deering Street
looking toward Caledonia Street

from Caledonia Street
looking toward 4388 Deering Street

COMMENTS:
Missing segments and ADA ramps at intersection.

PROJECT #: 21

LOCATION: Guyton Street: Kelson Avenue to Liddon Street

LENGTH: 492

COST: $11,808.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

Kelson Ave.
L-northbound
R-southbound

COMMENTS:
Sidewalk is disconnected and the sidewalk tranfers from west side to east side as you navigate from US 90 to Kelson.
This link is a primary pedestrian access route from residential areas south of US90 to hospital.

PROJECT #: 22
LENGTH: 40'

LOCATION: Kelson Avenue: Smith Street intersection
COST: $960.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 5' wide sidewalk.

COMMENTS:
this sitre may be developed with a "Round About", but if not a crosswalk is needed to support pdestrain crossing
on Kelson. This access is vital for patrons of the hospital and associated medical services district.

TRAIL DEVELOPMENT
Conceptual Multi-Use Trail Route

LEGEND
Public ROW
Public Easement (Utilities)
Public ROW Alternate Route
Public ROW DANGER ZONE
Private Property
TrailHead

NORTH

PROJECT #: 1
LENGTH: 8,120'

LOCATION: New Southside Utility Easement
Cost: $324,800.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for non-paved 10' trail.

Penn Avenue and South Street

COMMENTS:
This segment starts with development of a potential "Trailhead" in the NE sector of the Pennsyvania and South
Street intersection. this site has historically been void of development and is a strategic location at the entranc e to
the city. It affords multiple opportunity for trail connection, message center and landmark development. Trail could
then travel SE across South Street onto Endeavor site and then follow the planned sanitary sewer easement eastward
to SR73. Trail will cross South, Orange and Wynn Sttreets on its way to Jennings Field at SR73. Jenning Field is a
suggested second trailhead location.
This route will require one trail bridge to cross the existing drainge trace as this stream does see significant flows
during heavy wet periods. The western brdige location is an opportunity to create a d unique trail component such as
a "Old style coverd bridge" to add character and interest to trail.
Trail is a good segement to utillize the "Rural Design Standard" adopted by FDOT with a stabilized pervous surface.
Trail will also provide City with the benefit of an access route for maintenace of the proposed major sanitary sewer
extension.

PROJECT #: 2

LOCATION: SR73 north to Rail Road

LENGTH: 8,120'

Cost: $116,600.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

SR 73 at Caledonia Street

SR 73 curve

SR 73 at Thomas Drive

COMMENTS:
This segment will invlove crossing to the east side of SR73 in the vicinity of Jefferson and Caledonia intersection.
The east side of SR 73 poses some challenge to trail devleopment. The roadway has an elevated curve and
significant shoulder slope from the intersection to Thomas Drive. The SR73 segment is heavily traveled and at 45
MPH thereby creating a potential zone of discomfort for trail users. However, design and speed reduction can
mitigate this issue.
An alternative route has been identified for this segment and should be considered as it avoid s the most challenging
SR73 stretch. Alternate would cross SR73 to the east and follow the City utility easement (sewer line) over private
property until it can reach Thomas Street (unimproved city street).

PROJECT #: 3

LOCATION: Rail Road Crossing at Jefferson St to Marion St

LENGTH: 2,164'

Cost: $108,200.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

SR 73 at Rail Road Crossing

Heatrice Street start

Heatrice Street & Bertram Street

COMMENTS:
Once the route reaches the RR Florida Gulf & Atlantic crossing, proposed route turns east and parallels the RR
across three properties (Percy 61ft, Wimberberly 65ft, Optimist 205ft) to reach City ROW of Heatrice Street. Then
route continues along city ROW. The ROW of Heatrice is narrow and may entail usse of street (example may be
one-way designation). The ROW for Bertram Street maybelimited and ill-defined along the Cemetary but City
ownership provides additional flexibility.

PROJECT #: 4

LOCATION: Marion St to Noland St/US90 Intersection

LENGTH: 912'

Cost: $45,600.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

Bertram Street

unimproved Marion Street to city water tank

Marion Street exit at Jackson/Noland

COMMENTS:
Once the route reaches Marion Street it turns east onto city access to the water tank (city owned property). This
"L" shaped property allowing trail to continue all the way onto Jackson Street and then onward to Noland Street
to reach the traffic light and existing sidewalk. Staying on the east side of Noland allows route to take advantage
of existing sidewalks and reduces number of street crossings.

PROJECT #: 5

LOCATION: US90 to Dogwood

LENGTH: 2,049'

Cost: $102,450.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

Noland Street to US 90

Noland Street to unimproved Broad Street

Broad Street to Dogwood Street

COMMENTS:
Continuing route northward on the east side of Noland across US90 (Lafayette St) and to the intersection with
undeveloped Broad Street. Here the route turns east down the undeveloped ROW (870ft) and can be either
Urban or Rural design. Route continues east to Dogwood Street.

PROJECT #: 6

LOCATION: Dogwood to Powerline Easement (has alt)

LENGTH: 2,560'

Cost: $128,000.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

Riverside

COMMENTS:
Cross Dogwood Street, turn left (north) and travel to Putnam Street, turn right (east) on Putnam Street, travel
east to Cherokee Street and cross, turn left (north) and travel north to Ridge Street, turn right and travel to the
end of pavement, then continue east (430 feet) along the woodline to east side of “Riverside School” walking
track, turn left (north) and travel 365 feet to north side of cleared powerline easement;
*Alternate route through wooded area: Cross Dogwood Street and continue east (private land) 955 feet to
undeveloped City of Marianna parcel, continue east 825 feet to State owned land, turn left (north) and travel
1000 feet to north side of power line easement.

PROJECT #: 7

LOCATION: Power Line to North Jefferson

LENGTH: 4,612'

Cost: $184,480.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

Woodland Trail

COMMENTS:
From north side of power line travel northwest on State owned Trust Internal Improvement Fund lands (TIIF )
approximately 1325 feet to Butler Recreation Area (City of Marianna) and travel west along property line to Noland
Street, cross Noland (Street Bridge will need improvement) and travel west along northside of Kelson Avenue to
CR166 (North Jefferson) and cross.
Note: The pending stormwater imprvement along Kelson Ave may be the opportunity to make bridge and trail
improvments with limited use of City revenues.

PROJECT #: 8

LOCATION: Jefferson/Kelson to Longhouse Court

LENGTH: 5,113'

Cost: $255,650.00

Kelson Avenue & Jefferson Street

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

River Forest Road

Prough Drive to Longhouse Court

COMMENTS:
Travel north on west side of Jefferson to River Forest Road, turn left (northwest) and travel to Prough Drive,
turn left (west) and travel to Longhouse Court (Potential Trailhead location). this section has existing sidewalk
that can be expanded to support trail route. Coordination with Chipola may afford excellent Traihead location
with existing lighting and access to parking as well as utilities for rest facility.

PROJECT #: 9

LOCATION: Longhouse Court to College Street

LENGTH: 3,005'

Cost: $150,250.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

Longhouse Court to Indian Circle

Indian Circle to 5th Avenue

COMMENTS:
Cross Longhouse Court, turn left (south) and travel along Longhouse Court to Indian Circle, cross Indian Circle,
turn left (south) and travel to College Street. Most of route has existing sidewalk that needs little improvment
(widening). Again this route affords ue of existing ROW and street lighting. It also supports connectivity with
internal sidewalks of the College campus.

PROJECT #: 10

LOCATION: College Street to Kelson Ave

LENGTH: 4,246'

Cost: $212,300.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

6th Street & Hospital Drive
5th Avenue & 6th Street

Hospital Drive and Golson Access
Hospital Drive and Carters Mill Road

COMMENTS:
Cross College Street and turn left (south), cross 5th Avenue and turn right (west), *travel to 6th Street, turn left and
travel south to Hospital Drive, turn right and travel west to enter “Golson site” and travel south to 2nd Avenue, turn
west and travel to Carter’s Mill Road, turn left (south) and travel Kelson Street. the alternate route supports
avoidance of Kelson St which is very challenging with high traffic and narrow ROW.
This segment requires development of new Urban trail along much of route as sidewalk does not exist.
Alternate Route: Travel to 6th Avenue, cross and Jog right into parking lot of current “Tallahassee Orthopedic
Clinic” (Jackson Hospital. Travel west to stream trace. A trail bridge of approximately 40 feet is needed here.
Cross drainage and continue west through parking lot to North Hospital Drive and west to Carter’s Mill Road and
cross. (another altenate route is north along 6th St to 6Ave west to Hospital owned homesites and then onto Hospital
Drive). Travel west through undeveloped property (Crisp) to Bumpnose Road, turn left (south) and travel to US90.

PROJECT #: 11

LOCATION: Kelson Ave to US90

LENGTH: 3,324'

Cost: $166,200.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

Kelson Avenue & Bumpnose Road
Carters Mill Road & Kelson Avenue

Bumpnose Road & U.S. 90

COMMENTS:
Cross Kelson Street and turn right (west), travel along Kelson to Baltzell Street, turn right (west) cross
Kelson and travel Baltzell Street to Bumpnose Road, turn left (south) and travel along eastside of Bumpnose
Road to US90.
Use of the earlier Alternate Route avoids this heavily trafficed segment and offers more opportunity for a
better trail experience and property improvements.

PROJECT #: 12

LOCATION: US90 to Penn Ave/South St intersection

LENGTH: 7,450'

Cost: $372,500.00

Estimate dependent on fluctuating price of site prep, materials, and
installation for 4" thick slab and 8' wide sidewalk.

Penn Avenue at Rail Road Crossing

Penn Avenue & South Street

COMMENTS:
Cross US90 and travel south along eastside of Pennsylvania Avenue to South Street intersection. The segment
from US90 to south of RR crossing will need design care as this is a safety challenge.
This segment can be supported with FDOT assistance as it is a well traveled pedesttrian route. the
problematic section for US90 across the RR is short and with design focus on safety can be managed.
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224 Shared Use Paths
224.1

General

This chapter contains the requirements for shared use paths that are contained within the
State Highway System. Shared use paths are paved facilities physically separated from
motorized vehicular traffic by an open space or barrier and are either within the highway
right of way or an independent right of way. Shared use paths are used by bicyclists,
pedestrians, skaters, runners and others. Since shared use paths serve as pedestrian
facilities, they are required to be accessible. In addition to the requirements of this manual
for accessible pedestrian facilities, the bicycle’s operating characteristics govern the
design of shared use paths. The term “Shared Use Paths,” as used in this manual may
also be referred to as trails, multiuse trails, or other similar terms in other manuals.
Shared Use Paths are appropriate in Context Classifications C1, C2 and C3, but may not
be applicable in other contexts due to short block lengths and frequent intersections. For
other context classifications, the combination of a sidewalk and a separated bicycle facility
may be more appropriate.

224.1.1

Public Transit Loading Zones

See FDM 225 for information on Public Transportation Facilities. Provide a minimum 5foot-wide sidewalk connecting transit stops to shared use paths.
Coordination with the following may be required to determine the optimum location of
boarding and alighting areas, transit shelters, and bus bays:


District Pedestrian/Bicycle Coordinator



District Modal Development Office Coordinator



District ADA Coordinator



District Public Transportation staff



Local public transit provider(s)

Modification for Non-Conventional Projects:
Delete the above paragraph and see the RFP for requirements.

224-Shared Use Paths
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Considerations

Shared use paths are not replacements for on-street bicycle lanes. They serve different
functions and different users.
Shared use paths may be considered when all of the following conditions are met:
(1)

The path is separated from the roadway.

(2)

There are few access points or roadways crossing the path.

(3)

There is adequate access to local streets and other facilities along the path.

(4)

There is a commitment to provide path continuity with other bikeways throughout
the corridor.

When paths are located immediately adjacent to roadways, some operational problems
may occur:
(1)

Paths require one direction of bicycle traffic to ride against motor vehicle traffic,
which is contrary to the normal Rules of the Road. Motorists are not in the habit
of scanning for bicycle traffic from the oncoming direction.

(2)

At path ends, bicyclists riding against traffic may likely continue to travel on the
wrong side of the street, as do bicyclists getting on to a path. Wrong-way travel by
bicyclists is a major cause of bicycle/automobile crashes and should be
discouraged.

224.1.3

At-grade Railroad Crossings

See FDM 222.2.4 for information on at-grade railroad crossings.

224.2

Curb Ramps

Design curb ramps to be the same width as the path. At locations where the path narrows
from the typical width, warning signs or pavement markings in conformance with the
MUTCD should be used. Refer to FDM 222.2.2 for specific design criteria for curb ramps.

224.3

Detectable Warnings

Design detectable warnings in accordance with FDM 222.3.
224-Shared Use Paths
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Widths

The appropriate paved width for a two-directional shared use path is dependent upon
context, volume and mix of users. Widths range from a minimum 10 feet to 14 feet, with
a standard width of 12-feet. SUN Trail network facilities that are less than 12-feet require
approval by the Chief Planner. For shared use paths not in the SUN Trail network:


10-feet wide may be used where there is limited R/W.



Short 8-feet wide sections may be used in constrained conditions.

Consider the accommodation of emergency and maintenance vehicles or management
of steep grades when selecting the width of the path.
FHWA’s Shared Use Path Level of Service Calculator may be used as a guide in
determining appropriate width.

224.5

Cross Slopes

To meet ADA requirements, the maximum cross slope on shared use paths is 2%.
Use a 75-foot distance to transition from -2% to 2% or from 2% to -2% when it is desired
to change the slope direction of the path. Consider the potential for ponding water when
proposing a slope transition.

224.6

Longitudinal Grades

To meet ADA requirements, the maximum longitudinal grade is 5%. Grades greater than
5% should be considered ramps and designed accordingly. Maximum ramp slopes are
8.33% and can have a maximum rise of 30 inches, with a level landing at least 60 inches
in length.
Grades greater than 5% cause difficulties for many bicyclists. Table 224.6.1 provides
maximum grades and distances for areas in which the terrain makes it necessary to use
steeper grades on short sections.

224-Shared Use Paths
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Table 224.6.1

Maximum Grade Lengths

Longitudinal Grade (%)

Maximum Length (feet)

6

800

7

400

8

300

9

200

10

100

11+

50

(1) When using a longer grade, consider adding 4 to 6 feet of additional width
to the path to allow a bicyclist to dismount and walk their bicycle.
(2) Clear distances and sight distances should be adjusted to accommodate
longer grades.

Refer to FDM 224.11 for controls on grade changes.

224.7

Horizontal Clearance

Provide a 4-foot clear area adjacent to both sides of the path, including placement of
signs. Maintain a 2-foot wide graded area with a maximum 1:6 slope adjacent to both
sides of the path. For restricted conditions, bridge abutments, sign posts, fencing and
railing may be located within 4 feet of the edge of pavement, but not less than 2 feet.
See FDM 224.15 for information concerning drop-off hazards.

224.8

Vertical Clearance

Provide a 10-foot vertical clearance from the bottom lowest edge of an overhead
obstruction to any portion of the path under the obstruction. An 8-foot clearance is
allowed for overhead signs and for other overhead obstructions under constrained
conditions. A 12-foot vertical clearance is desirable for:

224-Shared Use Paths
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(1)

Accommodation of equestrians or maintenance and emergency vehicles.

(2)

Underpasses and tunnels.

(3)

SUN Trail.

Minimum clearances for bridge structures are given in FDM 260.6.
Existing elements that provide a minimum 8-foot vertical clearance is not required to be
corrected to the clearances listed above.
Modification for Non-Conventional Projects:
Delete FDM 224.8 and replace with the following:

224.8

Vertical Clearance

Provide a 10-foot vertical clearance from the bottom lowest edge of an overhead
obstruction to any portion of the path under the obstruction. An 8-foot clearance is
allowed for overhead signs and for other overhead obstructions under constrained
conditions. See RFP for additional requirements.

224.9

Design Speed

Use a design speed of 18 mph for paths with longitudinal grades ≤ 4%. Use a design
speed of 30 mph for paths with downhill longitudinal grades greater than 4%.

224.10

Horizontal Alignment

224.10.1

Minimum Radii

The minimum radius of curvature for a shared use path is provided in Table 224.10.1.

224-Shared Use Paths
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Table 224.10.1

Minimum Radius Horizontal Curves on Shared Use Paths

Design Speed (mph)

Cross Slope (%)

Minimum Radius (feet)

18

2

74

18

-2

86

30

2

261

30

-2

316

(1) For paths with two-way traffic use minimum radius given for cross slope of -2%

224.10.2

Stopping Sight Distance

The minimum stopping sight distances for a shared use path are provided in
Table 224.10.2. Further information on calculating the minimum stopping sight distances
may be found in the AASHTO Guide for the Development of Bicycle Facilities, 2012.
Table 224.10.2

Minimum Stopping Sight Distances

Minimum Stopping Sight Distance (feet)
Grades
Design

Downhill

Speed
9%
18 MPH
30 MPH

8%

7%

6%

5%

Use 30 MPH Values
539

485

444

410

Uphill
4%

3%

Flat

3%

4%

5%

6%

7%

8%

9%

156

149

134

123

120

118

115

113

111

109

383

Use 18 MPH Values

(1) Stopping sight distance based on an object height of 0.0 feet and an eye height of 4.5 feet

224.11

Vertical Alignment

The minimum length of vertical curve necessary to provide minimum stopping sight
distance at various speeds on crest vertical curves is selected by using the formula listed
below:
224-Shared Use Paths
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L = 2S – (900 / A)

L = Min. Length of Vertical Curve (ft.)
A = Algebraic Grade Difference (%)

When S < L:

224.12

L = AS² / 900

S = Stopping Sight Distance (ft.)

Separation from Roadway

Provide a separation between a shared use path and the roadway when they are located
adjacent to each other. This demonstrates to both path users and motorists that the
shared use path is a separate facility. Minimum separation is as follows:
•

On flush shoulder roadways with design speed 45 mph or less, the edge of the
path is to be at least 5 feet from the edge of the paved shoulder.

•

On curbed roadways with design speed 45 mph or less, the edge of the path is to
be at least 4 feet from the back of curb, with consideration of other roadside
obstructions (e.g. signs and light poles).

•

On all roadways with design speed 50 mph or greater, the edge of the path is to
be at least 5 feet from the shoulder break.

224.13

Lighting

Lighting for shared use paths is important and should be considered where riding at night
is expected, such as paths serving college students or commuters. Lighting should also
be considered through underpasses or tunnels. Lighting standards are provided in
Table 231.3.1.

224.14

Signing, Pavement Marking, and Signalization

The Standard Plans and the MUTCD provide guidance and requirements for signage,
pavement markings and signals for shared use paths. Signs on shared use paths should
follow the dimensions provided in Table 9B-1 Bicycle Sign and Plaque Sizes, MUTCD.

224-Shared Use Paths
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Drop-off Hazards

Drop-off hazards are steep or abrupt slopes adjacent to the path that can be perilous to
pedestrians and cyclists. There are two cases that require shielding as shown in Figure
224.15.1. Depending on the depth of the drop-off and severity of the conditions below,
shielding may be necessary for conditions other than cases 1 or 2.
Consider the following when determining the feasibility of shielding other drop-off hazards
for protecting pedestrians and cyclists:
(1)

The engineer should consult the District Bicycle/Pedestrian Coordinator or Trail
Coordinator regarding pedestrian and cyclist traffic and their routes.

(2)

Installing fencing or railings are two ways to shield the drop-offs. Fencing is
generally intended for use in rural areas along paths and trails. Railing is generally
intended for urbanized areas, locations attaching to bridge rail or along concrete
walkways. Pedestrian/Bicycle Railings (Standard Plans, Index 515 Series) are
adequate for shielding all drop-offs but are generally intended for use on drop-offs
greater than 60 inches. Pipe Guiderail (Standard Plans, Index 515-070 and
515-080) is adequate for shielding drop-offs which are 60 inches or less.

(3)

Along continuous sections where the drop-off varies above and below the 60-inch
threshold, for uniformity the engineer may consider using only one of the railing
types adequate for shielding all drop-offs.

(4)

Railing or fencing near intersections or driveways could obstruct the driver's line of
sight. To reduce the need for railings, as a sidewalk or shared use path
approaches an intersection, consider extending cross drains and side drains to
minimize drop-offs.

(5)

The installation of fencing, railing, or pipe guardrail presents a hazard in and of
itself. Evaluate whether or not the installation of these devices present a greater
risk than the drop-off or other condition it is intended to shield.

224-Shared Use Paths
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Drop-Off Hazards for Pedestrians and Bicyclists

224-Shared Use Paths
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Path Railings

Requirements for railings and fences are discussed in FDM 222.4.

224.17

Typical Sections

Example typical sections are provided in FDM 306.

224.17.1

Pavement Design

See the FDOT Pavement Management website for guidance on pavement
requirements.
Provide a pavement design equivalent to standard shoulder pavement:
•

12-inch Stabilized Subgrade

•

Base Group 1

•

1.5-inch Structural Course

224-Shared Use Paths
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Crosswalk Visibility
Enhancements

SAFE TRANSPORTATION
FOR EVERY PEDESTRIAN
COUNTERMEASURE TECH SHEET

!
This example combines curb extensions,
high-visibility markings, overhead lighting,
and in-street signs on a two-lane roadway.

Poor lighting conditions,
obstructions such as parked
cars, and horizontal or
vertical roadway curvature
can reduce visibility at
crosswalks, contributing to
higher crash rates.
Crosswalk visibility
enhancements help
make crosswalks and/or
pedestrians more visible
and can help pedestrians
decide where to cross.

R1-6a
W-11-2, W16-7P

Crosswalk visibility
enhancements
can reduce
crashes by

23–48%
This group of countermeasures includes improved lighting,
advance or in-street warning signage, pavement markings,
and geometric design elements. Such features may be
used in combination to indicate optimal or preferred
locations for people to cross and to help reinforce the
driver requirement to yield the right-of-way to pedestrians at
crossing locations.
For multi-lane roadway crossings where vehicle AADTs are
in excess of 10,000, a marked crosswalk alone is typically
not suffcient (Zegeer, 2005). Under such conditions, more
substantial crossing improvements are also needed to
prevent an increase in pedestrian crash potential. Examples
of more substantial treatments include the refuge island,
PHB, and RRFB.

US Department of Transportation

Federal Highway Administration

~

fe Roads for asafer future

~IR11tSl111tRtl11ffHW1MHfetrumllm

FEATURES:
• High-visibility marking
improves visibility of the
crosswalk compared to the
standard parallel lines.
• Parking restriction on
the crosswalk approach
improves the sightlines for
motorists and pedestrians.
• Advance STOP or YIELD
markings & signs reduce the
risk of a multiple-threat crash.
• Curb extension improves
sight distance between
drivers and pedestrians and
narrows crossing distance.
• In-street STOP or YIELD signs
may improve driver yielding
rates.
June 2018, Updated

Crosswalk Visibility Enhancements
EDC-4 STEP: https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/step.cfm

High-visibility crosswalk marking. Highvisibility crosswalks are preferred over parallel
line crosswalks and should be provided
at all established midblock pedestrian
crossings. They should also be considered at
uncontrolled intersections.

Improved nighttime lighting.
Consideration should be given to placing
lights in advance of midblock and
intersection crosswalks on both approaches
to illuminate the front of the pedestrian and
avoid creating a silhouette.

Parking restriction on the crosswalk
approach. Parking restriction can include
the removal of parking space markings,
installation of new “parking prohibition”
pavement markings or curb paint, and
signs. The minimum setback is 20 feet in
advance of the crosswalk where speeds are
25 mph or less, and 30 feet where speeds
are between 26 and 35 mph.

In-street STOP or YIELD to pedestrian
sign.² These signs serve to remind road users
of laws regarding right-of-way, and they may
be appropriate on 2-lane or 3-lane roads
where speed limits are 30 mph or less. The
sign can be placed in between travel lanes
or in a median.

Advance YIELD or STOP markings and
signs.¹ The stop bar or “sharks teeth”
yield markings are placed 20 to 50 feet in
advance of a marked crosswalk to indicate
where vehicles are required to stop or yield
in compliance with the accompanying
“STOP Here for Pedestrians” or “YIELD Here to
Pedestrians” sign.
Curb extension. This treatment, also referred
to as bulb-outs, extends the sidewalk or curb
line out into the parking lane, which reduces
the effective street width. Curb extensions
must not extend into travel lanes and should
not extend across bicycle lanes.

COST

Countermeasure

Range

Average

High visibility crosswalk
marking

$600-5,700 each

$2,540 each

Lighting

Varies based on fxture type and
utility service agreement

Parking restriction

Varies based on the required signs
and pavement markings

Curb extension

$2,000-20,000

$13,000 each

Advance STOP/YIELD sign N/A

$300 each

Advance STOP/YIELD line

N/A

$320 each

In-street STOP/YIELD sign

N/A

$240 each

¹MUTCD section 2B.12 In-Street and Overhead Pedestrian Crossing Signs (R1-6, R1-6a, R1-9, and R1-9a)
²MUTCD reference:Section 2B.11 Yield Here To Pedestrians Signs and Stop Here For Pedestrians Signs (R1-5 Series)
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1

THE LIGHTGUARD CROSSWALK SYSTEM AND COMPONENTS

1.1

THE LIGHTGUARD CROSSWALK SYSTEM

The LightGuard crosswalk system (The System) is designed for applications at mid-block or
uncontrolled intersection crosswalks and other roadway crossings. It is entirely compliant with
the MUTCD and in many cases, the MUTCD text regarding In Roadway Warning Lights (IRWL)
was composed with the LightGuard product development and testing in mind.
The System utilizes a series of light emitting diodes (LED’s) in a durable housing embedded in
the roadway which flashes, in a unidirectional manner, a warning to approaching motorists that a
pedestrian is in or entering the crosswalk. The IRWL fixtures are aimed down the motoristviewing path of the approaching driver to allow the flashing lights to be easily seen by motorists
along the full length of the un-obscured viewing approach path. Per the MUTCD, the lights flash
for a pre-set duration before automatically turning off. The System can be activated by a
pedestrian pushing a button, or automatically when a pedestrian passes through an activation
zone breaking an optical beam. It can be a stand-alone solar-powered System, or a
conventional AC powered system with battery back up.
The System is comprised of the following components. All components must work in unison.
Flashing Controller Interface (AC or Solar)

Illuminated Signs

Manual Activation Pushbuttons
Automatic Activation Bollards

1.2

In Roadway Warning Lights

POWER SYSTEM – Flashing Controller Interface

A roadside, or pole mounted, cabinet contains all of the LED drive electronics and field wiring
electrical interfaces. Both the AC & the ECP systems operate off a 12 VDC power supply from
an AC line. The AC system can be energized from either 115VAC or 230VAC nominal. The
ECP can only be energized from 110VAC. The Solar System operates off of 12 VDC nominal
battery power and is recharged during daylight hours from a Solar PV panel.
Based on a typical installation, power usage is approximately 18 - 20 watts depending on the
type of activation mechanism. Total energy consumed (in KWH) is dependent upon the number
of light fixtures, the cross time duration, and the number of activations. Circuit breakers protect
internal circuitry and field wiring. The Power Control Unit (PCU) available in the either AC &
Solar Systems is based on a high speed 8 bit embedded microcontroller utilizing a compiled
machine control language. LGS proprietary software program provides effective, reliable
operation allowing the user simple operation adjustments with a keypad and display (LCD).

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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1.3

IN-ROADWAY WARNING LIGHT (IRWL) FIXTURE

The LightGuard Systems IRWL fixtures are manufactured of high strength impact resistant
materials. They are designed to be mounted onto a metal or composite base plate assembly
that is permanently attached to the roadway. This allows for easy replacement of any IRWL that
may become damaged, or inoperable, for any reason.

1.4

SYSTEM ACTIVATION; AUTOMATIC/MANUAL/CONTINUOUS/PROGRAM

1.4.1 AUTOMATIC ACTIVATION- Bollards
For AUTOMATIC activation, the System uses state-of-the-art electronic and software driven
technology. The Smart Crosswalk™ automatic system is a dual break-beam system utilizing
modulated infrared sensors housed in decorative posts, or Bollards, at each side of the
crosswalk. Direction of pedestrian travel is detected and allows activation of the System only
upon entry, not when exiting. Custom designed Bollards house the drive electronics for
automatic activation.
Separation distance between Bollard pairs is based on sensor
manufacturers specifications (refer to appropriate data sheet). Range for Bollard model LGS-T6
is 40 feet.
1.4.2 MANUAL ACTIVATION – Push button or optional Key Switch operation
A standard push button assembly may be installed to MANUALLY activate the System. When
the pedestrian pushes the button, an “ON” response from the System is immediately visible via
flashing LED lights above the words “CROSS WITH CAUTION”. As an added benefit, the PCU
automatically monitors frequency and direction of use. Other activation options include pre-set
on-off times or Key Switch activation with a set “on” time operation. Keypad functions allow for up
to three (3) automatic on-off times for each day of the week.
1.4.3 CONTINUOUS – CONSTANT ON
The Illuminated crosswalk system can be set for continuous flashing 24/7. This is NOT
recommended for solar powered systems due to the continuous power drain affecting battery
recharge.
1.4.4 PROGRAMMABLE – Pre-set on/off timer
The Illuminated crosswalk system can be programmed to activate for a predetermined duration
with 3 different start stop times up to 7 days per week. Refer to section 2.8.4.11 for instructions.

1.5

LED “ENHANCED” PEDESTRIAN CROSSING SIGN

Fluorescent-yellow-green color (FYG), diamond-shaped pedestrian crossing sign (W11-2) with
LED warning light modules at the “enhanced” flash rate is recommended with each System (FYG
S1-1 school sign also available). The LED warning light are designed to flash in conjunction with
activation of the System. This active LED pedestrian crossing sign enhances driver recognition
of the System’s presence, especially in adverse weather conditions, and contributes to educating
the motorist as to the meaning of the flashing array of IRWL. The illuminated W11-2 (or S1-1)
sign, with the embedded flashing LED lights is a replacement for the standard static W11-2 (or
S1-1) sign typically placed at the crosswalk site.

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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1.6

LGS COMPONENTS NEEDED FOR A TYPICAL SMART CROSSWALK™

Typical Required Equipment
(Quantities based on 4 lane crossing)

Item Qty
1
1

Description
Flashing Unit Interface Controller (PCU or ECP) High speed 8 bit embedded
microcontroller (PCU has keypad, LCD, & serial port). Both include timer duration
mechanism & LGS’s proprietary software program.
2
1
Electronics Enclosure The enclosure is sized to allow mounting of all components
necessary to control the System. The enclosure’s water-resistant design is based
upon the NEMA specifications.
3
14
In-Roadway Warning Lights The IRWL assemblies are street-mounted to
withstand normal vehicle traffic. The patent protected assemblies, including base
plates, are a LGS proprietary design
4
4
Automatic Activation Bollards Pedestrian detection Bollards are located at each
crosswalk entrance.
Optical beam interruption sensors are designed to
automatically activate the Smart Crosswalk™ System
5
2
LED Enhanced Pedestrian Warning Sign The fluorescent-yellow-green (FYG)
color, diamond shaped pedestrian warning sign (W11-2) contains LED warning light
modules designed to flash at the same flash rate & in conjunction with activation of
the IRWL
6
LOT Mount Assemblies LGS approved standard mount assemblies are sized and
configured appropriately to allow mounting of the enclosure, automatic activation
sensors, LED enhanced signs,. Tamper resistant hardware is recommended but not
included
7
LOT Light fixture Spare Parts Gel-plugs and O-ring.
8
LOT Cable/wiring LGS approved multi-strand 8 conductor wiring (BELDEN 28601A), 18
AWG, to connect the activation assemblies to the System PCU. Stranded wire, 14
AWG, type RHW-2/USE-2/XLP (3 individual conductor colors – BLK, YEL, & RED),
maximum OD 0.17” (4.3 mm) can be provided to connect the IRWL to the PCU.
9
LOT Epoxy LGS approved 2 part Epoxy (either BONDO 7084 or DSB). Epoxy mixing &
dispensing equipment not provided - refer to section 3.2.7.
10
LOT Loop sealant LGS approved loop sealant (DSB 900) mixing & dispensing
equipment not provided.
11
LOT Backer Rod LGS approved Backer Rod
Optional or Alternate Equipment
12
Solar Power Assembly and Enclosure Includes crosswalk flashing controller,
Solar Panel with pole mount, battery charge controller (amp/load), sealed solar cell
batteries, battery & solar panel cables, branch circuit protection.
13
ECP Assembly and Enclosure ECP Assembly includes flashing unit controller
14
AC Beacon Interface Modified PCU & DIN Rail connections for 2 separate
115VAC relays operating in either wig-wag or continuous mode
15
DC Beacon Interface Modified PCU & DIN rail connections for 2 separate 12VDC
relays operating in either wig-wag or continuous mode
16
Audible crosswalk Interface Modified PCU and DIN rail connections for various
audible systems (voice, chirp, tweet, etc.)
17
Dual Zone Upgrade Kit Modified PCU & DIN rail connections for 2 independent
cross walk zones (activates flashing at 2 separate crosswalks)
18
RRFB Rectangular Rapid Flashing Beacons
19
RAD Remote Activation Device (compact form Automatic Directional Detectors)
P)
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1.7

SUGGESTED INSTALLATION EQUIPMENT, MATERIALS AND TOOLS

The general list below may include all equipment, materials, or tools required for installation.
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Typical electrical tools used in street lighting and signal work
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------












Inch pound torque wrench
End wrenches & sockets
Crescent wrenches
Allen wrenches
Hammers - 3 lb. (1.5kg) & claw
Hack saw, file, & knife
Wire strippers
Slip joint channel lock pliers
Chisel
1/8” hex socket





Taps & dies
2 putty knives x 4” (100mm) wide
Cordless drill with assorted bits 0.250” (6.3mm)
to 1” & hole saws 1” & 1½” (25mm & 38mm)








Rotor hammer – 1” bit & 1½” bit
Skill saw & blades
Small hand held grinder
Latex gloves – disposable
Dc meter
Container and mixing tool for 2-part adhesive

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------




100 ft (30m) measuring tape
Black & red electrical tape






Grinding core drill: best practice custom “flat bottom” core drill: best practice custom “flat
bottom” core drill to eliminate the need for removing excess material from cored depression
cut. contact Lightguard Systems for more information about availability.

Duct seal
Fish tape

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------





Air-blower (compressor)
Broom & dust pan
1 Hose -garden type & fire hydrant adaptor





Wheelbarrow
Shovel – square point & round point
Rope

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------








Cut-off, mixed fuel, & spare blades
 6 sack mortar mix (base of poles & boxes)
Conduit sealer
 90lb (40kg) sack of sand
5-gallon (20L) pail of ¾” (19mm) rock for under traffic valve boxes
Generator, with extension cord, for auxiliary power
Cut-off, mixed fuel, & spare blades
Power driven asphalt (saw) cutter capable of cutting ½” (12mm) wide x 2” (50mm) deep

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------




1¼” (32mm) minimum conduit as required by local agency
(sizes can be determined by site engineer)
Reel wire holder ½” (12mm) diameter x 36” (1m) long on stand (optional)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

 ALL NECESSARY EQUIPMENT FOR IMPLEMENTING AN
APPROVED TRAFFIC CONTROL PLAN
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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2
2.1

POWER SYSTEM AND COMPONENTS
POWER SYSTEM DESCRIPTION

An AC powered system uses either 115VAC nominal or optional 230VAC nominal as an energy source.
A DPST 5A circuit breaker protects both the Line and Neutral for single line OR both Lines for line-line
input. The AC power is transformed to 12VDC nominal via a 150W power supply. The 5A DPST circuit
breaker is marked by the factory for both Line & Neutral, with one pole of the 5A DPST circuit breaker
labeled “hot black” and the other labeled “neutral white”. For line-line operation, the label marked
“neutral white” must be removed or otherwise placard over & the power supply switch must be reset to
230V prior to energizing the main 5A DPST circuit breaker on the back panel. The switch setting is
normally factory configured for 115VAC & MUST BE RESET at time of installation for 230VAC source.
Refer to section 2.3.3 for switch location.
U

U

U

U

A Solar powered system uses a minimum 75W Photovoltaic array providing DC power to the internal
batteries. All branch circuits have their own independent circuit protection in the Electronics Enclosure.
An ECP system uses 115VAC as an energy source. A DPST 5A circuit breaker protects both the Line
and Neutral. The AC power is transformed to 12VDC nominal via a 150W power supply.

2.2

TYPICAL LIGHTGUARD CROSSWALK SYSTEM WIRING DIAGRAM

NOTE: This is a reference diagram only, connections shown are not applicable to all installations.

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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2.3

AC SYSTEM

2.3.1

AC ENCLOSURE DESCRIPTION

The hasp latch locking enclosure is included with the LightGuard Crosswalk System. The Aluminum
enclosure (UL 50 standards and NEMA 3R) & Fiberglass Enclosure (NEMA 4) contains the control
panel components and can be mounted to a pole or wall. Adjustable mounting brackets are provided
with enclosure (mounting hardware not included, specific hardware to be supplied by installer). The all
aluminum enclosure (no longer stock item – special request only) comes standard with a white powder
coat finish & contain knock-outs on the rear for ½” NPT connectors (refer to sections 2.3.2 & 2.4.2)
U

U

U

2.3.2

U

U

AC ENCLOSURE OUTLINE DRAWING
16.2”

21.2

8”
NEMA 3R Aluminum Enclosure
(Special Request Only)

2.3.3

NEMA 4 Fiberglass Enclosure
(Standard Model)

AC BACK PANEL LAYOUT

ENCLOSURE

POWER SUPPLY

PCU (Power Control Unit)

Sunsaver
(Charge Controller)

Switch Location
For 110-220 VAC
Operation

BACKUP BATTERY
TERMINAL
BLOCKS
FILTER

CIRCUIT BREAKERS

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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2.3.4

AC BACK PANEL SCHEMATIC

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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2.4

SOLAR SYSTEM

2.4.1 SOLAR ENCLOSURE
Solar powered Systems are free-standing pedestal mount or pole mount enclosures. Aluminum
cabinets contain knock-outs on the rear for ½” NPT connectors (refer to sections 2.3.2 & 2.4.2).
U

U

U

U

14.5”
(368mm)

45”
(1143mm)
16.2”
(412mm)

2.4.2

SOLAR BACK PANEL LAYOUT

BATTERY CHARGE
CONTROLLER

PCU (Power Control Unit)

TERMINAL BLOCKS
CIRCUIT BREAKERS

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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2.4.3

SOLAR BACK PANEL SCHEMATIC

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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2.5

ECP SYSTEM (ECP-1 & ECP-2)

The ECP system differs from the AC & SOLAR systems in several ways. All user INPUT connections
are made directly to the Flashing Unit Controller Subassembly.
This system in NOT field
programmable, only cross time is user selectable. Refer to section 2.5.4 for additional information.
U

U

2.5.1 ECP ENCLOSURE
The enclosure is a NEMA4X Fiberglass structure designed for wall or pole mounting only. Uni-strut
brackets are provided with enclosure (mounting hardware not included, specific hardware to be
supplied by installer). Electrical connections can be made by drilling access holes either on the bottom
or the lower region on the rear of the enclosure. The enclosure has sufficient clearance to support up
to one 1½” NPT connector on the rear, and several 1½” NPT connectors on the bottom. The standard
enclosure color is white.

2.5.2

ECP BACK PANEL LAYOUT

Main AC
Circuit
Breaker

AC power
connection
(Line/Neutral)

12VDC
Power
supply
Flash Unit
controller

Field Wiring to
Bollards, IRWL,
& Push buttons

AC Ground
connection
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2.5.3

ECP BACK PANEL SCHEMATIC

2.5.4

ECP FLASH UNIT PARAMETER ADJUSTMENTS

The ECP-1 has only one field adjustment, setting the cross time flash duration. This is set by rotating
the selector knob to the number of seconds required for the system to flash once activated. Cross time
can be set from 5 seconds to 100 seconds. The ECP will operate with Bollards &/or Push buttons.
Status indicator lights on the Flashing Unit Controller Subassembly show an input activation & the
output flashing activation. There is also an LED to indicate that the system is energized. Lastly, there
is a test button which can be used for in-cabinet testing of the ECP System.
The ECP-2 can be factory configured for 2 independent outputs each triggered from any of the
activation inputs. This system is customizable but with limitations. Contact LightGuard Systems for
specific custom configurations (ie: dual color IRWL and/or DC beacons with alternating flash patterns).

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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2.6

ENCLOSURE POLE MOUNT DETAIL

All enclosures can be pole mounted using supplied Uni-strut brackets and appropriate hardware. The
ECP, AC, & SOLAR Systems use the identical brackets.

2.7

BACK PANEL ELECTRICAL CONNECTIONS

AC & SOLAR SYSTEMS
The AC & Solar back panels incorporate the system Power Control Unit (PCU), circuit breakers, and
backup battery charge controller. The PCU is field programmable & controls both signaling and timing
functions. The battery charge controller sequences battery charging and low voltage load disconnect.
ECP SYSTEM
The ECP back panel incorporates the ECP flash unit, circuit breakers, and DC power supply.

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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2.7.1

TERMINAL BLOCK CONNECTION DEFINITIONS (DC ONLY +12VDC & 0VDC)
U

U

SYSTEM INPUTS (DC ONLY)
1A
Bollard Sensor 1st call signal side 1
} Bollards closest to enclosure
1B
Bollard Sensor 2nd call signal side 1
2A
Bollard Sensor 1st call signal side 2
} Bollards farthest from enclosure
2B
Bollard Sensor 2nd call signal side 2
PA
Normally open line from Push button assembly closest to enclosure
PB
Normally open line from Push button assembly farthest from enclosure
P

P

P

P

P

P

P

P

SWITCHED 12VDC OUTPUT (Enlighten1 pulse rate)
S+
In-roadway Warning Signal YEL &/or RED wire depending on IRWL color 2.7.2
(minimum 2 terminals provided)
CONSTANT CURRENT SOURCE (12VDC Output For Use With Bollards Only)
B+
Bollard area LED courtesy lights & Sensor Power
(minimum 2 terminals provided)
DC GROUNDS (0 VDC)
GND
In-roadway Warning Signals DC Ground/Common
Push button DC Ground/Common
Bollard Power DC Ground/Common
LED Push button Placard DC Ground/Common
LED “Enhanced” Illuminated Pedestrian Symbol Crossing sign DC Ground/Common
2.7.2

TYPICAL CONTROL PANEL TERMINAL BLOCK CONNECTION DIAGRAM
ENCLOSURE TERMINAL BLOCK CONNECTIONS
FOR IN-ROADWAY WARNING LIGHT SIGNALS:
1
A

1
B

2
A

2
B

P
A

P
B

S
+

S
+

B
+

B
+

R Y
E or E
D L

G G
N N
D D
B
L
A
C
K

*

G
N
D

G
N
D

Bollard Push Button SIGNAL Bollard
DC Ground
Sensor Inputs
Inputs Lighting Power (negative/common)

System Outputs

DRAWING NOT TO SCALE
NOTE: ALWAYS USE 14 AWG WIRING, TYPE RHW-2/USE-2/XLP MAX OD .17” (4.3mm) APPROVED BY LOCAL AGENCY FOR IN-ROADWAY
WARNING SIGNAL ARRAY HOME RUN CONNECTION. S+ POSITIVE CONDUCTOR COLOR IS DEPENDANT ON IRWL COLOR – RED IS
USED FOR RED IRWL, YEL IS USED FOR YEL IRWL. FOR ACTIVATION MECHANISM, ALWAYS USE 8 CONDUCTOR 18 AWG STRANDED
SIGNAL CABLE TO RUN FROM ENCLOSURE TO OPPOSITE SIDE OF STREET.
U

U
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Page 14

LightGuard Systems® Installation & User Manual May 2019

2.8

POWER CONTROL UNIT (PCU) DESCRIPTION

The PCU is based on a high-speed 8 bit embedded microcontroller utilizing compiled machine control
language. A LightGuard proprietary software program provides effective, reliable operation allowing the
user to make simple adjustments to the System parameters with a keypad and liquid crystal display
(LCD).
2.8.1

TYPICAL POWER CONTROL UNIT (PCU) DRAWING
9 PIN D-SUB
CONNECTOR

LCD
LCD
ILLUMINATION
ADJUSTMENT
1

2

3

A

4

5

6

B

7

8

9

C

*

O

#

D

KEYPAD

“PUSH TO TEST”
BUTTON (ALT
LOCATIONS)

BOLLARD & BUTTON
INPUT STATUS
INDICATOR LED’s

FUSES

PCU SYSTEM ACTIVATION INDICATOR
LED blinks when “Push to Test” button is pressed

2.8.2

POWER CONTROL UNIT (PCU) PARAMETER ADJUSTMENTS

The PCU is pre-programmed with easily adjustable parameters. To operate the System manually flip
all circuit breaker switches up to “ON” position. All functions are accessible from the keypad. A highcontrast liquid crystal display (LCD) indicates the settings. Pressing a key will display data or a
parameter on the LCD. Some keys will access a list of parameters. If no change is desired, press the
“#” key to escape or advance to the next parameter in that list. Pressing the “#” key can also escape
from a partially entered value. Each parameter has a required number of digits. The required number
must be entered or the number will default back to existing number.
The POWER CONTROL UNIT (PCU) KEYPAD FUNCTIONS TABLE describes programming the PCU
using the keypad and display. Generally when a menu is accessed using one of the numeric keys, the
user must complete all entries within that menu before the PCU will accept other menu parameter
inputs. In many cases, the # key will act as a “next” function advancing the menu without changing the
existing parameter in program memory. There is no “escape” key to undo keypad entries. If a keypad
error is made, the user must complete that function menu & then repeat that function menu with correct
keypad entries.
U
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Additional notes
INITIATING THE SYSTEM – When the PCU is energized for the first time, a message should
display on the LCD with instructions to contact LightGuard Systems Inc. for an ACTIVATION
CODE. This code is used for both system installation tracking & warranty tracking purposes.
CROSS TIME - Refer to local governing agency for System activation / crossing time. Cross time
is set in seconds (PCU is pre-programmed with 20 seconds as a factory default). Cross time is entered
in 2 digit increments using the numeric keypad. Typical cross time duration is based on pedestrians
walking speed being 2 feet to 3 feet per second. Slower pedestrians require more time than faster
pedestrians. A generic formula to compute a typical cross time is to divide the length of the crosswalk
(width of the street) by either 2 or 3. Cross time should be set by the installer after observing
pedestrian patterns.
An example of a 60 foot long crosswalk: 60’  2’ per second = 30 seconds
FACTORY SETTINGS - The system is preset with a cross time of 20 seconds, the activation counts are
set to Zero, & the date/time are set for PST, system default is Single Zone Mode.
ACTIVATION COUNT DISPLAY - When the system is in Activation Count Display Mode (LCD shows
the number of activations for either Bollards or push buttons), the system is in “a sleep state”. System
activation WILL NOT occur (IRWL will not operate) until the activation count display mode is toggled off
by pressing either 1 or 3 on the keypad respectively (software version 1.4 & earlier). When using
software version 1.5 & later, activation count display mode will end after 1 minute to allow normal
operation.
DOWNLOADING PCU MEMORY – PCU memory contains a limited number (approximately 65,000) of
“date/time stamped” activation counts, diagnostics, & “power-up” events. The data is accessible using
a computer connected to the appropriate port via RS232. Refer to addendum procedure for correct
steps. This feature is available in software version 1.5 & higher.
SYSTEM ACTIVATION DISPLAY – When the system has been activated, the LCD will indicate a
countdown of the remaining cross time until the Enlighten1TM flashing sequence ends. This feature is
compatible with software version 1.6.7 and higher.
REMOTE COMMUNICATIONS – The PCU is designed for remote communication via the RS232 port.
When operated in Terminal Mode, the remote terminal will echo many of the PCU LCD commands and
text as well as some system diagnostics. Also while in Terminal Mode, the remote terminal keyboard
will operate all of the PCU keypad functions. Refer to addendum procedure for remote connections.
This feature is compatible with software version 1.7 and higher.
SINGLE/DUAL ZONE MODE– The PCU is capable of supporting both Single & Dual Zone Modes
(whether or not the peripheral hardware for the Dual Zone Mode is physically connected to the PCU).
The system default on “power up” is Single Zone Mode. Each time power is recycled to the PCU, the
system will revert to Single Zone Mode operation. If Dual Zone Mode is required, pressing the keypad
2 will toggle into Dual Zone Mode. Single zone can be re-selected either by pressing keypad 2 again or
by cycling power to the PCU. The mode can be verified (displayed on the LCD) using the keypad *.
Refer to Dual Zone Installation Manual Addendum for further information. This feature is available in
software version 1.7 & higher.
Custom functions available only on request
U
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2.8.3

POWER CONTROL UNIT (PCU) KEYPAD FUNCTIONS TABLE (software v 1.7.X)

Function
Clear all the Counters (Note: manually record counters prior to resetting to zero)
U

U

U

U

Display number of BOLLARD system activations (for Bollard pairs 1, 2, 3, & 4)
U

U

Display number of PUSH BUTTON system activations (for PB’s: A, B, C, & D)
U

U

Set Cross Time Enter cross time in 2 digit increments up to 99 seconds.
ZONE 1 - Bollards 1&2 Push buttons A&B
U

Keypad Press
0
→ 555
1
→ # to close
3
→ # to close

U

ZONE 2 - Bollards 3&4 Push buttons C&D
(requires custom PCU and software setting for Single/Dual Zone mode operation)

4
→ 2 DIGITS
7
→ 2 DIGITS

Set Calendar & 3 Scheduled Activations (Auto Time 1, 2, & 3)

5

Set current Time of Day Use 4 digits, i.e. 02:30 (24 HOUR CLOCK)

#
→ 4 DIGITS
#
→ 6 DIGITS
#
→ 1 DIGIT (1 thru 7)
#
→ 4 DIGITS

Set current Date Use 6 digits format mmddyy; i.e. 042903
Set current Day of Week (1 = Sun, 2 = Mon, 3= Tue, etc.)
1st Scheduled Activation
Set Auto Time 1 ON Use 4 digits, i.e. 09:30 (24 HOUR CLOCK)
U

Set Auto Time 1 OFF Use 4 digits, i.e. 09:40 (24 HOUR CLOCK)

→ 4 DIGITS

Set Days Active press combination of 0 & 1 for each day of the
week SMTWTFS - 0 for inactive day or 1 for active day

→ 7 DIGITS (0 or 1)

2nd Scheduled Activation
Set Auto Time 2 ON Use 4 digits, i.e. 12:30.(24 HOUR CLOCK)
U

#
→ 4 DIGITS

Set Auto Time 2 OFF Use 4 digits, i.e. 12:40 (24 HOUR CLOCK)

→ 4 DIGITS

Set Days Active press combination of 0 & 1 for each day of the
week SMTWTFS - 0 for inactive day or 1 for active day

→ 7 DIGITS (0 or 1)

3rd Scheduled Activation
Set Auto Time 3 ON Use 4 digits, i.e. 15:30.(24 HOUR CLOCK)
U

#
→ 4 DIGITS

Set Auto Time 3 OFF Use 4 digits, i.e. 15:40 (24 HOUR CLOCK)

→ 4 DIGITS

Set Days Active press combination of 0 & 1 for each day of the
week SMTWTFS - 0 for inactive day or 1 for active day

→ 7 DIGITS (0 or 1)

turn power on or off to all Bollards using keypad 6
to alternate between on & off

6

toggles software between single zone and dual zone
modes. The software MUST be in Single Zone mode for
all inputs to activate ZONE ONE.
All Outputs on Constant Blink using keypad 9 to alternate between on & off

2

Display Software Version

*

Pedestrian Detectors in/out Service
U

U

Single/Dual Zone mode

U

U

U

U

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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2.8.4 POWER CONTROL UNIT (PCU) DETAILED KEYPAD INSTRUCTIONS (software v 1.7)
The following detailed instructions for using the keypad and display is organized by function. The text
on the left describes the key-presses and programming process step, and the text on the right is what is
actually shown on the PCU display.
2.8.4.1

1ST TIME START UP
P

P

To activate the system for the 1st time, a start code is required. This start code can be obtained by
contacting LightGuard Systems using the phone number shown in the display.
P

P

1st time start up Display
P

Call 1-888-247-2974
or Enter Start Code:

P

Key-in the correct 3 digit start code. Keying in the 1st digit will 1
overwrite the existing display. Each successive digit will overwrite
2
the previous digit. Example shown is typing in Start Code 123
P

P

3

2.8.4.2

DEFAULT DISPLAY

The Default Display will be visible at all times unless another menu is currently activated. After a short
period of inactivity, the system will generally revert back to the Default Display (exceptions are constant
flash mode & fault conditions) to accept keypad inputs.
The example shown is April 1 2009 @ 9:51A

2.8.4.3

LightGuard Systems
04/01/09
09:51:05

SOFTWARE VERSION

The system will show the software version & zone mode from the internal micro controller.
To display the software version Press *. The example shown is SW version 1.7.4
Single Zone Mode
version 1.7.4 in Single Zone Mode
2.8.4.4

CHANGE CROSS TIME

The Factory Default Cross Time is set to 20 seconds.
To Set Cross Time for Zone 1, Press 4 to open the menu & then 2
digits to set new time (example 15 sec)
To Set Cross Time for Zone 2, Press 7 to open the menu & then 2
digits to set new time (example 25 sec)
2.8.4.5

Zone 1 Cross Time=20
New Time is 15
Zone 2 Cross Time=20
New Time is 25

CLEAR ALL THE COUNTERS

To Clear all the counters: Press 0 to open the menu
Then press 555
Clear counters Message will briefly display
2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.

Press 555 to Zero
Counters & Log: ▓
Press 555 to Zero
Counters & Log: 555
Counters are
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2.8.4.6

DISPLAY BOLLARD ACTIVATION COUNTS

To Display the number of Bollard system activations (Bollard pairs #1= 12345
1, 2, 3, 4), press 1 to open the menu. The example shows 12,345 #3= 12345
call signals received from each of the Bollard pairs.
2.8.4.7

DISPLAY PUSH BUTTON ACTIVATION COUNTS

To Display the number of push button system activations (buttons #A= 12345
A,B,C,D), press 3 to open the menu. The example shows 12,345 #C= 12345
call signals received from each of the Bollard pairs.
2.8.4.8

#2= 12345
#4= 12345

#B= 12345
#D= 12345

BOLLARD POWER ON/OFF

The power to the Bollards can be toggled off/on using the keypad.
To toggle power off/on to the Bollards (both the sensors &
courtesy lights) press 6
To toggle power on/off to the Bollards (both the sensors &
courtesy lights) press 6
2.8.4.9

Ped Detectors
OUT OF SERVICE
Ped Detectors
IN SERVICE

CONSTANT FLASH

The flashing outputs can be set to activate continuously.
To set outputs on constant flash, press 9. This message will Constant Flash Mode
Press 9 to End
display until 9 is pressed again or power is recycled
2.8.4.10

CALENDAR SETTING

The calendar menu is linked / integrated into the auto-time activation feature menu. Once this menu is
initiated, there is no “back” capability. If a mistake is made in keying, either finish the menu sequence &
then repeat the entire process with correct keying or turn the power off/on for system reset. In general,
press * to advance the menu without having to input prompted data.
To set the internal calendar press 5 to open the menu

# = yes / * = no
Set Time? ▓

Press # to enter a new time in 24 hour clock. Example showing Time: 13:11
NEW(24Hr.) ▓
current time 13:11 (1:11 PM)
Example showing current time 13:11 (1:11 PM) changing to 0953 Time: 13:11
NEW(24Hr.) 0953
(9:53AM)
New Time Message will briefly display

TIME: 09:53

Press # to enter the date

# = yes / * = no
Set Date? ▓

Enter the date using 6 digits MMDDYY format

Date: 04/01/09
NEW(MMDDYY) ▓

Example showing current date April 1 2009 changing to January Date: 04/01/09
NEW(MMDDYY) 010110
1, 2010

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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New Date Message will briefly display

Date: 01/01/10

Press # to enter the day of the week

# = yes / * = no
Set Day? ▓

Enter a number to represent the day of the week using a single Day # is: 6
NEW # (SUN=1) ▓
digit 1 through 7
Example showing current day of the week is Friday changing to Day # is: 6
NEW # (SUN=1) 4
Wednesday
Day: 4
New Day Message will briefly display
The AutoTime setting prompt will display. Press * to advance the # = yes / * = no
Set Zone 1 AutoTimes
menu without setting AutoTime. Press # to set AutoTime.
2.8.4.11

AUTO TIME

After the calendar has been set, the menu will continue for setting up automatic activations at specific
times. This feature is referred to as Auto Time. There are 3 different Auto Time settings available. To
bypass this part of the menu, pressing * will advance thru the successive prompts until the Default
Display is shown. To program the controller for Auto Time, follow the steps below.
Press # to set up Automatic Activations based on schedule. This # = yes / * = no
example shows how to program the system for Zone 1 activations Set Zone 1 AutoTimes
from 7:00A-8:30A on Monday Wednesday & Friday. Note that the
same sequence is used for programming Zone 2.
Auto Times Setting Message will briefly display

Zone 1
AutoTime Settings

Then the prompt to Enter a Start Time will display

Time 1 ON: 00:00
NEW Time 1 ON: ▓

Set a Start time for 1st Auto activation to 7:00A

Time 1 ON: 00:00
NEW Time 1 ON: 0700

New Start Time Message will briefly display

Time 1 ON: 0700

Then the prompt to Enter a Stop Time will display

Time 1 OFF: 00:00
NEW Time 1 OFF: ▓

Set a Start time for 1st Auto activation to 8:30A

Time 1 OFF: 00:00
NEW Time 1 OFF: 0830

New On Time Message will briefly display

Time 1 OFF: 0830

P

P

P

P

Then a prompt will appear to program the days this scheduled Days Active1:0000000
NEW SMTWTFS: ▓
activation will occur.
Keying in a 1 means that auto time is set for that day, a 0 means Days Active1:0000000
no auto time that day. The example shows auto times for Monday NEW SMTWTFS: 0101010
Wednesday & Friday only.
Then a message briefly displays showing the days that have been Days Active1:0101010
set to activate.
The menu process steps for Auto Time will repeat for EACH of the other 2 auto time activations. These
process steps can also be repeated for Zone 2 as required / if applicable.
2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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3

IN-ROADWAY WARNING LIGHT (IRWL)

3.1

GENERAL DESCRIPTION

The LightGuard Systems IRWL fixture is made of a high strength polyurethane. It is designed for
mounting into a base plate assembly that is permanently attached to the roadway. This allows for any
inoperable IRWL to be easily repaired with a plug-in replacement.
IN-ROADWAY WARNING LIGHT (IRWL) TYPE-9X ASSEMBLY
U

General Performance Specifications
Parameter
Value
Visibility
22.5Horiz
+10Vert
Operating Temp
20 to +80C
Operating Voltage
DC Current @ 12VDC
Avg Power Dissipation
Luminous Intensity
Material
Housing Color

3.2

9VDC to 15VDC
0.1 Amps
1.5 watts
252,000 mcd
Polyurethane/Nylon
Black

Typical Mounting

Base Plate Compatibility
SD-10C (composite)
CHS-14 (steel)
Available Models
LGS-9X-1 (Red)
LGS-9X-2
(Amber/Red)
LGS-M10 (Amber)
LGS-9X-4 (White)


IRWL FIXTURE AND BASE PLATE INSTALLATION OVERVIEW

NOTE: Correct Placement of Bases is CRITICAL to System Performance
Step 1 - Determine placement and site angles of in-roadway warning signals to
intersect at optimum driver viewing zone as specified by Signal Alignment
Drawing (refer to sections 3.3.1 & 3.3.2 & 3.3.3 & 3.3.4). Signal assemblies can
be manually aimed, but laser site method is optimal.
Step 2 - Perform saw cuts using pavement cutting device in accordance with
predetermined layout to facilitate hook-ups through bottom of base plate to
terminal connection points. Cuts should be ½” (12mm) wide in accordance with
the CA Standard Plan ES-5A, or local standards, with a depth of 2” to 2½” (50mm
to 63mm) for direct burial of wire (see section 3.3.6).
Step 3 - Provide depression cut-out for base plates approximately 1 3/8” (35mm)
± 1/8” (3mm) deep on concrete or asphalt. Depression cut-out should be ¼” to ½”
(6mm to 12mm), slightly larger than base plate. Depression cut-outs should be
level, or even, to conform to the existing approach grade of the roadway. see
section 3.3.5)
Step 4 - If required, dig out for traffic electric hand hole boxes and install boxes for wiring access
points at predetermined locations in accordance with the CA Standard Plan ES-5E, or local standards.
Step 5 - Install all necessary wire to predetermined connection points and lay in
cleared roadway cuts. Using duct seal or equivalent, create a temporary “epoxy
dam” at the interface where the saw cuts enter/exit the depression cut area. The
epoxy dam will temporarily hold down the wires & simultaneously dam the core
drill area to prevent flow of epoxy back into the saw cut
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Step 6 - Check for proper site distance angles and level depth of base plate.
Mark alignment on roadway for base plate focus direction. Top of base plate
(circumferential edge shown in section 3.3.6) should be flush or slightly below
(less than .10” = 2.5mm) roadway surface AND free from excess adhesive (See
section 3.3.6).
Step 7 - Using an AC powered drum mixer, mix only enough 2-part epoxy (see
section 1.6) for 2 to 3 base plates. Epoxy working life is approximately 10
minutes. Surfaces should be cleaned of dirt or debris, and dry before applying
adhesive. Ensure that wires are vertical in the center of the depression cut.
Pour epoxy into depression cut approximately ¼” (6mm) depth. Pull wire
through center hole in base plate. Secure base plates to roadway surface by
pressing the base plate into the epoxy in the depression cut. Ensure that epoxy
flows around the outside diameter of the base plate and slightly around the
wires emerging from the center hole of the base plate, but DOES NOT fill the
base plate. Ensure that epoxy fills outside diameter of base plate up to grade
level. Ensure that the base plate is aligned with the mark made in step 6 above
and is aimed vertically toward the zone of convergence prior to epoxy curing.
Allow minimum of 30 minutes of epoxy cure time prior to moving wires for
connecting pigtail gel plugs (section.3.3.7).
Step 8 - Allow minimum of 1 hour cure time (above 70F & 2 hours if colder temperatures) before
opening traffic lanes to vehicles travelling over recently epoxied base plates. Light fixtures can be
secured to base plates as soon as epoxy has sufficiently hardened. NOTE: Temperature is critical.
U

Prior to securing IRWL, encapsulate conductors & splices by completely filling wiring cavity
with CLEAR SILICONE SEALANT to prevent any debris or moisture from accumulating in wiring
cavity + protect all wiring conductors/splices/connections from environment
Step 9 - Secure IRWL to base plates using button head cap screws using Allen Wrench or equivalent.
Threadlock screws are coated with anti-seize compound for maintenance purposes to ensure that
screws can be removed after exposure to the environment.
Step 10 - Complete “dress-up” saw cuts with Loop Sealant etc. DO NOT use Loop Sealant to “dress
up” outside diameter of base plate to level epoxy surface with grade. Only use recommended 2 part
epoxy for the outside diameter of the base plate.

Figure 3-2A: Example of properly installed 10” Figure 3-2B: Example of properly installed 14”
composite baseplate (IRWL model 9X)
baseplate in a snowplow region (IRWL model 8B)

3.3

MAJOR CONSIDERATIONS FOR IRWL INSTALLATION

There are a number of basic considerations when determining the location and alignment direction of
each IRWL for any given installation site. These items should be considered during the installation
procedure for the LightGuard in-roadway warning system. Be sure to have enough specified wire/cable,
2-part epoxy, and saw cut filler (loop detector type filler) ON SITE BEFORE BEGINNING
INSTALLATION.
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3.3.1 IRWL DISTANCE FROM CROSSWALK LINES
The installer should ensure that the IRWL are located
approximately 18” (1.5m) from the outward edge of the
crosswalk. In general, greater distances can be used
without any noticeable difference to the motorist. However,
MUTCD standards indicate IRWL should be within less than
10 feet (3m) of the crosswalk lines. If required by a specific
circumstance, (i.e., grade or advance curve warning layout)
placement may necessitate an authorized deviation, using
sound engineering judgment (thereby not conforming to
MUTCD standards).

IRWL 18in to 10ft
from crosswalk edge

3.3.2 IRWL POSITIONING CONCERNS
Each IRWL should be located in a position that will be directionally visible to the approaching motorist
from their viewing position at the wheel usually 200’ to 400’ (61m to 122m) in advance of the crosswalk,
allowing sufficient time to recognize and react to the warning lights upon activation.
When locating IRWL in the path of street sweeping equipment, caution should be taken to consider the
proper location for minimizing possible cosmetic damage to the IRWL at the “curb and gutter” locations
(on the approach sides) by avoiding the “skid paths” associated with this type of equipment.
3.3.3 IRWL LAYOUT PATTERN
The pattern or layout should follow the recommended configurations that have been tested and proven
effective for the type of crosswalk for which the system is being used. The MUTCD - Manual for
Uniform Traffic Control Devices 2009 chapter 4N (http://mutcd.fhwa.dot.gov/htm/2009/part4/part4n.htm)
defines the authorized use & application of IRWL. For best practice; one IRWL on the outside travel
lane edge of each parking lane or bike lane (stay out of bike/parking lanes), one IRWL on the center
divider lane or line, and one IRWL in each travel lane approximately under the location of each
vehicle’s license plate, (or centered between the tire paths of the travel lane). The “geographic” center
of the lane may not be the appropriate location as vehicular traffic tends to travel “off center” of any
given marked lane. The idea is to minimize the frequency of tire impact to the IRWL by placing them
outside of the predominant vehicle tire wear pattern. With a raised median strip, the IRWL that is
usually placed on the centerline or lane should be installed on the far left of the approach lanes next to
the raised median curb or barrier. For maximum or higher level needs, an optional addition of one
IRWL on each lane delineation line may be considered. Placement should be in accordance with
MUTCD. Examples showing optional & required placement for California MUTCD can be found via
http://www.dot.ca.gov/hq/traffops/engineering/mutcd/pdf/CA-Chap4E-Chap4L.pdf .
3.3.4

IRWL AIMING POINTS & ORIENTATION

The light beam view path of the IRWL should be determined by the local traffic engineer or responsible
agency for the purposes of reaching the motorists viewing point 200’to 400’ (61m to 122m) in advance
of the crossing. Generally, the layout provides for the IRWL in the approach travel lanes to be aimed
straight down the approaching motorist’s viewing path. The parking lane IRWL (from the left and right
sides) should also be aimed or aligned toward a “control point” approximately 200’ to 400’ (61m to
122m) in advance of the crossing, and should also converge at the approaching motorist view path.
This would have the outside IRWL canted slightly inward toward the center of the lanes to that point.
The IRWL on the center line and opposing travel lanes will be canted slightly toward the approaching
motorist travel lanes to those “control points”. Refer to section 3.3.4.1 for approach speeds to
approximate “control points”. Curved approaches will require a greater degree of analysis to provide
the maximum benefit.
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3.3.4.1 CONVERGENCE ZONES
The “Zone of Convergence” refers to the area in the lanes of travel where the beams from the inroadway LED lights merge. This “zone” gives the driver adequate time to react to the presence of a
pedestrian by drawing his/her attention to the crosswalk. When aligning IRWL, great care must be
taken to position them correctly to achieve this desired distance.
If the speed limit on the roadway is 25 mph (40Kmh), the “zone” should be approximately 250’ (76m)
out from the IRWL. If the speed limit is 45 mph (72Kmh), IRWL should be aligned to make the zone
350’ (106m) to 400’ (121m) away from the IRWL. See chart for additional stopping distances based on
road conditions and vehicle speed.
Note: Alignment of IRWL to be site specific - city engineer or roadway authority to establish “control
points” for each actual location. Control points may vary depending upon terrain, slope, vehicle
approach speed, or regulation etc.

3.3.4.2 TYPICAL IRWL ALIGNMENT - STRAIGHT ROADWAY
EXAMPLE: TYPICAL FOUR LANE MIDBLOCK CROSSWALK WITH 14 IRWL (DRAWING NOT TO SCALE)
DIRECTION OF TRAVEL
400’ to 200’ (121m to 61m) TYPICAL CONTROL POINTS

DIRECTION OF TRAVEL
400’ to 200’ (121m to 61m) TYPICAL CONTROL POINTS

3.3.4.3 TYPICAL IRWL ALIGNMENT - CURVED ROADWAY
Determining the location of the “Zone of Convergence” on a curved roadway is similar to a straight
roadway. Using the chart showing the Minimum Stopping Distance on Dry Pavement, determine the
total stopping distance based upon the speed limit of the roadway. The minimum starting point of the
convergence zone is determined by the minimum stopping distance on dry pavement for the posted
speed limit. This minimum stopping distance includes a motorist decision distance, based on a onesecond reaction time, plus the necessary speed deceleration distance required to come to a complete
stop under optimum conditions.
As an example, the minimum stopping distance on dry pavement for a roadway with a 35 mph (56Kmh)
speed limit is approximately 161 ft. (49m). This minimum distance would allow a motorist to visually
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recognize the flashing amber LED lights, slow down, and if necessary, bring his/her vehicle to a
complete, safe stop.

IRWL should be aligned to make the LED lights and therefore the zone appear as soon as possible as
the driver approaches. On curved or winding roads, the entrance to the zone isn’t always at the optimal
distance to provide the earliest possible notification to approaching vehicles. Optional IRWL may also
be installed down the center line of the road to give even more advance warning, giving the driver time
to brake and stop for the pedestrian.
3.3.5 DEPRESSION CUTS FOR IRWL BASE PLATES
The depression cuts for the base plate assemblies can be accomplished in a number of ways. Most
contractors prefer core drilling or a chip hammer. Alternatively a flat bottom “Grinding Core Drill Bit”
can be used. Also, making “cross cuts” in the pavement at the IRWL location will considerably expedite
the core drilling process (refer to section 3.2). After determining the location and aiming direction of a
particular IRWL, then core or chip out hole approximately 1⅜” ± ⅛” (35mm ± 3mm) deep refer to
reference dimension table. A clean “corner” is desired at the bottom (flat bottom, vertical edges). Trim
interior surface to proper depth, clean and prepare for epoxy. The size of the depression cut is VERY
important. If the depression cut is too deep or the OD is too large, then excess epoxy will be required
for securing to the roadway. If the depression cut is too shallow, the base plate will protrude above
grade. If the depression cut OD is too small, insufficient epoxy will prevent the base plate from being
permanently affixed to the roadbed.
H

3.3.5.1 REFERENCE DIMENSIONS FOR BASE PLATE MOUNTING TO ROADWAY
Base
Model

Plate Base Plate Base
Plate
Material
OD - Outside
Diameter
CHS-14 revH min Steel
13¾” (350mm)
SD-10C
Composite 9 ⅞” (251mm)

Base
Plate
Height
1⅜” (35mm)
1⅜” (35mm)

Recommended
Depression Cut
Hole Diameter
14” (356mm)
10” (254mm) min

Recommended
Depression
Cut Hole Depth
1½”max (38mm)
1½”max (38mm)

3.3.6 SAW CUT FOR WIRING AND IRWL BASE PLATES
The saw cut for wiring should follow the manual for depth and width to accommodate the necessary
wiring and tray cable for the installation. As a general rule this averages ⅜”- ½” (9.5mm – 12mm) wide
cut approximately 2 ½” (63mm) deep (should be below core drill depth). Operational component
connections from PCU to across the street can be pulled to terminal boxes for easy access connecting
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activation mechanisms and other active LED components using standard type wire. Ensure that the
saw cut makes a complete loop through all IRWL locations (refer to sections 2.2 & 3.3.8).
3.3.6.1 IRWL SAW CUT CROSS SECTION FRONT VIEW - (SD10-C BASE PLATE SHOWN)
IN-ROADWAY WARNING SIGNAL
1½” (38mm)

WIRE
2½” (63mm)

FINISHED GRADE OFPAVEMENT
PAVEMENT

BOTTOM OF
SAWCUT

EPOXY AROUND BASEPLATE

LOOP SEALANT

3.3.6.2 IRWL SAW CUT CROSS SECTION SIDE VIEW
FINISHED GRADE OF PAVEMENT

In-roadway
warning signal

In-Roadway
Warning
Light wiring

2 ½” in
MAX.
(63mm)

Eight- conductor tray cable
(Extra strands for future use)

Example Backer Rod Option
.5 in.
Loop sealant as approved &
required by public agency

(12mm)
Sand - Gradation 0 - 30
Quarry sand not acceptable

DRAWING NOT TO SCALE
NOTE: USE 14 AWG WIRING, (see section 1.6) APPROVED BY LOCAL AGENCY FOR IN-ROADWAY WARNING SIGNAL ARRAY HOME
RUN CONNECTION. FOR BOLLARD AND PUSH BUTTON’S, ALWAYS USE 8 CONDUCTOR 18 AWG MINIMUM DIRECT BURIAL
CABLE TO ROUTE FROM ENCLOSURE TO OPPOSITE SIDE OF STREET FOR BOLLARD AND PUSH BUTTON’S.
U

U

U

U

3.3.6.3 IRWL SAW CUT TOP VIEW (SD-10C BASE PLATE SHOWN)

EPOXY
AROUND
BASEPLATE

EPOXY DAM

WIRING SAWCUT

14 AWG
WIRES
IN-ROADWAY WARNING SIGNAL

PAVEMENT SURFACE
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3.3.7 EPOXY
Be sure to have enough wire/cable, SPECIFIED 2 part epoxy (Bondo 7084 Piezo/Traffic Sensor
Sealant or DSB epoxy available from LGS upon request), and saw cut filler (loop detector type filler
specified by local regulations) ON SITE BEFORE BEGINNING INSTALLATION. AFTER ALL WIRES
ARE IN PLACE IN THE WIRE CUTS. Using duct seal or equivalent, create a temporary “epoxy dam”
section 3.3.6.3 at the interface where the saw cuts enter/exit the depression cut area. The temporary
epoxy dam prevents epoxy from flowing from the depression cut into the saw cut.
U

U

Remove plastic thread protectors from topside threaded holes in base plate. Temporarily install socket
head cap screws into threaded holes (approximately 3-4 turns) in order to use the screws for base plate
leveling. Slip the wire through the center hole and “stand” the base plate on end “ready” to place into
the depression. Thoroughly mix the appropriate type of epoxy for use in the base plate depression cut.
Place an appropriate amount of 2 part epoxy in the depression (sufficient to completely seal bottom and
rise around outside edges of the base plate when pushed into place). To insure a proper moisture seal,
place the initial “glob” of epoxy in the center of the depression, move (or wiggle) wires around in the
epoxy to attain wire seal, then push material to the outside edges and set the base assembly in place.
The base plate should be aimed and level (use the temporarily installed screws to elevate the base
plate if required during leveling) before epoxy is allowed to completely cure. Note: If the depression is
for some reason cut too deep, a “few” small rocks, pebbles or BB’s can be used to maintain a proper
height. It is best to have the epoxy surround the base plate edges approximately level with the surface.
NOTE: Epoxy working life is approximately 10 minutes depending upon ambient temperature.
After this duration, the base plate can’t be moved. Allow epoxy time to fully set, generally 20 to
30 minutes, prior to installing IRWL.
U

3.3.8

LIGHTGUARD SYSTEM IRWL WIRING DIAGRAM (EXAMPLE)

LightGuard System™

GUTTER PAN

IN-ROADWAY WARNING SIGNAL,
Typical each side of crosswalk

FACE OF CURB

10 feet,
TYPICAL

PUSH TO WALK
BUTTON, Typical
one each side of
street

Note LOOP
for IRWL
connection

CROSSWALK
BOLLARD,
Typical, one pair
each side of
street

WIRING
SAWCUT
SIDEWALK

LED PEDESTRIAN CROSSING SYMBOL
SIGN, Typical each side of street

Refer to section 3.3.4 for IRWL Aiming and Alignment
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3.3.9

IRWL CONDUCTORS/WIRES
ENCLOSURE TERMINAL BLOCK CONNECTIONS FOR IRWL
(RED/YEL DEPENDANT ON IRWL COLOR):

1

1

2

2

P P S S B

B G G G G

A

B

A

B

A B

+

+

+

R Y
E or E
D L

+

N

N

N

N

D D D D
B
L
A
C
K

Be certain that wire (ref section 1.6) type RHW-2/USE-2/XLP MAX OD 0.17” (4.3mm) is the correct
size and type for IRWL, and activation mechanisms (Bollards &/or Push buttons) for single run across
street as recommended. Pull and cut 14 AWG wires to appropriate length. DO NOT STRIP
INSULATION from IRWL wire. Connect to molded plug connector (pigtail cable assembly) provided in
base plate assembly using provided Scotchlok Self-Stripping Pigtail Connectors-crimp to seal (see
section 3.3.11).
Activation mechanism conductors for push buttons or Bollards (should be Belden cable 28601A as
referenced in section 1.6) can be collocated in the same saw cut with the IRWL conductors (see section
3.3.6.2). Trim the IRWL conductors to a suitable length to work with for wiring the base plates.

3.3.10 TYPICAL IRWL SIGNAL BASE PLATE WIRING DRAWING
Pig Tail GEL PLUG
connectors provided
Base plate cable
connector (PLUG)

14 AWG
Type RHW-2/USE-2/XLP
(YEL, BLK, RED)
in roadway saw-cut

Base plate

Figure 3.6A – Base Plate Wiring (SD-10C shown)
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3.3.11 GEL PLUG TERMINATION INSTRUCTIONS
The Scotchlok 314 Self-Stripping Electrical Pigtail Connectors are moisture resistant and do not require
wire stripping. This can only be done in baseplates that have enough wire extending from the
roadway to allow the IRWL pigtail to set into the underside of the IRWL connector cavity when
assembled. The GEL PLUG connector requires 3/4" (19mm) of wire to be fully inserted into it.

1) Outer Diameter of type RHW-2/USE-2/XLP wire should be MAX
OD 0.17” (4.3mm). This will allow the insulated wire to be
inserted into the Scotchlok 314 connector. Any exposed bare wire
should be clipped off from the wires when connected to ensure
that no part of the conductor is exposed.
2) Insert all three wires to be connected into the three open holes in
the connector, until they all reach the back end of the connector.

End of Insulated wire should
touch back of connector

3) With a standard pair of slip joint pliers, pinch down on the blue cap of the connector until the outer
edge of the blue cap is flush with the rim of the white connector housing. It may be necessary to
wipe off the expelled gel after crimping.
Flush after crimping

4) Place the connector in the bottom (lowest part) of the base cavity and route the wires so no pinches

will occur when the head is tightened. Double-sided adhesive tape can be used to hold connector in
place until head is re-installed.
5) Plug IRWL into connector and fit IRWL into base. Adjust wires so NO PINCHES occur.
U

U

3.3.12 IRWL INSTALLATION
Using compressed air, remove dirt and all debris from base plate cavity. Ensure that mounting screw
threads are clear. For extremely harsh environments, consider placing duct seal or plumbers putty onto
the base plate in the region under the light fixture around the outside edge perimeter to minimize the
potential for moisture entering the base plate. Plug pig-tailed base plate cable electrical connector
(RECEPTACLE) into IRWL cable electrical connector (PLUG). Note appropriate alignment for 3 pin
connector. Ensure that mated molded plug connectors are PROPERLY SEATED. Check for proper “O”
ring placement and attach IRWL to base using SOCKET HEAD CAP SCREWS with LOCK WASHERS
and FLAT WASHERS. Tighten using an INCH POUND TORQUE WRENCH.
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Composite Base plate: Recommended torque value is not to exceed 4 ft lbs 48 in lbs (5N m) – NO
TIGHTER. Hand tightening with a standard Allen wrench is also acceptable. WARNING – the
composite base plate is very sensitive to this procedure, as damage to the threads may occur if
tightened over 4 ft lbs (5N m).
U

Check for even contact and snug fit with base plate top surface. Consider placing additional duct seal
or plumbers putty into the gap between the base plate and the light fixture and into the counter bore
holes for the socket head cap screws to minimize the potential for moisture or debris from entering the
base plate. Check for IRWL operation and move on to next unit.
NOTE: It is IMPERATIVE that these steps be followed when installing the light fixtures. Failure
to do so voids the manufacturer’s warranty. It is highly recommended that within 30-45 days
after initial installation, that the heads be re-checked to verify that the 4 ft lbs (5N m) of torque
has been maintained.

3.4 NEW ROAD SURFACE CONSTRUCTION INSTALLATIONS
If site is new construction, conduit under the roadway surface and knockout templates (to achieve base
plate depression excavation for installation) is an option for the installer/contractor. This will avoid or
minimize saw cutting into new roadway surfaces. Plywood cutouts or similar knockouts to match the
base plate assembly size may be utilized in preparation for the installation of the base plates upon
completion of the roadway surface. Precise engineering must to be exercised to insure proper
placement and alignment of the IRWL on the lane lines and travel lanes once the work is completed. A
separate conduit is recommended for the single run of tray cable across the street.

3.5

CONCRETE INSTALLATION PROCEDURE

The following information is a basic guideline for installing LightGuard Systems In-Roadway Warning
Lights at locations where new concrete is to be poured.
Conduit must be installed. It should be placed at least 3" to 4" (76mm to 101mm) below the surface of
the roadway (or as required by local regulations). The single ¾” (19mm) hole in the center of the base
plate can be enlarged to approx. 2½” (63mm) dia in order to insert two ¾” PVC conduits connected to
90° elbows up into the base plate wiring cavity. Alternatively, a single 1½” to 2" diameter metal or PVC
conduit can be used with a TEE connection stub that extends at least 1" (25mm) above the surface
(after concrete is poured) for pulling wire loops through TEE’s. This is installed at each location where
an In-Roadway Warning Light Base plate will be placed. Minimum recommended conduit is ¾” PVC to
comply with NEC 14AWG type RHW-2/USE-2/XLP conductors.
Use a circular wooden plug or equivalent 1½” (38mm) thick by approx 10⅛" (257mm) dia for SD-10
Base plate or 14" (355mm) dia for CHS-14 Base plate) with a center hole having a diameter just larger
than the conduit stub(s) protruding up from the road bed as a concrete forming tool. The plug center
hole diameter should be minimum 1/8” (3mm) smaller than center hole in base plate to ensure
subsequent base plate seating. The plug is placed over the conduit stub (or elbows) during the
concrete pour to create a depression form for installing the base plate when concrete is dry.
After the concrete is dry, the wooden plug is removed & the base plate is affixed into the road. Excess
concrete around the conduit should be removed to allow epoxy to bond the conduit to the base plate at
the center hole. The extended conduit can then be cut flush to the inside surface of the base plate.
Remove any excess epoxy &/or concrete from the base plate. After conductors are terminated, the
exposed portion of the conduit opening should be filled with duct seal to minimize the potential of
moisture or contaminants from entering the conduit.
U
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4
4.1

AUTOMATIC ACTIVATION SYSTEM - SMART CROSSWALK™
AUTOMATIC BOLLARD DETECTION SYSTEM DESCRIPTION

Automatic Activation System consists of “gateways” comprised of Bollards or posts. Each Bollard
contains sensor circuitry, and they are placed so pedestrians entering a crosswalk must pass between
them automatically activating the Smart Crosswalk™. The built-in sensors detect pedestrians using the
crosswalk and detect their direction of travel. The built-in sensor module projects infrared beams of
modulated light to the respective receiver module. Each module incorporates a high gain detector.
This allows the System to activate for Crosswalk entry, and not for exit. THE FRONT OF EACH
BOLLARD PAIR SHOULD BE FACING EACH OTHER.
Bollards are used in pairs. Each Bollard sends it’s own signal back to the controller. When one of the
input status LED indicators is illuminated, then the controller has received a signal that an object has
entered the activation zone. Once sensor A is triggered, followed by sensor B, the system is activated
for the desired cross time. If an input status indicator LED is illuminated but no object has entered the
activation zone, then the receiver is not receiving the emitter’s beam.

4.2

BOLLARD LAYOUT AND WIRING DIAGRAM (EXAMPLE)
Separate wider than crosswalk
5’ to 6’ outside of crosswalk lines

~18” from Curb
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4.3.

BOLLARD INSTALLATION GUIDELINES

4.3.1. INSTALLATION STEPS
Step 1
Prior to installing Bollards, the proposed site should be inspected several times to observe
the everyday habits of local citizens who utilize the crosswalk. Particular attention should be paid to
how far back pedestrians may “cut the corner” when entering the crosswalk. Bollards, as positioned,
may not detect every pedestrian using the crosswalk. For example, a 12 ft. (3.6m) wide crosswalk
(dimension from outside crosswalk stripe to outside crosswalk stripe), Bollards would be positioned
approximately 5 to 6 ft. (1.5m to 1.8m) outside of the outer edge of the crosswalk stripe and about 18”
to 24” (46cm to 61cm) behind the face of curb. Once Bollard locations have been determined, wiring,
or conduit, may be run prior to installation of the hold down bolts.
Step 2
The preferred method of securing Bollards into position is to remove an 8” (20cm) square
section of sidewalk then dig approximately 18” (46cm) and set anchor bolts in 6 sack concrete mix (
Refer to Bollard Mounting Detail section 4.3.2). Other methods are acceptable, such as drilled anchor
bolts, however, the bolts may become loose as a result of the Bollard being bumped. A loose Bollard
will cause the calibrated internal sensors to become misaligned (reference section 4.4 for Bollard
Alignment). J-Bolt alignment template is provided. Snap a “chalk line” between Bollard pair locations
to ensure that j-bolt templates are directly facing each other (not skewed) FRONT facing FRONT.
U

U

Step 3
After Bollard anchor bolts have been set, and the concrete has cured, the Bollards can be
secured to the anchor bolts. Position the base of the Bollard approximately 1/8” to ¼” (3mm to 6mm)
above the finished sidewalk grade, level, and secure. All hardware MUST be tightly secured. If
installed on a sloping sidewalk, ensure that Bollard is vertical using leveling nuts.
Step 4
Run wires and make final wiring connections to each Bollard (See section 4.3.3 & 4.3.4).
Make wiring connections to terminal blocks in enclosure. Once wiring connections have been
completed the Bollard light sensors are ready to be aligned (See section 4.4).
4.3.2

BOLLARD MOUNTING DETAIL

NOTE: To alleviate wire access or electrical connection difficulties, conduit height should not exceed 1” above grade
– unless required by local regulations

NOTE
5.5” dia Bolt Circle Template (3 Ø 120
furnished by LightGuard Systems
U
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4.3.3

BOLLARD WIRING - CONTROL PANEL TERMINAL BLOCK CONNECTIONS
ENCLOSURE TERMINAL BLOCK CONNECTIONS FOR BOLLARDS:

4.3.4

1 1 2 2 P P S S B
A B A B A B + + +

B G G G G
+ N N N N
D D D D

Y
E
L
L
O
W

R
E
D

B
R
O
W
N

B
L
U
E

O
R
A
N
G
E

B
L
A
C
K

BOLLARD WIRING – BOLLARD TERMINAL BLOCKS CONNECTIONS

1. Route all cable (Belden 28601A) conductors entering from the bottom of the bollard up thorough the housing
into the Light Dome Assembly for connections to the wiring terminal block.
2. Ensure adequate length of conductor cable (recommend 8’ each) such that the Light Dome Assembly can
be easily removed and placed on the ground without stressing the conductors.
3. Ensure that cable routing up into the Light Dome incorporates strain relief such that the weight of the wires
does not stress the terminal block connections after installation.
4. Secure cables inside Light Dome Assembly using cable strap.
Cable Straps for Conductor
Strain Relief

WIRING TERMINAL BLOCK
Connections Located Inside
Light Dome
Courtesy Light
Buzzer Disconnect
Switch/KNOB
LIGHT DIFUSSER
(remove to access wiring & sensors)
SENSORS: EMITTER/RECIEVER
 Sensors mounted internally
 Factory terminated sensors
 Ball Socket Alignment
 Access By Removing Diffuser &
Light Dome Assembly
BOLLARD ELECTRICAL CONNECTIONS
CONNECT +12VDC TO V+ RED
CONNECT ONLY ONE PANEL INPUT TO S
BOLLARD 1A = YEL
BOLLARD 1B = BRN
BOLLARD 2A = BLU
BOLLARD 2B = ORG
CONNECT 0VDC (GND) TO V- BLK
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4.4.

BOLLARD DETECTION ZONE OPERATION VERIFICATION

Each bollard receiver sends its own call signal to the controller. Since each bollard pair has its own A-B
separate input to the controller, the controller will only activate the flashing sequence when the “A”
bollard is detected prior to the “B” Bollard.
Refer to section 4.3.4 BOLLARD TERMINAL BLOCK
WIRE COLOR TABLE for recommended connection designations
Step 1 Ensure zones are correctly connected to the flashing controller by observing the input status
indicator LED on the controller (see Section 2.8.1) or alternatively on the left side on the ECP.
Step 2 Observe pedestrian entering the crosswalk between the Bollards. The first LED that lights
should be yellow (PCU upper row is A zone), the second should be green (PCU lower row is B-zone upper rows are green in some older model PCUs). If the LED’s illuminate in the reverse order, then the
wires are reversed. To correct, reverse wires 1A and 1B at the PCU terminal block connections.
Step 3 Observe pedestrian exiting the crosswalk. The activation LED indicators should light in order of
Bollard B then Bollard A. In this condition, the PCU will ignore the call signal and not initiate the
flashing sequence.
Step 4 Observe pedestrian returning from other side of street entering the crosswalk between Bollards
2A and 2B. Ensure that when pedestrian enters the crosswalk between Bollards that the 2A input
status indicator LED (yellow) comes on, then the 2B input status indicator LED (green) comes on.

4.5

BOLLARD ALIGNMENT

If after connecting & energizing the system, any LED input status indicators in the controller (PCU or
ECP) are illuminated, this indicates Bollard detection sensors are probably out of alignment. Generic
steps for initial installation & alignment are included below.
Step 1
Determine that Bollards 1A and 1B are plumb, secure, and aimed directly at each other
(FRONT facing FRONT). If the Bollards are not aimed directly at each other, then align sensors
following steps in section 4.5.1 to compensate for Bollard misalignment.
Step 2
Make sure Bollard piezo-electric buzzer switch is engaged (rotated fully counterclockwise) =
If the sensor is not aligned the buzzer will sound.
Step 3
Ensure there is power to emitting sensor in each Bollard, If there appears to be a power
problem, correct then continue.
Step 4

Adjust a Bollard’s receiver and emitter sensors (refer to sections 4.5.1 & 4.5.2).

Step 5
With controller enclosure door open, observe the input status indicator LED (see section
2.8.1 for location of input status indicator LED).
Step 6
Bollard,
aligned
above).

Repeat above procedure for each Bollard 1A, 1B, 2A, & 2B. Note that standing behind each
the emitter is always on left side & the receiver is always on right side. Once all Bollards are
and reassembled, ensure that all input status indicator LED are not illuminated (ref step 5
Reassemble the Bollards.
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4.5.1 BOLLARD SENSOR ADJUSTMENT STEPS
Each Bollard is equipped with detection sensors 1 transmitter/emitter and 1 receiver. To adjust the
detection sensors follow the procedure below;
Step 1
Remove 4 socket head hex drive screws from the upper portion (Acrylic light diffuser) of the
Bollard (see Figure 4-5)
Slide rounded top of Bollard (Light Dome Assy) upward and out.

Step 2

Step 3
Standing behind the Bollard, look down 18” (45cm) into the top portion of Bollard. There are
2 black colored sensor modules. The sensor on the right is the Zone receiver and the sensor on the left
is the Zone emitter (see Figure 4-5).
Step 4
SLIGHTLY loosen screws on each side of sensor and move sensor until buzzer silences.
When properly aligned, each input status indicator LED in the controller will NOT be illuminated and the
buzzer will NOT sound which means that both detection zones are clear and ready for operation.
Step 5
Tighten sensor screws when properly aligned and disconnect buzzer. If Buzzers are not
disconnected after alignment, then the buzzer will sound each time the Bollard Beam is momentarily
“broken.” The LightGuard System is supplied with a portable mirror (located in electrical cabinet) that
can be used to view the LED status Indicators located on the back side of each of the Bollard sensors
(see Figure 4-5 to interpret the LED status indicators).
4.5.2

BOLLARD SENSOR ADJUSTMENT DETAIL
“B” BOLLARD

“A” BOLLARD

ROTATE
SENSORS
TOWARD
MATING
BOLLARD
TO ALIGN

 ACCESS SENSORS BY REMOVING LIGHT/DOME ASSEMBLY
 ENGAGE BUZZER SWITCH DURING ALIGNMENT PROCESS
 SLIGHTLY LOOSEN SWIVEL MOUNT SCREWS TO ENABLE
SENSOR ROTATION
 STARTING WITH RECEVER, ROTATE SENSORS SIDE/SIDE &
UP/DOWN TOWARD CENTER UNTIL BUZZING CEASES.
 VERIFY OPTIMAL ALIGNMENT USING MIRROR TO VIEW
RECEIVER LED STATUS INDICATORS
 ONCE SENSORS ARE ALIGNED, TIGHTEN LOCKING SCREWS TO
SECURE IN PLACE
 DISENGAGE BUZZER SWITCH AFTER ALIGNMENT

LIGHT BEAM

MAXIMUM
DISTANCE
50 FT

BR

AE
AR

LIGHT BEAM

 WHEN ENTERING THE CROSSWALK, “A” BOLLARD IS ALWAYS ON
THE LEFT, “B” BOLLARD IS ALWAYS ON THE RIGHT
 ENSURE THAT BOLLARDS ARE DIRECTLY FACING EACH OTHER –
FRONT FACING FRONT
 MINIMIZE ELEVATION DIFFERENCES BETWEEN BOLLARDS TO
PREVENT HAVING TO ALIGN SENSORS VERTICALLY
 WHEN BOLLARDS ARE INSTALLED FACINIG EACH OTHER &
LEVEL, SENSORS SHOULD NOT REQUIRE ADDITIONAL
ALIGNMENT

BE

 AE= EMITTER INSIDE THE “A” BOLLARD
LOCATED ON LEFT SIDE AS THE CROSSWALK IS ENTERED
 AR= RECEIVER INSIDE “A” BOLLARD
LOCATED ON LEFT SIDE AS THE CROSSWALK IS ENTERED
 BE= EMITTER INSIDE “B” BOLLARD
LOCATED ON RIGHT SIDE AS THE CROSSWALK IS ENTERED
 BR= RECEIVER INSIDE “B” BOLLARD
LOCATED ON RIGHT SIDE AS THE CROSSWALK IS ENTERED
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Receiver

Emitter

Remove Diffuser, Wires, & Light Dome Assembly

Standing behind Bollard & looking Down,
Emitter is on the Left, Receiver is on the Right

Receiver Sensor LED Status Indicator legend
Optimally aligned = GREEN + ORANGE
Non-Optimally aligned = GREEN ONLY
Not aligned or blocked beam = YELLOW ONLY
Shorted/failed = ORANGE ONLY
Not powered or failed = NO LED

LED Status
Indicators

To adjust sensor orientation/alignment, LOOSEN
these screws only, DO NOT REMOVE SCREWS.

Transmitter Sensor LED status indicator legend
Transmitting = green only
Not powered or failed = no LED

Figure 4-5
Interpreting the Receiver LED Status Indicators

OPTIMALLY ALIGNED

NON-OPTIMALLY
ALIGNED
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ALIGNED
BEAM BLOCKED
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SHORTED/FAILED

Page 36

LightGuard Systems® Installation & User Manual May 2019

5
5.1

PUSH BUTTON ACTIVATION
MANUAL PUSH BUTTON ACTIVATION DESCRIPTION

Manually activated smart crosswalk installations utilize an ADA compliant standard pedestrian operated
push button assembly to activate the system. In these installations, a pole mounted push button
station, (typically incorporating a small sign with the words “CROSS WITH CAUTION” and a row of
flashing amber LEDs see section 5.5), is placed near the entrance to crosswalk (see section 5.3). The
row of flashing amber LEDs indicates to the pedestrian the warning system is activated. The words
“CROSS WITH CAUTION” remind the pedestrian to maintain vigilance for their own safety by paying
attention to traffic conditions while crossing the street. The ADA compliant standard pedestrian
activation push button device should be installed as recommended in the Manual on Uniform Traffic
Control Devices (MUTCD) or other local agency approved specifications.

5.2

ILLUMINATED PUSH BUTTON ASSEMBLY

GENERAL SPECIFICATIONS
ASSEMBLY SIZE:
COLOR:
FACEPLATE LIGHTS:
MATERIAL:
VOLTAGE:
MOUNTING:

5.3

Height: 11¾” (300mm) - Width: 5” (127mm)
Green housing, yellow/black faceplate, silver tone 2 inch push button
Amber Light Emitting Diodes (LEDs) which flash with system activation
Cast Aluminum
12 VDC nominal (not to exceed 15 V)
See local agency approved standard specifications for location and height

PUSH BUTTON LAYOUT AND WIRING DIAGRAM (EXAMPLE)
LightGuard System™

GUTTER PAN

IN-ROADWAY WARNING SIGNAL,
Typical each side of crosswalk

FACE OF CURB

PUSH TO WALK
BUTTON, Typical
one each side of
street

10 feet,
TYPICAL

ENCLOSURE

CROSSWALK
BOLLARD,
Typical, one pair
each side of
street

WIRING
SAWCUT
SIDEWALK
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LED PEDESTRIAN CROSSING SYMBOL
SIGN, Typical each side of street

Page 37

LightGuard Systems® Installation & User Manual May 2019

5.4

PUSH BUTTON WIRING TERMINAL BLOCK CONNECTIONS
ENCLOSURE TERMINAL BLOCK CONNECTIONS FOR
PUSH BUTTONS:

1

1

2

2

P P S S B

B G G G G

A

B

A

B

A B

+

+

C
O
L
O
R

R
E
D

C
O
L
O
R

+

+

N

N

N

N

D D D D
B
L
A
C
K

For Audible Push button mechanisms, refer to appropriate
installation manual addendum (Campbell Guardian, Polara XAV)

5.5

PUSH BUTTON INSTALLATION DETAIL DRAWING

Follow instructions noted on drawing for pole mounting & wiring
detail. Mounting bolt holes must be tapped in pole. Wire access
holes should be de-burred to prevent wire insulation damage.
Conductors between LED sign/placard cavity & Push button cavity MUST be routed INSIDE the
pole to ensure weather tight integrity.
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6

LED “ENHANCED” ILLUMINATED WARNING SIGNS

6.1

LED “ENHANCED” SIGN GENERAL DESCRIPTION

LightGuard System® installations may, as an option, utilize high retro-reflectivity MUTCD approved
diamond shaped pedestrian crossing signs (e.g. W11-2) or equivalent, equipped with flashing amber
LED modules located at the sign border (see below) or under the walking pedestrian symbol. These
signs are placed at, or before, the crosswalk to assist in warning approaching motorists that a
pedestrian is in, or about to enter the crosswalk. The embedded LED modules flash at the LightGuard
System® enhanced flash rate. This LED “enhanced” pedestrian crossing sign should be installed at the
crosswalk location as recommended in the Manual on Uniform Traffic Control Devices (MUTCD). For
school crossings, a pentagon school sign (e.g. S1-1) is also available. NOTE: Any advance warning
signs should be consistent with color of other signs (Yellow or Fluorescent Yellow/Green).

6.2

LED “ENHANCED” PEDESTRIAN CROSSING SIGN DRAWING

ACTIVE PEDESTRIAN CROSSING SIGN WITH LED MODULES
GENERAL SPECIFICATIONS
SIZE
TYPE
LED
INPUT
COLOR
MOUNTING

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.

MUTCD compliant Chapter 2 (custom upon request )
MUTCD compliant Chapter 2 (custom upon request)
MUTCD compliant (Typical 8 LED module border enhanced)
Nominal 12VDC
MUTCD compliant (FYG, YEL, ORG, etc.)
Bracket provided (tamper resistant fasten hardware to be
supplied by installer). See local agency approved standard
specifications for location and height
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7
7.1

LIGHTGUARD CROSSWALK SYSTEM SOLAR POWER OPTION

1.
2.
3.
4.
5.

INSTALLATION STEPS

6.

Using the drawing, assemble the Solar Panel mount with the hardware supplied.
Use the ¼” hardware to attach the module to the Module Rails.
Use the 5/16” hardware to bolt the Module Rails to the SPM-1 Pole Bracket.
Adjust the mount to the proper tilt angle for your site latitude.
Face the solar module due South (NOT MAGNETIC SOUTH) for Northern Latitudes and due
North for Southern Latitudes.
ENSURE that the Batteries are fully charged prior to installation.

7.2

SOLAR MODULE

Use the 14 / 2 TC tray cable supplied to wire the solar module into the charge control panel inside the
enclosure. It is recommended that ½” flexible metal conduit be run between the solar module junction
box and the mast to protect the tray cable. An opening in the mast to accept the conduit will need to be
provided.
Remove the cover of the black junction box on the back of the module and note the 6 screws. Also,
note a positive (+) sign and a negative (-) sign which show the 2 positive and negative terminals.
Connect 1 wire to either of the 2 positive (+) and negative (-) terminals. Use the red conductor for
positive and the black for negative. Many Solar Modules are “configurable” in that depending on which
terminals are used for electrical connections, different voltage levels are available. The open circuit
voltage (OCV = voltage when not connected to charging circuit) should be 19 to 21 VDC. Verify that
OCV = 19 to 21 volts across the Solar Module terminals when connecting to the Solar Module Terminal
Blocks. Do not use any of the screws designed to secure the Terminal Block to the panel for electrical
connections.
U

U

Route the tray cable down the mast into the enclosure. Make sure the solar module is covered, or not
connected to the tray cable, when routing the cable through the enclosure. Even in low sunlight the
module can produce 18 to 20 volts.
7.2.1

SOLAR MODULE DESCRIPTION

The solar array consists of a minimum 75 watt solar power module which is to be pole mounted. This
solar module is designed to charge the two 12 volt batteries in the system. In full sun, this module can
produce a maximum on 4.25 amps when charging the battery. During the day, the amount of charging
current will vary with the intensity of the sunlight hitting the module. The open circuit voltage (voltage
when not connected to charging circuit) can be up to 21 volts.
U

7.2.2

U

SOLAR MODULE MOUNTING

The solar module is to be mounted to the side of a 4” galvanized mast using the aluminum side-of-pole
mount and hardware supplied. The solar module must be oriented facing TRUE South &
unobstructed to sunlight . Attach the mounting rails to the pole bracket and adjust the tilt angle to
create an angle setting for your local latitude from horizontal facing South. Refer to sections 7.2.3 &
7.2.4 for orientation details. Use U-bolts to secure the mount to the mast
uu

TR

uuuu

U

U

U

2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.

Page 40

U

LightGuard Systems® Installation & User Manual May 2019

Typical SOLAR PANEL MOUNT (example model #HPMH-5090, side-of-pole mounting kit)
PARTS LIST
U

Part

Qty

U

SPM-1
Module Rail
1/4-20X3/4” SS Bolt
1/4-20 SS Flat Washer
1/4-20 SS Lock Washer
1/4-20 SS Nut
5/16-18 x 1” SS Bolt
5/16-18 SS Flat Washer
5/16-18 SS Lock Washer
5/16-18 SS Nut
4” Hose Clamp
4” U-Bolt

1
2
4
4
4
4
4
8
4
4
2
1

Solar Panel Terminal Block
Electrical Connections:
POSITIVE to Terminal 0
NEGATIVE to Terminal 6
U

7.2.3

U

ORIENTING THE SOLAR MODULE

The following information was authored by www.powerupco.com & is reprinted herein without permission
HTU

UTH

It is important for proper system operation that the array be oriented true South (if you are located in the
northern hemisphere) & unobstructed to sunlight. The directions of magnetic South and true South
differ from one another depending on geographic location. This variance is called declination. Check
the deviation for your region in order to extrapolate true South from a compass heading of magnetic
South. The map in this section shows the magnetic declination for the US. For example, central
Oklahoma falls between the 8° E and the 10° E lines. This means that the north point of a compass
points about 9° E of true north. So true north is actually 9° to the WEST of where the compass points.
7.2.4

DECLINATION ANGLE FOR SOLAR PANELS

The following information was authored by http://www.oksolar.com/ and is reprinted herein without permission
HTU

UTH

When installing photovoltaic modules, be aware that they generate maximum power when facing the
sun directly. The fixed position which approximates this ideal over the course of the year, thus
maximizing annual energy production, is facing due South (in the Northern Hemisphere) or due North
(in the Southern Hemisphere) at the angle listed in the table in the next column. Note that these
cardinal directions are true NOT magnetic orientations. The table below shows the fixed angle above
horizontal at which modules should be installed in order to maximize annual energy output.
At some installations, it may be cost-effective to adjust the tilt seasonally. At most latitudes,
performance can be improved during the summer by using an angle flatter than the chart’s
recommendation; conversely, a steeper angle can improve winter performance.
If modules are not cleaned regularly, it is recommended that they not be mounted at an angle flatter
than 15°. Flatter angles cannot take full advantage of the cleansing action of rainfall.
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7.2.5 MODULE TILT ANGLE
Solar modules produce the most power when they are pointed directly at the sun. For installations
where the solar modules are mounted to a permanent structure, the solar modules should be tilted for
optimum winter performance. As a rule, if the system power production is adequate in the winter, it will
be satisfactory during the rest of the year. The module tilt angle is measured between the solar
modules and the ground.
Example: A module mounted in Miami, Florida (latitude 26º should be tilted at approximately 31º from horizontal, and should be faced due South.
Latitude
Site
0-15°
15-25°
25-30°
30-35°
35-40°
T

T

Tilt Angle
T

T

40° +

7.3

15º
SAME AS Latitude
add 5° to local latitude
add 10° to local latitude
add 15° to local latitude

add 20° to local latitude

SOLAR SYSTEM BATTERIES

The enclosure contains 2 SLA batteries, the PCU (power control unit) and the charge controller. Two 12
volt deep cycle sealed gel-cell batteries are supplied. Each battery is rated at approximately 100 amp
hours. The batteries are to be wired in parallel (positive-to-positive and negative-to-negative) to give 12
volts nominal at 200 amp hours of storage. Use the red and black battery cables supplied to parallel the
batteries. Install the wiring into the terminal blocks & circuit breaker before installing the batteries.
U
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Use the red and black cables, supplied with the ring terminals, to make the battery connections.
Connect the red cable to the positive post on 1 battery and the black cable to the negative post on the
other battery. This will ensure even charging between the 2 batteries (note figure below).
U

U

+
-

Battery 1

Battery 2

Connect the red and black #14 tray cable wires, from the solar module, to the labeled circuit breaker and
negative buss block (refer to Section 2.4.3).
U

7.4
7.4.1

U

CHARGE CONTROLER
CHARGE CONTROLLER WIRING

The charge controller, located inside the enclosure, provides all wiring connections for the solar module,
batteries, and power to the PCU. The PCU controls power to the in-roadway warning signals, signs, and
push buttons.
Ensure all circuit breakers are OFF before making any connections. There are three 15 amp circuit
breakers:
1)
2)
3)
7.4.2

Solar Module circuit breaker: controls solar module power to the system.
Load circuit breaker: controls load power to the PCU, in-roadway warning signals, and signs.
Battery Main circuit breaker: controls battery power to the system.
SOLAR CONTROLLER

A charge / load controller is located on the charge control panel (for further information / specs, contact
your LGS representative). This controller is being used to regulate the battery charging and protect the
batteries from being over discharged. The charge controller is pre-wired and factory adjusted. Do not
make any adjustments to the charge controller without contacting LightGuard Systems, Inc. first.
Indicator(s) on the face of the controller indicates the battery state of charge. Note the legend on the
face of the charge controller.
During normal operation, the charge controller will allow the battery voltage to rise up the approximately
14.1 volts while charging. This end-of-charge voltage will vary with temperature. The charge controller
might employ a supplemental temperature probe attached to the side of one of the batteries in the
enclosure. If supplied, attach the probe approximately three quarters of the way up the side of the
battery case using the adhesive pad on the probe. This will ensure proper charging of the batteries
throughout the year.
At night, the battery voltage should register between 12.0 and 12.8 volts depending upon how well the
batteries were charge during the day. In times of exceptionally bad weather, and / or exceptionally
heavy crosswalk usage, the battery voltage may drop below 12.0 volts. When the voltage drops to
below approximately 11.8 volts, the charge controller will shut off power to the PCU and in-roadway
warning signals ensuring protection of the batteries from damage as a result of over discharge. The
charge controller will not allow power back to the PCU until the voltage rises back up to approximately
12.8 volts after several hours of charging. This solar power system is designed to operate in all weather
conditions throughout the year.
A copy of the Charge Controller Owner’s Manual is available upon request.
2019 LightGuard Systems, Inc. (LGS) All Rights Reserved.
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8

TROUBLE SHOOTING / MAINTENANCE / AFTER INSTALLATION

8.1

TROUBLE SHOOTING GUIDE & TIPS

SYMPTOM
SYSTEM WILL NOT
ACTIVATE

IN-ROADWAY
WARNING SIGNALS
FLASHING DIMLY,
OR NOT AT ALL

CHECK

ACTION

Check PCU for proper
System
operation
by
"PUSH TO TEST" Button
on right side of PCU
Check
all
in-roadway
warning signals for damage
Check
all
in-roadway
warning signal window
ramps for blockage or
debris.

If LED Activation Indicator flashes, check Bollards for
proper alignment and sensors for obstruction. Check
push buttons connections. If LED Indicator does not
flash, check PCU components.
Remove & Replace (R & R) with spare warning signal
as needed.

Check all IRWL for proper
flash operation

Insure
that
enclosure
components are operational

GRAFFITI OR PAINT
ON EQUIPMENT

Check for proper activation
operation

SYSTEM ON
CONSTANT BLINK *
PCU FLASHING
50/50

Check for stuck PB or misAligned Bollards ref section
4.4

PUSH BUTTON
INPUTS DO NOT
ACTIVATE
FLASHING OUTPUT

Check:
1) button is operational
2) conductor integrity from
push button to panel
(flashing controller)
3) panel is operational

STUCK BOLLARD
SIGNAL

Check
1) bollard sensor alignment
2) bollard sensor operation
3) bollard conductors for
shorts

Broom any debris from pavement around in-roadway
warning signals to allow for unobstructed motorist
view.
View in-roadway warning signals from 150' to 200'
away for the approaching motorists' perspective.
R & R with spare warning signal as needed.
Shut off power to PCU via circuit breakers and
disconnect battery. Check battery voltage. Load test
battery 3-4 AMP. Tighten wire connections, and/or
remove, and look for corrosion and retighten. Perform
a wire push/pull test to verify wires are firmly installed.
Power up PCU with battery only. Check voltage at
battery to assure that battery has minimum of 12.5
Volts. Document counters and log date, time of
service, and name of personnel repairs. List any
repair findings. Secure system door.
Remove graffiti or paint. Tagster Graffiti Emulsifier
from Rhomar Industries is recommended. Call (800)
688-6221to order.
Inspect PCU display for diagnostic information.
System enters “Default Flash Pattern” to alert
maintenance crews that attention is required. If the
LCD does not indicate which input is “stuck”, then
press “D” on the keypad to display input diagnostics.
Panel Jump Test is applicable to all inputs – including
bollards. Inputs can be simulated at the panel
(flashing controller). Temporarily remove the button
input field wires from the input locations (PA/PB) &
affix a jumper wire (~12” stripped ~½” at both ends)
into the DC GROUND (Din Rail). Then use the “free
end” of the jumper to make contact with the PA/PB
inputs on the flashing controller. If an LED indicator
illuminates, then the PCU can receive signals & the
problem is with the field wiring or the Push button(s).
Verify bollard sensor alignment using either buzzer or
LED status indicators to ensure sensor switches when
beams are blocked. Verify that call signal conductor
from
bollard
to
control
panel
is
not
shorted/compromised

ADDITIONAL TROUBLE SHOOTING TIPS
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Routine maintenance should include periodic on-site inspections (twice annually is recommended) of
the System for proper operation.
Check activation system for proper operation and tighten fastening hardware as needed.
Clean Bollards and sensors if needed and check for proper Bollard alignment and activation.
In-roadway warning signals should be visually checked for sufficient light output with window ramps
swiped clean as needed. Should window ramp become obscured over time, remove and replace
with spare warning signal.
Check for proper adhesion of all warning signals to the roadway surface. Fill any gaps around inroadway signal assemblies with bituminous hot stick to prevent debris or moisture intrusion.
Inspect wire trench cuts for sufficient loop sealant and fill where needed with filler or bituminous hot
stick material.
Check enclosure and sign mounts for secure attachment and tighten fastening hardware as needed.
Note/Record activation counts using PCU keypad functions 1, 2, or 3, then reset to clear by pressing
0, then 555 (NOT MANDITORY)
Note and clean any graffiti from enclosure equipment. (We recommend Tagster™ Graffiti Emulsifier
from Rhomar Industries - Springfield, Missouri - (800) 688-6221 - Email: rhomarind@aol.com)

8.2

FIELD RELATED TOTAL PREVENTATIVE MAINTENANCE

After initial installation, the following steps should be followed to test/validate correct operation and to
ensure proper operation in the future. Installation should consist of all components secured
appropriately and all electrical connections terminated as required. The following steps apply to PCU
based controllers.
Step 1 Energize all circuit breakers
Step 2 Contact LightGuard Systems to obtain a 3 digit ACTIVATION CODE for warranty &
maintenance tracking purposes. (888) 247-2974
Step 3 Verify that no LED fault/activation indicators are illuminated in the PCU. These indicators are 2
rows of LED (Yellow & Green) directly below the PCU housing in the enclosure. If any
fault/activation indicators are on, check Bollard alignment, push buttons, and field wiring
connections.
Step 4 Press keypad 9 to initiate constant blink. Verify that all IRWL & optional illuminated LED signs
& Push buttons are active
Step 5 Press keypad 9 to toggle constant blink off
Step 6 Test/verify that activation mechanisms operate (PB &/or Bollards) and activate flashing output
for the cross time duration. If any Bollards activate the system when exiting the crosswalk
instead of entering the crosswalk, swap A & B wires in control panel for that Bollard pair.
Step 7 Set cross time as required (refer to section 2.8.3)
U

8.3
8.3.1

U

RECOMMENDED MAINTENANCE
SCOPE

This procedure describes the recommended process for inspecting & maintaining LGS equipment after
installation. This section applies to Illuminated signs, electrical interface cabinets, In Roadway Warning Lights
(IRWL), and activation mechanisms (Bollards & Push buttons).
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8.3.2

MAINTENANCE PERIOD

Perform Preventative Maintenance/Inspection approximately every 6 months.

8.3.3

MATERIAL REQUIRED

A. Battery tester
B. Non-metallic whisk broom
C. Soapy water and cloth

8.3.4

RECOMMENDED SPARES

A. IRWL

8.3.5

ELECTRICAL INTERFACE CABINET (AC, SOLAR, ECP)

1.
2.
3.
4.

Open Electrical Interface Cabinet
Clean any foreign matter that might have accumulated inside cabinet, (spider webs etc.)
Test battery voltage, if value is less than 12VDC refer to trouble shooting guide (section 8.1)
Optional activation data, (consider posting on inside cabinet door for recordation review).
a. use keypad 1 & 3 to display activation history, record activation data (date & number of
activations) on paper and store in LGS enclosure
b. reset activation counters using keypad 0, then 555 to clear activation history
5. Press keypad 9 to verify that all light outputs activate, press 9 again to toggle outputs back to ready mode
6. SOLAR powered systems
a. If solar panel has foreign matter on it, clean solar panel using water
b. Verify that the charge controller indicates that the batteries are being charged & warranty period
(date) on batteries is valid

8.3.6

U

U

ILLUMINATED SIGNS

1. Verify that light windows in illuminated signs are clear of debris, and properly aligned to target path, and
all LED modules operate fully.

8.3.7

ACTIVATION MECHANISMS

1. Push buttons
a. verify that LED lenses on push button placards are clear of debris
b. verify that push buttons activate flash sequence (Four LED indicators each sign)
2. Bollards
c. Verify that Bollards are aligned (indicated by Electrical Interface Panel LED’s LD1 through LD12
are all NOT illuminated)
d. Verify that Bollard courtesy lights are illuminated (refer to section 4.3)
e. Ensure that Bollard sensors are clean with no obstructions inhibiting sensor performance
f. Ensure that Bollards are SOLIDLY secure to mounting pads by attempting to “rock them”
U

8.3.8

U

IRWL

1. Verify that all IRWL illuminate when system is activated
a. if any IRWL do not activate, refer to troubleshooting guide in LGS Installation Manual
2. Verify “self clearing” design is keeping debris build-up clear from front of units, (If needed wipe window
with wet cloth).
3. Within 60-90 days of Initial installation, verify that each IRWL is secure/seated in base plate. If loose,
then remove IRWL, clean mating surfaces, and reinstall in accordance with LGS Installation Manual.
Repeat at 6 month intervals.
4. If any IRWL are broken, then replace units
5. Inspect IRWL for signs of condensation. If from approximately 200 feet this presents a noticeable
decrease in performance or light fixture visibility, it should be replaced. If condition does not appear to
affect the light visible to the motorist, it may not need replacement (review warranty in T’s & C’s).
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8.4

EQUIPMENT LIST

This section describes standard components of the LightGuard family of products applicable to this
Installation Manual.
8.4.1 SPARES & REPLACEMENTS EQUIPMENT LIST
The following list contains LGS model names/numbers for items typically sold as spares or
replacements.
ITEM
LGS-SN-LED
LGS-GEL-PLUGS
LGS-PB ONLY
LGS-M10
LGS-CHS 14
LGS-SD10-C-FG

DESCRIPTION
Amber LED module for illuminated signs
IRWL electrical splice connection inside base plate
Push button mechanism
Light fixture only - amber LED
Base plate only - 14" snowplow resistant
Base plate only - 10" composite

LGS-SOL-PANEL-ONLY

Solar panel for LGS 2' x 4' (80 watts)

LGS-PCU-ASSEMBLY

A/C Power Control Unit Only - No Enclosure or Backpan

LGS-PCU-MICRO

LGS-micro controller module for PCU

LGS-REC-ONLY

Receiver sensor for models LGS-T3 thru T6

LGS-TRANS-ONLY

Transmitter sensor for models LGS-T3 thru T6

LGS-GRAYHILL RELAY

Magnecraft relay for obsolete back panel

LGS-CDMRLY

Crydom relay for obsolete back panel
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8.4.2 STANDARD EQUIPMENT LIST
The following list contains LGS model names/numbers for Standard items applicable to this Manual.
ITEM

DESCRIPTION

LGS-SOLAR SYSTEM
LGS-SOLAR SYS-DUAL ZONE
LGS-ECP-1
LGS-ECP-2
LGS-PCU/A DUAL
LGS-PCU/BKPN-AC
LGS-PCU-AC
LGS-M10/CHS-14
LGS-M10/SD10-C
LGS-PBA-BRAILLE
LGS-PBA-PAIR
LGS-PBA-GUARDIAN
LGS-RAD
LGS-T6
LGS- W11-2-B-30-FYG
LGS-S1-1-B-30-FYG

Solar Powered PCU w/Programmable Interface, Batteries, Cabinet & Panel
Solar System with Dual Independent Zone Upgrade
Entry Level LGS Control Panel and Cabinet
Entry Level LGS Control Panel - custom applications only
Dual Zone A/C PCU w/ Battery Backup & Programmable Interface, Cabinet
AC Power Control Unit w/Backpan, Battery Backup & Programmable Interface Only
Standard A/C PCU w/Programmable Interface, Battery. Backup, Backpan & Cabinet
Amber LED Light fixture w/ Snow Plow Resistant 14"Base Plate
Amber LED Light fixture w/ 10" Composite Base Plate
ADA 2" Push button Assembly w/ Braille Placard- Pair
ADA 2" Push button Assembly w/LED Placard - Pair (L & R)
ADA 2" Push button Assembly w/LED Placard & Audible Message-Pair
Remote Activation Detector
Automatic Pedestrian Detection Bollard
Ped Sign w/o Crosswalk & LED Enhanced Border
School Sign w/o Crosswalk & LED Enhanced Border

TWO PART EPOXY KIT

Two Part Epoxy for Securing Base Plate Into Roadway (pass thru item)

LGS-AC BEACON-KIT
LGS-AC-OUT-UPGRD
LGS-DC BEACON-KIT
LGS-DC-OUT-UPGD
LGS-NOVAX-UPGD

Separate 110VAC Wig-Wag Output Simultaneous w/ Light fixture Flashing
Separate 110VAC Output Simultaneous w/ Light fixture Flashing
Separate 12VDC Wig-Wag Output Simultaneous w/ Light fixture Flashing
Separate 12VDC Output Simultaneous w/ Light fixture Flashing
Upgrade LGS Controller for Novax Audible Alert

9

ADDENDUMS

This section is reserved for addendums typically applicable to various upgrade kits noted as optional
equipment in Section 1.6. Each addendum is supplied separately with appropriate upgrade kit.
HTU

UTH
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