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4.1  Pur4.1  Pur4.1  Pur4.1  Pur4.1  Purposeposeposeposepose
Many professionals involved in pedestrian and
bicycle programs have never received training
that focuses on crash causation.  Everyone from
traffic safety specialists to traffic engineers, plan-
ners, educators, and law enforcement personnel
can benef i t  f rom an unders tand ing  o f  how
crashes occur and how to avoid them.

This session provides an understanding of crash
characterist ics, crash rates, exposure and a
grounding in crash typing.  The most significant
crash types will be explained and associated
with contributing factors and typical errors made.
The concepts of corridor and site crash analysis
and team problem-solving will be emphasized.
Discussion will include special conditions - es-
pecially nighttime crashes, those
involving impaired drivers, pedes-
t r ians  and  b icyc l i s ts ,  and
high-speed roadways.

4.2  4.2  4.2  4.2  4.2  WWWWWhahahahahat is at is at is at is at is a
CrashCrashCrashCrashCrash
The word, “crash”, may be new to
some people as a way to describe
the event in which a bicyclist or
pedestrian greets the ground, a
motor vehicle or any other solid
object in a way that can result in
bodily harm and/or property dam-
age.   H is tor ica l ly,  these were
called “accidents.”  The term, “ac-
cident” implies heavy doses of
chance, unknown causes and the
connotation that nothing can be
done to prevent them.

Crashes are preventable.  Bicyclist and pedes-
trian “crashes” are not random events.  They fall
into a pattern of reoccurring crash types and oc-
cur because the parties involved make mistakes.
The mistakes can be identified and counteracted
through a combination of education, skill devel-
opment, engineering and enforcement measures
so crashes can be substantially reduced.

4.3  4.3  4.3  4.3  4.3  TTTTThe Crhe Crhe Crhe Crhe Crashashashashash
Avoidance ProcessAvoidance ProcessAvoidance ProcessAvoidance ProcessAvoidance Process
Whether you are a pedestrian, bicyclist or motor-
ist, you generally go through a similar sequence
of actions leading from searching for and recog-
nizing a potential crash situation to taking steps
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to avoid it.  The steps in this
sequence are described be-
low.  If any of these steps is
overlooked by either party, a
crash may result.

Step 1:  Search – Both driver
and bicycl is t  or  pedestr ian
scan their environment for po-
tential hazards.

Step 2:  Detect – One or both
parties (bicyclist, pedestrian
or  motor  vehic le)  sees the
other.

Step 3:  Evaluate – The threat
of collision is recognized, along with the need
for action to avoid it.

Step 4:  Decide – Assess risk and select the ac-
tions necessary to avoid coll ision.  This may
involve judging location, closing speed, direction
of travel, position in traffic, likely behavior and
other factors.

Step 5:  Action – This step involves the success-
ful performance of the appropriate action(s) to
avoid a collision.

4.4  Number of4.4  Number of4.4  Number of4.4  Number of4.4  Number of
Bicycle andBicycle andBicycle andBicycle andBicycle and
PedestrianPedestrianPedestrianPedestrianPedestrian
CrashesCrashesCrashesCrashesCrashes
Approximately 6,500 pedestri-
ans and 900 bicycl is ts are
killed each year as a result of
collisions with motor vehicles.
As a group, pedestrians and
bicyclists comprise more than
14 percent of all highway fa-
ta l i t i es  each  year.
Pedestr ians account for as
much as 40 to 50 percent of
traffic fatalities in some large

urban areas.  The 1994 General Estimates Sys-
tem (GES) data indicate that 90,000 pedestrians
and 60,000 bicyclists were injured in this type of
crash.  Many more injuries are not reported to
record-keeping authorities.  A study by Stutts, et
al. (1990) showed that fewer than two-thirds of
bicycle-motor vehicle crashes serious enough to
require emergency room treatment were reported
on State motor vehicle crash files.

4.5  Summar4.5  Summar4.5  Summar4.5  Summar4.5  Summary ofy ofy ofy ofy of Bic Bic Bic Bic Bicyyyyyccccclelelelele
and Pedestrian Crashand Pedestrian Crashand Pedestrian Crashand Pedestrian Crashand Pedestrian Crash
CharacteristicsCharacteristicsCharacteristicsCharacteristicsCharacteristics

In the 1996 study conducted
by the Federal Highway Ad-
ministration (FHWA-RD-95-
163), 5000 pedestrian and
3000 bicycle crashes in 5
states were studied exten-
sively in order to code crash
types, determine the specific
factors associated with the
crash types, and to identify
how countermeasures could
be used to reduce the fre-
quency of crashes.  The fol-
lowing is a summary of the
findings of the study.

Pedestrian-Motor Vehicle
Crash Sample Summary

1.  Compared to their repre-
sentation in the overall U.S.
populat ion, young persons
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(under 25 years of age)
were overrepresented in
pedestrian crashes with
motor  veh ic les ,  wh i le
older adults (ages 25 to
44) and the elderly (age
65+)  were
underrepresented.  Eld-
e r l y  pedes t r ians  in
crashes, however, were
over twice as likely to be
killed - 15 percent versus
6 percent - compared to
young persons.

2. Collisions with motor ve-
hicles led to serious and
fatal injuries to pedestri-
ans in over 33 percent of
the crashes.

3. Alcohol or drug use was
noted in about 15 percent of  pedestr ian
crashes overall, but increased to 31 percent
for pedestr ians in the 25 to 44 year age
group.  Alcohol/drug crashes were also more
frequent on weekends and during hours of
darkness.

4. Pedestrian crashes occurred most frequently
during the late afternoon and early evening
hours, times when exposure is probably high-
est and visibility may be a problem.

5. About two-thirds of the crashes were catego-
r ized as  urban.   F i f teen percent  o f  the
pedestrian crashes reported occurred on pri-
vate property, primarily in commercial or other
parking lots.  The elderly were overrepre-
sented in commercial parking lot crashes,
young adults in non-commercial parking lot
crashes, and children under age 10 in colli-
sions occurring in driveways, alleys or yards.

6. Nearly 60 percent of the road-related crashes
occurred on two-lane roadways.  Serious and
fatal injuries to pedestrians were directly pro-
portional to speed limit and number of lanes.

7. Forty-one percent of crashes occurred at
roadway intersect ions, and an addit ional
eight percent at driveway or alley intersec-
tions.

8. The pedestrian was judged to be solely at
fault in 43 percent of the crashes.  Running
into the road, failure to yield, alcohol impair-
ment ,  s tepp ing  f rom be tween parked
vehicles, and walking or running in the wrong
direction (with traff ic) were the most fre-
quently cited pedestrian contributing factors.
Younger pedestrians were more likely to be
at fault.

9. Motor vehicle drivers were judged to be solely
at fault in 35 percent of the crashes. Driver
hit-and-run and failure to yield were the most
frequently cited driver contributing factors,
followed by improper backing, safe move-
ment violations, and exceeding safe speed.
Only 3 percent of motor vehicle drivers strik-
ing pedestrians were judged to have been
impaired by alcohol.

10. Over three-fourths of pedestrian crashes fell
into one of the following eight crash type cat-
egories:  vehicle turn/merge (9.8 percent),
intersection dash (7.2 percent), other inter-
section (10.1 percent), midblock dart/dash
(13.3 percent), other midblock (13.2 percent),
not in roadway/waiting to cross (8.6 percent),
walking along roadway (7.9 percent), and
backing vehicle (6.9 percent).  These and the
other seven major crash type categories dis-
cussed in this report varied with respect to
the pedestrian, driver, locational/environmen-
tal, and roadway factors that characterized

Forty - one percent of pedestrian crashes occur at intersections.
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them.  It is critically important for individual
States and communities to develop a better
understanding of the particular traffic situa-
tions endangering their residents.

Bicycle-Motor Vehicle Crash Sample Summary

1. The basic bicycle-motor vehicle crash pat-
terns are similar to those seen in the late
1970’s.  Intersections, driveways, and other
junct ions continue to be locations where
about three-fourths of the crashes occur.
Emerging facilities should be designed with
this fact in mind.

2. Compared with their representation in the
overall U.S. population, young bicyclists un-
der the age of 15 (and particularly ages 10 to
14) were overrepresented in crashes with
motor vehicles, while older adults (ages 25
to 44) and the elderly (age 65+) were under-
represented.  However, bicyclists older than
age 44 were overrepresented with regard to
serious and fatal injury.

3. Collisions with motor vehicles led to serious
and fatal injuries to bicyclists in just over 18
percent of the crashes.

4. Alcohol or drug use was noted in about 5
percent of bicycle crashes overall but in-
creased to 15 percent for bicyclists in the 25
to 44 age group.  This may be an emerging
problem.  Alcohol-drug crashes were more
frequent on weekends and during hours of
darkness.

5. About two-thirds of the bicyclist crashes oc-
cur red  dur ing  la te  a f te rnoon and ear ly
evening hours.  Exposure is likely quite high
during these hours, and visibility can be a
problem.

6. About two-thirds of the crashes were catego-
rized as urban.  About 7 percent occurred on
private property.  Bicyclists less than 10 years
o ld  were  somewhat  over represented  in
crashes in housing-re lated park ing lots,
driveways, alleys, and private roads.

7. About 60 percent of the road-related crashes
occurred on two-lane roadways.  Roads with
narrower lanes and roads with higher speed
limits were associated with more than their
share of serious and fatal injuries to bicy-
clists.

8. Bicyclists were judged to be at fault in about
half of these crashes with motor vehicles.
Bicyclists need training about how to ride in
traffic.  Failure to yield, riding against traffic,
stop sign violations, and safe movement vio-
la t ions  were  the  most  f requent ly  c i ted
bicyclist contributing factors.  The likelihood
of the bicycl ist being responsible for the
crash was  greatest for the younger bicyclists.
When the crash-involved bicyclist was older,
the motor vehicle driver was more likely to
be at fault.

9. Motor vehicle drivers were judged to be solely
at fault in 28 percent of the cases.  Failure to
yield, hit and run, and failure to see the bicy-
clists were the most frequently cited driver
contributing factors.

10. The bicycle-motor vehicle crashes distributed
into the three main categories as such:

Parallel path events 36 percent
Crossing path events 57 percent
Specific circumstances 7 percent

11. The most frequent parallel path crashes were

A memorial to a bicyclist killed at a busy intersection in Newark,
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motorist turn/merge into bicyclist’s path (12.2
percent), motorist overtaking the bicyclist
(8.6 percent), and bicyclist turn/merge into
motorist’s path (7.3 percent).  The most fre-
quent crossing path crashes were motorist
failed to yield to bicyclist (21.7 percent), cy-
clist failed to yield at an intersection (16.8
percent), and bicyclist failed to yield midblock
(11.8 percent).  These six individual crash
types accounted for almost 80 percent of all
bicycle-motor vehicle crashes.

Project Summary and Recommendations

1. Much of what is reported in this study seems
strongly connected to basic walking, riding,
and driving patterns — in other words, re-
la ted  to  exposure .   Fu tu re  s tud ies  o f
pedestrians and bicyclists and related facili-
ties should be planned with this need in mind.

2. As a measure of accountability, it is recom-
mended that local and State pedestrian-bi-
cycle coordinators continually track crashes
in their jurisdictions.  A simplified crash typ-
ing procedure that coordinators can easily
use should be prepared and disseminated.

3. With the current increased interest in both
bicycling and walking, crash investigators at
the State and local levels should be urged to
report completely on any bicyclist and pedes-
trian crashes, and particularly for roadway
related variables.

4. A system-wide approach will be necessary
to make safety gains as well as reach the
goals of the National Bicycling and Walking
Study (Federa l  Highway Adminis t rat ion,
1994), namely:  (1) to double the number of
trips made by bicycling and walking, and (2)
to reduce by 10 percent the number of bicy-
clists and pedestrians injured and killed in
traffic coll isions.  Engineering, education,
and enforcement approaches are vital to im-
proved safety.  There is a continuing need to
establish the mindset that bicyclists and pe-
destrians are worthy and viable users of our
transportation system.

4.6  Common Pedestrian4.6  Common Pedestrian4.6  Common Pedestrian4.6  Common Pedestrian4.6  Common Pedestrian
& Bicycle Crash Types& Bicycle Crash Types& Bicycle Crash Types& Bicycle Crash Types& Bicycle Crash Types
This portion of the lesson presents information
specific to pedestrian and bicycle crashes.  It

looks at the number, types and characteristics of
these crashes.  The information was generated
through a study conducted by the Highway Safety
Research Center at the University of North Caro-
l ina  (pub l i shed  by  the  Federa l  H ighway
Administration in June 1996).  The study purpose
was to update 1970’s era crash data to reflect
more recent crash types, with particular atten-
tion to roadway and locational factors so that
designers can reduce crash frequency through
engineering methods and other interventions.
See the following pages for examples.

Pages 4-6 thru 4-9:  Eight most common pedes-
trian crash categories.

Pages 4-10 thru 4-13:  Eight most common bi-
cycle crash categories.

4.7  Exercise:  Design a4.7  Exercise:  Design a4.7  Exercise:  Design a4.7  Exercise:  Design a4.7  Exercise:  Design a
CounterCounterCounterCounterCountermeasurmeasurmeasurmeasurmeasureseseseses
ProgramProgramProgramProgramProgram
Part 1
Design a program that specifically provides coun-
termeasures aimed at reducing one (or more)
common bicycle and/or pedestrian crash types.
Countermeasures can include physical changes
to the bicycle/pedestr ian environment (engi-
neered and constructed solutions), or education
programs aimed at a particular audience that may
be susceptible to certain crash types.  Be spe-
cific about what the program would include, and
how it would be implemented throughout a com-
munity.  Include an explanation of how you would
propose to evaluate the effectiveness of your pro-
gram.

Part 2
Using the data provided for the case study loca-
tion, Piedmont Park in Atlanta, Georgia, develop
some conclusions regarding the crash data ob-
ta ined  th rough the  s ta te  Depar tment  o f
Transportation (DOT) for 1995, 1996 and 1997,
(see Figures 3-8).  Cross tabulations of crashes
by time of day, location and causation factors are
helpful in gaining insight into safety problems
and possible countermeasures.  Data available
to these type evaluations is often limited due to
the low percentage of reported pedestrian acci-
dents and bicycle crashes.  However, important
information can be obtained through a thorough
analysis of available data.
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Description:  The crash occurred at midblock, but
does not conform to any of the specified crash types.

Figure 1:  Eight Most Common Pedestrian Crash Types:Figure 1:  Eight Most Common Pedestrian Crash Types:Figure 1:  Eight Most Common Pedestrian Crash Types:Figure 1:  Eight Most Common Pedestrian Crash Types:Figure 1:  Eight Most Common Pedestrian Crash Types:
Source:  Pedestrian Crash Types - A 1990’sSource:  Pedestrian Crash Types - A 1990’sSource:  Pedestrian Crash Types - A 1990’sSource:  Pedestrian Crash Types - A 1990’sSource:  Pedestrian Crash Types - A 1990’s
InfInfInfInfInfororororormamamamamational Guidetional Guidetional Guidetional Guidetional Guide,,,,,  1997. 1997. 1997. 1997. 1997.

Description:  The pedestrian and vehicle collided
while the vehicle was preparing to turn, in the process
of turning, or had just completed a turn (or merge).
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Description:  At midblock location, the pedestrian
was struck while running and the motorist’s view of
the pedestrian was not obstructed.

Description:  The pedestrian was struck when not in
the roadway.  Areas included parking lots, driveways,
private roads, sidewalks, service stations, yards, etc.

Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.
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Description:  The pedestrian was struck while walking (or
running) along a road without sidewalks.  The pedestrian may
have been:  hitchhiking (15 cases), walking with traffic and struck
from behind (257 cases) or from the front (5 cases), walking against
traffic and struck from behind (76 cases or from the front (7 cases),
walking along a road, but the details are unknown (15 cases).

Description:  The pedestrian was struck while running
through an intersection and/or the motorist’s view of
the pedestrian was blocked until an instant before
impact.

Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.
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Description:  The crash occurred at an intersection
but does not conform to any of the specified crash
types.

Description:  The pedestrian was struck by a vehicle
that was backing.

Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.Figure 1:  cond’t.
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Description:  The crash occurred at an intersection
at which the bicyclist was facing a stop sign or flashing
red light.

Description:  The crash occurred at an intersection
which the motorist was facing a stop sign.

Figure 2:  Eight Most Common Bicycle Crash Types:Figure 2:  Eight Most Common Bicycle Crash Types:Figure 2:  Eight Most Common Bicycle Crash Types:Figure 2:  Eight Most Common Bicycle Crash Types:Figure 2:  Eight Most Common Bicycle Crash Types:
SourSourSourSourSource:ce:ce:ce:ce:  Bic  Bic  Bic  Bic  Bicyyyyycccccle Crle Crle Crle Crle Crash ash ash ash ash TTTTTypes - ypes - ypes - ypes - ypes - A 1990’A 1990’A 1990’A 1990’A 1990’s Infs Infs Infs Infs Infororororormamamamamationaltionaltionaltionaltional
Guide, 1997.Guide, 1997.Guide, 1997.Guide, 1997.Guide, 1997.
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Description:  The crash occurred at an intersection,
signalized or uncontrolled, at which the bicyclist failed
to yield.

Description:  The motorist was entering the roadway
from a driveway or alley.

Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
4 - 12

PEDESTRIAN AND BICYCLE
CRASH TYPES

Description:  The motorist made a left turn while
facing the approaching bicyclist.

Description:  The bicyclist entered the roadway from
a residential driveway or alley.

Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.
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Description:  The bicyclist made a left turn in front
of traffic traveling in the same direction.

Description:  The motorist was making a right turn
and the bicyclist was riding in either the same or
opposing direction.

Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.Figure 2:  cond’t.
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For the purpose of providing some general back-
ground on the case study location, the following
descriptive information is provided:

• Piedmont Park is a large public park located
approximately three miles north of the cen-
tral business district in the midtown area of
Atlanta

• The park  is  sur rounded on a l l  s ides by
densely  populated res ident ia l  ne ighbor-
hoods.

• Very little parking is available within the park
and most park users arrive by foot, roller
blades, skateboard or bicycle.

• The park has extensive walking, running and
cycling trails and these are primary uses of
the park.  In addition, there are numerous
festivals and special events.

• Access to the park from surrounding neigh-
borhoods is via surface streets most of which
have narrow (4-ft. to 5-ft. wide) sidewalks.

• The park is bound on all sides by heavily trav-
e led  a r te r ia l  roadways  tha t  commonly
experience significant peak hour congestion.

• Two transit stations are located within walk-
ing distance near the park and frequent
pedestrian access to and from the park is
linked with the stations.  Typical sidewalk and
cross walk treatments are used along sur-
face streets (10th St. and 14th St.) to connect
with the transit stations.  Bicycles are allowed
on transit fixed-rail vehicles during all opera-
tional periods.

Data provided for conducting a case study evalu-
ation of pedestrian and bicycle condit ions at
Piedmont Park includes the following informa-
tion:

• Site Location Map (Figure 3)
• Pedestrian Accident Locations (Figure 4)
• Bicycle Crash Locations (Figure 5)
• Tabulation of Pedestrian Accident Data

(Figure 6)
• Tabulation of Bicycle Crash Data

(Figure 7)
• Summary of major Roadways
• Usage Data Collected at Major Park

Entrances (Figure 8)

Part 3
Obtain pedestrian accident and bicycle crash data
from your state DOT for a particular roadway or
area of interest.  You should obtain a minimum
of three years of data in order to conduct your
analysis of factors similar to those discussed in
the Piedmont Park case study location.  Although
local city agencies sometimes maintain crash
data, the state DOT is the most reliable source
of available data.  Most states maintain their crash
data in a computerized data base system and
sorts of the data can be conducted on various
field entries to list crashes associated with ei-
ther pedestrians or bicycles.  These types of
crashes will only constitute a very small amount
of the total crashes occurring along a roadway
and it may be useful to receive a full listing of all
the crashes associated with your location of in-
terest.  DOT’s may only maintain data along the
more significant roadways and often do not in-
clude subdivision/residential streets.

Most DOT personnel are very helpful and willing
to work to get you the data you need.  You should
clearly explain your intentions, location of inter-
est and type of data that you would like to obtain.
Submitting a request in writing is typically re-
quired, so that your data request can be efficiently
processed through their system.  In addition, to
the crash data you may need other information
that will allow you to decode the crash data and
to physically link the crash to a location on the
roadway network.  An accident/crash investiga-
tion manual is usually available which lists all of
the coded entries used in creating aggregated
crash tabulations.  Also, a roadway features log
is typically available to link milepost listings to
physical map features such as intersections,
bridges and street names.  In the initial phases
of conducting an analysis of crash, it is seldom
necessary to access the actual crash reports.  It
is much more useful to utilize aggregated crash
records that are available through the crash data
system.  Allow ample time for DOT personnel to
accommodate your request within their day to day
workload.  Generally, data can be received in two
to three weeks after submitting a request.

4.8  References4.8  References4.8  References4.8  References4.8  References
Text and graphics for this section were derived
from the following sources:

• Pedestrian and Bicyclist Safety and Accom-
modation Participant Workbook, NHI Course
#38061, FHWA-HI-96-028, Drake and Bur-
den, 1996.
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• Technical Summary:  Pedestrian and Bicycle
Crash Types of the Early 1990’s, Publication
No. FHWA-RD-95-163, 1996.

• Bicycle Crash Types:  A 1990’s Informational
Guide Publication No:  FHWA-RD-96-163,
1997.

• Pedestrian Crash Types:  A 1990’s Informa-
tional Guide Publication No:  FHWA-RD-96-
163, 1997.
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Piedmont Park Vicinity – Atlanta, Georgia
Tabulation of Pedestrian Accident Data

No. Route –
Roadway

Mile
Post

Time Month Day Year Severity Location Type Light
Condition

Surface
Condition

1 10th Street 1.78 23:29 06 13 1997 Injury Intersection Pedestrian Dark-Lighted Dry

2 10th Street 1.78 13:54 08 25 1997 Injury Intersection Pedestrian Daylight Dry

3 10th Street 1.87 23:01 06 19 1997 Injury (2) Intersection Pedestrian Dark-Lighted Dry

4 10th Street 1.99 19:19 02 06 1997 Injury Intersection Pedestrian Dark-Lighted Dry

5 10th Street 1.99 17:26 07 08 1997 Injury Intersection Pedestrian Daylight Dry

6 14th Street 0.06 15:00 04 04 1997 Injury Intersection Pedestrian Daylight Dry

7 14th Street 0.06 18:00 03 03 1997 Injury Intersection Pedestrian Daylight Dry

8 14th Street 0.00 9:30 06 10 1997 Injury Intersection Pedestrian Daylight Dry

9 Monroe Drive 5.71 16:12 09 21 1996 Injury Roadway Segment Pedestrian Daylight Wet

10 10th Street 2.43 15:45 09 07 1996 Injury Intersection Pedestrian Daylight Dry

11 10th Street 1.78 19:50 07 04 1996 Injury Intersection Pedestrian Daylight Dry

12 10th Street 1.78 22:05 07 13 1996 Injury Intersection Pedestrian Dark-Lighted Dry

13 10th Street 2.01 21:30 06 29 1996 Injury Roadway Segment Pedestrian Dark-Lighted Dry

14 14th Street 0.00 17:10 08 05 1996 Injury Intersection Pedestrian Daylight Dry

15 14th Street 0.06 13:00 03 13 1996 Injury Intersection Pedestrian Daylight Dry

16 Piedmont Avenue 1.01 22:20 04 25 1996 Injury Intersection Pedestrian Dark-Lighted Dry

17 Monroe Drive 5.97 23:06 02 10 1995 Injury Intersection Pedestrian Dark-Lighted Wet

18 10th Street 1.64 18:20 01 11 1995 Injury Roadway Segment Pedestrian Dusk Dry

19 10th Street 1.87 17:25 02 08 1995 Injury Intersection Pedestrian Daylight Dry

20 10th Street 1.99 21:00 10 17 1995 Injury Intersection Pedestrian Dark-Lighted Dry

21 10th Street 1.99 02:23 01 21 1995 Injury (2) Intersection Pedestrian Dark-Lighted Dry

Crash data provided by Georgia Department of Transportation.

Figure 6Figure 6Figure 6Figure 6Figure 6
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Piedmont Park Vicinity – Atlanta, Georgia
Tabulation of Bicycle Crash Data

No. Route –
Roadway

Mile
Post

Time Month Day Year Severity Location Type Light
Condition

Surface
Condition

1 Monroe Drive 5.14 19:00 09 17 1997 Injury Intersection Angle Intersecting Daylight Dry

2 10th Street 1.78 12:20 03 14 1997 Injury Intersection Angle Intersecting Daylight Dry

3 10th Street 1.78 17:32 08 29 1997 Injury Intersection Angle Intersecting Daylight Dry

4 10th Street 1.87 17:43 03 11 1997 Injury Intersection Head On Daylight Dry

5 14th Street 0.00 18:10 12 17 1997 Injury Intersection Angle Intersecting Dark-Lighted Dry

6 Monroe Drive 4.85 01:15 05 05 1996 Injury Intersection Rear End Dark-Lighted Dry

7 10th Street 1.78 15:33 12 18 1996 PDO Intersection Sideswipe Same Dir Daylight Dry

8 10th Street 1.78 18:30 12 27 1996 PDO Intersection Angle Intersecting Dark-Lighted Dry

9 10th Street 1.87 21:45 02 09 1996 PDO Intersection Angle Intersecting Dark-Lighted Dry

10 Monroe Drive 5.81 17:15 09 02 1995 PDO Roadway Segment Angle Intersecting Daylight Dry

11 10th Street 1.78 12:22 02 23 1995 Injury Intersection Angle Intersecting Daylight Dry

12 10th Street 1.99 16:40 09 29 1995 Injury Intersection Angle Intersecting Daylight Dry

13 10th Street 1.99 17:50 08 03 1995 Injury Intersection Angle Intersecting Daylight Dry

14 14th Street 0.00 17:45 09 11 1995 Injury Intersection Rear End Daylight Dry

Crash data provided by Georgia Department of Transportation.

Figure 7Figure 7Figure 7Figure 7Figure 7
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Piedmont Park Vicinity – Atlanta, Georgia
Human Powered Transportation (HPT) Modes

HPT Usage Data Collected at Major Park Entrances

Total for all intersection movements (1)

No. Entrance Location Time of Day Bicyclists Rollerbladers
(2)

Pedestrians
(3)

Total HPT
Activity

1 (4) Piedmont Ave.
at 14th St. 4:25 – 4:40 pm 3 2 22 27

1 (4) Piedmont Ave.
at 14th St. 5:00 – 5:15 pm 2 3 29 34

2 Piedmont Ave.
at 12th St. 4:40 – 4:55 pm 6 4 12 22

3 10th St.
at Charles Allen Dr. 5:20 – 5:35 pm 3 6 42 51

4 Park Ave. at
Elmwood Dr. 5:40 – 5:55 pm 7 5 18 33

Notes:

1. Conditions were sunny and clear, temperature approximately 90 degrees F.  Count duration
was for a total of 15 minutes for each spot count location.

2. Count tabulations include occasional skateboarders.
3. Count tabulations include joggers and people with baby strollers.
4. Piedmont Ave. at 14th St. was counted twice, to evaluate peaking characteristics.

Figure 8:Figure 8:Figure 8:Figure 8:Figure 8:

Piedmont Park Vicinity – Atlanta, Georgia
Summary of Major Roadways

No. Roadway Mileposts No. of
Lanes

Speed
Limit

1997
ADT

Total Length
(miles)

1 Piedmont Avenue
Section 1
Section 2

0.65 to 1.01
1.01 to 1.93

3 (one way)
4

35 mph
35 mph

11,700
26,400

1.28

2 10th Street 1.56 to 2.68 4 35 mph 20,420 1.12

3 14th Street
Section 1
Section 2

0.00 to 0.23
0.00 to 0.06

4
4

35 mph
35 mph

22,400
17,500

0.29

4 Monroe Drive 4.85 to 5.97 4 35 mph 20,500 1.12



Adapting Suburban
Communities for Bicycle and

Pedestrian Travel

GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

ADAPTING SUBURBAN COMMUNITIES FOR
BICYCLE AND PEDESTRIAN TRAVEL

L   E   S  S   O   N     5L   E   S  S   O   N     5L   E   S  S   O   N     5L   E   S  S   O   N     5L   E   S  S   O   N     5

FHWA
5 - 1

5.15.15.15.15.1 PurPurPurPurPurposeposeposeposepose
That suburban activities require the use of a car
and generate large amounts of traff ic is well
known.  The overwhelming majority of suburban
areas in the United States are oriented only to
automobile travel.  Most suburbs do not accom-
modate bicyclists and pedestrians, and they rarely
provide good access to transit (with a few excep-
t ions).   With al l  th is in mind, however,  i t  is
necessary to expand walking and bicycling travel
opportunities in the suburbs without eliminating
the car.  Suburbs were organized around auto-
mobi le  t rave l  and in  many ins tances won’ t
function well without it.

This session explores methods of re-designing
suburban communities to better accommodate
nonmotorized transportation.  It
discusses how the suburbs de-
veloped, the hierarchy of the street
system, and appropriate modifica-
tions that can accommodate and
encourage bicycling and walking.
This session is mostly oriented
towards suburban planning con-
siderat ions – with reference to
other sections that focus on de-
s ign  i ssues  such  as  t ra f f i c
calming and walkway/bikeway de-
sign.

5.25.25.25.25.2 IntrIntrIntrIntrIntroductionoductionoductionoductionoduction
Before the automobile became a
part of most American households,
many people who now live in sub-
urbs were city dwellers who relied
on walking for their transportation

close to home and on streetcars, trolleys or trains
for longer trips.  The streetcar and railroad lines
generally ran from cities to outlying neighbor-
hoods where houses and businesses clustered
near major stops.  People usually walked from
their homes to public transportation, much as
they walked from home to the business district
to do their shopping.

Once more and more people were able to afford
their own cars, dependence on streetcars, trol-
leys and trains diminished as did the need to live
near them.  Since land farther away from the city
was less expensive, people from city neighbor-
hoods began to see the fulfillment of their dream
of owning a detached home with land around it.
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Inadequate maintenance of sidewalks make a short
walk difficult to maneuver

The lack of sidewalks and parked cars along the road’s edge create unsafe conditions
for bicyclists and pedestrians.

When deve lopers  o f  these
homes learned that  people
would be willing to drive a little
farther to buy even less expen-
s ive  land ,  leap- f rogg ing
began.  Leap-frogging is the
practice of developing less ex-
pensive land farther from the
city while leaving vacant more
expensive land closer to the
city.  Developers of schools,
bus inesses  and  parks  too
sought the least expensive
land.  Thus, the result was
scattered facilities and com-
munities with no central focus.
Because suburban bui lding
became so scattered, street-
car  and  ra i l  t rans i t  was
inappropriate, ending usually
at the city’s edge, and the car became the main
means of transportation for suburban residents.

That suburban activities require the use of a car
and generate large amounts of traff ic is well
known.  In suburban commercial areas, heavy
traffic starts early in the morning, and lasts for
the entire day until the end of evening rush hour.
Traffic is heavy because of the many trips from
store to store made by shoppers who find driving
between stores easier than walking or bicycling,
even though distances may be short enough for
these activities.  Because of the active, internally
generated traffic, walking and bicycling are not

safe, or pleasurable or con-
venient.  Consequently, before
viable pedestr ian improve-
ments can be made, all-day
peak traffic must be corrected.

Major  pedest r ian  improve-
ments will come as land-use
changes reduce the distances
between da i l y  ac t i v i t ies .
These land-use changes in-
clude increasing density and
mixing land-uses, two actions
residents of suburbs often be-
l ieve are inappropr ia te  for
suburban l i fes ty les .   Tha t
point may soon be moot, as
increased density and mixed-
uses in suburbs are on the
upswing.  Now apartments and
commercial developments are

being built along arterials and on land by-passed
by leap-frogging.  The pattern of development in
many suburbs is infilling.  This present pattern
is now providing more opportunities for infill de-
ve lopment  to  be des igned to  accommodate
pedestrians and bicyclists as well as to take ad-
vantage of bus transportation.  While converting
to accommodate pedestrians and bicyclists is
more difficult than downtown, low-density devel-
opment does allow improvements not possible
in built-up neighborhoods.

Three typical  pedestr ian problems, those of
safety,  funct ion, and pleasure,
need to be addressed.  Safety
problems are real or perceived
conflicts as people cross streets
or walk where there are no side-
walks.  Since suburban drivers
cover longer distances, and drive
faster, the dangers are magnified.
The absence of pedestrians on
suburban streets dul ls dr ivers’
awareness and fur ther  aggra-
vates the problem of safety.

Functional pedestrian problems
are found wherever there is little
or no walking space, lack of side-
wa lks ,  parked  cars  a long  the
road’s edge, wide driveways, few
benches, and barriers.  Beyond
this another functional problem is
the lack of destinations within a
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reasonab le  wa lk ing  d is tance .
Problems that create unpleasant
environments for pedestrians and
bicyc l is t  are:   walk ing next  to
noisy, fast moving cars, poor vis-
tas; few rest stops; streetscapes
with little interest to someone who
is not driving; vacant lots or large
parking lots that are visually dull
and potentially unsafe.

Abandoning the Street.
Long driving distances necessary
to serve low density increase the
speed and volume of suburban
traffic, making streets busy and
uncomfortable places.  To counter
this, an “inside-out” development
pattern-opposite from prevalent
urban development patterns has
evolved.  While most urban communities focus
on and utilize the street, suburban communities
turn their backs to the street, and focus human
activities on internal gardens, courtyards, and
open spaces.  Typically, car parking separates
front doors from the sidewalk, and makes using
the car seem most natural.  Unfortunately the in-
ter ior spaces are seldom interconnected, so
walking or bicycling for long distances in them is
not possible.

The shift was from the urban grid pattern to a
suburban road “hierarchy.”  The grid typical for
many cities, allows free choice of routes, but
doesn’t necessarily distinguish between high or
low volumes of traffic or between streets that are
or aren’t good to raise families on.  The hierar-
chy changed that, with its system of roads from
arterials carrying high traffic volumes, to cul-de-
sacs with virtually no vehicular traffic.  The secret
lies in not interconnecting streets, which posi-
t i ve ly  d i rec ted  th rough t ra f f i c  to  a r te r ia ls .
Cul-de-sacs soon became the favored street to
live on.

Grid patterns developed when travel by foot was
important.  As the grid was infinitely divisible, it
created a fine-grain network that benefited foot
traffic.  The hierarchy developed to accommodate
the automobile, recognizing that cars can easily
travel extra distance, and that as traffic disperses,
certain roads should carry more or less traffic
than others.  Pedestrians unfortunately cannot
easily travel longer distances, and are the los-
ers.

The hierarchy, in its conceptual form, includes a
separate pedestrian system “internal” to the road
system that purportedly assures pedestrian ac-
cess  to  d i f fe ren t  par ts  o f  the  communi ty.
Unfortunately, the internal system was not pro-
vided in most cases, and when it was, it didn’t
lead to the places people wanted to reach because
they were located on the roads.  Internal circula-
tion spaces were often unsafe because there was
so little foot traffic and the varied ownership made
access dependent on private property rights.  A
strategy of:  (1) linking internal spaces where
possible and (2) making the street usable for pe-
destrians and bicyclists will enhance suburban
living for many people.

5.35.35.35.35.3 UserUserUserUserUsersssss
To begin, the planner should determine where people
want or need to travel, the routes they might travel
and who these people, the users of improved
facilities, are.  The most likely users of improved
sidewalks and bicycle routes are:

• Children who must be driven to school, play
and other activities.  Their lives would be
improved with safe walks and bikeways lead-
ing to schools, and across busy arterials, to
shops and recreation facilities.

• Parents who have to drive children would
appreciate safe sidewalks and bikeways so
their children can move around the commu-
nity by themselves.  Parents too could benefit
from walking and bicycling along improved
routes.  A fully developed bicycle system

Sidewalks with a landscape strip should be installed to minimize exposure to vehicular traffic.
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might eliminate the need for families to own
the second or third cars.

• Older people, who may not drive but have time
to walk or bicycle, may be able to carry out
some of their daily chores, enjoy the out-of-
doors, and exercise all on the same trip.  Even
though an o lder  suburban populat ion is
emerging, this age group has all but been
ignored in planning.  Improved bicycle and
walking facilities coupled with smaller, afford-
ab le  houses  may he lp  o lder  res iden ts
continue to live in their communities.

• Commuters who live within four to five miles
of work may be able to bicycle the distance,
saving money while benefiting from physical
exercise.  Those living further may be able to
walk or bike to bus or carpool stops.

• Recreationists, particularly those who regu-
larly walk, jog, or bicycle, would benefit from
improved routes and separation from fast-
moving traffic.

5.45.45.45.45.4 A  StrA  StrA  StrA  StrA  Straaaaatetetetetegggggyyyyy
Eventually entire suburban communities should
be accessible, safe and comfortable for all pe-
destrians and bicyclists.  While that will take time
and will require changes in land use, it is pos-
sible to prioritize improvements to be made in the
foreseeable future.  These improvements might
include the following:
• Facilities that serve the largest group of ex-

isting pedestrians;
• Facilities that correct the most dangerous,

frequently used places;
• Facilities at the busiest locations;

• Faci l i t ies  des igned to  at t ract
new users, and;
• Bicycle facilities.

5.55.55.55.55.5 PresentPresentPresentPresentPresent
Suburban LandSuburban LandSuburban LandSuburban LandSuburban Land
UsesUsesUsesUsesUses
Suburban land uses affecting pe-
des t r ians  can  be  d iv ided  in to
three categories. First, there are
ind iv idua l  t rac t  subd iv is ions ,
planned as units, with a sense of
order derived from the in road sys-
tems.  Access is limited to one or
two points.  Most are single family
resident ia l  though some ware-
housing, shopping and medical
developments exhibit the same
charac te r i s t i cs .   The  d is t in -

guished characteristics are that each subdivision
is a recognizable unit, planned as a whole, and
can be re-planned to better serve the pedestrian.

The second type of land use is linear arterials,
which unite the community through cars.  While
the roadway portion of arterials most likely was
engineered, land-use planning was never done
for the apartments, warehouses, off ices and
business that line arterials.  However, arterials
with these activities form the backbone of most
suburban communities, serving both long dis-
tance driving and local business transactions.
Ar ter ia l  s t r ips  o f ten convey a sense of  the
community’s image or identity.  While this image
is presently seldom distinguishing or pleasant,
it could be improved with pedestrian bicycle-re-
lated amenities.

Arterials are obvious locations for bicycle and
pedestr ian improvements s ince these roads
pass most community facilities and are the only
direct and relatively long through roads in the
suburban community.  However, most arterials
have pedestrian safety and environmental prob-
lems that must be overcome.  If these problems
are too great, it may be possible to improve a
route parallel to the arterial but one block re-
moved.

The third general type of suburban land use is
bypassed land, forgotten during initial develop-
ment, as entrepreneurs leap-frogged out to find
cheaper land.  These lands infill slower and more
haphazardly than planned subdivisions, are likely

Utilities and the lack of curb cuts makes this intersection very unsafe, limits the mobility of
pedestrians, and does not allow for handicapped access.
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to have many owners and a
variety of land uses, though
perhaps not as many as along
ar ter ia ls .   Bypassed lands
may be the easiest to adapt to
pedestr ians and bicycle-re-
lated improvements, as they
have the highest densit ies,
mixed  land  uses ,  and  a re
close to a variety of services.

5.65.65.65.65.6 SafetySafetySafetySafetySafety
ProblemsProblemsProblemsProblemsProblems
The most dangerous places
for pedestrians are along sub-
urban roads without sidewalks
and intersect ion treatment.
These roads are usually arte-
rials located near schools, bus
stops, businesses, or parks.  Intersections of
residential streets and arterials that have no
sidewalks or s ignals also contr ibute to r isk.
Moreover, bus stops have often been located
where there are no sidewalks, contributing fur-
ther to pedestrian hazards.

Develop safe route maps to improve school ac-
cess safety.  As noted a majority of pedestrian
accidents occur to young people, many of them
traveling to and from school.  To reduce accidents,
develop a school trip map, combining the exper-
tise and resources of the Police, Engineering and
School Department and local parents.  The safe
route maps should be developed
by walking each access street to
identify the safest walking routes
and dangerous  in te rsec t ions .
The program should develop and
distribute handout maps, correct
dangerous situations, and con-
tinue an ongoing evaluation of the
selected routes.

5.75.75.75.75.7 Planning withPlanning withPlanning withPlanning withPlanning with
the Car in Mindthe Car in Mindthe Car in Mindthe Car in Mindthe Car in Mind
It is necessary to extend walking
and bicycling potential in the sub-
urbs without eliminating the car.
Suburbs were organized around
automobile travel and in many in-

This developer never considered the benefits of pedestrian access.

The landscape island acts as a barrier for
pedestrian access.

stances won’t  funct ion wel l
without it.  Yet, the car needn’t
always be dominant and un-
controlled.

Increased car usage has con-
s t ra ined i t s  own f lex ib i l i t y
because roads have become
more crowded and fuel costs
have risen.  Extending pedes-
trian and bicycle access with
a community may el iminate
some need for the car, allow-
ing increased f lexibi l i ty  for
those  who have to  d r i ve .
Walkways should be planned
for physical and psychological
safety from the auto, yet allow
direct and easy access to all
types of activities.  Most walk-
ways should be planned in

conjunction with roads, so pedestrians can reach
all developments that are located along the road.

5.8  Planning for5.8  Planning for5.8  Planning for5.8  Planning for5.8  Planning for
PPPPPedestrian and Bicedestrian and Bicedestrian and Bicedestrian and Bicedestrian and Bicyyyyyccccclelelelele
RRRRRoutesoutesoutesoutesoutes
Because there are so many safety problems re-
lated to pedestrians in the suburbs, improvements
to make bicycling safe may, on balance, prove a
better initial investment than improvements for pe-
destrians.  Bicycles can travel 5 to 6 miles with
relative ease, serving kids going to school, com-
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mute trips and many shopping
activities.  Initial bicycle im-
provements are inexpensive if
str ip ing, shoulder widening
and curb cuts are done.  Strip-
ing and lane alteration could
provide space for bicyclists on
existing roads, giving them the
same access as motor ists,
and might cost only 5,000 to
10,000 dollars per mile.

Conceptual planning is rela-
tively simple.  It consists of
determining the general direc-
t ion  tha t  wa lkways  shou ld
take.  These satisfy conditions
discussed earl ier:  focus on
shops, schools, cultural at-
tractions and work and play places.  Designing
the exact route is the complex part.  While many
people might articulate the desirability of pedes-
trian routes, few will agree to have their street
changed, reduce parking or pay for a widened
pedestrian area.  Design, then, should be based
first on routes that exist, before establishing new
ones.  Privacy, views, access and local character
must be understood and incorporated in the de-
sign.

Suburban areas typically consist of many small
residential developments, each abutting a major
road.  These major roads lead to services such
as shopping, schools and parks.  Pedestrian and

Without sidewalks pedestrians are left ot wander in the middle of the street.

Main building entrances should be oriented on
the façade facing a transit street.

bicycle safety problems usu-
a l l y  do  no t  ex is t  ins ide
individual suburban develop-
ments (unless they are large),
but they increase on the ma-
jo r  roads .   The  f i r s t
cons idera t ion  i s :   Shou ld
these major arterial streets be
organized and developed for
nonmotorized traffic or do they
have insurmountable auto-re-
lated problems that suggest
finding an alternative route?

Origin/Dest inat ion informa-
t ion  i s  necessary  in  the
suburbs  no t  so  much be-
cause of the crush of users,
but to see where users come

from and where they go.  Simple pedestrian and
bicycle volume counts seldom yield enough in-
formation about where people are going or come
from, the reason for the trip, and any special pe-
destrian and bicycle needs that should be met.
This kind of data may be best obtained through
observation of by an origin/destination survey that
should include the following information:

1. The location of major pedestrian and bicycle
generators such as parking facilities, transit
s tat ions,  and major  resident ia l  develop-
ments; that is, where people are coming
from.

2.  The location of main pedes-
trian and bicycle attractions such
as shopping centers, office and
publ ic  bui ld ings,  schools,  the-
aters, colleges, hospitals, sports
stadiums; that is, where people
are going.

3.  Existing and potential pedes-
trian and bicycle routes between
major destinations.

4.  Time periods in which major
pedestrian and bicycle flow oc-
curs.

Some new questions to consider:

• Do existing pedestrian and bi-
cycle routes satisfy the heaviest
travel demand?  Can a need for
new routes be clearly identified?
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Landscaping can be used to channelize and organize the traffic flow in parking lots, as well
as to provide pedestrian refuge areas.

Suburban Connections to Transit
The location of commuter bus stops, particularly
“flyer” park-and-ride stops, should be marked as
well as any difficult pedestrian/bicycle access
problems, such as busy streets to cross or walk
along.  Opportunities such as short cuts that make
access easier should be noted as well.  The plan-
ner should try to envision how pedestrian/bicycle
routes could connect bus stops to residential de-
velopments in the community.  Since the success
of suburban transit depends partly on the ad-
equacy of sidewalks and the ease with which
people can walk to bus stops, it is essential that
safe sidewalks, separated from traffic, lead to
each bus stop from nearby developments.

Summary of Sidewalk Requirements
Walkways which are to be sufficiently safe, con-
venient, secure, and cause the least nuisance to
residents must:

1. Traverse the shortest routes possible between
homes and community facilities;

2. Be segregated from arterial roads and busy
residential streets by a wide planter or park-
ing lane;

3. Have gradients below eight percent, and ide-
ally below five percent (particularly where
elderly and disabled people live and walk);

4. Be busy, well-lit, and overlooked by dwellings,
and passing traffic;

5. Have curbs or other barriers to prevent ve-
hicles from using the sidewalk or planting
strips;

• Do existing routes require im-
provement  to  reso lve
circulation problems?

• Which areas seem to be pre-
ferred locations for develop-
ment  o f  new ac t i v i t ies  to
generate pedestrian and bi-
cycle movement.  Note:  each
activity stimulates more pe-
destrian movement.

• If new commercial develop-
ments are proposed, where
will pedestrians and bicyclist
t ravel  f rom to reach them?
Will this require adjustments
to the existing network?

Sidewalks
Since dest ina t ion  po in ts  were
scattered and sidewalks were ex-
pens ive  to  cons t ruc t ,  ear ly  suburban
communit ies had no sidewalks.  Later, some
communities required developers to install side-
walks.  In most suburbs there is a patchwork of
sidewalks that stop and start but often aren’t
linked.  In some developments where sidewalks
were required, developers constructed them ad-
jacent to the curb, which virtually enlarges the
roadway, and places pedestrians next to traffic
or parked cars.  Separation from the street how-
ever, by planting strips with trees, lawn or shrubs
protects pedestrians from cars, reduces the ap-
paren t  road  w id th  and  i s  essent ia l  in  new
construction.  While landscape development in-
creases the short-term cost, it makes walking
safer and more pleasant for years to come.

Sidewalk width should vary to adjust to physical
conditions and pedestrian volume.  Sidewalks
near schools and stores need more width to ac-
commodate more people.  Anyplace where there
is a view the sidewalk should be widened and a
bench and landscaping added.  Should a tree be
in the way of the walk, it could be made to curve
around the tree.  A walk may in places be as nar-
row as three feet although that serves only one
person.  Four feet of width barely allows two
people to pass while five feet is more comfort-
able and is considered a standard sidewalk width
by many communities.  Moreover, a sidewalk
along one side is sufficient for most low-density
communities.  (Reference Lesson 13 for more in-
formation on sidewalk design and Lesson 11 for
information on Traffic Calming)
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6. Offer some protection from rain, wind, or
snow; and

7. Be sufficiently wide to allow easy flow of pe-
destrian and bicycle traffic.

5.9  Existing R5.9  Existing R5.9  Existing R5.9  Existing R5.9  Existing Retail/Ofetail/Ofetail/Ofetail/Ofetail/Offfffficeiceiceiceice
DeDeDeDeDevvvvvelopmentselopmentselopmentselopmentselopments
Entrances to many commercial and retail centers
are oriented to automobile travel.  Bicycle and
pedestrian access to storefronts is not only diffi-
cult and awkward, but often unsafe.  For the
purpose of this discussion, a shopping center is
used as an example of how to retrofit existing de-
velopments to accommodate pedestrians.  The
same principles apply to other types of develop-
ment such as office complexes and multi-family
housing.

An average shopping center or “strip mall” is
separated from the roadway by wide parking lot
that averages between 90 to 150 meters (300 to
500 feet) in depth.  There are often no pathways
linking store entrances to the sidewalks along
the street, and sometimes there are no side-
walks on the street to which to link.  Parking lots
with multiple entryways allow traffic to circulate
in different directions, creating hazards and con-
fusion for walkers and cyclists.  Drive-throughs
at banks and fast-food restaurants in out-parcel
developments add to pedestrian safety problems
and encourage people to drive between different
destinations on the site.

Storefronts do little to entice
walking.  They are often bar-
ren and devoid of windows,
and are therefore visually un-
appea l ing  a t  a  pedes t r ian
scale.  If they exist, walkways
between stores are often nar-
row and uncovered ,  and
pedestrian amenities such as
benches are rare.  Pedestrian
connections between devel-
opments  a re  no t  p rov ided
encouraging shoppers to get
back in their automobiles to
access  ad jacent  deve lop-
ments.

Although the problems with
shopping centers are numer-
ous, they can be redeveloped
to better serve pedestrians.

As older shopping centers undergo renovations,
they should be redesigned to serve customers
who arrive via transit, automobile, bicycle and on
foot.  Specific methods include:

• Maximize Pedestrian and Transit Access to
the Site from Adjacent Land Uses

• Provide comfortable transit stops and shel-
ters with pedestrian connections to the main
buildings, transit stops and pedestrian drop-
offs should be located within a reasonable
proximity to building entrances – preferably
no more than 225 meters (750 feet), and ide-
ally much closer than that.

• Provide attractive pedestrian walkways be-
tween the stores and the adjacent sites.

• Ensure that fencing and landscaping does not
create barriers to pedestrian mobility.

Improve the Layout of Buildings and Parking
Lots:

• Increase the density of existing sites by add-
ing  new re ta i l  bu i ld ings  in  the  ex is t ing
parking lots, with offices or multi-family hous-
ing around the perimeter of the site.

• Locate parking lots on the sides and to the
rear of buildings, with major retail being situ-
ated closer to the street.

• Rework entrances and orient buildings to-
ward pedestrian and transit facilities instead

Medians and crosswalks should be placed at destination locations such as this shopping center.
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of parking lots.
• Arrange buildings on site

to  reduce  wa lk ing  d is -
tance  be tween each
building and between the
nearest transit facility.

• Provide covered walkways
around and be tween
buildings, if possible.

Improve Pedestrian Circula-
tion and Safety Measures on
Site:

• Connect all buildings on
site to each other via at-
t rac t i ve  pedes t r ian
walkways, with landscap-
ing and pedestrian-scale
lighting.  Provide covered walkways where
possible.

• Minimize pedestrian/auto conflicts by consoli-
dating auto entrances into parking lots.

· Separate roads and parking lots from pedes-
tr ian pathways through the use of grade
changes.

• Implement safety measures at pedestrian
crossings, warning signage, tight corner ra-
dii, and other measures (see section of this
workbook on Traffic Calming).

5.105.105.105.105.10 ExerciseExerciseExerciseExerciseExercise
Describe 10-15 ways in which you would pro-
pose to retrofit a nearby residential development
(or one that you grew up in) to make bicycling
and walk ing v iab le forms of  t ranspor tat ion.
Elaborate on each idea, explaining how it would
work and why it would improve the livability of the
community.

5.115.115.115.115.11 ReferencesReferencesReferencesReferencesReferences
Text and graphics for this lesson were derived
from the following sources:

• Accommodating the Pedestrian, Richard K.
Untermann, Van Nostrand Reinhold Com-
pany, Inc., New York, 1984.

• Pennsylvania Statewide Bicycle and Pedes-
trian Plan:  Pedestrian Planning Guidelines,
Pennsylvania Department of Transportation,
1996.

• Oregon Transportation
Rule: Recommendations for
Pedestrian, Bicycle and
Transit Friendly Ordinances,
Oregon, Chapter of American
Planning Association, 1993.

For more information of this
topic, please refer to:

• Design and Safety of Pe-
des t r ian  Fac i l i t i es  -  A
Recommended Prac t i ce  o f
ITE, 1998.
• Florida Pedestrian Plan-
n ing  Gu ide l ines ,  F lo r ida
Department of Transportation,
1995.
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New urbanists are zealots.  They proselytize their
antidote to alienation-new old-style towns-with a
missionary’s fervor.  And after a frustrating first
decade bucking an automobile-driven society
unfriendly to their peripatetic ways, they are be-
ginning to make great strides.

With several neotraditional neighborhoods built,
public planners are taking notice.  Some are even
adjusting general plans and zoning for compact
walkable mixed-use towns.  Suburban traffic en-
gineers and public works officials are no longer
simply recoiling at the prospect of pedestrian-
friendly street patterns with narrower, gridded and
tree-lined streets.  And market surveys are con-

Village model showing gridded streets and clustered buildings of different types proposed
for Haymount development.  Photo & Caption ENR/May 9, 1994.

6.1  Pur6.1  Pur6.1  Pur6.1  Pur6.1  Purposeposeposeposepose
Traditional Neighborhood Design (TND) (also
cal led “New Urbanism” and “Neo-Tradit ional
Neighborhood Design”) is a town planning prin-
ciple that has gained acceptance in recent years
as being one solution to a variety of problems in
suburban communities throughout the country.
Tradit ional neighborhoods are more compact
communities designed to encourage bicycling and
walking for short trips, both by providing desti-
nat ions close to home and work, as wel l  as
providing sidewalks and a pleasant environment
for walking and biking.  These neighborhoods are
reminiscent of 18th and 19th century American
and European towns, along with modern consid-
erations for the automobile.

This lesson includes an informa-
t i ve  a r t i c le  on  TND/New
Urbanism that appeared in the
May, 1994 edition of Engineer-
ing News Record.  It is written
from an engineering perspec-
t ive ,  bu t  a lso  descr ibes  the
cooperative spirit that must ex-
ist between planners, architects
and engineers to make TND
work.

6.2  “Putting6.2  “Putting6.2  “Putting6.2  “Putting6.2  “Putting
BrBrBrBrBrakakakakakes ones ones ones ones on
SuburbanSuburbanSuburbanSuburbanSuburban
SprSprSprSprSpraaaaawl”,wl”,wl”,wl”,wl”,
Engineering News-Record Ar-
ticle, May 1994.  Reprinted with
permission.
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New urbanism allows travel from one destination to another without
using collector roads.  Photo & Caption ENR/May 9, 1994.

vincing skeptics that suburban residents are con-
tent living in a town that by design nurtures both
community consciousness and the individual
spirit.

“Contemporary suburbanism isolates and sepa-
rates,” says Paul Murrain, an urban planner
based in Oxford, U.K.  Consumers are recogniz-
ing “in their hearts” the better quality of life offered
by new urbanism, he adds.

Though new urbanism is also intended for cities
cu t  to  p ieces  by  h ighways ,  i t  i s  more  the
planner’s answer to suburban sprawl and the
breakdown of community caused by a post-World
War II obsession with the automobile.  Apart from
nearly total dependence on the car, the typical
suburb, with its looping or dendritic street pat-
tern and dead-end cul-de-sacs, “is laid out so
that it can’t grow,” says Andres Duany, partner in
Andres Duany & Elizabeth Plater-Zyberk Archi-
tects Planners, Miami.  “It chokes on itself in very
short order.”

“Suburban sprawl is riddled with flaws,” Duany
continues.  Unfortunately, “all of the professions
[involved in development] have sprawl as their
model.”

Even those who do not subscribe to new urban-
ism see a need for change.  “We are f inal ly
recognizing we should plan communit ies not
structures,” says Carolyn Dekle, executive direc-
tor  o f  the South F lor ida Regional  P lanning
Council, Hollywood.

“New urbanism is a return to romantic ideas of
the  pas t  and  does  no t  respond to  cur ren t
lifestyles,” says Barry Berkus, principal of two
California firms, B3 Architects, Santa Barbara,
and EBG Architects, Irvine.  “But it is part of a
knee-jerk but needed reaction to irresponsible
planning that produced monolithic neighborhoods
without character.”

Duany, both charismatic and outspoken, and his
cerebra l  w i fe  P la te r -Zyberk ,  a re  in  new
urbanism’s high priesthood.  To focus attention
on their goals, DPZ and several others created
the Congress for the New Urbanism last year.
The second meeting is set for May 20-23 in Los
Angeles.  ‘We need all the converts we can get,
says Duany, because, “inadvertently, one thing
after another prevents it.” Among these are fear
of change and criticism that the new urbanism
model is too rigid - robbing the individual resi-
dents of choice.

Regardless of criticism, converts are beginning
to spill out of the woodwork.  “Before my conver-
sion, I was a schlock developer,” confesses John
A. Clark, of the Washington, D.C., company that
bears his name.  “Most of my stuff was so bad it
makes your teeth ache.”

Then in 1988, after reading about neotraditional
development, the movement’s original name, “the
light bulb went off,” says Clark.  He called Duany
and soon enl isted DPZ in the campaign for
Virginia’s Haymount.

There are other tales of conversion.  ‘We were
Duanied,” says Karen Gavrilovic, principal plan-
ner in the Loudoun County Planning Dept. ,
Leesburg, Va.  Last year, the county adopted a
comprehensive general plan based on new ur-
banism, which just won an American Planning
Association award.
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Superhighways have they done more harm than good?

motes urban growth boundaries and future de-
velopment around regional transit.  But localities
are afraid they will lose control, so most states
have not authorized regional governance, says
Peter A. Calthorpe.  The result is “fractured de-
velopment, no regional transit and no attention
to broader environmental and economic issues,”
he says.

There  a re  many  p roposed new urban ism
projects, but less than a dozen are built.  Most,
not yet five years old, have yet to reach build-out.
The more well known are DPZ’s Kentlands in
Gaithersburg, Md.; architect-planner Calthorpe’s
Laguna West in Sacramento; architect Looney
Hicks Kiss’ Harbor Town in Memphis; and DPZ’s
Seaside, a northern Florida vacation-home town.

Retrofits are possible but more difficult.  Subdi-
visions, with multiple landowners and streets that
are nearly impossible to link, are the most trouble-
some.   Off i ce  park  and  shopp ing  cen te r
makeovers, such as Mashpee Commons on Cape
Cod, are easier because the cost of a parking
garage to free up surface lot space for develop-
ment can often be f inancial ly just i f ied, says
Duany.

The optimal new urbanism unit is 160 acres.
Typically, the developer provides the infrastruc-
tu re .   The  town arch i tec t  es tab l i shes  and
oversees the plan and designs some structures.
But other architects are also involved.  Public
bui ld ings and space, including a community
green, are located near the center, as are many
commercial buildings.

Unt i l  new urban ism becomes
mainstream, the approvals pro-
cess for each community tends to
be tortuous and therefore expen-
sive.  “The thing that must change
is the cost of establ ishing new
communi t ies , ”  says  Dan ie l  L
Slone, a lawyer with Haymount’s
counsel, McGuire Woods Battle &
Boothe, Richmond.  “It will take the
cooperat ion and leadership of
planners, politicians and environ-
mental and social activists.”

Approvals are complicated.  The
approach “ ra ises  hundreds  o f
land-use questions” that must be
answered ,  says  Michae l  A .
F inchum,  who as  Caro l ine
County’s director of planning and
community development, Bowling Green, Va., is
involved with Haymount.

“Anything new is of concern,” especially to lend-
ers and marketers, agrees Douglas J. Gardner,
project manager for developer McGuire Thomas
Partners’ Playa Vista, a new urbanism infill plan
sited at an old airstrip in Los Angeles (ENR 10/4/
93 p. 21). But Gardner sees planning obstacles
as surmountable and blames Playa Vista’s five-
year approval time on a trend toward a “more
rigorous regulatory framework” for all types of de-
velopments.

Fabric.
New urbanism combines aspects of 18th and 19th
Century American and European towns with mod-
ern considerat ions, including the car.  As in
Loudoun County, the model can be applied on any
scale-to a city, a village or even a hamlet.  In
West Palm Beach, Fla., which is drafting a new
urbanist downtown plan, it is superimposed on
an existing urban fabric.  Though most of the ar-
ch i tec ture  so far  has been t rad i t iona l ,  any
vernacular is possible.

Like a bubble diagram, neighborhoods should
overlap at their edges to form larger developed
areas, interconnected by streets, public transit,
and bicycle and footpaths.  Regional mass tran-
s i t  and  superh ighways  enab le  workers  to
commute to remote job centers.

To make new urbanism work on a wider scale,
San Francisco-based Calthorpe Associates pro-
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Mix.
Under new urbanism, there is often no minimum
building setback.  Lot widths are typically mul-
tiples of 16 ft, and are 100 ft deep.  There are a
variety of residential buildings-apartment build-
ings, row houses and detached houses-usually
mixed with businesses.  Finally, there are alleys
lined by garages and secondary buildings, such
as carriage houses and studios.

All elements are planned around “the distance the
average person will walk before thinking about
getting in the car,” says Michael D. Watkins,
Kentlands’ town architect in DPZ’s Gaithersburg
office.  That’s a maximum five-minute walk - a
quarter mile or 1,350 ft-from a town center to its
edges.

New urbanists maintain that a family will need
fewer cars.  Duany likes to point out that it costs
an average of $5,500 per year to support each
car, the equivalent of the annual payment on a
$55,000 mortgage.

Sidewalks are usually 5 ft wide instead of four.
Streets, designed to entice not intimidate walk-
ers,  are typical ly  la id out  in  a h ierarchical ,
modified grid pattern. The broadest are 36 ft wide;
the narrowest, 20 ft.  On-street parking is encour-
aged and counted  toward  min imum

requ i rements .   Veh ic le
speed is 15-20 mph, not 25-
30 mph.  Curb return radii are
minimized so that pedestrian
cross ing  is  no t  daunt ing .
Superh ighways  a re  re l -
egated to the far outskirts of
town.

In a grid, traffic is designed
to move more slowly but it is
also more evenly distributed
so  there  a re  fewer  and
shorter-duration jams, says
Duany.  In the typical suburb,
broad commercial  streets,
called collectors, have be-
come wa l l - to -wa l l  t ra f f i c ,
whi le loop and cul-de-sac
aspha l t  t yp ica l l y  remains
underused.

Berkus objects to the grid,
except to organize the town
center.  The “edges should

be organic” for those who perceive “enclaves” as
safer and more secure places to live, he says.

Bernardo Fort-Brescia, principal of Miami-based
Arquitectonica, also thinks the undulating street
and cul-de-sac should be offered.  “There are no
absolutes,” he says.

The firm’s plan for Meerhoven, a new town pro-
posed for Holland, reflects many new urbanist
concepts in a modern vernacular.  “Nothing is
faked to appear old,” says Fort Brescia.  Every
e lement  has  a  func t ion  based on  modern
lifestyles.  For example, the town lake is sized for
t r ia th lon swimming and per imeter  marathon
runs.  But pedestrians and bikers are encour-
aged.  And mass transit will whisk commuters to
jobs elsewhere.

Arquitectonica is fortunate - there are no intrac-
table standards in the way of its plan.  But in the
U.S., new urbanists say their biggest roadblocks
are existing street design standards geared to
traffic volume and efficient movement, and zon-
ing that prohibits small lots and mixing building
types.  For example, firefighters and sanitation
officials want to have a street wide enough for
t rucks to  turn corners wi thout  cross ing the
centerline.

Graphic,  ENR/May 9, 1994.
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Retrofits are difficult, say new urbanists.  Shopping centers are simplest because parking
garages can replace surface lots.  Mashpee Commons before and after.  Photo & Caption
ENR/May 9, 1994.

“Pub l i c  works  w i l l  v iew
your proposal with suspi-
c ion”  because in  new
urban ism,  t ra f f i c  i s  no
longer the dr iv ing force
behind street design, says
Frank Spielberg, president
of traffic engineer SG As-
sociates Inc., Annandale,
Va.

Spielberg, sympathetic to
new urban ism bu t  cau-
tious about traffic issues,
says there are still ques-
tions: Lower expected traf-
fic volume justifies narrow
streets, but is actual traffic
volume lower?  How long
would it take to convince
residents they need fewer
cars?  Wil l  traff ic be re-
tained within the project,
which would re l ieve the
developer of adjacent road upgrades?

Traffic engineers have been working for 40 years
to accommodate the proposals of architects and
planners, maintains Spielberg, chairman of the
Washington-based Institute of Transportation
Engineers’ five-year-old committee on traffic en-
gineering for neotraditional development.  Now
that the approach is changing, “traffic engineers
will respond,” he says.

Reform.
“Surprisingly, traffic engineers, the
most recalcitrant of all, are the first
to reform,” agrees Duany.  ITE
plans to publ ish neotradi t ional
street design guidelines late this
year or early in 1995.

In addition to ITE’s manual, which
already contains residential street
guidel ines, there are American
Association of State Highway and
Transpor ta t ion  Of f i c ia ls  s tan-
dards.   They support  compact
projects, “but only if you already
know where to look,” says C. E.
Chellman, CEO of White Mountain
Survey Co., a land surveyor-engi-
neer in Ossippe, N.H., and editor
of ITE’s draft guidelines.

Chellman says transportation
officials often forget that ITE
and AASHTO standards are
not binding codes.  Officials
are reluctant to use judgment,
he says.

Some engineers simply take
issue with the specifics driv-
ing new urbanism.  Skokie, III.
- based traffic engineer Paul
C. Box, who wrote the exist-
ing  ITE res iden t ia l  s t ree t
guidel ines, claims lowering
the speed limit is against hu-
man nature.   He says on-
street parking is dangerous
because children get hit run-
n ing  ou t  be tween parked
cars.  He is against narrower
through streets, and the bi-
cycle as transportat ion un-
less separate bike paths or
lanes are constructed, which

he says is too costly.  He also thinks undulating
sidewalks are safer than those along the street.

Until there is a body of research to support it,
mainstream lenders and commercial interests
will continue to shy away from new urbanism,
says James Constantine, principal of Commu-
nity Planning Research Inc., Princeton, NJ.  In
February, Constantine released data from a sur-

25’ Curb Return
Radius
2-10’ Travel Lanes
with Parking Lane

10’ Curb Return
Radius
2-10’ Travel Lanes
with 7’ Parking
Lane

25’ Curb Return
Radius
2-10’ Travel Lanes
with 7’ Parking
Lane plus “Bump-
out”

Effects of Curb Return Radii on Pedestrian Crossing
Distance.  Source:  Wilmapco, Mobility Frienldy
Design Standards, Wilmington Area Planning
Council, Nov. 1997.
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vey of “active” home buyers attending the Home
Builders Association of Memphis show at Har-
bor Town last September.  Of 123, “a whopping
two th i rds ”  sa id  they ’d  “ l i ke ”  to  l i ve  in  a
neotraditional neighborhood, he says.  The only
market resistance was to small lots and minimal
setbacks, he adds.

John H. Schleimer, president of Market Perspec-
tives, Carmichael, Calif., says even home buyers
surveyed recently who bought elsewhere “like” the
idea of community and the option of walking
places.  But many said they paid the same price
for bigger homes on larger lots.

Haymount’s Clark isn’t rattled: “Someone who
wants to live on a mansion-size lot and commit
cul-de-side has to go elsewhere.  That’s why there
is vanilla and chocolate.”

By Nadine M. Post

6.3  Str6.3  Str6.3  Str6.3  Str6.3  Street Design feet Design feet Design feet Design feet Design fororororor
TTTTTrrrrraditional Neighborhoodsaditional Neighborhoodsaditional Neighborhoodsaditional Neighborhoodsaditional Neighborhoods
Neo-traditional neighborhoods have begun to ap-
peal both to community designers and home-buy-
ers alike.  It is important, however, to consider
that neo-traditional street design fundamentally
differs from standard suburban street design.  In
recent years many neighborhoods have been
built across the country that claim to be neo-tra-
ditional that are, in fact, missing critical features.
The magazine article in this section provides a

good overview of the concepts of neo-traditional
neighborhood design.  This section provides more
specific details on neo-traditional street design,
and explains how it is different from standard
suburban street design.

Basic street layout
Standard suburban street design is characterized
by a hierarchical, tree-like pattern that proceeds
from cul-de-sacs and local streets to collectors
to wide arterials. The organization of the network
collects and channels trips to higher capacity fa-
cilities. The use of streets in residential areas for
inter community and through traffic is minimized
by limiting access by constructing few perimeter
intersections, reducing interconnections between
streets, and by using curving streets and cul-de-
sacs in the development. Where this layout is
successfully designed and constructed, automo-
biles are the most convenient choice for short,
as well as long, trips. The street layout forces
longer, less direct auto travel when street con-
nections are missing.

The hierarchical street layout reflects the guid-
ing principle that streets on which residences front
should serve the least traffic possible. At best,
only vehicles traveling to or from the homes on a
given street would ever appear on that street.
There would be little or no “through traffic,” hence
the prevalence of cul-de-sacs. Traffic from resi-
dential streets is quickly channeled through the
street hierarchy to collectors and then to arteri-
als. Only arterials, fronted primarily by stores,
offices or apartments, provide direct connectivity

be tween land  uses  and  o ther
neighborhoods.

By  con t ras t ,  Neo-Trad i t iona l
Neighborhood Design calls for an
interconnected network of streets
and sidewalks to disperse vehicu-
lar trips and to make human-pow-
ered modes of  t ravel  (such as
walking and biking) practical, safe
and attractive for short trips. Mo-
torists, pedestrians and public of-
ficials will find the regular pattern
more understandable.

The street pattern in an NTND can
also have a hierarchy with some
roadways  des igned to  car ry
greater traffic volumes. A basic
assumption of NTND planning,

Typical suburban neighborhoods offer few route choices for trips.
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however,  is  that  neighborhood
streets that serve local residen-
t ial  t r ips can also safely serve
o ther  ne ighborhood t r ips  and
some through traffic. For example,
a s t reet  wi th  40 homes would
need to carry about 20 vehicle trips
during the peak hour. The effec-
tive capacity of this street could
easily be 200 vehicles per hour
without significant effect on safety
or environmental quality. By limit-
ing the access to the street as in
standard suburban design, 90%
of its effective capacity is wasted.
Nearby arterials must make up
the difference.

By eliminating dead ends and de-
signing all streets to be intercon-
nected, neo-traditional neighborhoods provide
multiple route choices for trips. By using narrow
streets and by constructing more of them, more
yet smaller intersections are created. In concept,
therefore, overall network capacity is increased,
traffic is dispersed, and congestion is reduced
in neo-traditional communities. While this ratio-
nale seems intuitively correct, it must be care-
fully applied. Land use and density are not con-
stant across a neo-traditional community. Larger
traffic generators will attract larger numbers of
vehicles that may require multi-lane streets and
intersections.

Use of alleys
Planners discourage alleys in standard suburban
residential areas. In a typical suburban develop-
ment, an alley behind homes serves no function
because garages and their driveways are ac-
cessed from the street.

However, in Neo-Traditional Neighborhood De-
sign, alleys give neighborhood planners design
flexibility by permitting narrow lots with fewer
driveways on local streets. Fewer driveways also
mean more affordable, smaller home sites and
more space for on-street parking, especially if the
home owners use the alleys for their own vehicu-
lar access, parking and ut i l i tar ian act iv i t ies.
Alleys provide space for underground or unat-
tractive overhead utilities while freeing streets
for trees and other plantings. Alleys also can be
used for trash storage and collection and emer-
gency vehicle access. NTND projects do not have
alleys everywhere, but where they do traffic safety

may improve. Alleys eliminate residential drive-
ways and the need for backing up onto the street
which would otherwise occur and is inherently
unsafe.

Street design speed
Design speeds for suburban neighborhood streets
range from a minimum of 25 or 30 mph to 45
mph. The design speed recognizes the type of
facility (local, collector or arterial), and it allows
for a standard 5 or 10 mph “margin of safety”
above the 85th percentile speed which is usually
the posted speed. Often the signing of wide
streets for 25 to 35 mph simply results in more
speed violations. It is not unusual for neighbors
to complain of speeding traffic on neighborhood
streets and to request actions to slow the traffic.
Stop signs, speed bumps, “Children at Play” signs
and the like may have to be used to slow vehicles
from the original design speed of the street.

Neo-Traditional Neighborhood Design projects at-
tempt to control vehicle speeds through careful
design of streets and the streetscape. Minimum
NTND street design speeds are 15 to 20 mph.
On-street parking, narrow street widths and spe-
cial design treatments help induce drivers to stay
within the speed limits. T-intersections, interest-
ing routes with lots of pedestrian activity, variable
cross section designs, rotaries, landscaped me-
dians, flare outs and other treatments may be
used.

At slower speeds the frequency of vehicular ac-
cidents may decline, and those that do occur may

Neo-traditioanal neighborhoods have narrower, treelined streets.
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be less severe. What is not clear is whether or
not the frequency of pedestrian-vehicle accidents
also decreases with speed. Indeed, over 70% of
all pedestrian traffic collisions occur in locations
where speeds may be low (NHTSA 1989). Pedes-
trian accident types are often associated with
darting out from between parked cars, walking
along roadways, crossing multi-lane intersec-
t ions ,  c ross ing  tu rn  lanes ,  dash ing  across
intersections, backing-up vehicles, ice cream
vending trucks, and bus stops.

For NTND projects the goal is to create more “ac-
tive” streetscapes involving more of the factors
which slow drivers. These include parked cars,
narrow street width, and eye contact between
pedestrians, bicyclists and drivers. The overall
impact of these elements of design is enhance-
ment of the mutual awareness of drivers and
pedestrians. Thus, many professionals believe
that in a neotraditional neighborhood drivers are
more likely to expect pedestrians and avoid them
in emergency situations.

Street width
In suburban neighborhoods street type, width, and
design speed are based on projected vehicle vol-
umes and types. The larger the vehicle permitted
on the street according to local regulations, the
wider the street. The focus is on motorized ve-
hicles often to the exclusion of pedestrians, other
transportation modes such as bicycles, and other
considerations of the community environment.

Ideal suburban lane widths per di-
rection are 12 feet, while exclusive
turn lanes may be 10 feet or less.
Depend ing  on  whether  o r  no t
parking is permitted, two-lane lo-
cal street widths vary from 22 to
36 feet while two-lane collector
streets vary from 36 to 40 feet. In
many suburban jurisdictions, the
minimum street width must ac-
commodate cars parked on both
sides, an emergency vehicle with
its outriggers, and one open travel
lane. These “possible uses” in-
stead of  “ reasonably expected
uses” lead to a worst case design
scenar io ,  an excess ive ly  wide
street, and probable higher travel
speeds.

In contrast to suburban street de-
sign, the width of NTND streets is determined by
the projected volumes and types of all the users
of the street including pedestrians. The actual
users of the street and their frequency of use
help determine street width. In addition, NTND-
type  s tandards  come in to  p lay.  The bas ic
residential NTND street has two lanes, one for
each direction, and space for parking on at least
one side. The resulting minimum width may be
as narrow as 28 to 30 feet. Design consider-
ations, however, may preclude parking in some
areas, perhaps to provide space for bicyclists.

If neo-traditional communities encourage nar-
rower streets with parking, then vehicles wil l
naturally slow and stop for parking maneuvers
and for larger approaching or turning vehicles
that may encroach on the other lane. The NTND
concept is that drivers must be more watchful
(as they usually are in CBD areas) and, once
more watchful, drivers expect to and do stop more
frequently.

To alert drivers to the relative change in impor-
tance between vehicles and pedestrians, they
must be warned at entrances to the NTND. This
warning must be more than signs. Narrower
streets, buildings closer to the street, parked
cars, smaller signs and the generally smaller,
much greater visual detail of a pedestrian scale
streetscape all serve as good notice to the new
visitor.

Neo-traditional neighborhoods re-create commercial densities reminiscent to pre-World War
II era downtowns.
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Curb radii
Curb radii in suburban neighborhoods match ex-
pected vehicle type, turning radius and speed to
help ensure in-lane turning movements if pos-
sible. In order to accommodate the right-hand
turning movements of tractor trailer (WB 40) and
larger vehicles, no matter what their frequency
of street use is, suburban streets typically have
minimum intersection curb radii of 25 to 35 feet.
Some jurisdictions require 50 feet or more. What
such large curb radii do for smaller, more pre-
dominant vehicles is to encourage rolling stops
and higher turning speeds. These conditions in-
crease the hazards for crossing pedestrians. The
large curb radii effectively increase the width of
the street, the pedestrian crossing time and the
exposure of pedestrians to vehicles.

NTND curb radii are usually in the range of 10 to
15 feet. They depend on the types of vehicles that
most often use the street, not the largest expected
vehicle. The impacts on pedestrians, parking
spaces and turning space for larger vehicles are
also considered. The smaller the curb radii, the
less exposure a crossing pedestrian has. Further-
more, an additional parking space or two may
extend toward the intersection with small curb
radii, or if the parking is prohibited additional
room for turning vehicles is created.

Intersection geometry
Many manuals detail conventional intersection
design and analysis for suburban developments
(AASHTO 1990). Such intersections are designed
for an environment in which the
automobile is dominant. Hence,
traffic engineers attempt to maxi-
mize intersection capacity, vehicle
speed and safety. They also aim
to minimize vehicle delay and con-
struction cost. As a result of the
hierarchical approach to street
system design which carries traf-
f ic from narrow local streets to
larger collectors and arterials, in-
tersect ion s ize and complexi ty
grow with the streets they serve.
Drivers of these streets expect an
ordered structure and any anoma-
lous  des igns  p resent  sa fe ty
problems.

In Neo-Traditional Neighborhood
Design, the concept of connected
patterns of narrow, well designed

streets is intended to improve community access
in spite of low design speeds. The numerous
streets provide more route choices to destina-
tions and tend to disperse traffic. In concept the
more numerous,  smal ler  s t reets  a lso mean
smaller, more numerous, less congested inter-
sections.  Again due to slower vehicular speeds,
greater driver awareness, and the desire for vista
terminations, some NTND intersection designs
are typically different from suburban designs.

Street trees and landscaping
Subdivision standards and roadway design prac-
tice strictly control the size and location of street
trees and other plantings. Some local regulations
may even prohibit trees and other plantings near
the street. These guidelines originated with the
precedent of the “forgiving roadway” that arose
through tort actions. They generally place trees
far from the edge of high speed roads to reduce
the chance of serious accidents if vehicles swerve
off the road. For suburban streets with lower de-
sign speeds and space for parked cars, trees can
be closer to the street.

Trees and landscaping form an essential element
of the streetscape in NTND projects. The relation-
ship of vertical height to horizontal width of street
is an important part of creating a properly config-
ured space or “outdoor room.” On some streets
which feature single family housing, the design
may call for setting the houses back somewhat
from the street. In neighborhoods and along
streets such as this, the trees form an important

Trees and landscaping form an essential element of the streetscape in NTND projects.
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part of that street. While providing shade and low-
ering street and sidewalk temperatures, they
create a sense of closure in a vertical plane. Along
streets which contain townhouses and stores with
apartments above them, actual full-sized trees be-
come less important while smaller trees and
landscaping remain essential elements.

Street lighting
Suburban neighborhood design calls for large,
efficient luminaires on high poles spaced at rela-
tively large distances. Their purpose is not only
to illuminate the nighttime street for safer vehicle
operation, but also to improve pedestrian and
neighborhood security.

Street lighting in traditional neighborhoods serves
the same purposes as that in suburban neighbor-
hoods. However, the intensity and location of the
lights are at a more pedestrian scale. Smaller,
less intense lurninaires are often less obtrusive
to adjacent properties and allow the nighttime sky
to be seen. They only illuminate the streetscape
as intended.

Sidewalk width and location
Sidewalks in suburban neighborhoods typically
have a minimum four foot width. While they may
lie parallel to the street, they may also meander
within the right-of-way or lie entirely outside of
it.

NTND designers try to keep walking as conve-
nient as possible, and this results in shorter

distances when sidewalks remain parallel to the
street. The focus is on a safe, and pleasant walk-
ing experience. The typical minimum sidewalk
width is five feet because this distance allows two
pedestrians to comfortably walk side-by-side.
Walking distances should be kept as short as
possible, and in traditional neighborhoods hori-
zontal ly meandering or vert ical ly undulat ing
designs are avoided even though these features
may add interest. Neither should a pedestrian
route be perceived as longer than the same driv-
ing route, nor should it create undue mobility
problems for visually impaired pedestrians or
people who use wheelchairs.

Building setbacks
Conventional front setbacks are 15 feet or more
for several reasons. Setbacks allow road widen-
ing  w i thou t  hav ing  to  take  a  bu i ld ing  and
compensating its owner. They help sun light reach
buildings and air to circulate. In addition, side
and rear setbacks afford access by public safety
officials.

Traditional designs have no minimum setback and
indeed maximums may be specif ied by some
policy makers. The goal is to integrate residen-
tial activity and street activity and, for example, to
al low the opportunity for passersby to greet
neighbors on their front porches. Furthermore,
the walls of nearby buildings help to vertically
frame the street, an important aesthetic dimen-
sion.

NTND pro jec ts  a re  in tense ly
planned and closely regulated as
to types and ranges of uses and
their locations. Such planning af-
fo rds  the  o therw ise  unusua l
opportunity to have a good degree
of understanding about the future
traffic demands for a street, and
to design for those needs. Fur-
thermore to minimize the need for
fu ture  w iden ing NTND s t reets
have adequate rights-of-way, typi-
ca l l y  no t  too  d iss im i la r  to
“standard” requirements, and the
buildings do not encroach on the
right-of-way. Within the right-of-
way the typical NTND street will
have a planting strip of six feet or
so  on each s ide ,  and park ing

Pedestrian push buttons should be conveniently placed.  Be sure existing site features are
not obstacles to reach the button.
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lanes on both sides of the street
(sometimes stripped, sometimes
unstriped), both of which provide
opportunities for some widening
without a great deal of effort if a
future wider street is needed.

Parking
The importance of parking for sub-
urban projects cannot  be over
emphasized because nearly al l
trips are by car. Off-street parking
is preferred, indeed, large park-
ing lots immediately adjacent to
the street give a certain status to
retail and commercial establish-
ments .  Somet imes  suburban
parking is allowed on the street in
front of smaller stores. Because
of the importance of vehicle ac-
cess in suburban development, city ordinances
typically establish minimum parking criteria.

Neo-traditional design encourages on-street park-
ing by counting the spaces towards maximum
parking space requirements. The parking is usu-
ally no more than one layer deep. If the adjacent
development contains residential and other uses,
parallel parking is recommended. In commercial
areas 90 degree head-in and diagonal parking are
permitted. Parking lots are usually built behind
stores. As a result, the street front is not inter-
rupted by a broad parking area.

On-street parking is a concern for some traffic
engineers. The concern is that “dart-out” acci-
dents (where pedestrians, especially children,
dart-out from between parked vehicles into the
traffic stream) will increase if on-street parking
is encouraged. The proponents of NTND projects
argue that a row of parked vehicles enhances
pedestrian activity by creating a buffer between
pedestrians and moving traffic, that the overall
street design slows moving traffic so that any
accidents that do occur are less severe and that
the active streetscape makes drivers more alert
to pedestrians. There is also some evidence that
children in conventional neighborhoods are sus-
ceptible to driveway backing accidents. On-street
parking, there fore , most be limited to streets
where the design fosters low speeds (20 mph or
less) for moving traffic.
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• Traditional Neighborhood District, Town of
Cornel ius, NC, Land Development Code,
1996.

Suburban parking lots in retail developments are vast - and rarely are full.
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accommodate bicycle and pedestr ian travel.
This chapter provides some examples of the
types of provisions that are included in new poli-
cies at the state and local level,  in order to
accommodate and encourage bicycle and pedes-
trian travel.

7.2  P7.2  P7.2  P7.2  P7.2  Pedestrian-Orientededestrian-Orientededestrian-Orientededestrian-Orientededestrian-Oriented
Land UseLand UseLand UseLand UseLand Use
One of the most important factors in a person’s
decision to walk or bike is the proximity of goods
and services to homes and workplaces.  A recent
study for the Federal Highway Administration
confirms this:  33% of survey respondents cited

7.1  Pur7.1  Pur7.1  Pur7.1  Pur7.1  Purposeposeposeposepose
Land use and transportation have an extremely
complex interrelationship.  Often times, prob-
lems with the transportation system are blamed
on faulty land use policies, and vice versa—prob-
lems with sprawling land uses are blamed on
transportation policies.  In fact, the problems typi-
ca l ly  do not  have s imple cause and ef fect
solutions.  This session takes a look at ways in
which land use regulations can be improved to
support an inter-modal transportation system that
encourages access by walking, bicycling and
transit.

Most communities in the United States have land
use regulations that primarily support automo-
bile access to local destinations.
Substant ia l  changes to zoning
laws and subdivision regulations
will be necessary in many com-
munities in order to accomplish
fundamental improvements to the
transportation system.  In addition
to ordinances that require bicycle
parking and sidewalks, even more
basic changes are needed to au-
tomobile parking requirements,
street design standards, allowable
land use densities, and transit-ori-
ented developments.

Revising regulat ions that have
been in place for many years can
be a daunting task – either for
planners who are t ry ing to re-
model a development ordinance
or for engineers who are trying to
change street design standards to



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
7 - 2

USING LAND REGULATIONS TO ENCOURAGE
NON-MOTORIZED TRAVEL

distance as the primary rea-
son for not walking.  The most
conducive land use for pedes-
t r ian act iv i ty  is  one wi th  a
higher density mix of housing,
of f ices and retai l .   Studies
have also shown that more
people walk in areas that are
able to achieve higher densi-
t ies  o f  e i ther  hous ing  o r
employment ,  despi te lower
densities of other uses such as
retail.  One study of the Puget
Sound Region in Washington
defines high density as 50 to
75 employees per acre, or 9 to
18 residents per acre.  (Frank
and Pivo, “Relationships Be-
tween Land Use and Travel
Behavior in the Puget Sound
Region.”)

Zoning and Subdivision Regulations
Pedestrian and bicycle travel is often an after-
thought in the development process.  The results
are impassable barriers to pedestrian travel, both
within and between developments.  The examples
below show how local zoning ordinances can be
amended to require more attention to the needs
of pedestrians and bicyclists.

•  Subdivision layout
Residential subdivision layout (including Planned
Unit Developments) should provide safe, conve-
nient and direct bicycle and pedestrian access

Low density single use zoning creates trip distances that are too far to make walking a viable
transportation option.

to nearby (within ¼ mile for
walking and 2 miles for bicy-
cling) and adjacent residential
areas, bus stops, and neigh-
borhood activity centers such
as schools, parks, commer-
cial and industrial areas, and
office parks.

•  Cul-de sacs
Cul-de-sacs have proven to be
effective in restricting automo-
bile through-traffic; however
they can also have the effect
of restricting bicycle and pe-
destrian mobility unless public
accessways are provided to
connect the cul-de-sac with
adjacent streets.  Trail connec-
tions between cul-de-sacs and
adjacent  s t reets  should be

provided wherever possible to improve access
for bicycles and pedestrians.

•  Future extension of streets
During subdivisions of properties, streets, bicycle
paths and sidewalks should be designed to con-
nect to adjacent properties that are also likely to
be subdivided in the future, so that a secondary
system of roads and sidewalks develops over
time.  When subdivisions are built with only one
outlet to a main thoroughfare, the result is heavy
traffic congestion and difficult intersections for
both motorists and pedestrians.

•  Inclusion of bicycle and pedes-
t r ian  fac i l i t ies  in  p iecemeal
development
This is intended to ensure that pe-
destrian and bicycle facilities are
included in projects that occur in
a piecemeal fashion.  For projects
in  which only  par t  o f  the land
owned by the appl icant is pro-
posed for development, a sketch
plan showing the tentative loca-
tions of streets, bicycle facilities
and public accessways should be
submitted for the entirety of the
land owned.  “Stub-outs” should be
constructed for bicycle and pedes-
trian facilities on site, and the next
construction phase should be de-
signed to connect to this network.
•  Internal bicycle/pedestrian cir-

Loops preferred to Cul-de-sacs.  Source:
Wilmapco, Mobility Friendly Design Standards,
Wilmington Area Planning Council, 1997.
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Typical Alley:  Ordinances should be modified to allow for rear lot access.

The City of Portland, Oregon recently conducted
an extensive revision of local zoning and subdi-
vision regulations, using a successful technique
that encouraged involvement from citizens and
local elected officials.  The City conducted a well-
publicized Visual Preference SurveyTM, allowing
local citizens to establish a vision for their ideal
community environment by comparing photo-
graphs of different styles of urban, suburban and
rural development.  When shown side-by-side,
photographs of  suburban str ip development
were rated far lower than those showing more
compact, mixed-use districts.  (Report is titled
Picture This. . . The Results of Visual Preference
Survey, 1993.)

Development Review Process
Land developers should be asked to submit a
“Pedestrian and Bicycle Mobility Plan” early dur-
ing the site plan review process.  This plan should
provide an inventory of all existing and proposed
land uses adjacent to the site, and illustrate a
logical circulation plan for pedestrians and bi-
cycles wi th in the development and between
adjacent land uses.  The questions below can
help design professionals create site plans that
are sensitive to the needs of pedestrians.

culat ion for  commercia l  and
business developments.
Adequate provisions should be
made for bicycle and pedestrian
circulation between building and
related uses on development sites
(The Americans with Disabilities
Act also contains regulations for
on-site circulation).

•  Lot coverage
Zoning codes should be amended
to raise the allowable lot coverage
along bus routes to encourage in-
tensi f icat ion of  uses and more
efficient use of land in these ar-
eas.

•  Parking in high density resi-
dential developments
In some high density residential areas, existing
regulations require off-street parking, and at the
same time a reduced lot frontage.  This results in
homefronts that primarily consist of garage doors.
Ordinances should be modified to allow for rear
lot access (alleyways) or other innovative solu-
tions in these areas.

•  Parking reductions
Parking codes should be modified to allow for a
“reduced parking option” for developments that
are located on bus routes and which provide fa-
cilities that encourage bicycling and walking.  In
general, shopping center parking lots should not
be designed to handle volumes that occur only
once or twice per year, but rather more typical
volumes.

•  Compliance with design standards
Bicycle and pedestrian facilities should be de-
s igned to  meet  loca l  and s ta tewide des ign
standards.

Community Visioning
Many communities throughout the country are
conducting extensive revisions to their zoning and
subdivision regulations, in light of new planning
techniques that improve transportation and com-
munity design.

New rules that would allow parking reductions and
higher density developments are likely to be con-
troversial.  Public education for cit izens and
elected officials is essential in order to gain popu-
lar support for these new regulations.
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SITE PLAN CHECKLIST

Overall System
• Does the plan meet ADA standards?
• Are utilitarian paths direct?  Do they pro-

v ide  fo r  connec t ions  to  pedes t r ian
magnets nearby?  Can pedestrians take
advantage of “shortcut paths” that en-
courage walking instead of driving?

• Does the pedestrian system consider the
type and probable location of future de-
velopment on adjacent or nearby parcels
of land?  Is there flexibility to provide di-
rect connections to adjacent parcels,
should that be desired in the future?

• Are building entrance areas convenient
to the pedestrian?  Are they clearly evi-
dent  through ei ther  design features,
topography, signing or marking?

• Are walkways along the street buffered
from traffic as much as possible?

Safety and Security
• Are crossings of wide expanses of park-

ing lot held to a minimum?
• Are pathways genera l ly  v is ib le  f rom

nearby buildings and free from dark, nar-
row passageways?

• Is adequate pedestrian-scale lighting pro-
vided for night-time security?

• Are sight lines at intersections adequate
for pedestrian visibility?  Are pedestrians
able to see on-coming traffic, given typi-
cal speeds?

• Do pathways lead to road crossing points
with the least conflict?

• In general, are pedestrian/vehicle conflict
points kept to a minimum?

• Are pedestrians given adequate time to
cross the road at intersections?

7.3  Commer7.3  Commer7.3  Commer7.3  Commer7.3  Commercialcialcialcialcial
DeDeDeDeDevvvvvelopment Designelopment Designelopment Designelopment Designelopment Design
GuidanceGuidanceGuidanceGuidanceGuidance
The physical layout of a development can of-
ten make the difference in a person’s choice
to walk between stores or to adjacent devel-
opments.  Careful attention should be given
to the location of buildings as well as the con-
figuration of parking lots.  Several provisions
can ensure a better walking environment in
commercial and office developments:

•  Building setbacks:
Buildings should not automatically be separated
from the street by parking lots—this discourages
pedestrian access and primarily serves those
who arrive by automobile.  A maximum setback
requirement of 15-25 feet can help to encourage
pedestrian activity.  Parking, driving and maneu-
vering areas should not be located between the
main building entrance and the street.  Parking
lots should be located on the side and rear yards
of the property whenever possible.

For developments with multiple buildings, direct
pedestrian access to public transit should be pro-
vided by clustering buildings near bus stops.

•  Building orientation and facades:
Main building entrances should be oriented with
the facade facing the street designated as a bus
route.  Entrances and paved walkways should
lead directly to a bus stop.  Visual stimulation is
very important to pedestrians—long, blank walls
with no openings onto the street discourage walk-
ing.  Building facades should maintain continuity
of design elements such as windows, entries,
store fronts, roof l ines, materials, pedestrian
spaces and amenities, and landscaping.  Park-
ing garages on streets with bus service should
have ground floor street frontage developed for
office, retail or other pedestrian-oriented uses.

•  On-site walkways:
For developments with multiple buildings and/or
outparcels, al l building entrances on the site
should be connected by walkways to encourage
walking between buildings and to provide a safe
means of travel for pedestrians.  Sidewalks be-
tween the building edge and parking lots should
allow pedestrians safe and convenient access to
building entrances without having to walk within
driving aisles of parking lots.

•  Pedestrian access between adjacent devel-
opments:
Sidewalks should connect uses on the develop-
ment site to adjacent activity centers to encourage
walking instead of driving between uses.  Barri-
ers such as fences or vegetation should not be
placed so as to hinder access between develop-
ments.

•  Lighting:
Pedestrian-scale lighting should be designed to
light the walkway, therefore increasing pedestrian
safety.  Pedestrian lighting should be used in ad-
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dition to lighting provided for motorists’ safety.
Timesaver Standards for Landscape Architecture
(Harris and Dines, 1988) includes an excellent
chapter on desirable lighting levels for pedestrian
facilities, and specifies the following levels of il-
lumination for sidewalks:

Location of lighting         Lux (lx) Footcandles (fc)
Sidewalks
along roadsides
     Commercial areas 10 0.9
     Intermediate areas 6 0.6
     Residential areas 2 0.2
Sidewalks distant 5 0.5
from roadsides
Pedestrian tunnels 40 4.0

•  Improvements between the building and the
street:
Design elements in the area between the build-
ing and the street are cr i t ical  to successful
pedestrian spaces.  The streetscape should pro-
vide visual interest for the pedestrian.  The area
should be landscaped, if project budgets allow.

•  Parking lot design:
Parking lots with fifty spaces or more should be
divided into separate areas with walkways and
landscaped areas in between that are at least ten
feet in width.  Pedestrian paths should be de-
signed with minimal direct contact with traffic.
Where pedestrian paths cross the traffic stream,
raised speed tables that slow cars, while provid-
ing an elevated pedestrian walkway should be
provided.  Additional recommendations for pedes-
trian-oriented parking lots:

a. Location
Keep parking on one or two sides of the shop-
ping center, oriented away from the side that
will generate the most pedestrian access.
This pedestrian access point could be an of-
fice park, out parcel shopping or restaurant,
or a residential area.

b. Direct pedestrian paths
Provided a direct pedestrian path from park-
ing lots and parking decks to the buildings
they serve.  Clearly delineate this path with
striping, different paving materials, or by situ-
ating the path through the center of a series
of strategically placed parking islands.

c. Use of landscaping
Landscaping can be used to channel and or-
ganize the traffic flow in parking lots, as well
as to provide pedestrian refuge areas.  Avoid
open parking lots that allow cars to move in
any direction.

d. Provisions of bicycle parking at destinations
is a crucial component of a bicyclists trip -
without it bicycling becomes far less conve-
nient.  Bicycle parking ordinances can help
to improve the situation - see Lesson 22 for
a full description.

Provide Pedestrian Connections between Parcels.

Provide direct
connection from
building entrance to
public sidewalk

10’ Building setback

Provide adequate
internal pedestrian
connections

One tree for every 10
parking spaces

Provide for pedestrian
connection between
buildings on adjacent
parcels

Buffer Landscaping to
be located so as not to
preclude interparcel
connections
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7.4  Guidance on7.4  Guidance on7.4  Guidance on7.4  Guidance on7.4  Guidance on
Designing ResidentialDesigning ResidentialDesigning ResidentialDesigning ResidentialDesigning Residential
Communities thatCommunities thatCommunities thatCommunities thatCommunities that
Encourage WalkingEncourage WalkingEncourage WalkingEncourage WalkingEncourage Walking
Suburban neighborhood design can be modified
to encourage bicycling and walking.  It is not nec-
essar i l y  more  expens ive  to  bu i ld  these
communities, however they require more careful
design on the part of the developer.  These types
of pedestrian-friendly neighborhoods are worth
the effort.  Recent studies suggest that homes
sell quickly in these communities.  (see Lesson 6
for a more complete description of traditional
neighborhood development)

A pedestrian-oriented neighborhood should in-
clude the following aspects (list below is taken
from the ITE Journal, January 1992 edition, p.
17-18:  “Neo-Traditional Neighborhood Design and
Its Implications for Traffic Engineering”):

• Streets that are laid out in well-connected pat-
terns, at a pedestrian scale, so that there are
alternative automobile and pedestrian routes
to every destination.  A cul-de-sac pattern
generally limits connectivity, and is therefore
discouraged.

• A well-designed street environment that en-
courages intermodal transportation.  These
streets should include pedestrian-scale light-
ing, trees, sidewalks, and buildings that are
within close walking distance to the sidewalk.

• Residential and internal commercial streets
should be relatively narrow, in order to dis-
courage high speed automobile traffic.

• On-street parallel parking is recommended,
where it can be used as a buffer between pe-
destrians and motor traffic.  Parked cars also
serve to slow down the passing traffic, help-
ing to balance the overall use of the street.

• Bicycles are considered an integral part of the
transportation mode mix, and the design of
the streets includes appropriate facilities for
them.

• The buildings are generally limited in size,
and building uses are often interspersed—that
is, small houses, large houses, outbuildings,
small apartment buildings, corner stores, res-

taurants, and offices are compatible in size
and placed in close proximity.

• In addition to streets, there are public open
spaces, around which are larger shops and
offices, as well as apartments.

• Larger communities should provide a neigh-
borhood center (providing small-scale com-
mercial and office uses) within 5 minutes
walking distance (roughly 0.25-mile radius)
for the majority of residents in the neighbor-
hood.

7.5  Str7.5  Str7.5  Str7.5  Str7.5  Street Designeet Designeet Designeet Designeet Design
StandarStandarStandarStandarStandardsdsdsdsds
In New Castle County, Delaware, the regional
planning agency and the Delaware Department
of Transportation have teamed up to further de-
fine the precise design standards that should
apply to local and collector streets.  The follow-
ing are the results of a study that was conducted
in 1997-1998 to revise state design standards
(see next page).

7.6  R7.6  R7.6  R7.6  R7.6  Refefefefeferererererencesencesencesencesences
Text and graphics for this section were derived
from the following sources:

• Oregon Transportation Planning Rule, Or-
egon, APA, 1993.

• Walkable Communities in the Birmingham
Area, Birmingham Regional Planning Com-
mission, 1996.

• Madison (WI) City Code, Madision, Wiscon-
sin.

• Mobi l i t y  F r iend ly  Des ign  Standards ,
Wilmington (DE) Planning Council, 1997.

For more information on this topic, refer to:
• Managing Maryland’s Growth, Modeling Fu-

ture Development on the Design Character-
istics of Maryland’s Traditional Settlements,
Maryland Office of Planning, 1994.

• Davidson Land Plan, Town of Davidson, NC,
The Regulating Plan and Code, Oct. 1995.
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8.18.18.18.18.1 PurPurPurPurPurposeposeposeposepose
This lesson provides a working understanding of
risk management principles, tort liability and tech-
niques for monitoring and evaluating existing
facilities and programs.  Key definitions are pro-
vided, along with information on litigation trends,
exposure evaluation methodologies, successful
r isk-reduct ion strategies and case-study ex-
amples.   Students wi l l  s tudy examples that
illustrate the importance of considering human
performance in planning and design and of the
role facilities play in creating predictable behav-
ior.  An understanding of tort liability and risk
management issues will alert the designer to the
need for evaluation and monitoring on an on-go-
ing basis and for  creat ing bui l t - in feedback
systems.  More and more lawsuits are being
settled against government enti-
t ies  that  adopt  a  “do noth ing”
posture .   Ident i fy ing potent ia l
risks, doing something and then
evaluating the results as part of a
systematic program is proving to
be a more defensible approach.

8.2  Intr8.2  Intr8.2  Intr8.2  Intr8.2  Introductionoductionoductionoductionoduction
To an increasing degree, issues of
risk management and tort liability
are becoming major determinants
o f  p lann ing ,  eng ineer ing  and
implementation programs for bi-
cycles and pedestrians.  Agency
concerns about potential liability
can either lead to innovation and
substantial ly improved facil i t ies
and programs or they can lead to
a “do-nothing” approach.  Ignoring

risks does not make them go away.  Taking sys-
tematic steps to identify and evaluate risks and
to develop an effective risk management program
are essential measures, even if your agency can-
not afford to remedy all problems immediately.

Without a well-conceived and implemented risk
management program, the courts become the de-
facto policy makers.

Highway engineers, designers and planners must
consider the needs of the pedestrian and bicy-
c l i s t .   Des ign  o f  s t ree ts ,  b r idges ,  sur face
conditions, maintenance and operations must be
all viewed differently with the increasing impor-
tance of bicycling and walking to people of all
ages.
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The need of all users young and old should be
incorporated into highway and recreation facilities.

The very young, the old and
the d isabled,  in  par t icu lar,
must rely heavily on walking
and b icyc l ing for  everyday
transportation and exercise.
Highway and recreational fa-
c i l i t y  sys tems tha t  fa i l  to
incorporate fully the needs of
all users increase the likeli-
hood o f  po ten t ia l  cour t
settlements in favor of those
who are excluded.

Since most highway profes-
s iona ls  a re  no t  rou t ine ly
trained to design for the spe-
c i f i c  requ i rements  o f
pedestr ians and bicycl is ts ,
mistakes are common.  The
result is increased risk, which
is often not identified until crashes occur.  Train-
ing is especially important since many engineers
and planners do not bicycle or walk extensively
under the conditions for which they design.

8.38.38.38.38.3 LiaLiaLiaLiaLiability – an issue ofbility – an issue ofbility – an issue ofbility – an issue ofbility – an issue of
incrincrincrincrincreasing imporeasing imporeasing imporeasing imporeasing importancetancetancetancetance
Just how significant is the liability issue?  Hasn’t
this whole thing possibly been exaggerated?  How
much money is really involved?  What do YOU
think?

The total dollar amount of claims against U. S.
highway agencies in a typical year is between $50
to $60 billion dollars.

1.  Planning, engineering and public percep-
tion.
Most of us know that planning and highway pro-
fessionals work hard to address traffic problems,
improve safety, save money, keep people and
goods on the move and meet many other praise-
worthy goals on behalf of the public.  Does the
public we serve really understand the parameters
within which we work?  Does it support our ob-
jectives?  Does it know the limitations we face –
the schedules, budgets and political pressures?
Does it care?

Building and maintaining the public’s confidence
in the work of government is a constant struggle.
It is all too easy to blame mishaps on “the bu-
reaucrats”  and to  take them to cour t  i f  the
opportunity arises.  When someone travels a

roadway or a trail on a regular
basis and a crash occurs, they
generally look beyond them-
selves for someone to blame.
It is tempting to pin responsi-
bil ity on the faceless public
agency most directly involved
in design, maintenance, regu-
la t ion  o r  opera t ion  o f  the
facility.  People may not only
file lawsuits, but also become
publicly critical of the agency
and its programs.  They be-
come less l ikely to endorse
budget increases and bond
issues.  If asked to serve as
jurors in tort cases, they re-
call the negative experiences
and perceptions and may fil-
ter facts through this bias.

Implementing an aggressive and well-publicized
risk management program can help head off
these problems.  An effective first line of defense
is to build and maintain public confidence, to pro-
tect budget allocations for needed public works
projects, and to foster a spirit of cooperation, not
confrontation, between public and private sector
parties.

Today the newspapers and electronic news me-
dia frequently headline court settlements against
public agencies which have allegedly failed to
use good judgement or carry out  their profes-
sional responsibility on behalf of public health,
safety and welfare.  Some settlements now soar
as high as $10-14 million for a single injury.  Even
minor lawsuits – which may be settled for as little
as $5,000 – may require $10,000 to defend.

2.  Governments can be sued for what they do.
The examples that follow illustrate conditions that
can lead to pedestrian and bicyclist injury.  In
these first two cases, the government was sued
for an injury to a pedestrian or bicyclist on a facil-
ity that was specifically built to accommodate
bicycling and walking.

Example:
An attorney was riding a bicycle on a sidewalk
that years earlier was marked as a bicycle path.
He did not slow down when approaching a resi-
dential driveway on a semi-blind corner.  He ran
into a motorist exiting the driveway, hitting the
car in the middle of the front door panel.
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Consequence:
Bicyclist sues motorist and the condominium
owners for $750,000.

Lessons Learned:
The bicyclist will have a tough time proving that
he was not guilty of contributory negligence in
this case.  Since he hit the middle of the car, it
can be argued that he had plenty of discovery
time, had he been paying attention and riding in
a reasonable and prudent manner.  The car was
moving very slowly, stopping to check for traffic
and enter the street.  The bicyclist’s view of the
driveway was partially blocked by a perimeter wall
around the condo complex.

Signing any sidewalk as a bicycle path increases
the likelihood of tort settlements even years later.
By designating a sidewalk for bicycle use, you
send the message that it is “safe” to ride there.
Sidewalk facilities have built-in “booby traps” for
the unsuspecting.

Sight distance problems at intersect ion with
streets, driveways and alleys are common on
sidewalk facilities.  Most local zoning ordinances
allow construction of rear and side yard walls to
a height of six feet on the rear and side property
lines.  Since sidewalks are often located very
close to rear or side property lines, especially in
residential areas, walls on these property lines
seriously limit sidewalk views for intersecting mo-
torists.

Motorists expect pedestrians on
sidewalks, not bicycles moving ten
times as fast.  Bicyclists, with the
wind in their ears, on two-wheeled
vehicles are not as sensitive to
noise cues as pedestrians and not
as maneuverable.  It takes them
much longer to react and stop.

Since sidewalks have historically
been regarded as  “pedest r ian
zones,” the pedestrian movement
pattern of two-way traffic prevails.
Bicyclists using the sidewalk often
think this applies to them too, and
ride against traffic.  They don’t see
stop signs at cross streets (located
to be seen by motorists on the
other side of the street) and they
are not part of the normal scan-
ning pattern for motorists.

A person waiting to turn right will scan to the left
for oncoming traffic, wait and then move quickly
to take advantage of a gap.  At first, he may take
a quick look right to see if a pedestrian is com-
ing, but he seldom looks back.  A fast-moving
bicyclist can easily escape detection and a crash
can result.  For these, and other reasons, side-
walks are not recommended for designation as
bicycle facilities.

Example:
A wheelchair user is traveling along a sidewalk.
The sidewalk is discontinuous, with an unpaved
stretch of about 150 feet.  To get around this, the
wheelchair user moves into the street, going
against traffic, gets stuck in sand on the shoul-
der of the road and falls over.  He can’t get up
until a passer-by helps him, setting him upright
and pushing him through 150 feet of sand to the
continuation of the paved sidewalk.  The wheel
chair is damaged and the person is injured.

Consequence:
Pedestrian sues City, claiming negligence, and
wins.

Lessons Learned:
Consider ALL users.  Examine your community
for these sorts of hazards and institute an ag-
gressive retrofit program.  The City was said to
have led the wheelchair-bound person “into a
trap.”  A continuous paved surface should be pro-
vided or warning sign posted well in advance.

In order to see around obstructions near the corner, motorists often pull out beyond them,
THEN stop to look for traffic.  More often than not, this puts them right across the sidewalk.
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3.  Governments can be sued for what they do
not do.
“Do nothing” is not a viable option.  In the two
examples that follow, injuries occurred because
a government did not take action to correct a
potentially hazardous situation.   More and more
governments are being sued for failing to recog-
nize public needs and take actions to meet them.

Example:
A pedestrian is walking along the sidewalk on a
one-way street, facing the flow of traffic approach-
ing a signalized intersection.  Because the traffic
signals are positioned to be seen by oncoming
(one-way) motor traffic, the  pedestrian can see
neither the signal nor the “walk/don’t walk” sign.
He hesitates until he thinks he has a green light
and then steps out into traffic.  After getting part-
way across, he realizes, he has made a mistake,
turns around suddenly, is hit and injured.

Consequence:
The pedestrian sues City and wins.  The City did
not provide pedestrian-oriented traffic controls.

Lessons Learned:
Consider all users.  Examine your community for
these sorts of omissions and institute an aggres-
sive retrofit program.

Example:
On a bridge that provides the main linkage to
downtown, the surface is badly broken up, the
pavement is deteriorated on the decking and

seams have been slurried-over, leaving danger-
ous ridges.  This bridge is known to be heavily
used by bicycles and the City has written to the
State three times asking that the bridge be re-
paired due to the potential hazard.  Because of
these and other hazards, bicyclists cannot ride
too near the curb and crowd the motorists in nar-
row lanes.  The State has not responded, despite
repeated requests for action.

A semi-tractor trailer left his “Jake brake” on.  As
he approached the bridge, he released his foot,
activating the brake which caused a loud noise.
A 23-year old woman bicycling across the bridge
heard the noise behind her and moved over closer
to the curb.  The trucker once again activated the
brake, causing another loud noise as he ap-
proached the bicyclist.  The bicyclist panicked,
rode into the curb, fell and was killed by the truck.

Consequence:
The bicyclist’s family and the truck driver ’s in-
surance company both sued the State.

Lessons Learned:
Because of the letter written by the City and the
length of time the condition has been present, the
State settled out of court.  In addition to the poor
pavement conditions, it was found that the bridge
sloped slightly to the right and the State had, over
time, let the center line of the roadway drift to-
ward the right.  The right-hand lane was 13 feet
wide, while the left-hand lane width was 17 feet.
The bicyclist was forced to share a dangerously

narrow lane with both hazardous
pavement conditions and heavy
truck traffic.

The lessons here is to take action
promptly in response to identifi-
cation of hazards, even if it means
only the interim measure of post-
ing  warn ing  s igns  un t i l  the
correction can be made.

4.  Trends in tort settlements.
America is experiencing an in-
crease in tort liability claims.  The
public and its off icials can and
should demand fairness in settle-
ments; however, it is unlikely that
we will see a dramatic reduction
in  charges  and  compla in ts .
Trends indicate just the opposite:
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Transportation system programs should be based on defensible standards.

8.4  Some Basic8.4  Some Basic8.4  Some Basic8.4  Some Basic8.4  Some Basic
DefinitionsDefinitionsDefinitionsDefinitionsDefinitions
To negotiate the legal minefields successfully, a
working knowledge of some basic terms is use-
ful.  What, really is a tort?  What is proximate
cause?  negligence?  sovereign immunity?  Addi-
tional discussion of related concepts follows:

1.  Tort
Definit ion:  A wrongful act,  not including
breach of contract or trust, that results in in-
jury to another person’s property or the like
and for which the injured party is entitled to
compensation.

When an individual is harmed by another party
without criminal intent, he or she may be able
file a tort claim.  The tort claim must be based on
establishing that the party had a duty to perform
relative to the injured individual and that this duty
was not performed with ordinary care, in a rea-
sonable and prudent manner.  An injury resulting
from a breach of contract or trust does not fall
within the definition of a tort.

Example and Discussion:
A 32-year old mother of three was permanently
disabled when she lost control of her bicycle, went
off a multi-use path into a drainage ditch and fell.
Her back was severely injured when she struck a
rock on the far side of the ditch.

It was found that the bicyclist was not warned of
the potential hazard, so was surprised by it.  Once
she went off the path, there was a trap in the re-

• more lawsuits are being filed;
• lega l  ac t ion  i s  becoming

broader in its scope – suing
non-profits, families of those
affected, as well as agencies
and individuals;

• government, well-insured cor-
porations and professionals
continue to be favored targets
due, in part, to their perceived
“deep pockets” and ability to
pay;

• there is a tendency toward in-
creased liability in areas that
once had some degree of im-
munity;

• there is a continuing rise in
the size of claims.

Insurance company’s often settle
rather than defend.  People with a litigious bent
are encouraged by the knowledge that insurance
companies often settle quickly rather than bear
the t ime and cost  o f  defending themselves
against relatively low-dollar claims.  The courts
are, in this way, taken out of the process.  The
knowledge that even a frivolous lawsuit may net
someone %50,000 to $100,000 is a strong in-
centive to SUE!  I t ’s a crazy world, but r isk
management is here to stay.  It is important that
agencies and organizations understand it and
structure their actions accordingly.

The impact of these trends
The issue of risk management is becoming a
major factor in decisions about implementation
of capital projects and programs.  The high costs
associated with risk management have, in some
cases, meant that things just don’t get built or
programs don’t get funded.  Decision-makers are
getting gun-shy.  Ignoring the problem, however,
won’t make it go away.  As we stated earlier, gov-
ernments are just as often sued for what they
don’t  do as for the actions they do take.

The best approach is to develop a strong, proac-
tive program to plan, design, building, maintain
and operate a fully balanced transportation sys-
tem that responds to the needs of all potential
users.  The program must be based on a dili-
gently applied set of defensible standards and a
public process that allows involvement by all af-
fected parties.  An agency’s ability to demonstrate
that it is aware of potential problems and is tak-
ing systematic steps to address them is very im-
portant.
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covery area.  The assumption that design for low-
speed use only was acceptable  was found to be
not valid.  The City was responsible to design for
expected speeds and could have been found at
fault in this case.

How could the path have been designed to mini-
mize the chances of this type of accident?

The path was originally designed as a pedestrian
walkway and later designated as a “bike path”
without modifying it to bring it into conformance
with AASHTO or other accepted design standards
for multi-use facilities.

When it was built the path met current standards
for pedestrian use.  The cost of rebuilding it to
accommodate bicycles was thought to be exces-
sive by City Council and signs were simply added
to the existing path.

The rationale for this action was that the path was
meant for recreational use and that improving it
to AASHTO standards would encourage high-
speed bicycling that would endanger pedestrians.
It was thought that the narrow width and tight
turns would force bicyclists to ride slowly and use
caution.

The woman injured in the crash approached the
turn in the path at reasonable speed.  Her view of
the ditch was blocked by tall shrubs at the edge
of the path.  The horizontal radius of curvature
for the path was far below AASHTO standards for
a reasonable design speed.  The path was de-
signed for a maximum speed of 11 mph, while
AASHTO recommends a 20 mph design speed on
level terrain, with a 125 foot stopping sight dis-
tance.

The edge of the path dropped off directly into a
culvert, with no shoulder provided.

Swinging a little wide on the turn and having no
available recovery area, her tire dropped of the
edge of the path into the culvert, and her bicycle
flipped, sending her flying to the far side of the
drainage ditch.

If the substandard radius on the curve had not
caused loss of control, and if the bicyclist  had
been able to see how tight the curve would be-
come, and if the culvert had not been in the curve
alignment, then the crash might not have oc-

curred.  The substandard design, then, is viewed
as the proximate cause of the injury.  Proximate
cause must be proven to establish negligence in
court.

The City maintained that it was not designing for
the high-speed bicyclist, but for the novice recre-
ational rider who would not go fast.

The courts found this position to have contrib-
uted to the cause of the accident.

This “contributory negligence” often results in
rulings against settlements favorable to the de-
fense.

How could the path have been designed to mini-
mize the chances of  th is  type of  acc ident?
Designers need to anticipate use by all types and
ages of travelers – motorists, pedestrians, bicy-
clists – young, old, disabled, or hale and hearty.
Only by understanding pedestrians and bicyclists
behavior, perceptions and operations as well as
most traffic engineers understand motorists can
these problems be avoided in the future.

2.  Negligence
Definition:  An act or omission within the scope
of the duties of an individual, agency or orga-
nization that leads to harm of a person or of
the public;  the failure to use reasonable care
in one’s actions.

To prove negligence, the plaintiff’s attorney must
prove each of these conditions:

• The defendant has a duty to use reasonable
care.
Do the defendant’s duties include responsi-
bility for some element of the accident (site,
vehicle, etc.)?

• The defendant did not responsibly carry out
that duty (was negligent).
Did the defendant exercise ordinary care per-
forming his or her duty in a reasonable and
prudent way?

• The defendant’s failure to carry out that duty
(negligence) was directly responsible for the
injury (the “proximate cause”).

• The plaintiff was not guilty of contributing to
the cause of the accident through contribu-
tory negligence.

• The plaintiff incurred damages resulting from
the crash.
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How is a judgement of negligence against gov-
ernment won?

It is not easy to prove negligence within the con-
text of the four conditions specified above….but
negligence must be proven if a judgement is to
be won.  The example that follows is taken from
an actual case where negligence was alleged.

Example:
The charge:  The Florida Department of Trans-
portation was charged and tried in a civil court
with negligence as a result of the bicyclist falling
on the bridge (Miller v. FDOT)

How did the injury happen?
The bicyclist’s wheel fell into a bridge counter-
weight slot.   The r ider was pitched forward,
sustaining serious facial injuries on the grating.
The rider was a professional model and an expe-
rience bicyclist.  She brought a tort charge against
the State, which had to be defended.

How would you rule?
The bridge was built over 30 years ago, before
bicycling became popular.  There was no desig-
nated bicycle facility on the bridge.  The bicyclist
was riding to the far left of the lane.  Was this a
legal location for the bicyclist?  Was this posi-
tion within a narrow lane a logical location?  Did
the bicyclist have sufficient discovery time to see
and avoid the slot?  Could an adult with eight
years’ bicycling experience, and who served as a
ride leader, and who had been over this route a
dozen times previously, have anticipated this dan-
ger?   Cons ider ing  your  answers  to  these
questions, can the five conditions necessary for
negligence be proven?

How did the courts rule?
In this case, the court ruled against Florida DOT
and the case was settled for $250,000.  It was
argued that FDOT was negligent for the follow-
ing reasons:

• FDOT had a duty to design, operate and pro-
vide maintenance services for the bridge.  The
open counterweight slot constituted a main-
tenance condition.  The government had a
duty to maintain and operate a safe road for
all users.  Florida DOT, furthermore, had a
duty to warn the public of an unsafe condi-
tion, and had failed to do so.  It was argued
that the agency knew that bicyclists used this
bridge, and that there had been previous bi-

cycling crashes on this grating and associ-
ated with this slot.

• The open slot had been previously reported
as needing correction; but the correction had
not been made.  It was, therefore, argued that
FDOT had not carried out its duty in a re-
spons ib le  manner.   Even though the
correction had not been made, it could have
warned bicyclists of potential hazard.

• The slot was the proximate cause of the
crash.  The bicycle wheel fell through the slot
and precipitated the crash.

• The bicyclist may have significantly contrib-
uted to the crash (been guilty of contributory
negligence):  (a) she was riding in both an
illegal and illogical place on the roadway; (b)
she was riding too fast for bridge conditions;
(c) she rode this route at least weekly and
should have been aware of the hazard; (d)
she was riding directly behind another bicy-
clist so she did not see the slot until it was
too late to take evasive action;  and (e) she
was an expert bicyclist with eight years’ ex-
perience who served as a ride leader and
officer in a bicycle club that used this route
weekly; as a leader, she had a responsibility
to know and alert others to potential hazard-
ous conditions along the route.

• The bicyclist, a professional model, suffered
severe facial damage.  The damage claims
were found to be real and signif icant.  A
$250,000 settlement was awarded.

3.  Ordinary Care
Definition:  Courts base settlements on the
level of care that a reasonably experienced and
prudent professional or other individual would
have taken in the same or a similar event or
action.  This level of care is referred to as “or-
dinary care.”

“Ordinary care” is distinguished legally from “ex-
tra-ordinary care”, which parties are not expected
to meet.  Standards for separating “ordinary” from
“extra-ordinary” are based on the expectation that
85% of travelers operate in a responsible man-
ner (the 85th Percentile Rule”).

Highway professionals are charged to design,
operate and maintain highways for the reason-
ably prudent traveler.
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Example:
In a private development, a bicyclist transporting
a child crashed into a second bicyclist, also trans-
porting a child.  One was approaching a blind
corner leading into an underpass from a lateral
path providing street access to a greenbelt path.
Because of limited clearances within the under
pass, the bicyclist road toward the middle of the
underpass.  He did not see the other bicyclist (ap-
proaching through the underpass,  f rom the
opposite direction) in time to avoid a crash.

The case was settled against the developer.

The project designer did not offer the same level
of care for the bicyclist and pedestrian as was
offered to the motorist.  The needs of all poten-
tial users must be given equal weight.

It was argued in court that motorists on the bridge
were given the advantage of full design, signing
and operations treatments based on AASHTO
standards, but the bicyclists in the underpass
below were left to “fend for themselves” in an
abandonment of design principles.

4.  Sovereign Immunity
An agency that has full “sovereign immunity” is
not required to pay settlements.  Partial immu-
nity puts a cap on how much can be awarded, or
limits exposure  to certain areas such as main-
tenance and operations.

a. Limited immunity
Today most states and some counties have lim-
ited immunity.  Florida, as an example, has a
maximum settlement amount of $250,000 per in-
cident.  If the courts award a settlement in excess
of this amount, the plaintiff has to appeal before
the legislature for the difference.

Very few states still have full sovereign immunity,
where a plaintiff must request a waiver to win a
government settlement.  Some states allow law-
suits, but specify that they must be filed within a
short period of time following the injury or limit
the amount of the suit.

To date, few lawsuits have been won against the
federal government, although many suits are
filed.

An example of this type of case is Coleman v.
USA, where the National Park Service is being
sued for a bicycle crash that occurred when a
bicyclist crossed the center line of a roadway to
pass other riders during a large, mass bicycle
ride.  In moving left to pass, he hit a concrete
seam along the center of the road at an oblique
angle.  His wheel caught the seam and he went
down.  Although this case is still pending, the
Park Service is saddled with the expense of a
defense.

b.  What is your liability limit?
Many governments have partial immunity, others
have sovereign immunity.  Consultants and cor-

pora t ions  have  no  immuni ty.
Non-profit corporations are losing
immunity they once had.  Individu-
als seldom have immunity.

c.  Design decisions may have
protection, but maintenance and
operations do not.

Certain actions have full or partial
immunity from legal action.  As a
general rule, governments still en-
joy some immunity in the area of
design, although this, too, is erod-
ing.
There is little immunity for actions
related to operations or mainte-
nance .   Lawsu i ts  re la t ing  to
signing, warnings, surface condi-
t ions ,  poor  ma in tenance and
s imi lar  fac tors  are  among the
most difficult cases to defend.

The same level of design, planning, and maintenance should be offered for the bicyclist and
pedestrian as is for the motorists.
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oping a realistic assessment of the degree to
which your agency may be exposed to potential
liability problems, you will have taken an impor-
tant first step toward developing a practical risk
reduction strategy.  It is important that this as-
sessment be systematic, keyed to anticipate and
counteract a wide range of legal actions and that
it involve all affected public and private parties.

a. Document the scope of your specified duties.

b. For each type of duty, prepare a detailed list
of the actions involved in carrying it out.

c. Do some homework.  Research the crashes
and lawsuits that have occurred in your com-
munity.

d. For each action, document or develop a rea-
sonable standard or set of cr i ter ia to be
followed, taking into account their impacts on
all potential users.

e. Systematically evaluate your present pro-
grams and facilities according to the criteria
and standards defined for each action.

f. Set priorities for action.

This process should provide a good idea of the
strong and weak points of your programs and
facilities and an overall picture of your level of
exposure.  By working thoughtfully through a sys-
tematic analysis of what it takes to carry out your
assigned duties and a realistic assessment of

Example:
A well-educated adult  bicycl ist ,
riding in the correct direction on a
bicycle lane, suddenly swerved left
into the traffic lane, where he was
hit broadside by a car going 55
mph.  He was thrown 120 feet,
landed on his head and sustained
severe brain injuries.

Who was sued?
In this case (Boyd v. Illinois), the
lawsuit was fi led against the bi-
cyc le  manufac tu re r  and  the
construction company, since the
State of I l l inois refused l iabi l i ty
under legislative immunity.

Why did the bicyclist lose con-
trol?
The bicycle lanes are on a highway bordered by
steep cliffs on one side and a river on the other.
On the river side of the highway, maintenance of
the lane is so poor that many bicyclists opt to
ride against traffic, along the cliffside lane, where
surface is in much better condition.  They prefer
to take their chances with oncoming traffic rather
than risk a fall from broken pavement and the
ever-present gravel, dirt and debris along the
river.  The cliffside bicycle lane is routed within
the narrow zone between curb and motorway.
This zone traps a two to three foot wide pile of
debris and sediment, especially after storms,
leaving a perilously narrow strip for bicycle move-
ments.  The bicyclist in the example lost control
when a wrong-way cyclist suddenly challenged
him for his narrow portion of the lane.

Poor design (curbing and low-grade surfacing
and construction quality) in this case led to a poor
maintenance condition on both sides of the high-
way.  The extremely poor maintenance on the river
side led to an operations problem when bicy-
clists routinely elected to ride against traffic to
maintain their stability rather than cope with the
dangerously deteriorated pavement along the
river.

8.58.58.58.58.5 Identifying Identifying Identifying Identifying Identifying YYYYYourourourourour
Level of ExposureLevel of ExposureLevel of ExposureLevel of ExposureLevel of Exposure
1. General Process
Given the trends discussed earl ier, i t  makes
sense to adopt a pro-active position.  By devel-

A systematic assessment of potential liability is the first step toward a pro-active position.
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how well programs and facilities measure up to
accepted standards, you will probably learn a
great deal and establish a strong direction for
subsequent development of a practical risk re-
duction strategy.

2.  Scottsdale, Arizona case study

Let’s look for a moment at a recent case study
from the City of Scottsdale, Arizona.  Scottsdale
has historically been a leader in provision of bi-
cycle fac i l i t ies.   Since the ear ly  1970’s,  an
extensive and popular multi-use pathway system
has evolved, a north-south spine through the most
populous part of the city.  The paths are used by
many commuters but were designed primarily as
recreational facilities.  They are now 15 to 20
years old.  Some portions were built to standards
that are now outdated or are more appropriate to
pedestrians than to bicycles.  Use of the paths
has increased, along with potential conflicts and
the diversity of users.  There have been crashes
and lawsuits filed.

In 1989, Scottsdale voters approved $214,000 in
bond money for bicycle path improvements.   This
amount was not enough to bring the pathway sys-
tem into complete conformance with current
standards but was an important first step.  The
City commissioned a study to provide the City
with a fully justified basis for developing a risk-
reducing improvement program within available
funding limitations.

Specifically, the study provided:
• detailed documentation of existing conditions
• review of  applicable standards and criteria
• analysis of existing conditions in the context

of these standards
• priorities for implementation
• a recommended action program

The Scottsdale Bicycle Path Improvement Study
focused on giving the City a useful tool for re-
ducing risk along its pathway system through a
priori t ized set of recommended improvement
projects.

3.  Is Ignorance REALLY Bliss?
The comment is sometimes heard that if all these
potential hazards are identified, then the agency’s
liability may increase since it can be shown to
have been aware of the hazards without correct-
ing them.  Are you really less vulnerable if you
don’t know what the problems are?

In a word, the answer is “NO”.  Its not quite as
simple as that, but here is a summary:

a. WHAT if you don’t know about a potentially
hazardous condition and an injury occurs?

The success of your defense may, in part, de-
pend on how discoverable the condition was.  The
question is often asked, “Did the agency have time
to discover its error”.  If a crash happened during
the first week this condition existed, there might
be a strong defense since there was not sufficient
time to discover the error.  If two years had gone
by before the crash, most courts would rule that
there was plenty of time for the agency to dis-
cover the condition and correct it.

If it’s broken – fix it.
Sometimes a condition is so patently unfair to the
public that an injured party will bring a suit where
he or she would normally accept most blame.  For
more than 15 years bicyclists have been fighting
governments that have tried to keep them out of
the roadway.  If a pedestrian were injured by a
bicyclist on this sidewalk, one or both parties
might file a case against the government for forc-
ing the bicyclist into a space that does not provide
reasonable and prudent sight distances, opera-
tional widths, and which now violates many laws,
design standards and accepted practices.

EXAMPLE:  Difficult Maintenance Conditions.
(Walden v. Montana)  A bicyclist descending an
interstate ramp into Great Falls, Montana, was
slipstreaming two fellow bicyclists at high speed.
At the pinch point, where the guard rail and the
lane narrow, the bicyclist came alongside his
friend.  The friend moved out from the guard rail,
forcing the cyclist into the seam separating the
travel lane from the ramp lane.  Hitting the lateral
seam, the cyclist crashed, landing on his head at
more than 35 mph.

Was Montana responsible for maintaining a con-
crete/asphalt  jo int  to meet the needs of the
bicyclist on an interstate?

This case was tried and won for the defense, and
upheld in the State supreme court.  The bicyclist
contributed significantly to his own injury.  The
highway department had a serious uncorrectable
groundwater problem that made it diff icult to
maintain a better joint.  The joint met AASHTO
standards for preventing tire scuffing and vehicle
deflection problems at such a location.  Signing
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the specific nature of the hazard for a bicyclist,
who would normally stay on the 10.0’ shoulder,
was not required to meet the standard of ordi-
nary care, which requires highway professionals
to design, operate and maintain highways for the
reasonably prudent traveler.

b.  WHAT IF you have been made aware of a
potentially hazardous condition and an injury
occurs before you have taken steps to correct
the condition?

Agencies have a responsibility to fix problems,
but the courts tend to favor good will and intent
to find solutions, even if some conditions are too
expensive to fix immediately.

Again, a great deal will depend on the length of
time that has passed between identifying the con-
dition and the injury.  If it can be shown that a
reasonably short period has elapsed and that the
agency or other party is taking positive steps to-
ward cor rec t ing  the cond i t ion ,  the defense
position will be improved.

If a city, for example, conducts a study to iden-
tify areas of potential risk along a recreational
trail system and does not have sufficient funds
to make all corrections indicated by the study
immediately, all is not lost!

If a crash occurs and the city can demonstrate
that it has a well-documented program of risk
reduction and that it has taken some interim steps
to alert trail users to potential risk areas (such
as warning signs and markings), its defense is
strengthened.  If it had not identified potential
risks and taken steps toward reduction, the city’s
defense would have been substantially weakened.

Signing a hazardous condition has long been rec-
ognized as an important interim treatment for
many condition.  Failing to sign a known condi-
tion is difficult to defend.

Signing and warning offers two type of improve-
ment:  (1) People are more cautious, so the
number of crashes and injuries are reduced; (2)
The attempt to alert the public about a potentially
hazardous condit ion generates good wil l  and
makes it more difficult for a plaintiff’s attorney to
argue that the plaintiff was surprised by the con-
dition.  Signing should make use of international
symbols, and follow standard signing and mark-
ing practices found in the MUTCD (Manual on
Uniform Traffic Control Devices).

c.  WHAT If you have identified a potentially haz-
ardous condition and have taken steps to
correct it?

What if you have trimmed shrubs that blocked
sight distances, widened a tight turn to meet
AASHTO standards and added rideable shoulders
to a path and STILL someone loses control and
is injured?  Assuming the agency responsible for
the path has carried out its duties using ordinary
care, in a responsible way, it would be more diffi-
cu l t  to  p rove  neg l igence .   The  burden o f
responsibility may well shift to the bicyclist or
other injured party whose contributory negligence
may have led to the accident.

8.6  Cases tha8.6  Cases tha8.6  Cases tha8.6  Cases tha8.6  Cases that lead tot lead tot lead tot lead tot lead to
quicquicquicquicquick settlements ak settlements ak settlements ak settlements ak settlements agggggainstainstainstainstainst
a ga ga ga ga gooooovvvvvererererernment.nment.nment.nment.nment.
Now that we have discussed methods for evalu-
ating risk, common design errors and general
ways of strengthening your legal position, it may
be useful to look at some of the most common
lawsuits—the ones government employees stay
up nights worrying about because they are usu-
ally settled quickly in favor of the injured party.
What are some of the most important pitfalls to
avoid?

a.  Open drainage grates in the travelway.

Lawyers refer to these as “waiting traps.”  Much
research has been devoted to analysis and de-
s ign  o f  b icyc le-sa fe ,  hydrau l ica l ly  e f f i c ien t
drainage grates.  Temporary solutions are simple
and cost-effective.  If the grate cannot be replaced
immediately, it can be rotated 90 degrees or tem-
porary steps can be welded across it.  It can be
marked as a potential hazard.

b.  Paths that end suddenly, at “bad” locations
with no transition or escape route provided.

In court, you will here that these sorts of paths
“lead the customer into a trap.”  All facil i t ies
should be ended logically, with a reasonable
warning (“Path Ends”), a transition to an alter-
nate route and some design precautions taken
so the inattentive path user is not launched off a
cliff, slammed into barricade around a blind cor-
ner or otherwise penalized too harshly.



All facilities should end logiically, with reasonable warnings, and an alternative
route so the user is not suddenly “trapped”.

c.  Inadequate-radii curves.

Many designers are not aware
that speed, not vehicle design
is the sole determinate of the
proper radius of curvature.  A
b icyc le  and  car  go ing  the
same speed,  say  20  mph,
each need a 95-foot horizon-
ta l  rad ius  fo r  tu rn ing .   I f
anything, the bicycle needs a
slightly wider path in a curve,
since bicycles lean into a turn,
taking up slightly more space.
Design speeds of 20 mph on
f lat  terrain and 30 mph for
grades up to 4% are recom-
mended by  AASHTO
guidelines.

d.  Long-term, severe surface irregularities.

The longer that surface irregularities such as
broken pavement,  potholes,  raveled edges,
bumps, seams and gutter edge build-up are left
unattended, the greater the potential exposure
and the more difficult it becomes to convince a
jury that you did not know the condition existed.
The jury will be convinced that the condition was
discoverable, and you may be found negligent.

e.  Poor sight distances

Like motorists, bicyclists need
time to identify and react to po-
tential hazards such as tight
tu rns ,  obs t ruc t ions  in  the
t rave lway and in tersect ing
motor vehicles, pedestrians
and bicyclists.  At least six
seconds  o f  d iscovery  i s
needed to allow adequate re-
ac t ion  t ime,  mechan ica l
set-up and braking to a stop.
At 20 mph (29.33 feet per sec-
ond), this is a distance of 176
feet.  Walls and vegetation
most often block views, but
somet imes s ight  d is tances
can also be limited by steep
hills (cresting sight distance)
or curves on steep grades.
Identify these problem areas.
Install warning signs and/or

remove obstructions.

f.  Roadway design, planning, operation and
maintenance that do not consider bicycle and
pedestrian use.

It is no longer acceptable to plan, design or build
roadways that do not fully accommodate use by
bicycles and pedestrians.  The bicycle is seeing
increased use for transportation and the health
benefits of walking are receiving greater atten-
t ion.   There have now been over 20 years ’
experience with design for bicycles in the U.S.,

with millions devoted to research
and planning.  With every passing
year, the courts become less and
less sympathetic to agencies that
just have not understood the mes-
sage:  bicycles and pedestrians
are here to stay.  Make sure your
staff is knowledgeable about plan-
ning, design and other aspects of
non-motorized travel.  Be sure to
take all modes into account.
g.  Bridges and underpasses that
are hazardous to bicycles and
pedestrians.

Like motorists, bicyclists need to
cross bridges to get to some des-
tinations.  Bridges are expensive
to build, and difficult to retrofit for
bicycling.

This pedestrian signal would not be accessable
to all users.  How can a child reach this to cross
the street safely?



For more information on this topic, refer to:

• Guide for the Development of Bicycle Facili-
ties, American Association of State Highway
and Transportation Officials, 1991.

• Scottsdale Bicycle Path Improvement Study,
Betty Drake, Gruen Associates and Baker En-
gineers, 1991.

• A Policy on Geometric Design and Highways
and Streets, 1990 edition, American Associa-
tion of State Highway and Transportation
Officials.

• MUTCD—Manual on Uniform Traffic Control
Devices, 1988 edition.

EXAMPLE:
 A bicycl ist descended a steep
grade at high speed in low light
conditions, hitting the depressed
drainage area, next to the sharp
guardrail and lost control.  The cy-
clist, drafting a friend at 17 mph,
was contributing significantly to his
risk.

Although settled out of court, the
FDOT had to consider the appear-
ance of the many protruding rails,
posts, and other conditions that
would have been seen by a jury.

Risk Management Tip:  Pay close
attention to bridges.  Bridges have
many surface conditions, mainte-
nance problems and operations
problems that must be dealt with.  A facility of any
length is only as safe as its weakest link—often
the bridge.

h.  Poor maintenance of off-street facilities.

Many agencies have been successfully sued when
people sl ip on gravel, sand, grass cl ippings,
standing water, deteriorating pavement and simi-
lar conditions.  Bicycles are particularly sensitive
to litter, debris and other materials.  An aggres-
sive maintenance program is essential for all
designated facilities.  Develop a method for iden-
tifying and correcting problems in a timely way.

Spot Maintenance and Improvement Pro-
grams:  Many communities have implemented a
special annual fund to attend to pedestrian and
bicycling facilities spot improvements.  They have
asked bicyclists and others to alert them to any
poor maintenance condition.  This fund and re-
sponse system allows the cities to respond to a
hazardous condition within 48 hours of discov-
ery.

8.78.78.78.78.7 ReferencesReferencesReferencesReferencesReferences
 Text and graphics for this section were derived
from the Pedestrian and Bicyclists Safety and
Accommodation Part icipation Workbook, NHI
Course No. 38061, FHWA-HI-96-028, Drake and
Burden, 1996.

Courts have become less and less sympathetic to agencies that do not consider
the needs of bicyclists and pedestrians.
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9.19.19.19.19.1 PurPurPurPurPurposeposeposeposepose
Bicycling and walking typically account for one-
four th  to  one-ha l f  o f  a l l  persona l  t r ips  in
European cities, as well as for the vast majority
of all public transportation access trips, even in
lower density suburban areas.  This stands in
sharp contrast to the United States, where the
share of personal trips made by non-motorized
means fell in recent decades to less than 10
percent, and where automobile park-and-ride
accounts for a major share of suburban transit
access (FHWA Publication No. FHWA-PD-93-016,
The National Bicycling and Walking Case Study
No. 17:  Bicycle and Pedestrian Policies and Pro-
grams in Asia, Austral ia,  and New Zealand,
1993).

The United States Congress emphasized con-
nec t ions  be tween t rans i t  and  b icyc le  and
pedestrian facilities in the Transportation Equity
Act for the 21st Century (TEA-21),
providing several funding sources
for bicycle and pedestrian improve-
ments through the Federal Transit
Program.  In one example, TEA-21
created a Transit Enhancement Ac-
t iv i ty  program wi th  a  1  percent
set-aside of Urbanized Area For-
mula Grant funds designated for,
among other things, pedestrian ac-
cess and walkways, and “bicycle
access, including bicycle storage
facilit ies and installing equipment
for transporting bicycles on mass
transportation vehicles.”

This lesson discusses the history
of bicycle and pedestrian access to

transit in the United States, and provides an over-
v iew on how bicycl ing and walk ing is being
integrated with transit.  Case studies from the
United States and Europe describe successful
projects.

9.29.29.29.29.2 IntroductionIntroductionIntroductionIntroductionIntroduction
In city after city, transit agencies are discovering
that bicycles and transit are good combination.
The popularity of linking bicycles with transit is
demonstrated in Phoenix, for example, where a
1997 study found that there are over 2100 daily
users of bike-on-bus racks.

In Aspen, Colorado, bus operators must often
turn away bicyclists in the summer mountain bik-
ing  season;  in  Aus t in ,  Texas ,  and Seat t le ,
Washington, transit agencies recently decided
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to equip their entire fleet of city
buses with bike racks.  And on
the West Coast, a manufac-
turer of bus racks for bicycles
repor ts  sa les  in  80  t rans i t
agenc ies  in  more  than  30
States
(National Bicycle and Pedes-
trian Clearinghouse Technical
Assistance Series, Number 1,
1995).

9.39.39.39.39.3 OvOvOvOvOvererererervievievievieviewwwww
of the Problemof the Problemof the Problemof the Problemof the Problem
While U. S. transit authorities
have expended considerable
planning and engineering to
meet pedestrian needs in the
interiors of transit stations, in
many cases, little attention has been devoted to
either the pedestrian or bicycling environment to
and from stations.  Poorly developed inter-juris-
d ict ional  and interagency cooperat ion of ten
impedes consideration of the door-to-door expe-
rience of using public transportation.  It is not
unusual for several different agencies to main-
tain independent control over the various facilities
that are used by someone walking or cycling to
and from a single transit stop.

Unless these agencies agree to cooperate to-
gether in assessing, planning, and enhancing
non-motor ized transi t  access, major impedi-

ments to pedestrian and bi-
cycle access may persist or
grow in severity.  Local and
State Governments with au-
thority to manage, maintain,
and construct pedestrian and
bicycle faci l i t ies and roads
should cooperate with transit
agencies and interested citi-
zens  in  deve lop ing  ac t ion
programs to reduce barriers
to bicycle and pedestrian ac-
cess to transit.

METRO of Seattle, Washing-
ton, for example, is working
to integrate non-motor ized
access to transit from the be-
g inn ing  in  p lans  fo r  new
reg iona l  t rans i t  se rv ices ,

rather than as an “add on” to already designed
transit projects.  In December 1991, METRO pub-
lished a “Non-motorized Access Study,” a study
conducted to assess the potential of and make
recommendations for incorporating bicycle and
pedestrian access, with a focus on bicycle ac-
cess, into the system plan for Seattle’s Regional
Transit Project.  The Regional Transit Project ex-
amines two future rapid transit alternatives for
the region - a transitway alternative (bus and HOV
facilities) and a rail system alternative (light rail).
The study notes:

“The potential commuter travelshed surrounding
a transit line can be increased by
adding station and vehicle ameni-
t ies  to  a l low eas ie r  in te r face
between bicycles and the transit
system.“

Among the study’s key findings are
the following:

• Approximately I mill ion people
l ive wi th in  a  2-mi le  (des i rab le
b ik ing  d is tance)  rad ius  o f  the
proposed rap id  t rans i t  sys tem
stat ions; a signif icant potent ial
transit market;
• Agenc ies  tha t  have  made
improvements for bicycle access
to  s ta t ions  see  subs tan t ia l
increases in bicycle ridership at
those stations;

Lack of adequate bike parking is a
common problem for urban subway

According to 1990 NPTS data 53% of all people nationwide live less than
two miles from the closest public transportation route.
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• Transit vehicle (bus and rail) modifications
and faci l i ty  access requirements can be
accommodated at relatively modest capital
cost.(FHWA Publication No. FHWA-PD-93-
012, The National Bicycl ing and Walking
Case Study No. 9:  Linking Bicycle/Pedestrian
Facilities with Transit, 1992)

9.49.49.49.49.4 Pedestrian AccessPedestrian AccessPedestrian AccessPedestrian AccessPedestrian Access
to to to to to TTTTTrrrrransitansitansitansitansit
Walking is the most environmentally friendly and
lowest-cost way to get people to and from public
transportation.  When given sidewalks or traffic-
calmed streets to walk along, safe and conve-
nient ways to cross streets, and a comfortable
and attractive environment, most people are will-
ing to walk farther to reach public transportation.
In the U.S., however lack of attention to pedes-
trian needs beyond the bounds of the transit
station seems fairly common.  The location of
park-and-ride lots is often not amenable to non-
motor ized  access .   One t rans i t  agency
commented that all of their park-and-ride lots are
located near freeways and/or shopping areas
where residential housing is quite far away and
there are no paths or sidewalks located near the
park-and-ride lots.

Some U.S. transit and transportation agencies,
however, are showing a growing and promising
awareness of the need to focus on the larger en-
vironment that surrounds and leads to transit
stations and bus stops:

Charlotte
The city of Charlotte, North Carolina, began a
project in 1981 to encourage walking and bicycle
access to bus transit along its heavily traveled
Central Avenue Corridor which contains seven
intersections at Level of Service E or F in the peak
hours.  To help address bicycle access needs,
20 bicycle racks and three lockers were installed
at key bus stops.  Pedestrian access was im-
proved by installing 114 pedestrian signals and
115 push-buttons at key intersections and side-
walks were constructed with curb cut ramps.

Los Angeles
The Southern California Rapid Transit District
(SCRTD) has developed an interactive computer
demonstration of the sidewalk “level of service”
(LOS) effects of pedestrian overcrowding.  This
was used in a successful effort to mitigate a plan
by the Los Angeles Department of Transporta-

tion to take sidewalk space away from a rail sta-
tion area that will serve the intersection of the
RED and BLUE rail transit lines.  SCRTD has
also completed a plan to improve pedestrian
access to the Hill Street Metro portals, including
wider sidewalks, pedestrian shortcuts to key des-
tinations, street trees and a pedestrian walkway
connecting the Museum of Contemporary Art with
the newly installed “Angel’s Flight” cable railway.

Houston
METRO of Houston recently entered into a pro-
gram to implement sidewalks along major roads
to provide access to their transit facilities.

Sacramento
All light rail stations in Sacramento, CA, except
one which is located in a freeway right-of-way,
provide at-grade pedestrian and bicycle access.
Some 17 of the system’s 28 stations are within
three blocks of a city or county trail facility.  Link-
ages at  most stat ions are v ia resident ia l  or
connector streets with low traffic volumes, pre-
senting fewer problems for people on foot or
bicycle.  Four LRT stations are located on pe-
destrian/transit malls.

Portland, Oregon
Portland offers an outstanding example of link-
ing pedestrian facilities to public transportation.
Reallocating street space in the downtown to tran-
sit and pedestrians has helped keep the central
business district healthy, retaining a much higher
share of regional retail activity than in other cit-
ies where downtowns have declined.  (NBWS
Case Study No. 9)

9.59.59.59.59.5 How are BicyclesHow are BicyclesHow are BicyclesHow are BicyclesHow are Bicycles
Being Integrated withBeing Integrated withBeing Integrated withBeing Integrated withBeing Integrated with
TTTTTrrrrransit?ansit?ansit?ansit?ansit?
A variety of facilities and services are being pro-
vided:  bike racks on buses; provisions for the
transport of bicycles on light and heavy rail tran-
sit, commuter rail, and long-distance trains; bike
parking at transit stations; design improvements
at transit stations (curb cuts, signage and light-
ing); links to transit centers (bike lanes, multiuse
trails, widened roadway shoulders); and bicycle-
ferry programs.

A thorough discussion of the issues surround-
ing  the  imp lementa t ion  o f  b icyc le - t rans i t
integration is found in each of two documents:
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Linking Bicycle and Pedestrian Facilit ies with
Transit, National Bicycling and Walking Study,
Case Study 9; and Integration of Bicycles and
Transit, Transportation Research Board (TRB),
1994.

1.  Transit Agency Concerns:  Safety, Schedule
Delays, & Equipment

Schedule Adherence
The TRB study shows that most transit agencies
are not experiencing problems with schedule de-
lays; new bike-on-bus rack design has minimized
dwell times for loading and removal.

Safety & Protection of Transit Property
The TRB study has also shown that the impact of
bicycle-transit integration has been minimal on
the personal safety of cyclists, operators, or the
public, and on transit agency property.  Bike racks
on the fronts of buses have not proven to inter-
fere with driving.  Rail operators attribute their
positive safety record to a permitting process
used by most agencies, which educates bicyclists
about the program and ensures that they will not
have a detrimental impact on the system.

Equipment Procurement
Much of the equipment needed for bicycle/transit
integration is now easily obtainable.  With regard
to equipment procurement, transit agency per-
sonnel  must  take in to considerat ion design
cri ter ia, technical specif icat ions, and capital
costs.

2.  Bicyclist Concerns:  Fares, Permits/Fees, Re-

stricted Hours, Parking & Ac-
cess

Many bicyclists contend that time-
res t r i c ted  access  lowers  use
among everyday cyclists.  For ex-
ample, in Washington, D. C., a
lack of early morning access for
the bike-on-rail program leaves
unserved those commuters who
could use their bikes for egress
from Metrorail stations to job sites
and schools.  Programs that re-
quire permits discourage use by
tourists, other visitors and local
residents who may be casual us-
ers.

Additional fares for transporting
bikes also creates a disincentive

for use, however most transit systems have not
instituted such fares.  (National Bicycle and Pe-
destr ian Clearinghouse Technical Assistance
Series, Number 1, 1995).

9.69.69.69.69.6 BikBikBikBikBike-on-Buse-on-Buse-on-Buse-on-Buse-on-Bus
ProgramsProgramsProgramsProgramsPrograms
Bike-on-Bus programs are functionally similar to
bike-on-rail programs but often operate in much
lower density corridors than rail transport.  By
expanding a bus line’s access and egress ser-
vice area, bike-on-bus programs can attract many
passengers who would not otherwise be able to
use transit for their trip, particularly to reach sub-
urban destinations where transit coverage is often
sparse.

There are three means of accommodating bi-
cyc les  on  buses  –  rear -mounted  racks ,
front-mounted racks, and allowing bikes inside
the bus.  Rear-mounted racks were the earliest
type of systems, preferences appear to have
shifted towards front-mounted racks.  At least
three transit  systems now use rear-mounted
racks – San Diego Transit, Humboldt Transit Au-
thority in northern California, and Santa Cruz
Transit District.  Two agencies that previously
used rear-mounted racks – North County Transit
in northern San Diego County and Windham Re-
gional Transit.  In Wil l imantic, CT they have
changed thei r  po l ic ies;  the former to  f ront -
mounted racks and the latter to policy that permits
bikes inside the buses.

The preferred style of bike rack mounts to the front of the bus.
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Most U.S. bike-on-bus ser-
vices do not require a permit,
in contrast to most U.S. bike-
on-rail services.  While most
U.S. transit systems accom-
modate  b ikes  on ly  on
designated routes, a few cit-
ies-such as  Phoen ix ,  AZ,
Aspen, CO, and Sacramento,
CA have no route restrictions
and have opened their entire
system to carrying bicycles.

The City of Phoenix began a
6-month bike-on-bus dem-
ons t ra t ion  p rogram f rom
March-August 1991 to as-
sess  potent ia l  use o f  the
service.  Bicycle racks were
mounted  on  the  f ron t  o f
buses operating on 3 routes,
selected based on criteria developed in coordi-
nation with the bicycle community.  Two-thirds of
the $15,000 program cost came from a grant by
the Arizona Department of Environmental Qual-
ity.  During the demonstration program, 5,500
bicycle trips were taken and ridership steadily
increased.  At the end of the first month, 153 rid-
ers had used the service.  By the end of the third
month (May), this jumped to 1,109 riders per
month and by the end of the 6 months there were
1,404 riders per month.  Phoenix Transit reported
no safety problems associated with the new ser-
vice.  The service not only attracted increasing
numbers of bicyclists, but also attracted to tran-
s i t  peop le  who d id  no t
previously use the buses.
A Bike Rider Survey found
that the vast majority (90%)
of the bus riders used the
bike racks for commuting.
An evaluation of the dem-
onstration concluded:

“From the response re-
ceived, it would not be a
stretch to say that the pro-
gram was overwhelmingly
popular among transit rid-
e rs  and  ha i led  as  an
excellent idea by bike rid-
ers.  For bus patrons it is
an added option, for bike
riders it is an opportunity
and for public transit it is
another step toward reduc-

ing the number of vehicles trav-
elling on the road”.

As a result of the successful
demonstrat ion,  the Phoenix
Transit  bike-on-bus program
expanded system-wide in July
1992.  By 1997, all 463 buses
in the Phoenix system were
equipped with front-mounted
bike racks, each of which car-
ries 2 bikes.  A survey in 1997
found that there are 2,146 daily
users of the bike racks within
Phoenix alone (not including
usage outside of Phoenix).

Although most transit agencies
offering bike-on-bus services
have relied on various devices
outside the bus, a few agen-

c ies  have dec ided tha t  added hardware  is
unnecessary and allowed bicycles inside their
buses.   Westchester  County Department  of
Transportation (WCDOT), located near New York
City,  s imply adopted a permissive “welcome
aboard” policy towards bicyclists and other po-
tential users beginning in the late 1970s.  The
space provided for wheelchair-bound passen-
gers can be used by those traveling with baby
carriages, shopping carts, bulky packages, or
bicycles.  This policy applies only to handicapped-
accessible Advanced Design Buses, and only in
non-peak periods.  Wheelchair users are given
priority over bicycles at all times.  No problems

Some transit agencies allow bicyclists to
carry their bikes onto trains and buses.
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have been reported with the
service.

9.79.79.79.79.7 BikBikBikBikBikes-on-es-on-es-on-es-on-es-on-
Rail ProgramsRail ProgramsRail ProgramsRail ProgramsRail Programs
The first American commuter
rail system permitting bicycles
in passenger coaches in re-
cent years was the Southern
Pacific Railroad (SP), serving
San Francisco and San Jose.
A  4 -month  demonst ra t ion
project in 1982, sponsored by
the California Department of
Transportation (Caltrans), al-
lowed cyclists to secure their
bicycles in the aisles of the rail
cars at no charge during non-
peak hours.  No permit was required.  Southern
Pacific’s management, however, showed litt le
enthusiasm for the project and demanded pay-
ment of $73,000 by Caltrans to indemnify SP for
potential accidents.  While there were no sched-
ule delays, injuries or inconveniences to other
passengers during the 4-month demonstration,
lack of publicity and a short program duration,
resulted in low bicycle use-only about 100 users
a week.  SP management’s demand for costly
insurance payments-over $100 per bicycle trip—
resulted in the program being dropped.

At the time of the Caltrans demonstration project,

only two other North American
rail systems had carried bi-
cycles for more than I year:
BART, the rai l  rapid transit
system in the San Francisco
Bay Area and the Port Author-
ity Trans-Hudson (PATH) in
New Jersey which started its
bike-on-rail program in 1962.
BART’s  p rogram en joyed
s t rong  pub l i c  suppor t ;  by
1980, BART had issued more
than 9,000 bike-on-rail per-
mits.  Community support and
the excellent safety record of
the program prompted BART
to relax restr ict ions on the
bike-on-rail service and per-
mi ts  were  made ava i lab le

through the mail.  By 1984, the number of per-
mits had more than tripled to 28,000; this had
grown to 71,000 permits by 1992.

BART’s success prompted other rail systems to
institute bike-on-rail programs.  Today, they exist
on many commuter rail, heavy and light rail tran-
sit systems in cities across the country and other
transit agencies are planning bike-on-rail ser-
vice.

New light rail systems that have opened in some
U. S. cities in recent years are integrating bicycles
with their systems, providing bicycle parking at

stations, and permitting bikes-on-
rail.  These include LRT systems
in Santa Clara County, San Diego,
Portland, Sacramento and Los An-
ge les .   In  mid-1992,  Por t land,
Oregon, initiated a more compre-
hensive bike-on-transit program,
including bikes on the LRT, re-
g iona l  buses  and  inc reased
bicycle parking faci l i t ies at sta-
tions.

Permits
Most U.S. transit authorities with
bike-on-rail service require a cy-
clist to obtain a valid permit.  Costs
for the permit generally range from
$3-5 and are va l id  for  vary ing
lengths of time: some systems, es-
pec ia l l y  those  w i th  newer
programs require annual permit

Bicycle stencils on outside and inside doors of Danish State Railways
(DBS) local “S-Tog” trains indicate those doors where bikes may be
brought on board the train.

Connections between transit systems
and bike networks and pedestrian trails
makes it obvious how convenient these
options of travel are.
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renewal while on other systems, permits may be
valid from 3-5 years and on some, for an unlim-
ited period.  While the permit process provides a
means of assessing use of the system and en-
sures that bicyclists are familiar with the program
rules and regulations, permits severely constrain
demand, generally excluding tourists and poten-
tial occasional users.  A few simple billboards or
signs in transit vehicles and near stations, as
found in Europe, would provide an alternative
means of communicating rules of operation.

It is notable that not a single European bike-on-
rail program requires a permit for the carriage of
bicycles.  A large number of rail systems across
Europe allow bicycles on trains.  Some offer this
service for free, while others charge a fare supple-
ment for the bicycle.  Eliminating permits allows
them to attract a larger pool of users, generate
added revenues, and avoid the often consider-
able costs associated with permit administration.
Santa Clara County Transit, in California, is the
first U.S. transit agency to take a more European
attitude towards the bicycle, allowing them on
board without a permit at no extra charge.

Time Restrictions
The U.S. bike-on-rail services are almost all re-
stricted to times outside the weekday peak hours.
The exceptions are BART in San Francisco and
the MBTA commuter rail system in Boston, MA,
which allow bicycles to be carried during peak
hours in the “reverse commute” direction only.
Restrictions on most systems prohibit bicycles
on rail weekdays before 9:00 a.m. or 9:30 a.m. in
the morning (some allow bikes before 6:00 a.m.)
and from 3:00 p.m. or 3:30-6:30 p.m. Weekend
policies vary, with some systems having no re-
strictions and some blocking out certain hours
when there is substantial shopping, work or rec-
reational travel.  Several European bike-on-rail
systems, including Oslo and Amsterdam, have
no time restrictions on the time when bicycles
can be brought on board.  Without any restric-
tions, cyclists, using their own common sense,
tend to naturally avoid bringing bicycles into rail
cars during crowded rush hours.  Santa Clara
County Transit again leads the United States in
adopting the most European attitude towards
bike-on-rail, allowing two bicycles per car in peak
hours, and four per car in non-peak hours.

Rail Car Design Constraints
Restrictions on the number of bikes permitted
on each rail transit system vary: some systems

permit two bicycles/car and others allow bicycles
only on the last car of the train with a maximum
of four bicycles/train.  In Santa Clara County, the
bike-on-rail program is so popular that the num-
ber of bikes far exceeds the limit.  Passengers
are expressing concerns about access prob-
lems caused by bicycle overcrowding and efforts
are under way to try to resolve this.

Rail transit system restrictions on the number of
bicycles permitted are based in part on rail car
designs in this country, in which bicycle accom-
modation has not been a consideration.  On the
MARTA system in Atlanta, and on other systems,
cyclists hold their bikes in a fold-up seat area
near the backdoor of the rail car.

In California, design of the new “California Car,”
mandated and funded by Proposition 1 16, re-
quires accommodation of a reasonable number
of bicycles carried on board by passengers for
both inter-city and commuter application.  The
California Car is a bi-level car that superficially
resembles Amtrak’s Superliner, but with signifi-
cant design differences including bicycle storage
on the lower level of the car.  The new rail car,
which will be used on State-sponsored Amtrak
and-local commuter rail services, is a promising
new development in the United States.  Its speci-
fications could be adapted by other rail agencies
to enhance bicycle-rail linkage.

9.89.89.89.89.8 BicBicBicBicBicyyyyycccccle Ple Ple Ple Ple Parararararkingkingkingkingking
FFFFFacilities aacilities aacilities aacilities aacilities at t t t t TTTTTrrrrransitansitansitansitansit
Cities and transit authorities across the country
are beginning to recognize the crucial role of
secure bicycle parking at  t ransi t  stat ions in
promoting increased bicycle access to transit.  A
number of the nation’s commuter rail and rail
transit systems are investing in bicycle parking
but many lack a more comprehensive strategy
that looks at the environment beyond the station.
Frequently the quality of the parking provided is
inadequate, leaving most bicycles vulnerable to
theft and vandalism.  The majority of suburban
bus transit systems, which could expand service
area  and  r idersh ip  th rough b icyc le - t rans i t
interface, appear to pay little, if any, attention to
bicycle parking facilities at bus stops.

There is wide variation in the use of bicycle racks
and lockers  between ra i l  s ta t ions and a lso
between transit systems.  A crucial factor appears
to be the degree to which the envi ronment
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leading to the station is bicycle-friendly and the
quality of the bicycle parking provided.  In areas
where separate bicycle paths or bike lanes on
streets have been implemented,  fac i l i ta t ing
connection to rail or bus services, the ease and
safety of access by bicycle is greatly enhanced.
Access to many stations is on streets where little
or no thought has been given to bicycle safety,
curtailing the extent of bicycle access.  The degree
to which a transit agency actively promotes its
bicycle parking faci l i t ies,  and more broadly,
promotes the environmental and social benefits
of bicycle access vs. auto access also impacts
upon the use of bicycle lockers and racks.

Economics of a Guarded Bicycle Parking
Garage in Germany
Since July 1989, in Wunstorf, Germany, near
Hannover, local authorities, working with a pri-
vate bicycle shop owner,  have developed a
“Bicycle Station,” to provide 320 guarded bicycle
parking spaces at the railway station, along with
bicycle rental and repair services.  In the first 22
months of operations, the number of bicycles
parked at the rail station increased fourfold to
about 160 each day, with growth continuing at a
rate of 20 to 30 percent a year.  Since the second
year of operation, some 60 to 90 bicycles were
rented each month in the warmer months of the
year, mostly on weekends.

The facility and rental bicycles are in public own-
ership but operations are handled under a private
franchise contract.  User fees for parking have

As in Vasteras, Sweden, cycle parking in the downtown area is essential to
the encouragement of cycle commuting as well as leisure travel to the city’s

been set at US $1.85 per week,
$5.60 per month, or $56 per year
for those with a weekly, monthly,
or yearly railway pass; without a
rai lway pass, parking fees are
one-third higher.  Single-use park-
ing costs US $0.75 per day.  The
vast majority of users buy monthly
parking cards to obtain the dis-
count they offer.

Bicycle park ing fees compr ise
two-thirds to three-fourths of the
revenues in any given month, with
bicycle repair  work comprising
most of the remainder, except in
the warmer months, when bicycle
rentals, mostly for recreational
use, provide up to a fifth of rev-
enues.  The franchise operator is

guaranteed minimum receipts by the local au-
thorities of US $750 per month, but as of May
1991, monthly revenues from the operation were
US $1,650 and continuing to increase at a steady
pace, so this guarantee was not being exercised.

Total cost of the operation is about US $8,900
per month. The government provides a fixed sub-
sidy of about US $7,100 per month (or about US
$22 per bicycle parking space) and the franchise
operator pays the remaining costs of about US
$1,800.  The franchise operator is responsible
for the cost of providing a bicycle mechanic, in-
surance and maintenance of rental bicycles, and
a portion of utilities and building insurance, while
the government supports other costs as a means
of encouraging the use of transit and bicycles.
With a continuation of the fixed contract subsidy,
the franchise operator was anticipated to achieve
profitability in his activities at the “Bicycle Sta-
tion” by the end of 1991.  A breakdown of the
costs of operation are shown in Table 12.

The “Bicycle Station” is open 108.5 hours per
week and is staffed by three people over the
course of a typical day.  Labor costs comprise 83
percent of the costs of operations.  A study which
examined the possibility of semi-automating the
bicycle parking garage using a system found in
Japan and the Netherlands estimated that the
fu l l  cos t  o f  convers ion wou ld  be about  US
$121,000 to provide a 168-bicycle capacity sys-
tem, or $720 per unit capacity.
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9.99.99.99.99.9 Access to Access to Access to Access to Access to TTTTTrrrrransitansitansitansitansit
CentersCentersCentersCentersCenters
The success of  a b icycle- t ransi t  integrat ion
program may hinge on the quali ty of bicycle
access to and from the transit facility.  Multi-use
trails, rail-trails, on-road bike lanes, widened
shoulders, and sidewalks often provide critical
transportation linkages from neighborhoods, and
bus iness  or  commerc ia l  d is t r i c ts  to  t rans i t
centers.  Trails that parallel rail corridors, or
rails-with-trails, offer another way to link the two
modes.  (NBWS Case Study No. 9)

9.10  9.10  9.10  9.10  9.10  WWWWWhhhhhy Link Bicy Link Bicy Link Bicy Link Bicy Link Bicyyyyyccccclistslistslistslistslists
with with with with with TTTTTrrrrransit Seransit Seransit Seransit Seransit Services?vices?vices?vices?vices?
Integration enhances travel potential for both
modes of travel by offering a number of advan-
tages which each mode alone cannot provide:

a) Bike-on-transit service enables bicyclists to
t rave l  fa r ther  d is tances  and overcome
topographical barriers

b) B ike-on- t rans i t  serv ices  to  recreat iona l
destinations in off-peak periods can increase
overall transit ridership and increase efficient
use of capacity; and

c) Bicycle-to-transit services (trails, on-road
bike lanes and bike parking) enlarge transit’s
catchment area by making it accessible to
travelers who are beyond walking distances
from transit stations.

Integrat ion lowers air  pol lutant
emiss ions f rom t r ips  taken on
public transit.  Outside of central
business districts, most commut-
e rs  us ing  ra i l  t rans i t  and
park-n-ride lots arrive by auto; and
typical trip lengths are 3-6km (5-
10 miles).  For an auto trip of 11km
(7 miles), close to 90 percent of
the emissions occur in the first 1.6
km (1 mile), known as the “cold-
start” stage.

In most situations, encouraging
auto commuters to drive to rail or
bus transit produces little air qual-
i t y  improvements .   However,
conver t ing t ransi t  access t r ips
from auto to bike, or converting car
commutes to bike-n-ride transit

Bicycle shelters used in Germany allow a bike to be parked for 4 days
before being moved to a long-term parking area, allowing commuters to
leave bikes over the weekend.

trips, can produce significant emission reduc-
tions (NBWS Case Study No. 9).

Integration reduces costs of constructing auto-
mobile park-and-ride lots, which vary from $1,500
to $20,000 per space.  The costs of providing
bicycle parking and storage facilities average $50
to $500 each.

In rural communities, integration offers touring
bicyclists and other tourists auto-free access to
popular recreation destinations like trails and
parks and provides rural bicycle commuters the
means for inter-city or inter-town commuting.
(NBWS Case Study No. 9)

9.11  9.11  9.11  9.11  9.11  WWWWWhahahahahat art art art art are the Ke the Ke the Ke the Ke the Keeeeeyyyyy
Elements of SuccessfulElements of SuccessfulElements of SuccessfulElements of SuccessfulElements of Successful
Programs?Programs?Programs?Programs?Programs?
Demonstration Projects
Many successful programs began with a limited
demonst ra t ion  phase,  then  expanded to  a
broader,  o r  even  sys tem-wide ,  opera t ion .
Demonst ra t ion  p ro jec ts  tend  to  focus  on
identifying and solving specif ic technical and
operational aspects of the service, and usually
lead to wider program implementation.

Advisory Committees
This  commi t tee shou ld  inc lude non-agency
organ iza t ions  and ind iv idua ls ,  who have
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experience in bicycle advocacy in
their  community,  an interest in
b icyc le - t rans i t  p rograms,
knowledge o f  user  needs and
constituency characteristics, and
some expertise in bicycle and/or
transit issues.

Marketing & Promotion
A b ike- t rans i t  p rogram must
vigorously market and promote its
effective:  a brochure describing
the agency’s program, a phone
number  fo r  in fo rmat ion ,  and
drawings  o r  pho tographs  o f
equ ipment  to  he lp  users
understand operating procedures.

The Tri-Met in Portland, Oregon,
d is t r ibu ted  4 ,000  b rochures
directly to the local bicycle advocacy group’s
membership.  In Philadelphia, SEPTA prepared
a pamphlet highlighting eight scenic and cultural
destinations for bicycle touring accessible by its
local rail systems.  Bike-to-Work Days and bicycle
fairs, or offers of free test rides, have also proven
effective in promoting new programs.

Are Federal Funds Available for Bicycle-Transit
Integration?
The Rai ls-To-Tra i ls  Conservancy has docu-
mented  the  use  o f  In te rmoda l  Sur face
Transportation Efficiency Act (ISTEA) funds in the
development of dozens of bicycle-transit integra-
tion facilities.  ISTEA/TEA-21  programs being
used include the Congestion Mitigation and Air
Quality Improvement Program, Surface Transpor-
ta t ion  Program,  and  the  Transpor ta t ion
Enhancements Program.  Through the Federal
Transi t  Program in TEA-21, several  funding
sourcs are available for bicycle and pedestrian
access improvements.

9.12  Exercise9.12  Exercise9.12  Exercise9.12  Exercise9.12  Exercise
Choose a local transit station (or individual tran-
sit stop) and determine the potential catchment
area.  Design a program for increasing bicycle
and pedestrian access to the transit station, in-
c lud ing  bo th  des ign  improvements  and
education/promotion efforts.  For physical im-
provements, include both the immediate vicinity
as well as connections to origins that lie in the
catchment area.

A pedestrian and bicycle bridge near the Freiburg rail station carries
thousands of  people each day.

Alternate Exercise
Choose a nearby transit stop or park-and-ride
station and ride a bike or walk to it.  Document
the problems along the way, as well as those
you experience when you arrive at the station/
stop.  Given your knowledge of the community,
what would it take to get people to bicycle and
walk to this site?

9.13  References9.13  References9.13  References9.13  References9.13  References
For an analysis of the state of the practice, see
Integration of Bicycles and Transit.  Write: TRB,
National Research Council, 2 101 Constitution
Ave., NW, Washington, DC 20418, $12.

The FHWA reports l isted below are available
through the FHWA Report Center, 9701 Philadel-
ph ia  Cour t ,  Un i t  Q,  Lanham,  MD.   Phone:
301-577-0818.  Fax:  301-577-1421.

National Bicycling and Walking Study - Case
Study No. 17:  Bicycle and Pedestrian Policies
and Programs in  As ia ,  Aus t ra l ia ,  and New
Zealand, FHWA Publication No. FHWA-PD-93-
016, 1993.

National Bicycle and Pedestrian Clearinghouse
Technical Assistance Series, Number 1, 1995.

National Bicycling and Walking Study - Case
Study No. 9:  Linking Bicycle/Pedestrian Facilities
with Transit, FHWA Publication No. FHWA-PPD-
93-012, 1993.
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To learn more about successful bicycle-transit
integration services, contact the following:

Bicyc le  Park ing Commuter  Rai l
BART,  San Franc isco MetroNor th ,  New York
Leo Rachal (510) 464-6169 City Metro Area

Kyle McCarthy (212) 340-4916
Bike-on-Bus
METRO, Seat t le Long-Distance Rai l
Robert  F lor A m t r a k
(206) 684-1611 Steve Roberts (202) 906-2091

Light  Rai l Heavy  Ra i l
Tri-Met WMATA
Port land, Oregon Washington,  D.  C.
Linda Wi l l iams Sharonlee Johnson
(503) 238-4884 (202) 962-1116
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shared by all types of users of all ages and abili-
ties.

These different trail users have different objec-
tives, which can result in conflict.  Some use the
trail to get to work.  Others use it to walk the
dog, jog or stroll with their children.  By under-
standing the needs of these users and designing
to accommodate expected levels and types of use,
you can build a trail system that plays an impor-
tan t  ro le  in  the  communi ty  o r  reg ion ’s
transportation and recreation network for years
to come.

Trail user conflicts are an issue when on wide trails like this coastal trail in Santa Barbara,
CA.

10.1  Pur10.1  Pur10.1  Pur10.1  Pur10.1  Purposeposeposeposepose
Off-road facilities can provide low stress environ-
ments  fo r  b icyc l ing  and  wa lk ing  tha t  a rea
separated from motor vehicle traffic.  They can
be great places for basic and child cyclists to try
out their riding skills prior to taking trips on ur-
ban streets.  While they have many posit ive
features, design of off-road trails must be done
with the same care and attention to recognized
guidelines as design of bike lanes on roadways.
In addition, trails are often extremely popular fa-
c i l i t i es  tha t  a re  in  h igh  demand among
rollerbladers, bicyclists, joggers, people walking
dogs, and a variety of other users.  The resulting
mix and volume of non-motorized traffic can cre-
a te  dangerous  cond i t ions  tha t  shou ld  be
anticipated during the design phase.

The discussion that follows ad-
dresses the types and des ign
requirements of different trail us-
ers, and provides a brief overview
of design issues and guidelines.
More detail on multi-use trail de-
sign and engineering is provided
in  na t iona l  gu ide l ines  se t  by
AASHTO and the MUTCD.

10.2  Multi-Use10.2  Multi-Use10.2  Multi-Use10.2  Multi-Use10.2  Multi-Use
TTTTTrrrrrailsailsailsailsails
In very few instances is a trail used
exclusively by one type of user.
People routinely walk on “bicycle
paths” and mountain bicycl ists
have been known to use “eques-
trian trails”.  In most cases, it must
be assumed that  t ra i ls  wi l l  be
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Trails can be designed to include year-round activities such as cross-country skiing, sledding
and snowmobiling where appropriate.  (Erie Canal Trail, Syracuse, NY)

10.3  10.3  10.3  10.3  10.3  TTTTTrrrrrailailailailail
DesignDesignDesignDesignDesign
InfInfInfInfInfororororormamamamamationtiontiontiontion
ResourcesResourcesResourcesResourcesResources
The following resources are
recommended as sources of
specif ic information on trai l
design and construction:

Guide for the Development of
Bicycle Facilities; American
Association of State Highway
and Transportation Officials;
1999.

Trails for the Twenty-First Century – Planning,
Design and Management Manual for Multi-Use
Trails;
Edited by Karen–Lee Ryan, published by the
Rails-to-Trails Conservancy,
1400 Sixteenth Street, N. W., Suite 300
Washington, D. C. 20036; (202) 797-5400.

Greenways – A Guide to Planning, Design and
Development, The Conservation Fund, Flink &
Searns; 1993.

Signs, Trails and Wayside Exhibits – Connect-
ing People and Places, By Suzanne Trapp,
Michael Gross and Ron Zimmerman; UWSP Foun-
dation Press, University of Wisconsin – Stevens
Point, Wisconsin 54481; 1994.

Rails-With-Trails:  Sharing
Corridors for Recreation and
Transportation; Bri l lot and
Winerich, Rails-to-Trails Con-
servancy, 1993.

Confl icts on Multiple-Use
Trails, Roger Moore, Federal
Highway Administration, Pub-
lication No. FHWA-PD-94-031,
1994.

Public Trail Access:
A Guide to the Protection of
Ar izona’s  Tra i ls ;  Ar izona
State Parks,  Ar izona State
Committee on Trails, 1995.

Trail Design, Construction and Maintenance
Guidelines; Arizona State Parks, Arizona State
Committee on Trails, 1995.

Manual on Uniform Traffic Control Devices,
USDOT, latest edition (for signage and pavement
parking on trails).

10.4  10.4  10.4  10.4  10.4  TTTTTrrrrrail ail ail ail ail TTTTTypesypesypesypesypes
Among the many types of trails are the following:

• Urban trails and pathways
• Rail-trails
• Trails in greenways
• Interpretive trails
• Historic trails

• Rural trails
• Primitive trails.

All of these can be designed for
use by pedestrians (including jog-
gers, casual strollers, hikers, in-
line skaters and others), people
with disabi l i t ies, bicycl ists and
equestrians.  What distinguishes
one type of trail from another is,
primarily, its context.

Cons idera t ion  o f  t ra i l s  in  th is
course session will focus prima-
rily on urban trails and pathways,
including rail-trails and trails in
greenways.
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10.5  R10.5  R10.5  R10.5  R10.5  Rail-Tail-Tail-Tail-Tail-Trrrrrailsailsailsailsails
Over 10,000 miles and 1,000 trails
are now in place nationwide, and
wel l  over  a  hundred thousand
miles of future rail abandonments
make this one of the most impor-
tant programs. Abandoned rails:

• Provide natural corridors, of-
ten to the heart of a city

• Provide excellent access
• Provide rail-banking possibili-

t i es  ( the  ra i l s ,  o r  a t  leas t
transit, will come back)

• Provide bridges, tunnels, easy
grades, views

• Provide a link from the past to
the future

Railway and utility companies
as trail partners
Today there are many active rail, utility and
other corridors where a bit of imagination and
lots of negotiation can lead to successful
shared corridors.  Building partnerships can
and has led to excellent trail links and full
length trails.

Among considerations in building partnerships
are:

• Seattle, Portland and many West Coast ar-
eas have shared corridors with rail lines.

• Utilities have often bought abandonments and
most are likely partners.

• Resolve issues related to legal protection, tort
liability issues, contracts to address partner-
ship concerns about liability.

• Provide physical separat ion between rai l
lines, canals, or utility facilities.

• If a utility or other partner’s use of the facil-
ity (e.g., for maintenance work) has potential
conflict with trail use, provide an alternative
route during times when trail use will be re-
stricted.

The Rails-to-Trails Conservancy, Tel:  (202) 331-
9696, Fax:  (202) 331-9680, offers a wide variety
of training and information resources related to
trails within rail rights-of-way.  Especially recom-
mended is Rails-With-Trails: Sharing Corridors
for Recreation and Transportation, by Michael
Brillion and Julie A. Winterich, available through
Rails-to-Trails Conservancy.

10.6  10.6  10.6  10.6  10.6  TTTTTrrrrrail Design Issuesail Design Issuesail Design Issuesail Design Issuesail Design Issues
National guidelines for the design of multi-use
trails are provided by AASHTO’s Guide for the
Development of Bicycle Facilities (1991).  Nearly
1/3 of the guide is devoted to trail design, and
the requirements are quite detailed.  The reader
is cautioned that the following section of this
manual is intended to provide further depth only
on design issues that the AASHTO Guide does
not fully cover.  The AASHTO Guide should be
used as a companion text to this chapter.

Location and Use
Multi-use trails are physically separated from
motor vehicle traffic (except at crossings with
streets) and built either within an independent
right-of-way (such as a utility or railroad right-of-
way), or along special ly acquired easements
across private lands.  Trails cater to a variety of
users, including bicyclists, pedestrians, joggers,
rollerbladers and horseback riders.  Possible con-
flicts between these user groups must be consid-
ered during the design phase, since bicyclists
often travel at a faster speed than other users.

Multi-use trails can help bicyclists and walkers
avoid congested urban areas, al though they
sometimes do not provide access to important
destinations in congested areas.  Off-road trails
offer a convenient and pleasant alternative, as
well as an opportunity for a novice cyclist to get
some riding experience in a less threatening en-
vironment.  Although multi-use trails usually at-

Trails are rarely successful without the support and approval of adjacent property owners
and the community.
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bicyclists approaching a bicycle
path often travel on the wrong side
of the street in getting to the path.
Wrong-way travel by bicyclists is
a major cause of bicycle/automo-
b i le  acc iden ts  and  shou ld  be
discouraged at every opportunity.

3.  At intersections, motorists en-
ter ing or crossing the roadway
often will not notice bicyclists com-
ing from their right, as they are not
expecting contra-f low vehicles.
Even bicyclists coming from the
left often go unnoticed, especially
when sight distances are poor.

4.  When constructed in narrow
roadway right of way, the shoul-
der is often sacrif iced, thereby
decreasing safety for motorists

and bicyclists using the roadway.

5. Many bicyclists will use the roadway instead
of the bicycle path because they have found
the roadway to be safer, more convenient, or
better maintained.  Bicyclists using the road-
way are often subjected to harassment by
motorists who feel that in all cases bicyclists
should be on the path instead.

6. Bicyclists using the bicycle path generally are
required to stop or yield at all cross streets
and driveways, while bicycl ists using the
roadway usually have priority over cross traf-
fic, because they have the same right of way
as motorists.

7. Stopped cross-street motor vehicle traffic or
vehicles exiting side streets or driveways may
block the path crossing.

8. Because of the closeness of motor vehicle
traffic to opposing bicycle traffic, barriers are
often necessary to keep motor vehicles out
of bicycle paths and bicyclists out of traffic
lanes.  These barriers can represent an ob-
struction to bicycl ists and motorists, can
complicate maintenance of the facility, and
can cause other problems as well.

For these reasons, the AASHTO Guide further
states that there should always be a minimum of
1.5 m (5 ft) between the trail and the roadway.

tract a higher percentage of Group B (basic) and
Group C (child) cyclists, Group A (advanced) cy-
clists can also benefit from their use.

Trail Width and Traffic Control
The minimum width for two-directional trails is 3
m (10 ft), however 3.7 m - 4.3 m (12-14 ft) widths
are preferred where heavy traffic is expected.  Due
to the popularity of off-road trai ls, centerl ine
stripes should be considered for paths that gen-
erate substantial amounts of pedestrian traffic,
and speed limits or cautionary signs should be
posted.  Trail etiquette signage should clearly
state that bicycles should give an audible warn-
ing before passing other trail users.

Bicycle Paths Adjacent to Roadways
In the past, “bicycle sidepaths” (bikeways imme-
diately adjacent to roadways) were developed with
the concept of separating cyclists from roadways
in order to reduce opportunities for conflict.  It is
now widely accepted that bicycle paths immedi-
ately adjacent to roads actually cause greater
conflicts.  These “sidepaths” create the following
problems (excerpt from AASHTO’s Guide for the
Development of Bicycle Facilities, 1991):

1. Unless paired (on both sides of the road) they
require one direction of bicycle traffic to ride
against motor vehicle traffic, contrary to nor-
mal Rules of the Road.

2. When the bicycle path ends, bicyclists going
against traffic will tend to continue to travel
on the wrong side of the street.  Likewise,

Typical cross section for multi-use trails.  Source:  NCDOT
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This trail provides suffiecient warning for both motorists and bicyclist of the approaching mid
block crossing.  There is also a push button signal to ensure that they can cross safely.

Trail/Roadway Intersection
Design
Trai l / roadway intersect ions
can become areas of conflict
if not carefully designed.  For
at-grade intersections, there
are usually several objectives:

1. Site the crossing area at
a logical and visible loca-
tion.  When at all possible,
trails should be designed
to meet roadways at exist-
ing intersections.  If alter-
nate locat ions for a bi-
cycle path are available,
the one with the most fa-
vorable intersection con-
d i t ions  shou ld  be  se-
lected.  Midblock cross-
ings should not be sited in close proximity to
major intersections with other highways.

2. Warn motorists of the upcoming crossing.
Warning signage and pavement markings that
alert motorists of the upcoming trail crossing
should  be used in  accordance wi th  the
MUTCD.

3. Maintain visibil ity between trail users and
motorists.  Vegetation, highway signage and
other objects in the right-of-way should be re-
moved or relocated so that trail users can ob-
serve traff ic condit ions,
and motorists can see ap-
proaching trail users.  Ev-
ery effort should be made
to locate midblock cross-
ings on straight sections
of roadway, rather than
near curves where sight
distance is limited.

4. Inform trail users of the
upcoming in te rsec t ion .
Signage and pavement
markings on the trail can
provide advance warning
of upcoming intersections,
especially in areas where
the  in te rsec t ion  i s  no t
clearly visible 75 m (250
ft) in advance.

Alternative approach to trail/roadway intersections.
Source:  NCDOT

Intersections and approaches
should be on relat ively f lat
grades.  In particular, the bi-
cyclist should not be required
to stop at the bottom of a hill.
Additional guidance on trail/
roadway intersections is pro-
vided by AASHTO’s Guide for
the Development of Bicycle
Facilities.

The need for parking should
be anticipated during the mas-
ter planning process for the
trail system.  Adequate park-
ing at trailheads is necessary
so that trail users do not park
on the shoulder of the road
near intersections, blocking
the sightlines of both motor-

ists and trail users.

For high speed multi-lane arterials and freeways,
the only viable solution may be a grade-separated
crossing.  Overpasses can be extremely expen-
sive and marginally successful if users are ex-
pec ted  to  c l imb long  en t rance  ramps.
Underpasses should be of adequate width and
should be well-lit with vandal-resistant fixtures.
Approach ramps for grade-separated crossings
must meet ADA or ANSI standards.

Bicycle Path
3m (10 ft)

Arrows clarify
direction of use

Stop
Sign

3m
 to

 9m
(1

0f
t t

o 
30

 ft
)

1.5 m 1.5 m
(5 ft)

1.5 m
(5 ft)

Stop bar approx.
1.2 m
(4 ft from intersec.

Stop
Sign

Note:  See MUTCD
Part IX Figures 9-2
and 9-6 for more
advice on signing
and marking bicycle
path/roadway
intersections.
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Restricting Motor Vehicle Access
Unauthorized motor vehicle access is an issue
at  some t ra i l / roadway in te rsec t ions .   T ra i l
bollards are the most effective method of limit-
ing unwanted motor vehicles.  However, much
care should be taken in their use because they
present an obstacle when located in the travel-
ing path of bicycles and pedestrians.  Centerline
pavement striping should be used to increase
the visibility of bollards located in the center of
the trail, as shown in the detail on this page.

Bollards should be painted a bright color and
permanent ly  re f lec tor ized to  main ta in  the i r
visibility.  Bollards should be sited 9 m (30 ft) in
advance of the intersection, so that cyclists can
fully concentrate on maneuvering through the
bollards and still have time to prepare for the
upcoming intersection.

Bollards should be 0.9 m (3 ft) tall, and can be
constructed of a variety of materials.  Several
commercial manufacturers offer bollards that can
be unlocked and removed to allow emergency
vehicle or maintenance access.

Pavement Design
Typical pavement design for off-road multi-use
trails should be based upon the specific loading
and soil conditions for each project.  Trails de-
signed to serve bicycle transportation purposes
should be composed of a hard surface such as
asphalt or concrete, and should be designed to
withstand the loading requirements of occasional
maintenance and emergency vehicles.

In some circumstances, given an extremely stable
trail bed (such as a rail-trail) and excellent drain-
age conditions, a soft-surface trail may be ac-
ceptable.  Careful consideration should be given
to the amount of traffic the specific trail will gen-
erate, as these surfaces tend to deteriorate with
heavy use.  These trails must also meet stan-
dards set by AASHTO’s Guide for the Develop-
ment of Bicycle Facilities (1991).

One important concern for asphalt multi-use trails
is the deterioration of trail edges.  Installation of
a geotextile fabric beneath a layer of aggregate
base course can help to maintain the edge of trail.
It is also important to provide a 0.6 m (2 ft) wide
graded shoulder to prevent trail edges from crum-
bling.

PLAN VIEW - MARKING PLAN

CROSS SECTION

Reflectorized post barrier used to keep motor vechicles off bicycle
paths and markings plan.  Source:  California Highway Design
Manual, Cal Trans; 1987.

10.7  References10.7  References10.7  References10.7  References10.7  References
Text and graphics for this lesson were derived
from the following sources:

• Pedestrian and Bicyclist Safety and Accom-
modation Participant Workbook, NHI Course
#38061, FHWA-HI-96-028, Drake and Bur-
den, 1996.

• Bicycle Facil ity Design Standards, City of
Philadelphia, 1998.

• AASHTO, Guide for the Development of Bi-
cycle Facilties, 1991.

Also see Section 10.3 of this Lesson for a listing
of trail design publications.
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11.2   11.2   11.2   11.2   11.2   TTTTTrrrrrafafafafaffffffic Calmingic Calmingic Calmingic Calmingic Calming
ObjectivesObjectivesObjectivesObjectivesObjectives
The most fundamental traffic-calming goal is to
reduce the speed of vehicular movement.  With
reduction of speed, the following objectives can
be realized:

Objectives
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

11.1  Pur11.1  Pur11.1  Pur11.1  Pur11.1  Purposeposeposeposepose
Traffic calming is traffic management approach
that evolved in Europe and is now being imple-
mented in many U. S. ci t ies.  The fol lowing
definition is quoted from An Illustrated Guide to
Traffic Calming by Hass Klau (1990):

“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 neighbor-
hoods.  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.”

This chapter explores the
principals of traffic calming
and provides a variety of
studies, design details and
photographs of areas where
traffic calming has been ef-
fectively used in the United
States and in Europe.  Along
with the advantages of traf-
f i c  ca lming ,  the  tex t
descr ibes  mis takes  tha t
pract i t ioners have some-
times made in implementing
traffic calming techniques.
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and to engage in other
street-oriented activit ies
with their neighbors. A key
aspect of achieving this
objective is reducing the
perceived threat of danger
from motor traffic.

2. Enhanced aesthet ic
values, sense of nature.
Severa l  t ra f f i c  ca lming
techn iques ,  such  as
street  landscaping,  pe-
dest r ian ameni t ies  and
reclamation of roadway
areas can serve as com-
munity open space.  Not
only do these techniques
make the neighborhood
more attractive, but they
also break up long, uninterrupted street vis-
tas conducive to speeding and convey the
message that “this is a pedestrian place.”

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

Traffic calming devices are used to break-up long
uniterrupted street vistas that encourage speeding.

Tra f f i c  ca lming  sends  the
message that “motor vehicles
don’ t  exclusively OWN the
roadway” – that other modes
have equal r ights.  Studies
that evaluate traffic calming
improvements show increased
levels of walking, bicycl ing
and t rans i t  use  fo l low ing
installation.

5. Increased safety /de-
creased severity of injury in
traffic crashes.  With reduced
speeds comes a signif icant
reduction in the number and
severity of crashes involving
motor vehicles.  Traffic calm-
ing faci l i ty evaluations uni-
formly show fewer crashes,

fewer fatalities and less-severe injuries.

6. Improved air quality and noise levels.
Slower – moving vehicles make less noise
and, generally, emit fewer pollutants.

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

8. Continued accommodation of motor ve-
hicle traffic.
An important objective is the continued ac-
commodat ion  o f  motor  veh ic le  t ra f f i c .
Although traffic calming shifts the balance

among t ravel  modes,  th is  shi f t
should not result in severely re-
s t r i c t ing  t ra f f i c  vo lumes or  in
shifting traffic problems from the
traffic calmed area to other streets.

11.3  11.3  11.3  11.3  11.3  TTTTTrrrrrafafafafaffffffic calm-ic calm-ic calm-ic calm-ic calm-
ing issuesing issuesing issuesing issuesing issues
When any “new” traffic manage-
ment  approach  i s  in t roduced,
issues, concerns and questions are
bound to arise.  Design decisions
related to t raff ic  can have far-
reaching consequences.  Lives,
economic well-being and urban liv-
ability are directly affected.
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Professional engineers, planners,
government and the public all are
aware of and sensitive to propos-
a ls  fo r  changes  in  the  t ra f f i c
environment.  Roadway conges-
t ion,  a i r  qual i ty,  t ra f f ic  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 test ing and evaluation
before being accepted as part of
the  s tandard  eng ineer ing  and
transportation planning tool kit.
Traffic calming is not a panacea
for urban transportation woes, but
it can have significant benefits in
many situations.

In considering application of traffic calming tech-
niques, what specific issues are likely to arise?
Discussion on the following pages focuses on
traffic calming issues.  (NOTE:  studies and sta-
tistics 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 secu-
rity and accidents will increase.  They will develop
bad habits that may increase risk when they leave
the neighborhood.

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
impacts of traffic calming techniques and devices.

2. Impact on traffic volumes, distribution, op-
erations

The Issue:  Traffic calming will never work on any-
thing but very low-volume residential streets.  It
will substantially reduce the amount of traffic that
a street can handle efficiently and this is coun-
terproductive.  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:  A five-year German Federal Govern-

ment evaluation of traffic calming and follow-up
research found:

• Little change in overall traffic volumes;
• Reduction in average vehicle speeds by al-

most 50%
• 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:  Many U. S. cities are now developing
and testing design guidelines for traffic calming
improvements.  Although uniform, national stan-
dards have yet to evolve, valuable experience is
being gained.  The list of references at the end of
this chapter 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 traf-
fic circle or a speed table and sues us?

Comment:  When considering use of any new de-
sign approach, concerns about liability can be
somewhat addressed through performance of
“due diligence” on the part of the engineer, plan-
ner or other professionals involved in the design.

Traffic calming can be termed as engineering and other physical measures designed to control
traffic speeds and encourage driving behavior appropriate to the environment.
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Research into the experiences of other U. S. cit-
ies, European 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 on going and systematic evalua-
tion of the improvements once installed.

5. Emergency and service vehicle access
The Issue:  Construction of speed bumps, neck-
downs, medians and traffic circles will increase
response times for emergency vehicles and may
restrict access for garbage trucks, delivery vans
and other large vehicles.

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

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

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

Comment:  A five-year German Federal Govern-
ment evaluation of traffic calming and follow-up
research found doubling of bicycle use over a
four-year period.

Emergency vehicle access should always be considered when incorporating traffic calming
measures.

• Implementation of traff ic man-
agement  s t ra teg ies  in  the
downtown area of the Dutch City
of Groningen contributed to a sub-
stantial 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
bicycle and pedestrian traffic vol-
umes along most routes.  (NOTE:
Cyclists and Traff ic Calming, a
Technical Note publication of the
Cyclists Touring Club (see refer-
ences, end of chapter) includes
extensive information on adapting
traffic calming techniques for bi-
cycling.

11.4  11.4  11.4  11.4  11.4  TTTTTrrrrrafafafafafffffficicicicic
Calming DeCalming DeCalming DeCalming DeCalming Devicesvicesvicesvicesvices
Traffic calming has many potential applications,
especially in residential neighborhoods and small
commercial centers.  Traffic-calming devices can
be grouped w i th in  the  fo l low ing  genera l
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.

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

• The woonerf
• Entry treatments across intersections
• Shared surfaces
• Bicycle boulevards
• Slow streets
• 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



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
11 - 5

TRAFFIC CALMING

The humps can be round-or
f lat-topped.  The f lat-topped
conf igura t ion  i s  somet imes
called a “speed table”.  Humps
can either extend the full width
of the road, curb-to-curb, or be
cut back at the sides to allow
bicycles to pass and facilitate
drainage.

Design Considerations
• If mid-block pedestrian
crossings exist or are planned,
they can be coordinated with
speed hump installation since
vehicle speeds will be lowest at
the hump to negotiate ramps or
curbs between sidewalk and
street.
• The hump must be vis-
ible at night.

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

• 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.

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

Speed humps slow traffic speeds on residential streets.

Speed bumps can be combined with curb extensions
and a winding street alignment.  Signage and
pavement markings should clearly identify the bump.

uncomfortable KER-BUMP or
(KER-BUMP-KER-BUMP) ,
running the r isk of  spi l led
coffee and a severe jolt to
the i r  ta i lbones.   A l though
people often gripe about the
inconvenience of having to
slow down for these devices,
they don’t have much choice.
Their effectiveness at slow-
ing  t ra f f i c  cannot  be
disputed.  They are some-
times referred-to as “Silent
Policemen.”

Included in this category are:
a) Speed bumps
b) Speed humps
c) Raised crosswalks
d) Raised intersections

Following are brief descriptions of each, with defi-
nitions, comments and examples.

a) 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 three to
six inches and a length of one to three feet.

Design Considerations
• Most effective if used in a series at 300 to

500 feet spacing.
• Typically used on private property for speed

cont ro l  –  park ing  lo ts ,
apartment complexes, private
streets and driveways.

• Speed bumps are  no t
conducive to bicycle travel, so
they should be used carefully.

b) SPEED HUMPS
A speed hump (or “road hump”) is
a raised area in the roadway pave-
ment  sur face  ex tend ing
transversely across the roadway.
Speed humps normal ly  have a
minimum height of three to four
inches and travel length of approxi-
mately twelve 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 dis-
tance.



• Speed humps should not be instal led in
street sections where transit vehicles must
t rans i t ion  be tween the  t rave l  lane  and
curbside stop.  To the extent possible, speed
humps should be located to ensure that tran-
s i t  veh ic les  can  t raverse  the  hump
perpendicularly.

• A single hump acts as only a point speed con-
trol.  To reduce speeds along an extended
section of street, a series of humps is usu-
ally needed.  Typically, speed humps are
spaced at between 300 and 600 feet apart.

EXAMPLE:
Bellevue, Washington has installed speed humps
in residential neighborhoods (labeled as speed
“bumps” below, although broader than the typi-
cal speed bump).  The City uses a 12-foot-wide
hump, three inches high at the center.  The de-
sign allows for little or not discomfort at speeds
of 15 to 25 mph but will cause discomfort at higher
speeds.  The humps are marked clearly, distin-
guishing them from crosswalks.  White reflectors
enhance nighttime visibility.

Bellevue found that the speed humps reduced
traffic speeds and volumes.  The humps, in gen-
eral, received strong public support; and residents
favored their permanent installation.

The following concerns were raised regarding the
speed hump installation:
• Concern about restr icted access and in-

c reased response t ime fo r  emergency

vehicles.  The Bel levue Fire Department
asked that the humps be installed on pri-
mary emergency access routes.

• Concern about aesthetics of signage and
markings at the traffic humps.  Residents
raising the concerns, however, felt that the
speed reductions compensated for appear-
ance of the humps.

• Concern about 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 t ra f f ic
speeds.  The City found that maximum spac-
ing should be approximately 500 feet.

The Bellevue Department of Public Works con-
cluded that speed humps were effective speed
control measures on residential streets and rec-
ommended their use be continued.  The table on
the following page summarizes “before” and “af-
ter” data related to the Bellevue speed humps:

c)  RAISED CROSSWALKS
Raised crosswalks are essentially broad, flat-
topped speed humps tha t  co inc ide  w i th
pedestrian crosswalks at street intersections.
The crosswalks, thus, are raised above the level
of the roadway to slow traffic, enhance cross-
walk visibility and make the crossing easier for
pedestrians who may have difficulty stepping up
and down curbs.

Design Considerations
• Can be constructed of brick, con-
crete block, colored asphalt  or
cement, with ramps str iped for
better visibility
• Raised crosswalks are appl i -
cable:
1)  On roadways with vehicular
speeds perceived as being incom-
pat ib le  w i th  the  ad jacent
residential land uses;
2)  Where there is a significant
number of pedestrian crossings;
3)  In conjunction with other traf-
fic calming devices, particularly
entry treatments;
4)  On two-lane or less residential
streets classified as either “local
streets” or neighborhood collector
streets”; and
5)  On roadways with 85th percen-
tile speeds less than 45 mph.

Raised crosswalks can both slow motor traffic and give pedestrians a continuous-level surface
at the crossing.  Changes in texture and color help define the edges of the crossing.
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d)  INTERSECTION HUMPS/RAISED INTERSECTIONS
Intersection humps raise roadway at the inter-
section 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 use of distinctive surfacing such as pave-
ment coloring, brickwork or other pavers.  In some
cases, the distinction between roadway and side-
walk surfaces is blurred.  If this is done, physical
obstructions such as bollards or planters should
be considered, restricting the area to which mo-
tor vehicles have access.

Design Considerations
• Ramps should not exceed maximum gradi-

ent of 16%.
• Raised and/or textured surfaces can be used

to alert drivers to the need for particular care.
• Distinctive surfacing helps reinforce the con-

cept of a “calmed” area and thus plays a part
in reducing vehicle speeds.

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

• Ramps should be clearly marked to enable
bicyclists to identify and anticipate them, par-
ticularly in 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.

2.  Reducing street area where motor traffic
is given priority
This category of traffic-calming techniques in-

cludes all those that reduce the
area of the street designated ex-
clusively for motor vehicle travel.
“Rec la imed”  space is  typ ica l ly
used for landscaping, pedestrian
amenities and parking.

Discussed here are:
a) Slow points
b) Medians
c) Curb extensions
d) Corner radius treatment
e) Narrow traffic lanes.

a)  SLOW POINTS (neckdowns,
traffic throttles, pinch points)
Slow points narrow a two-way road
over a short distance, forcing mo-
torists to slow and, in some cases,
to merge into a single lane.  Some-

times these are used in conjunction with a speed
table and coincident with a pedestrian crossing.
Following are advantages and disadvantages of
both one-lane and two-lane slow points:

a. 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 ei ther straight through or
angled.

Advantages
• Vehicle speed reduced.
• Most effective when used in a series.
• Imposes minimal inconvenience to local

traffic.
• Pedestrians have reduced crossing dis-

tance, greater safety.
• Provides a visual obstruction.

Disadvantages
• Reduced sight distances if landscaping

not low and trimmed.
• Contrary to driver expectation of unob-

structed flow.
• Can be hazardous for drivers and bicy-

clists if not designed and maintained
properly.

• Oppos ing  d r i vers  a r r i v ing  s imu l ta -
neously can create confrontation.

a. 2)  Two-lane slow point
Two-lane slow points narrow the roadway, while
providing one travel lane in each direction.

ONE LANE SLOW POINT TWO LANE SLOW POINT
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Advantages
• Only minor inconvenience to drivers.
• Regulates parking and protects parked ve-

hicles as the narrowing can help stop illegal
parking.

• Pedestrian crossing distances reduced.
• Space for landscaping provided.

Disadvantages
• Not very effective in slowing vehicles or di-

verting through traffic.
• Only partially effective as a visual obstruc-

tion.

Design Considerations
• Where slow points have been used in isola-

tion as speed control measures, bicyclists
have felt squeezed as motorists attempt to
overtake them at the narrowing.  Not all bi-
cycl is ts have the conf idence to posi t ion
themselves in the middle of the road to pre-
vent  overtaking on the approach to and
passage through the narrow area.

• To  reduce  the  r i sk  o f  b icyc l i s ts ’ be ing
squeezed, slow points should generally be
used in conjunction with other speed control
devices such as speed tables at the narrow-
ing.  Slower-moving drivers wil l  be more
inclined to allow bicyclists through before try-
ing 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
pedest r ian cross ing move-
ment.  Substituting this for the
normal roadway surface ma-
ter ia l  may also help to im-
press  upon motor is ts  tha t
lower speeds are intended.

• Such measures should not
confuse pedestrians with re-
spect to the boundary of the
roadway area over which due
care should still be taken.  In
part icular,  where a road is
raised to the level of the adja-
cent sidewalk, this can cause
problems for those with poor
sight.  However, a tactile strip
may help blind people in dis-
t ingu ish ing  be tween the
roadway and the s idewalk;
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 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 driv-
ers must pass.  Landscaping enhances the
neighborhood’s sense of nature and provides
a visual break in views along the street.

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

• Clear signing should indicate traffic flow pri-
orities.

Slow Point Examples
b) MEDIANS
Medians are islands located along the roadway
centerline, separating opposing directions of traf-
fic 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 facilit ies to accommodate
pedestrians and bicyclists, especially at cross-
ings of major roadways.

This traffic calming measure uses a landscaped median to narrow the travel lanes.
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This median provides a diagonal waiting area for
bicyclists, including a railing to hold onto.

Design Considerations
• Medians are most valu-

able on major, multi-lane
roads ,  wh ich  p resent
safety problems for bicy-
c l is ts  and pedestr ians
wishing to cross.  The
minimum central refuge
wid th  fo r  sa fe  use  by
those with wheelchairs,
bicycles, baby buggies,
etc. is 1.6 m. (2 m. desir-
able).

• Where medians are used
as pedestrian and bicy-
clist refuges, internally
illuminated bollards are
suggested on the medi-
ans to facilitate quick and
easy identification.

• Used in isolation, roadway medians do not
have significant impacts 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.

Two caveats apply:
• To achieve meaningful speed reductions, the

travel lane width reduction must be substan-
t ia l  and v isual ly  obvious.   The s lowing,
however is temporary; as soon as the road-
way widens,  a f ter  the narrowing,  t ra f f ic
resumes its normal speed.

• Bicyclists have been put
a t  r i sk  o f  be ing  squeezed
where insuff ic ient room has
been lef t  between a central
median and the adjacent curb.
Experience shows that most
drivers are unlikely to hold back
in such instances and let bicy-
cl ists go through f irst.   This
threat is particularly serious on
roads with high proportions of
heavy vehicles.

• The cont rad ic t ion  be-
tween the  need to  reduce
roadway width sufficiently to
lower motorist speeds while at
the same time leaving enough
room for bicyclist 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 m.) and also:

• Introducing color or texture changes to the
road surface material around the refuge area
to remind motorist that speed reduction is
intended;

• Giving the visual impression, through white
lining for example that vehicles are confined
to a narrower roadway than that created by
the physical obstruction: adjacent areas ex-
ist which vehicles can run over, but these are
not generally apparent to approaching driv-

ers; or
• Prov id ing  an  a l te rna te ,  cu t -
through route for the bicyclists in
some cases.

c)  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 mini-
mum-wid th  doub le  lane .   By
reducing crossing distances, side-
walk widening is used to facilitate
easier and safer pedestrian move-
ment.

Reducing roadway width results in
vehicle speed reductions.  When
curb extensions are used at inter-
sections the resultant tightened
radii ensure that vehicles negoti-
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A 7’ radius allows for a slow and safe turn.  As the radius increases so does the speed of vehicles.

ating the intersection do so at
slow speeds.

Design Considerations
• Can be installed either at

in te rsec t ions  o r  m id -
block.

• May be used in conjunc-
t ion  w i th  o ther  t ra f f i c
calming devices.

• Curb extensions are lim-
ited only to the degree that
they  ex tend  in to  the
travelway.  Curb exten-
sions cannot impede or
restrict the operation of
the roadway.

• Successful bicycle facili-
t i es  need a  c lear
separation from sidewalk
and street pavement, with adequate dis-
tances from parked cars to avoid opening
doors.  Cross-traffic should be slowed to al-
low bicyclists better continuity and safety.

• Narrowing certain streets can at the same
time create safer bicycle facilities, but care
shou ld  be  taken tha t  b icyc l i s ts  a re  no t
squeezed by overtaking vehicles where the
road narrows.  Encouraging motorists to let
the bicyclists through first by using comple-
mentary traffic-calming techniques such as
speed tables and cautionary signing or leav-
ing sufficient room for both to pass safely at
the narrowing would be appropriate mea-
sures.

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

• Curb extensions can be employed to facili-
tate bicycle movement where a segregated
multiuse trail crosses a busy street.

• Consideration should be given to the oppor-
tun i ty  a f forded by s idewalk  widening of
implementing environmental improvements.

d) 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.

The following results have been observed:
• Large vehicles (trucks, vans, etc.) turn the

corners easily.

• Other vehicles turn faster than with reduced-
radii corners.

• Pedestrian crossing distances are increased
by up to four feet, depending on radius.

• Pedestrian safety is decreased, due to higher
speeds.

• The sharper turns that result from the reduced
radii requires motorists to reduce speed, in-
creasing time available to detect and take
appropriate actions related to pedestrians at
the crossing.

Advantage
• Can result in increased safety for pedestri-

ans by reducing crossing distances and
slowing the speed of turning vehicles.

Disadvantages
• May result in wide swings in turning move-

ments of large vehicles.
• May affect response times for emergency ve-

hicles.

Design Consideration
• To slow traffic, corner radii of approximately

seven feet are recommended.

e) NARROW TRAFFIC LANES
Especially in residential areas, wide streets may
not be necessary or desirable.  Wide traffic lanes
encourage faster motor vehicle speeds.  Consid-
e ra t ion  shou ld  be  g iven  to  rev iew o f
cross-sections for all street classifications to de-
termine whether roadway lane widths can be
reduced (within AASHTO guidelines) so more area
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can be dedicated to bicycle and pedestrian use
and associated traffic-calming facilities.

Advantages
• Additional area for landscaping, pedestrian

facilities.
• Reduced vehicle speeds and increased safety.

Disadvantages
• On-street parking may be restricted

Design Considerations
• Cross-section approaching the reduced-

width street should be also slowed.

EXAMPLE:  City of Portland, Skinny Street Pro-
gram
The City of Portland requires most newly con-
structed residential streets to be 20 or 26 feet
wide, depending on neighborhood on-street park-
ing 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 development of this standard to assure access
for emergency vehicles.

3. Street Closures
Three types of street closures are described in
the following discussion:  complete street clo-
sures, partial street closures and driveway links.
(CAUTION:  Street closures must be considered
in an area wide context or traffic problems may
simply shift to another nearby street).
Included in this category are:

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

a)  Complete Street Closures
b)  Partial Street Closures
c)  Driveway Link

a)  COMPLETE STREET CLOSURE
Street closures, generally on residen-
tial streets, can prohibit through traffic
movement or prevent undesirable
turns.  Street closures may be appro-
priate where large volumes of through
traffic or “short-cut” maneuvers create
unsafe conditions in a residential en-
vironment.

Design Considerations
• Where proposals are l ikely 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 direc-
tional markings on the road in front of the
bicycle gap has proved effective.

• Bollards can reduce the parking obstruction.
• Bollards should be lighted or reflectorized to

be visible at night.
• 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 prob-

lem of parked cars’ blocking the closure and
bicycle gap.

• Police and fire departments should be con-
su l ted  ear ly  in  the  des ign  p rocess  to
determine emergency access requirements.
Often, removable bollards, crash gates, card
or key-operated gates can satisfy these re-
qu i rements ,  combined w i th  park ing
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 ve-
hicles.



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
11 - 13

TRAFFIC CALMING

b)  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.

Design Considerations
• Bicycle and pedestrian exemptions should be

provided as a general rule, designed to mini-
mize the likelihood of obstruction by parked
vehicles.

• All signing should acknowledge the contin-
ued existence of the route as a through one
for bicyclists and pedestrians.

c) DRIVEWAY LINK
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 road-
way 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 facili-
ties and landscaping.

This is a very effective method of changing the
initial impression of the street.  If done right, driv-
ers will not be able to see through.  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 l ink is en-
hanced by design standards that
eliminate vertical curb and gutter
and use a relatively narrow drive-
way 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 con-
cepts.   I t  includes al l  devices,
which cause motor vehic les to
slow and change direction to travel
around a physical barrier.  Physi-
cal barriers used to divert traffic
in this fashion can range from traf-
fic circles to trees planted in the
middle of the road.  The discus-

sion that follows provides information on: traffic
diverters, traffic circles, chicanes and “tortuous”
street alignments as traffic-calming devices.

a) TRAFFIC DIVERTERS
Traffic diverters are physical barriers installed at
intersections that restrict motor vehicle move-
ments in 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 provision
should be made to allow bicyclists and pedestri-
ans access across the closure.

Traffic diverters can take many forms.  Here are
two examples:

a.1) Diagonal road closure/diversion
Straight-through traffic movements are prohibited.
Motorists are diverted in one direction only.

Advantages
• Through traffic eliminate
• Area for landscaping provided
• Conflicts reduced.
• Pedestrian safety increased.
• Can include a bicycle pathway connection.

Disadvantage
• Will inconvenience residence in gaining ac-

cess to their properties.
• May inhibit access by emergency vehicles un-

less street names are changed.

Diagonal road closures/diverters limit vehicular access, but allow emergency vehicles to enter
through removable bollards.
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• Will move through traffic to
other streets if not back to
the arterial.

EXAMPLE
Eugene, Oregon has used di-
agonal diverters with positive
communi ty  response.   Eu-
gene installs the diverters on
a  temporary  bas is ,  to  ge t
neighborhood feedback be-
fo re  mak ing  a  permanent
installation.  Two types of di-
agonal  d iver ters are used:
some are landscaped, while
others  are  jus t  guardra i ls .
Both types have openings for
bicycles.  These have been
suppor ted  by  nearby  res i -
dents.

Seattle installed truncated diagonal diverters,
which allow right-turn movements around one
end of the diverter.  The Engineering Department
found that these diverters were disruptive to

neighborhood traffic and has
focused instead on installa-
tion of traffic circles to control
ne ighborhood t ra f f ic  prob-
lems.  Problems experienced
with diverters included: (1)
travel time and distance in-
creased for all users; (2) local
res idents were d iver ted to
other streets: (3) visitors and
delivery services were often
confused and delayed; and
(4)  emergency  veh ic le  re -
sponse times were potentially
increased.

a.  2 )  Turn ing movement
diverters
This type of diverter is de-

s igned to prevent  cut - through t raf f ic  a t  the
intersection of a neighborhood street with a ma-
jor street or collector.  It prevents straight-through
movements and allows right turns only into and
out of the neighborhood.

The splitter islands should be raised and landscaped
to prevent left turning vehicles from taking a short
cut to avoid driving around the outside of the island.
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• Mini-roundabouts were found to have a far
lower overall accident rate that of signalized
intersections with equivalent speed limits.

• Looking only at crashes involving bicycles.
the  s tudy  showed tha t  four -a rm min i -
roundabouts  have  about  the  same
involvement rate (accidents per million ve-
hicles of that type entering the intersection)
as do conventional, four-leg, signalized in-
tersections.

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-leg 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 motorists have a tendency to shortcut the

Advantages
• Effective at discouraging

cut-through traffic.
• Relatively low-cost.
• Creates sense of neigh-

borhood entry and identity.

Disadvantages
• L imi ts res ident  access.

Should be installed as part
of overal l  neighborhood
circulation improvements
to assure reasonable con-
venience for residents.

• Motorists may try to over-
ride the diverter to make
prohib i ted turns unless
vert ical  curbs, barr iers,
landscap ing  o r  o ther
means are used to dis-
courage such actions.

b) TRAFFIC CIRCLES
Small traffic circles (center island approximately
four meters in diameter) can be used as traffic
calming devices at intersections, reducing ve-
hicle speeds.  A roundabout is a channelized
intersection at which all traffic moves counter-
clockwise around a central traffic island.  These
islands may be painted or domed, mountable el-
ements  may be  curbed and may inc lude
landscaping or other improvements.

Advantages
• Crashes reduced by 50 to 90 percent when

compared to two-way, four-way stop signs
and traffic signs by reducing the number of
conflict points at intersections.

• Effective in reducing motor vehicle speeds.
Success, however, depends on the central is-
lands be ing su f f i c ien t ly  v is ib le  and the
approach lanes engineered to deflect ve-
hic les, prevent ing overrun of the is land.
Over-runnable roundabouts on straight roads
are less likely to produce the desired speed
reduction.

Roundabout Accident Study
In 1989 survey of Accidents at Mini-Roundabouts
examined years’ worth of accident data for 447
sites in England, Wales and Scotland.

Key survey finding include:
• Mini-roundabouts are most commonly used

on streets with speed limits of 30 mph or less.

Traffic circles can be designed to accommodate large vehicles and emergency access
without undue restriction.
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turn and avoid driving around the outside of the
central island.  The islands should, preferably,
be raised and landscaped.  If this is not pos-
s ib le ,  pa in ted  i s land  mark ings  shou ld  be
provided.

Design Considerations
• Roundabouts should preferably have suffi-

ciently raised and highly visible centers to
ensure that motorists use them, rather than
overrunning.

• 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 Con-
trol 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 Con-
t ro l  Program is  ins ta l l i ng  t ra f f i c  c i rc les
(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
resident ia l  s t reet  intersec-
t ion .   Each  c i rc le  i s
custom-fitted to the intersec-
tion geometry’s; every circle
is designed to allow a single-
unit truck to maneuver around
the circle without running over
it.  A two-foot concrete apron
is bui l t  around the outside
edge of the circle to accom-
modate larger trucks. Large
t rucks,  when maneuver ing
around the circ le,  may run
over the apron.  The interior
section of the circle is usually
landscaped.

The SED coordinates the de-
sign and construction of each

circ le wi th the Seatt le Fire Department and
school bus companies.

Traffic circles are installed at the request of citi-
zens 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 evalu-
ated, a pet i t ion request ing a circ le 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.

c) 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 land-
scaping, street furni ture, parking bays, curb
extensions or other devices.

The Seattle Engineering Department has experi-
mented 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 specific circumstances.
A  demonstration project at two sets of chicanes
showed:
• reduction of traffic volumes on the demon-

stration streets;
• little increase in traffic on adjacent residen-

tial streets;
• reduced motor speeds and collisions; and
• strong support for permanent installation of

chicanes by residents (68 percent).

Where possible, cyclists should be provided with cycle slips which enable them to bypass
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Design Considerations
• Consideration should be given to safe bicycle

travel.  Bicycle bypasses and signs to indi-
cate directional priority are suggested.

• A reduction in sight lines should not be used
in isolation to reduce speeds, as alone this
could be potentially dangerous.  A reduction
in sight lines may be appropriate to avoid
excessive land taking or as a reinforcing mea-
sure only where other physical features are
employed which reduce speed.

• Chicanes offer a good opportunity to make
environmental improvements through plant-
ing.  However, preference should be given to
low-lying 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 traf-
f ic  speeds.   Many d i f ferent  layouts  are
possible, including staggered parking (on al-
ternating sides of the road).

d) 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
cul-de-sacs and courtyards.

Design Considerations
Tortuous roads are generally planned as part of
the design stage of a new road layout, rather than
superimposed on an existing layout.  The siting
of buildings is used to create
a meandering road.

• Des igners  shou ld  be
aware of the need for ac-
cessibi l i ty to residential
properties, both in terms
of servicing as well as the
needs of the individual.
Tortuous roads will prove
unpopular if they severely
restrict accessibility.

• Where traff ic is deliber-
a te ly  d iver ted  on  to  a
tortuous route - to avert
town center congestion,
for example - consider-
ation should be given to
maintain ing as di rect  a
route as possible for bi-
cyclists.

• Tortuous roads (a.k.a. serpentines) are un-
der  s tudy,  bu t  no t  approved fo r  use  in
Portland.  If approved would be limited for
use on two-lane or less residential streets.

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

• This traffic-calming device may require sig-
nificant 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 con-
trast with those prevailing along the roadway alert
motorists to the need for alertness, much as con-
sp icuous  mater ia ls ’  inc rease  b icyc l i s t  and
pedestrian visibility.  Signs and pavement mark-
ings also provide information about applicable
regulations, warnings and directions.

a) SIGNING AND PAVEMENT MARKING
Installation of directional, warning and informa-
t ional  s igns and pavement markings should
conform to MUTCD guidelines, as applicable.
Traff ic-calming devices may be new to many
people in the U. S. and the signs and markings
will help minimize confusion and traffic conflicts.

Design Considerations
• A part of the sign/pavement marking ap-

proach to mit igat ing traff ic in resident ial

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



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
11 - 18

TRAFFIC CALMING

areas includes painting of stripes/lines on
the roadway and other patterns that are de-
signed 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 resi-
dent ial  streets less desirable than i f  the
roadway is untreated; in effect, encouraging
the use of alternative routes.

• Many of the patterns tried, have had only mar-
ginal success.  In a few cases, average
speeds increased slightly.  A pattern that is
successful  is that of  paint ing transverse
bands.  Painted lines are applied to the road
at decreasing intervals approaching an inter-
sect ion or  “s low-down” point .   They are
intended to give the impression of increasing
speed and motorists react by slowing down.

b) PAVEMENT TEXTURING AND COLORING
The use of  paving mater ia ls  such as br ick,
cobbles, concrete pavers or other materials that
create variation in color and texture reinforces the
identity of the area as a traffic-restricted zone.

Design Considerations
• The choice of materials should ensure that

they do not pose a danger or deterrent to bi-
cyclists.  Cobbles present special difficulties,
particularly for vehicles with narrow wheels
and without the benefit of suspension.  Such
treatment is particularly discouraging for bi-
cyclists on steep slopes, making it harder to
main ta in  momentum when r id ing uph i l l .

Thus, cobbles should not be employed, as a
general rule.  Similarly, pavers with cham-
fered edges impair a bicyclist’s stability and
should be avoided.

• 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 dif ferent, residential zone
where pedestrians and bicyclists can be ex-
pected 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.  Following are ex-
amples and comment on:  the woonerf  entry
treatments shared streets other techniques (bi-
cyc le  bou levards ,  mod i f ied  s t ree t  des ign ,
modif ied intersect ion design, channel izat ion
changes, traffic calming on a major road, slow
streets, transit streets, pedestrian zones).

1.  The woonerf
A woonerf (or “living yard”) combines many of the
traffic-calming devices just discussed to create
a street where pedestrians have priority and the
line between “motor vehicle space” and “pedes-
trian (or living) space” is deliberately blurred (see
Model Woonerf diagram).  The street is designed
so motorists are forced to slow down and exer-
cise caution.  Drivers, the Dutch say, do not obey

speed limit signs, but they do
res t r i c t  the  des ign  o f  the
street.

The  wooner f  (p lu ra l  —
woonerven) is a concept that
emerged in the 1970’s as in-
creased emphasis was given
by  p lanners  to  res iden t ia l
neighborhoods.  People rec-
ognized that many residential
streets were unsafe and un-
a t t rac t i ve  . . .  and  tha t  the
streets, which took up a con-
s iderab le  amount  o f  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

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.
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MODEL “WOONERF”
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The Dutch, in particular, experimented extensively
with street design concepts in which there was
no segregation between motorized and non-mo-
tor ized traf f ic and in which pedestr ians 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 miles per hour (1 3 to 25 km/hour).
• Nationally, 70 percent of the Dutch popula-

tion thought woonerven to be attractive or
highly attractive

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

• Feedback from residents living on woonerfs
were 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 envi-
ronment to be even more important benefits.

a) 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 residen-
t ial purposes.  Thus, roads
within the “erf’ area may only
be geared to traffic terminat-
ing 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  walk ing,  p laying,  shop-
p ing ,  e tc .   Motor is ts  a re
guests.  Within woonerven,
traffic f lows below 1 00 ve-
h ic les  per  hour  shou ld  be
maintained.

2) To slow traffic, the na-
ture and condition of the roads
and road  segment  must

stress the need to drive slowly.  Particular
speed reducing features are no longer man-
dated,  so p lanners can ut i l ize the most
effective and appropriate facilities.

3) The entrances and exits of “woonerven’ shall
be recognizable as such from their construc-
tion.  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 shaft-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 real-
ized.  Thus, space can be designated for
pedestrians and a measure of protection of-
fered, 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 comers.  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

The distinction between sidewalks and roadway is blurred in woonerfs.
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Traffic calming devices can be combined to pro-
vide an entry or “gateway” into a neighborhood
or other district, reducing speed though both
physical and psychological means.  Surface al-
terations at intersections with local streets can
include textured paving, pavement inserts, or pav-
ers of concrete, brick or stone.  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 en-
trances to neighborhood areas, usually where a
residential street intersects an arterial.  The curb
extension is placed to prevent motor vehicle traf-
fic from cutting through the neighborhood.  The
curb extension is signed as a neighborhood en-
trance or exit.  Most of the street remains two-way,
but one end becomes a one-way street.  Compli-
ance by motor vehicles is mostly good.  Bikes
are allowed to travel both ways at all curb exten-
sions.

3. Bicycle Boulevards
The City of Palo Alto, California, has moved be-
yond spot traffic-calming treatments and created
bicycle boulevards – streets bicycles have prior-
ity of movement.

The purpose of a bicycle boulevard is to provide;
• Throughway where bicycle movements have

precedence over automobiles;
• Direct route that reduces travel time for bicy-

clists;
• A safe travel route that

reduces conf l ic ts  be-
tween b icyc l i s ts  and
motor vehicles; and

• Faci l i ty that promotes
and facilitates the use of
bicycles as an alterna-
tive transportation mode
for  a l l  purposes  o f
travel.

The Palo Alto bicycle boule-
vard is a two-mile stretch of
Bryant Street — a residen-
tial street that runs parallel
to a busy collector arterial.
It was created in 1982, when
barriers were f i t ted to re-
s t r ic t  or  prohib i t  through
motor vehicle traffic but al-

low through bicycle traffic.  In addition, a number
of stop signs along the boulevard were removed.
An evaluation after six months showed a reduc-
tion in the amount of motor vehicle traffic, a nearly
twofold increase in bicycle traffic and a slight re-
duction in bicycle traffic on nearby streets.

The City also found 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 bicycle traf-
fic increased to amounts similar to those found
on other established bike routes.
The bicycle boulevard continues to function as a
normal local city street, providing access to resi-
dences, on-street parking, and unrestricted local
travel.  The City received complaints about the
visual appearance of the initial street closure bar-
riers (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 sig-
nal to help bicyclists cross a busy arterial.

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

The conversion of a 58’ roadway elimination of one travel lane in each direction creates space for
bicyclists.



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
11 - 22

TRAFFIC CALMING

or a wide lane for cars and
bikes to share.

Numerous  comments  f rom
users  o f  some o f  those
s t ree ts  say  motor  veh ic le
speeds  seem to  have  de-
c reased.   One s t ree t  in
par t i cu la r,  Dex ter  Avenue
North, is a popular commut-
ing route to downtown Seattle
for bicyclists.

Traff ic counts on the street
show b icyc l i s ts  make up
about 10 to 15 percent of the
traffic at certain times during
the day.  The rechannelization
has little or no effect on capacity, reduces over-
tak ing  acc iden ts ,  and  makes  i t  eas ie r  fo r
pedestrians to cross the street (by providing a
refuge in the center of the road).

11.5  Exercise11.5  Exercise11.5  Exercise11.5  Exercise11.5  Exercise
Do one of the following exercises:

a) 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.

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

11.6  References11.6  References11.6  References11.6  References11.6  References
Text and graphics for this lesson were derived
from the following sources:

• I l lustrated Guide to Traffic Calming, Hass
Klau, 1990.

• Pedestrian & Bicyclist Safety and Accommo-
dation - Part ic ipat ion Handbook ,  USDOT
Federal Highway Administration, NHI Course
#38061,1996.

• National Bicycling and Walking Study - Case
Study No. 19; Traffic Calming, Auto-Restricted
Zones and Other Traffic Management Tech-
n iques -  Thei r  Ef fects  on Bicyc l ing and
Pedestrians, USDOT Federal Highway Admin-
istration, 1994.

For more information on this topic, refer to:

• Traffic Calming in Practice - An Authoritative
Sourcebook with 85 Illustrative Case Studies
(available through ITE), Landor Publishing,
London, 1994.

• Traffic Calming,  Cynthia Hoyle, American
Planning Association, Planning Advisory Ser-
vice Report No. 456, 1995.

• Cyclists and Traffic Calming, Cleary, Cyclists
Touring Club, Godalming, U. K., 1991.

• Recommended Guidelines for the Design and
Application of Speed Humps ,  Inst i tute of
Transportation Engineers, 1993.

• Research Synthesis on Roundabouts, Na-
t iona l  Coopera t i ve  H ighway Research
Program Synthesis 264.

• “U.S. Experience with Traffic Calming,”  ITE
Journal, Ewing and Kooshian, August 1997,
pp. 28-33.
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• Advance warning and guidance signs.
• Adequate illumination and reflectorization.
• Channelizing and barricading to separate

pedestrians from traffic.
• Wheelchair accessibility.
• Preventing visually impaired pedestrians from

entering work zones.
• Warn cyclists of surface irregularities and

mainta in areas where cyc l is ts  can pass
through construction zones.

• Circumstances requiring temporary walkways
and/or bikeways.

Contractors should be allowed flexibility as long
as requirements are met.  It’s often difficult to
plan ahead as many traffic control decisions are

12.1  Pur12.1  Pur12.1  Pur12.1  Pur12.1  Purposeposeposeposepose
When construction zones encroach on sidewalks
or crosswalks, pedestrians may suddenly find
themselves having to make detours that may be
unsafe, difficult to navigate or both.  They may be
forced to choose between picking their  way
through the construction site or walking in a busy
street.  This can be especially dangerous for the
elderly and handicapped, who rely on well-main-
tained, well-marked sidewalks for safe mobility.
Adding to the problem is when projects are built
in phases and when construction zones change
weekly or even daily.

Bicyclists also experience difficulties when trav-
eling through construction zones, particularly
when roadway space is constrained and when
pavement conditions are rough.  In
some instances,  sudden pave-
ment  changes  in  cons t ruc t ion
zones can represent a severe haz-
ard to bicyclists.

Th is  lesson  descr ibes  typ ica l
problems and solutions that im-
prove conditions for bicyclists and
pedestrians in work zones.

12.2  Possible12.2  Possible12.2  Possible12.2  Possible12.2  Possible
SolutionsSolutionsSolutionsSolutionsSolutions
I t  is  impor tant  to  develop and
implement construction zone poli-
c ies  to  e l im ina te  unexpec ted
obstacles for pedestrians and bi-
cyclists and make transitions as
safe and smooth as possible.  The
following concerns should be ad-
dressed:

Utility work in bike lanes can often be accomplished without blocking the entire lane.
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made daily in the field.  All parties involved should
be made aware of the needs of pedestrians and
bicyclists and be made responsible for ensuring
safe and continuous passage.

12.3  Implementa12.3  Implementa12.3  Implementa12.3  Implementa12.3  Implementationtiontiontiontion
StrStrStrStrStraaaaatetetetetegiesgiesgiesgiesgies
Developing a workable policy for bicycle and pe-
destr ian access through construct ion zones
requires the cooperation of traffic engineers, con-
struction inspectors, crew chiefs, contractors, and
advocates.  The policy should apply whenever
construction or maintenance work affects pedes-
trian or bicycle access, whether the work is done
by private firms or city, county or state crews.

Link to construction permits:  Make sure that
permits required for street construction or con-
struction projects that encroach upon sidewalks
or crosswalks are contingent upon meeting bi-
cycle and pedestr ian access pol ic ies.   Give
contractors copies of the standards when they
apply for a permit.  What is needed are standards
or a policy that is readily available.  These can
be incorporated into contracts, agreements or
specifications.

Train in-house work crews:  Many road, pave-
ment ,  ma in tenance o r  u t i l i t y  p ro jec ts  use
permanent city crews to do the work.  Educate
crew chiefs and crews to ensure they understand
and follow the policy.

Enacting pedestrian and bicycle access policies
for work zones is not expensive.  The main costs
involve developing the policy, training crews and
construction inspectors, and imparting informa-
tion to contractors.  On-going costs involve work
site inspection.

12.4  Planning and Design12.4  Planning and Design12.4  Planning and Design12.4  Planning and Design12.4  Planning and Design
ConsiderConsiderConsiderConsiderConsideraaaaationstionstionstionstions
While the 1988 MUTCD’S pedestrian guidelines
apply to pedestrian traffic around work zones, the
absence of specific guidance on pedestrian ac-
cess around construction zones leaves local
agencies a great deal of flexibility.  Keep in mind
that the MUTCD’s silence on this subject may lead
some in an agency to balk at establishing hard
and fast regulations.

1.  Rural Highway Construction
Construction operations on rural highways affect
mostly touring and recreational cyclists; pedes-
trians are seldom encountered in rural settings.

On low-volume roads, or through short construc-
tion zones, standard traffic control practices are
usually adequate.  Bicyclists can ride through
without impeding traffic.  Their needs can be met
by maintaining a paved surface and removing
temporary signs, debris and other obstructions
from the edge of the roadway after each day’s
work.

On high-volume roads or through long construc-
tion zones, enough paved roadway width should
be provided for motor vehicles to safely pass bi-
cyclists.  Flaggers and pilot cars should take into
account the cyclists’ lower speed.  When cyclists
are coming through, radio messages can be re-
layed to other flaggers.

Creating passageways for pedestrians during construction
Cone taper not to scape.  See MUTCD for standard lane closure.
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Construction sign placement

On highways with very high traffic volumes and
speeds, and where construction will restrict avail-
able width for a long time, it may be advisable to
provide a detour route for cyclists where possible.
The detour should not be overly circuitous.  Di-
rectional signs should guide cyclists along the
route and back onto the highway.

2.  Urban Roadway Construction
Through bicycle movement must also be main-
tained.  Bicyclists can share a lane over a short
distance.  On longer projects, and on busy road-
ways, a temporary bike lane or wide outside lane
may be provided.  Bicyclists should not be routed
onto sidewalks or onto unpaved shoulders.

Debris should be swept to maintain a reasonably
clean riding surface in the outer 1.5 or 1.8 m (5
or 6 ft) of roadway.  Bicyclists have a low toler-
ance for surface grade changes and excessive
bumps should be avoided.

The placement of advance construction signs
should obstruct neither the pedestrian’s nor the
bicyclist’s path.  Where this is not possible, plac-
ing signs half on the sidewalk and half on the
roadway may be the best solution.

3.  Pedestrian Issues:  Seattle Example
The Engineering Department of the City of Se-
a t t le  has  deve loped spec i f i c  po l i c ies  fo r
pedestrian access, control and protection in work
zones.  These policies are detailed in the city’s
Traffic Control Manual for In-Street Work (4th edi-
tion, 1994).  The purpose of the manual is “to set
forth the basic principles and standards to be ob-
served by all those who perform work in public
streets so as to provide safe and effective work
areas and to warn, control, protect and expedite
vehicular and pedestrian traffic.”

Before any in-street work is commenced, all per-
sons  per fo rming  work  w i th in  the  s t ree t
right-of-way must first obtain a permit by sub-
mitting and receiving approval of a traffic control
plan.

To protect pedestrians, the manual describes pro-
cedures for  erect ing protect ive  bar r icades,
fencing and bridges together with guidance de-
vices and signs.  Whenever passageways or
walkways are affected by construction, access
for pedestrians and disabled people is ensured.
Access to recommended school crossings must

be maintained at all times.  Where walkways are
necessari ly closed by construction, alternate
walkways, including temporary curb ramps, must
be provided. Where alternates walkways are not
feasible, signs are required at the limits of con-
struction and in advance of the closure at the
nearest crosswalk or intersection to divert pe-
destrians across the street.  Pedestrians must
never be diverted into a portion of the street con-
currently used by moving vehicular traffic.  Where
required, fixed pedestrian ways using fences and
canopies shall be considered.  Adequate illumi-
nation and reflectorization is required during
hours of darkness.

The diagrams on the next page are excerpted from
Seattle’s Traff ic Control Manual for In-Street
Work.
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PEDESTRIAN CONTROL
Source:  Traffic Control Manual for In-Street Work, Seattle Engineering Department

SIDEWALK CLOSURE TEMPORARY WALKWAY

12.5  References12.5  References12.5  References12.5  References12.5  References
Text for this section was derived from the follow-
ing sources:

• Implementing Pedestrian Improvements at the
Local Level, Williams, FHWA Publication.

• Oregon Bicycle and Pedestrian Plan, Oregon
Department of Transportation, 1995.
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PEDESTRIAN CONTROL
Source:  Traffic Control Manual for In-Street Work, Seattle Engineering Department
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13.1  Purpose
No single design feature can assure that  a
streetscape wil l  be attractive to pedestrians.
Rather, the best places for walking combine many
design elements to create streets that “feel right”
to people on foot.  Street trees, separation from
traffic, seating areas, pavement design, lighting,
and many other factors should be considered in
locations where pedestrian travel is accommo-
dated and encouraged.  This lesson provides an
overview of these design elements, with examples
of successful streetscapes throughout the United
States.

13.2  Basic Urban Side13.2  Basic Urban Side13.2  Basic Urban Side13.2  Basic Urban Side13.2  Basic Urban Sidewwwwwalkalkalkalkalk
RRRRRequirequirequirequirequirementsementsementsementsements
All urban sidewalks require the
following basic ingredients for suc-
cess: adequate width travel lanes,
a buffer from the travel lane, curb-
ing, minimum width, gentle cross
slope (2% or less), a buffer to pri-
vate properties, adequate sight
distances around corners and at
driveways, shy distances to walls
and other structures, a clear path
of travel free of street furniture,
continuity, well-maintained condi-
tion, ramps at corners, and flat
areas across driveways. Sidewalks
also require sufficient storage ca-
pac i ty  a t  corners  so  tha t  the
predicted volume of pedestrians
can gain access to and depart
from signalized intersections in an
orderly and efficient manner.

1.  Minimum Width of Sidewalks
Sidewalks require a minimum width of 5.0 feet if
set back from the curb or 6.0 feet if at the curb
face. Any width less than this does not meet the
minimum requirements for people with disabili-
ties.  Walking is a social activity. For any two
people to walk together 5.0 feet of space is the
bare minimum. In some areas, such as near
schools, sporting complexes, some parks and
many shopping districts the minimum width for a
sidewalk is 8.0 feet. Thus, any existing 4.0 foot
width sidewalks (permitted as an AASHTO mini-
mum)  often force pedestrians into the roadway
in order to talk. Even children walking to school
find that a 4.0 foot width is not adequate.
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2.  Sidewalk Desirable Width
The desirable width for a side-
walk is often much greater.
Some shopping districts re-
quire 12, 20, 30 and even 40
feet of width to handle the vol-
umes of pedestrian traffic they
encounter. Pennsylvania Av-
enue in Washington, D.C. has
30 foot sidewalk sections to
handle tour bus operations, K
Street in Washington, D.C.
has 20 foot sections to handle
transit off-loading and com-
mercial activity, the commer-
c ia l ly  successful  Paseo de
Gracia boulevard in Barcelona
has 36 to 48 feet in most sec-
tions.

Designers must pay close attention to minimums,
and only use variances below these levels for
short sections. On the other side of the width
equation, overly ample sidewalk widths are rarely
justified. It is essential to work out the peak vol-
umes of transit discharge, the likely commercial
appeal of an area, and the influence of large tour
buses and other factors when designing public
space.

Chapter 13 of the Highway Capacity Manual cov-
ers the topics of sidewalk width and pedestrian
level of service.

For two people to walk abreast, 5’ is the bare minimum
for sidewalk width.

Including ammenities such as newspaper stands and kiosks along corners creates lively,
more defined spaces, however they should not interrupt the flow of pedestrian traffic.

Be sure to calculate the com-
merc ia l  need fo r  ou tdoor
cafes, kiosks, corner gather-
ing spots,  and other social
needs for a sidewalk. Sidewalk
widths have not been given
suff icient attention by most
designers.  When working in
a commercial area designers
should always consult prop-
er ty  owners ,  chambers  o f
commerce and landscape ar-
chitects to make certain that
the desired width is realistic.
Corner or midblock bulbouts
can be used to advantage for
creating both storage space
for roadway crossings, and for
social space.

Safety needs of motorists and
bicyclists in the roadway must be considered
when determining the desirable widths of adja-
cent sidewalks.  There is compelling evidence
that generous lane width (12 foot) standards ap-
plied to downtown and commercial streets is
counter-productive, and leads to faster traffic.

AASHTO specifically permits 10 or 11 foot travel
lanes on arterials in commercial districts, and also
permits turning lanes to be restricted to 10 feet.
Truck volumes, and the volume of bicycles must
also be factored into this equation. As a general
rule when speeds are at or near bicycle speeds

(15-20 mph) then bike lanes may
not be as essential as appropri-
ate width sidewalks. The designer
is reminded that in Central Busi-
ness Districts (CBD) the pedes-
trian volume may be 50 to 90% of
total traffic. When these needs are
not met the commercial and so-
cial success of the community is
lessened, and safety may be com-
promised.

3.  Paving Materials
Although most sidewalks are built
of concrete, in some instances as-
phalt can provide a useful surface.
On trails, joggers and some oth-
ers prefer asphalt. As a general
rule, however, the long life of con-
crete, and the distinct pattern and
lighter color are preferred. Paver
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affordable access to underground uti l i t ies. In
downtown’s nature strips are also a convenient
location for the swing-width of a door, for place-
ment of parking meters, hydrants, lampposts and
other furniture.

Another way to achieve border width and the
needed buffer from traffic is to provide bike lanes.
This five-foot space creates a minimal safe width
to the sidewalk, even when at back of curb, re-
duces the effects of noise and splashing, and
provides a higher level of general comfort to the
pedestrian.

On-street parking has two distinct advantages to
the pedestrian. First it creates the needed physi-
ca l  separa t ion  f rom the  motor is t .  Second
on-street parking has been shown to reduce mo-
torist travel speeds. This creates an environment
for safer street crossings.

On the back side of sidewalks a minimum width
buffer of 1-3 feet is essential. Without such a
buffer vegetation, walls, buildings and other ob-
jects encroach on the usable sidewalk space.
With just several months growth many shrubs
will dominate a sidewalk space. This setback is
essential not only to the walking comfort of a pe-
destrian, but to assure essential sight lines at
each residential and commercial driveway.

5.  Placement of Street Furniture/Shy Distances
Pedestrians require a shy distance from fixed ob-
jects, such as walls, fences, shrubs, buildings,
parked cars and other features. The desired shy

stones can also be used,
and in some applications
they have distinct advan-
tages (see section later in
this lesson).

4.  Border Areas and Buff-
ers
A border area should be
provided along streets for
the safety of motorists and
pedestrians as well as for
aes thet ic  reasons.   The
border area between the
roadway and the right-of-
way l ine should be wide
enough to serve several
purposes, including provi-
s ion  o f  a  bu f fe r  space
between pedestr ians and
vehicular traffic, sidewalk space, snow storage,
an area for placement of underground utilities,
and an area for maintainable esthetic features
such as grass or other landscaping. The border
width may be a minimum of 5 ft, but desirably
should be 10 feet or wider.  Wherever practical,
an additional obstacle-free buffer width of 12 feet
or more should be provided between the curb
and the sidewalk for safety and environmental
enhancement. In residential areas wider build-
ing setback controls can be used to attain these
features.”  (AASHTO, A Policy on Geometric De-
sign of Highways & Streets, 1990.)

The preferred minimum width for a nature strip is
5-7 feet.  A nature strip this wide provides ample
storage room for many utilities. The width pro-
vides:

• an essential buffer between an out-of-
control motorist and a pedestrian.

• improved sight distances at driveways.
• adequate width for landscaping and street

trees.

A tree set back from the roadway 4.0 feet meets
minimum AASHTO standards for fixed objects
when a barrier curb is used (30 mph or below),
and is adequate for most species. The area is
ample for most snow storage. When this preferred
minimum cannot be achieved any width down to
4.0 feet or even 2.0 feet is still beneficial.

Nature strips, especially in downtowns, may be
a good location to use paver stones for easy and

The width of a natural buffer provides the essential space needed for situations such as
protecting pedestrian from out-of-control vehicles.
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distance of a pedestrian is 2.0 feet. Allow for this
shy distance in determining the functional width
of a sidewalk.

Note that attractive windows in shopping districts
create momentary stoppage of curious pedestri-
ans. This is a desired element of a successful
street. These window watchers take up about 18-
24 inches of space. The remaining sidewalk
width will be constrained. This is often desirable
on sidewalks not at capacity. But if this stoppage
forces pedestrians into the roadway, the side-
walk is too narrow.

Newspaper racks, mail boxes and other street
furniture should not encroach into the walking
space. Either place these items in the nature
strip, or create a separate storage area behind
the sidewalk, or in a corner or midblock bulbout.
These items need to be bolted in place.

Parking meters on a narrow sidewalk create high
levels of discomfort. In a retrofit situation place
meters at the back of the walk, or use electronic
parking meters at every hundred or 50 feet.

Parking garages on commercial district walks are
ideally placed away from popular walking streets.
If this cannot be done, keep the driveways and
curb radii tight to maximize safety and to mini-
mize the discomfort to pedestrians.

6.  Grade
If possible grade should be kept to no more than
5%, and, terrain permitting, avoid grades above

8%.  When this is not possible,
rai l ings and other aids can be
considered to help the elder adult.
ADA does not require designers
to change topography, but only to
work within its limitations and con-
straints. Do not create any man-
made grade that exceeds 8%.

7.  Stairs
Since  fa l l s  a re  common w i th
poorly designed stairs every effort
should be made to create a slip-
f ree ,  eas i l y  de tec ted ,  we l l
constructed set of stairs. The fol-
lowing pr inc ip les apply.  Sta i rs
require rail ings on at least one
side, and they need to extend 18
inches beyond the top and bottom
stair. When an especially wide set
of stairs is created, such as at

transit stations, consider rails on both sides and
one or two in mid-stair areas. Avoid open risers,
and use a uniform grade with a constant tread to
rise along the stairway length. All steps need to
be obvious. Stairs should be lit at night. A mini-
mum stairway width is 42 inches (to allow two
people to pass). The forward slope should be
1% in order to drain water. Stairs in high nightlife
pedestrian centers can be lit both above and at
the side.

8.  Landscaping
“Landscaping should be provided for esthetic and
erosion control purposes in keeping with the char-
ac te r  o f  the  s t ree t  and  i t s  env i ronment .
Landscaping should be arranged to permit suffi-
ciently wide, clear, and safe pedestrian walkways.
Combinations of turf, shrubs, and trees are de-
s i rab le  in  border  areas a long the roadway.
However, care should be exercised to ensure that
guidelines for sight distances and clearance to
obstructions are observed, especially at intersec-
tions”.... AASHTO, A Policy on Geometric Design
of Highways & Streets, 1990.

Landscaping can also be used to partially or fully
contro l  crossing points of  pedestr ians.  Low
shrubs in commercial areas and near schools
are often desirable to channel pedestrians to
crosswalks or crossing areas.

Sidewalks must be graded and placed in areas
where water will not pond or where large quanti-
ties of water will not sheet across.

Parked cars can also serve as a buffer between the sidewalk and the street.
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9.  Rural Sidewalks
Sidewalks along rural roadway sections should
be provided as near the right-of-way line as is
practicable. If a swale is used the sidewalk should
be placed at the back of swale. If guardrail is used
the sidewalk must be at the back of the guard-
rail. There will be times in near-urban spaces
where the placement of sidewalks is not afford-
able or feasible. Wide paved shoulders on both
sides of the roadway wil l  substi tute in some
cases. However, the potential for growth in near
urban areas requires that right-of-way be pre-
served.  When sidewalks are placed at the back
of the right-of-way it may be necessary to bring
the walkways forward at intersections in order to
cross the roadway where motorists anticipate their
crossings. Security issues are also important on
rural area sidewalks, so street lighting should
be given full consideration. This lighting can act
as part of the transitional area alerting higher
speed motorists that they are arriving in an ur-
ban area.

10.  Bridge Sidewalks
Bridge crossings are essential to pedestrians
and bicyclists.  Whenever possible the sidewalks
should be continued with their full width. Side-
walks on bridges should be placed to eliminate
the possibility of falling into the roadway, or over
the bridge itself. Sidewalks should be placed on
both sides of bridges. Under extreme conditions
sidewalks can be used on one side only, but
should only be done when safe crossings can
be provided on both ends of the bridge. When
sidewalks are placed on only one
side, they should be wider in or-
der  to  accommodate  la rge
volumes of pedestrian traffic.

11.  Corners
Management of land on the cor-
ner is essential to the successful
commerc ia l  s t ree t .  Th is  smal l
public space is used to enhance
the corner sight triangle, to permit
underground piping of drainage so
that street water can be captured
on both sides of the crossing, for
a resting place, phone, to store
pedestrians waiting to cross the
roadway and to provide other pe-
destrian amenities. Well designed
corners, especially in a downtown
or other village-like shopping dis-
trict can become a focal point for

the area.  Benches,  te lephones,  newspaper
racks, mail boxes, bike racks, and other features
help enliven this area; Corners are often one of
the most secure places on a street. An unbuilt
corner, in contrast, is often a magnet for litter,
rubbish, and erodes the aesthetics of the street.

13.3  Street Lighting13.3  Street Lighting13.3  Street Lighting13.3  Street Lighting13.3  Street Lighting
For both safety and security reasons most side-
walks require street lighting. Lighting is needed
for both lateral movement of pedestrians, and
for detection by motorists when the pedestrian
crosses the roadway. As a general rule the nor-
mal placement of street luminaries, such as
cobra heads, provide sufficient lighting to assure
pedestrian movement. However, in commercial
districts it is often important to improve the level
of lighting, especially near ground level. Suc-
cessful retail centers often use low street lamps
in addition or in lieu of high angle lamps. Some
designs permit both the high angle highway lamp
and the low angle street lamp on the same pole.

Pedestrians on a pedestrian-oriented street de-
sign (shopping district) require three sources of
lighting. The first is the overall street lighting, the
second is the low placement of lamps (usually
tungsten) that reach between and below most
trees, and the third is the light emitted from stores
that line the street. The omission of any one of
these lights can result in an undesirable effect,
and can reduce the desire to walk or shop at
night.
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Lights are needed in all areas where there are
crosswalks or raised channel islands. Lighting
can be either direct, or placed at such a location
to create a silhouette effect. Either treatment aids
the motorist in detecting the pedestrian.

Pedestrians are less attracted to a commercial
zone, or any area where there are dark spots.
The potential to be victimized keeps many pe-
destrians from traveling through an area at night.
Thus lighting from shops, street lamps and high-
way luminaries are essential to the success of a
commercial district. Even one dark spot along a
block may force some pedestrians to the oppo-
site side of the street.

13.4  Sidewalk13.4  Sidewalk13.4  Sidewalk13.4  Sidewalk13.4  Sidewalk
PlacementPlacementPlacementPlacementPlacement
Sidewalks are recommended on both sides of
all urban arterial, collector and most local road-
ways. Although local codes vary, AASHTO and
other national publications insist that separation
of the pedestrian from motorized traffic is an es-
sential design feature of a safe and functional
roadway.

Although the AASHTO Greenbook does not fully
address the issue of sidewalk placement, in
lightly developed areas, the Greenbook manual
does recommend that right-of-way be preserved
on all arterial and collector roadways.  Although
AASHTO and many other publications suggest
that some short sections of local streets can have

Pedestrians on a pedestrian oriented street design (shopping district) require three sources
of lighting.

sidewalks on one side only, the designer should
consider that single-side sidewalks can create
unwanted motorist/pedestrian conflicts.

Priority Construction of Sidewalks
Many communities, such as Tallahassee, Florida,
have small ($250,000) but significant sidewalk
construction funds set aside for community de-
ve lopment  and  pedes t r ian  sa fe ty.  When
prioritizing missing sidewalks it is important to
provide sidewalks to fill gaps on arterials and
collectors at the following locations:

•  Schools (within 1/4 mile)
•  To all transit stops
•  Parks, Sports Arenas
•  Shopping districts, other commercial
•  Recreational corridors
•  Retirement homes
•  Medical complexes/hospitals
•  All public buildings

Costs and Benefits of Sidewalks
A typical neighborhood lot sidewalk of 5 feet and
two street border trees raise the cost of the un-
deve loped lo t  by  1 -3%.   In  compar ison ,
residential lot streets with sidewalks and trees
often show an increased property value of $3,000
to $5,000.

13.5  Ambiance, Shade &13.5  Ambiance, Shade &13.5  Ambiance, Shade &13.5  Ambiance, Shade &13.5  Ambiance, Shade &
Other SidewalkOther SidewalkOther SidewalkOther SidewalkOther Sidewalk

EnhancementsEnhancementsEnhancementsEnhancementsEnhancements
The above discussion provides a
basis for meeting the most basic
needs of a pedestrian. In many
parts of a city it is essential to cre-
a te  h igh ly  success fu l  wa lk ing
corridors. The following elements
are often found to be desirable to
achieve robust commercial activ-
i t y,  and  to  encourage added
walking versus single occupant
trips.  One or two very attractive
features create a highly success-
ful block.... and one or two highly
offending or unsafe conditions will
leave one side of the street nearly
vacant.
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Trees
It is hard to imagine any success-
ful walking corridor fully void of
trees. The richness of a young or
mature canopy of trees cannot be
matched by any amount of pavers,
colorful walls or other fine archi-
tecture or other features. Although
on higher speed roads (40 and
above) trees are often set at the
back of the sidewalk, the most
charming streets are those with
trees gracing both sides of a walk-
way.  This canopy effect  has a
qual i ty that br ings pedestr ians
back again and again. If only one
side can be achieved, then on low-
speed roadways, again the trees
are best i f  placed between the
walkway and curb. A four-foot set-
back from the curb is required.

In older pre-WWII neighborhoods trees were of-
ten placed every 25, 30 or 35 feet apart. It is
essential to keep trees back far enough from,
the intersection to leave an open view of traffic.
With bulbouts this can often allow trees up near
the corner.

Paver Stones
Colorful brick, stone and even tile ceramics are
often used to define corners, to create a mood
for a block or commercial district, or to help guide
those with visual impairments. These bricks or
pavers need to be set on a concrete pad for maxi-
mum life and stability.

Paver stones can also be used successfully in
neighborhoods. Denmark is one of many Euro-
pean countries that use concrete 1 meter square
paver stones as sidewalks. These stones are
placed directly over a compressed earth. When it
is time to place new utilities, or to make repairs,
the pavers are simply lifted, stacked, and re-
placed when the work is complete.

Awnings
Retail shops should be encouraged to provide
protective awnings to create shade, protection
from rain and snow, and to otherwise add color
and attraction to the street. Awnings are espe-
cially important in hot climates on the sunny side
of the street.

Outdoor Cafes
There are many commercial actions that can help
bring back life to a street. Careful regulation of
street vendors, outdoor cafes, and other commer-
cial activity, including street entertainers help
enliven a place. The more the activity the better.
One successful outdoor cafe helps create more,
and in time an entire evening shopping district
can be helped back to life. When outdoor cafes
are offered it is essential to maintain a reason-
able walking passageway. The elimination of 2-3
parking spaces in the street, and a bulbed out
area, can often provide the necessary extra space
when cafe seating space is needed.

Alleys and Narrow Streets
Alleys can be cleaned up and made attractive for
walking. Properly lit and planned they can be se-
cure and inviting. Some alleys can be covered
over and made into access points for a number
of shops. The tasteful and elegant Bussy Place
alley in Boston was a run-down alley between
buildings. With a roof overhead, and colorful in-
terior with escalators this alley is now the grand
entry to a number of successful downtown shops.
Other alleys become attractive places for outdoor
cafes, kiosks and small shops.

Victoria, on Vancouver Island, British Columbia
has a host of 30 or more alleys that channel a
major portion of its pedestrian traffic between
colorful buildings and quaint shops. Some alleys
that were originally hard wood bricks are now
polished and provide a true walk through history.

BIRBINGHAM RES. STREET

The designer of this pre-WWII neighborhood in Birmingham, AL knew the value of street
trees.
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The expansion of a midblock set of crossings
can help make these alleyways a prime commer-
cial route, and lessen some of the pedestrian
activity on several main roads.

Kiosks
Small tourist centers, navigational kiosks, and
attractive outlets for other information can be
handled through small scale or large scale kiosks.
Well positioned interpretive kiosks, plaques, and
other instructional or historic place markers are
essential to visitors. These areas can serve as
safe places for people to meet, and generally help
with navigation.

Play Areas and Public Art
Public play areas and interactive art can help
enliven a corner or central plaza. One especially
creative linear space in Norway provided a fence
and a 40 foot long jumping box. Children were
invited to see how far they could jump, and com-
pare their jump with record holders, kangaroos,
grasshoppers, dogs and other critters.

Pedestrian Streets, Transit Streets and Pedes-
trian Malls
A number of  European ci t ies are reclaiming
streets that are no longer needed for cars. Cars
still have access to many of these streets before
10:00 in the morning, and after midnight. Other
streets in both the East and West are being con-
verted to transit and pedestrian streets (15th
Street Mall in Denver). These conversions need
to be made with a master plan so that traffic flow
and pedestrian movements are fully provided for.

There are many s t reets  in
America that have been tem-
porarily converted to pedes-
t r ian  s t ree ts ,  and  la te r,
following a failure of use, con-
verted back to traffic. There
are many instances where it
is not possible to generate
enough pedestrian traffic to
keep a street “alive”. Under
these condi t ions the pres-
ence of on-street auto traffic
creates security for the pedes-
trian.

13.613.613.613.613.6
PedestrianPedestrianPedestrianPedestrianPedestrian
PlazasPlazasPlazasPlazasPlazas
Many plazas constructed in the

recent past have been too large and uncomfort-
able for pedestrians, serving more to enhance
the image for the building behind.  Some of these
are products of zoning laws which encouraged
plaza construction in exchange for increased
building height.  However, bonus systems haven’t
ensured that the “public space” will actually be a
public benefit.  Decisions have been based on
inches and feet, instead of on activity, use or ori-
entation.  The result has been a number of plazas
with problems:  some are windswept, others are
on the shady side of buildings, while others break
the continuity of shopping streets, or are inac-
cessible because of grade change.  Most are
without benches, planters, cover, shops or other
pedestrian comforts.  To be comfortable, large
spaces should be divided into smaller ones.
Landscaping, benches, wind and rain protection
should be provided, and shopping and eating
made accessible.

It has been demonstrated no extra room should
be provided.  In fact, it is usually better to be a bit
crowded than too open, and to provide many
smaller spaces instead of a few large ones.  It is
better to have places to sit, planters and other
conveniences for pedestrians than to have a
clean, simple, and “architectural” space.  It is
better to have windows for browsing and stores
adjacent to the plaza space, with cross circula-
tion between different uses than to have the plaza
serve one use.  It is better to have retailers rather
than offices border the plaza.  And, finally, it is
better to have the plaza as part of the sidewalk

Alleys can be made attractive and can serve as access points to shops.
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percen t  o f  da i l y  sunsh ine
hours on March 21.
• Encourage the use of
bandstands, public display ar-
eas,  outdoor d in ing space,
skating rinks and other fea-
tures which attract crowds.  In
cold or rainy areas, a covered
galleria would benefit pedes-
trians more than a open plaza.
• In tegra te  indoor  and
outdoor space to make it more
usefu l .   P lan spaces to be
small and informal in charac-
ter and quality so as to be in-
v i t ing ,  comfor tab le  and
non-oppressive.
• Avo id  sunken p lazas ,
since access is diff icult and
people feel uncomfortable in
them.  Keep them level or just

slightly below sidewalk grade.  For instance,
at Rockefeller Center in New York City, the
lower level originally had shops, which failed
and were converted to the now famous ice
skating rink.  Most people view the rink from
above while only users go below.
• Avoid architectural and geometrical
bench arrangements.  Instead consider
where and how most people would prefer
to sit.  One reason so-called “undesir-
ables” frequent many plazas is that
benches are not usable by pedestrians.
Movable chairs, heavy enough not to be

instead of separated from the
sidewalk with walls.

Where is the best place for a
plaza?  Plazas ideally should
be located in places with good
sun exposure and little wind
exposure, in places that are
protected from traff ic noise
and in those that are easily
accessible from streets and
to shops.  A plaza should have
a center as well as several
subcenters.

The planner should inventory
downtown for spaces that can
be used for plazas, especially
smal l  ones .   Appropr ia te
spaces include:  space where
buildings may be demolished and new ones con-
structed, vacant land or streets that may be closed
to traffic or may connect to parking.

New stores can sometimes be set back 8 to 10
feet from the street to allow plaza space in ex-
change for increased density.

Some suggestions for planners and developers
of plazas include the following:

• Limit plaza size to create small ,  human-
scaled spaces.  A maximum size of 2,500
square feet is appropriate with several small
p lazas bet ter  than one
large one.

• Enclose a plaza on one or
two sides.

• Plan for at least 20 per-
cent of  the plaza to be
planted.

• Provide seating in the sun
and make it readily acces-
sible to the public.

• Develop shops and stores
along the plazas, exclud-
ing large banks,  t rave l
agents and of f ices that
attract few pedestrians.

• Do no t  use  la rge  ex-
panses of blank wall.

• Plan for  prevai l ing sun
angles and climatic con-
ditions, using as a rule of
thumb a minimum of 20

Small protected spaces provides separation from
noise and traffic street side.

In some European countries streets have been turned over to pedestrians.
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Streets with a raised median will usually have
lower pedestrian crash rates.

stolen, but light enough
to move, are recom-
mended so that people
can choose where they
want to sit and what
arrangement they prefer.

13.7  Exercise:13.7  Exercise:13.7  Exercise:13.7  Exercise:13.7  Exercise:
Design aDesign aDesign aDesign aDesign a
PedestrianPedestrianPedestrianPedestrianPedestrian
SpaceSpaceSpaceSpaceSpace
Part 1
Choose an ex is t ing  pub l ic
space that currently does not
encourage walking and rede-
sign it to better accommodate
pedes t r ians .   Your  p lan
should be developed at a conceptual level.  You
should prepare a plan view drawing with enough
information to identify major existing features,
proposed improvements and impacts.  Profile
and cross section view drawings are also help-
ful in presenting particular details required to
construct your proposed improvements.  Aerial
photographs and USGS topographic maps often
provide a good background for overlaying pro-
posed improvements.

Part 2
Conduct a pedestrian capacity analysis for the

Piedmont Park case study lo-
cation (as described in Exer-
cise 3.8 of Lesson 3) using
procedures described in the
Highway Capaci ty  Manual .
The  four  ma jo r  park  en-
trances, as indicated on the
Site Location Map, should be
evaluated to determine the
pedestr ian level  of  serv ice
(LOS).  In order to conduct this
evaluation, the following as-
sumptions should be utilized:

• 15-minu te  pedes t r ian
counts included in the park
usage data can be expanded
to represent hourly volumes.

• All of the pedestrian vol-
ume a t  each  o f  the  four

entrances accesses the park on existing five
feet wide sidewalks.

Utilize and document other assumptions as nec-
essary in order to conduct the level of service
analysis.  Be sure to evaluate the sensitivity of
values related to your assumptions.

Determine the existing level of service for pedes-
trians at the four major park entrances.  Do the
sidewalks need to be widened?  In addit ion,
evaluate pedestrian level of service under the fol-
lowing scenarios:

• Average weekday pe-
destrian traffic is anticipated
to double in five years, will five
foot wide sidewalks be ad-
equate?

• Special events generate
pedestrian volumes five times
those measured for an aver-
age weekday.

13.813.813.813.813.8
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14.1  Pur14.1  Pur14.1  Pur14.1  Pur14.1  Purposeposeposeposepose
Traffic engineers use a wide variety of road signs
and pavement markings.  Some are used to alert
motorists to pedestrian activity, and direct pedes-
t r ians  to  def ined cross ings.   Prob lems are
created, however, when pedestrians assume that
signs and paint will protect them from cars.  Driv-
ers, on the other hand, often ignore pedestrian
signs and markings because they seldom see
many pedestrians.  As a result, signs and paint
may lull pedestrians into a false sense of secu-
rity.

This lesson provides an overall philosophy for
signage and pavement marking use, as well as
details on how these traffic control measures
should be used.  Crosswalk markings at inter-
sections are covered in more detail in Lesson
15.

14.214.214.214.214.2
IntroductionIntroductionIntroductionIntroductionIntroduction
Signing is governed by the Manual
on Uniform Traffic Control Devices,
which provides specif ication on
the design and placement of traf-
fic control signs installed within
the  pub l i c  r igh t -o f -way.   The
MUTCD encourages a conserva-
tive use of signs (Sections 2A-1,
2A-6, 2B-1, 2C-1).  Signs should
only be installed when they fulfill
a need based on an engineering
study or engineering judgment.  In
general, signs are often ineffec-
tive in modifying driver behavior,
and  overuse of signs breeds dis-
respect.

Used judiciously and located with consistency,
signs and markings can be effective.  Jurisdic-
tions should develop clear guidelines for use and
should avoid overreliance on signs and paint to
control motorist behavior.  This may mean alter-
ing  and /or  re loca t ing  ex is t ing  s igns  and
markings.  It may be best to eliminate markings
and signs that have proven ineffective or delete-
rious to pedestrian safety.  There is ongoing
debate and/or studies in progress to determine
whether markings (especially verbal messages)
improve pedestrian safety, whether crosswalks
are useful at mid-block locations, and whether
signs contribute to visual overload for motorists
and breed disrespect for messages.
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14.3  Planning and14.3  Planning and14.3  Planning and14.3  Planning and14.3  Planning and
Design ConsiderationsDesign ConsiderationsDesign ConsiderationsDesign ConsiderationsDesign Considerations
The MUTCD out l ines  gu ide l ines  govern ing
signage and pavement markings.  At the same
time, it does not prohibit creative regulatory de-
sign.

Nor does the MUTCD define criteria for crosswalk
location or striping options.  Much is left to engi-
neering judgment.  As a result, there is leeway in
adapting guidelines to specific signing and mark-
ing policy needs.

Seattle is developing a new sign aimed at edu-
cat ing and reminding motor is ts of  the 1990
crosswalk legislation supported by citizens.  The
sign will be installed at locations where cross-
walk or pedestrian signs are not appropriate.  It

is designed to be re-
located after four to
s ix  weeks  to  an-
o ther  loca t ion .
Coord ina t ion  w i th
the Seatt le Pol ice
Department will en-
sure enforcement.
Initially, Seattle will
place four 760 mm
x 900 mm (30 in  x
36 in) signs in dif-
fe ren t  loca t ions
around the city.

Colors for signs and
mark ings  shou ld
conform to the color
schedu le  recom-

mended by MUTCD to promote uniformity and
understanding from jurisdiction to jurisdiction.
For the background color of signage, use:

• YELLOW - General warning
• RED - Stop or prohibition
• BLUE - Service guidance
• GREEN - Indicates movements permitted, di-

rectional guidance
• BROWN - Public recreation and scenic guid-

ance
• ORANGE - Construction and maintenance

warning
• BLACK - Regulation
• WHITE - Regulation

For pavement markings, use:

• YELLOW - Centerline
stripes

• WHITE - All other pavement stripes and mark-
ings including edge stripes, lane markings,
and crosswalks.

14.4  R14.4  R14.4  R14.4  R14.4  Reeeeegulagulagulagulagulatortortortortory Signsy Signsy Signsy Signsy Signs
These signs are used to inform motorists or pe-
destrians of a legal requirement and should only
be used when the legal requirement is not other-
wise apparent.  They are generally rectangular in
shape, usually consisting of a black legend on
the white background and shall be reflectorized
or illuminated.  Many motorist signs, including
STOP signs, YIELD signs, turn restrictions and
speed limits, have a direct or indirect impact on
pedestrians.

The “NO TURN ON RED” (R10-11a) sign may be
used in some instances to facilitate pedestrian
movements.  The Manual on Uniform Traffic Con-
trol Devices (MUTCD) lists six conditions when
no-turn-on-red may be considered, three of which
are directly related to pedestrians or signal tim-
ing for pedestrians.  Considerable controversy
has arisen regarding pedestrian safety implica-
tions and right-turn-on-red operations, ranging

Scan in MUTCD ped signs
from Habib’s book
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Pedestrian access is restricted from continuing straight and encouraged to cross to the left
avoiding a vehicular merge lane.

from a study by Zador, which
ind ica ted  a  s ign i f i can t  in -
crease in  pedest r ian acc i -
dents with right-turn-on-red, to
s tud ies  by  AASHTO and
McGee, which concluded that
right-turn-on-red does not cre-
ate a pedestrian safety prob-
lem.

The use of  “NO TURN ON
RED” signs at an intersection
shou ld  be  eva lua ted  on  a
case-by-case basis.  Less re-
strict ive alternatives should
be considered in lieu of “NO
TURN ON RED” signs.  Also,
supplementary signs such as
“WHEN PEDESTRIANS ARE
PRESENT” or “WHEN CHIL-
DREN ARE PRESENT” may be
placed below the “NO TURN
ON RED” sign.

There are occasions when no-turn-on-red restric-
t ions  a re  benef ic ia l ,  and  spec i f i c
recommendations relat ing to pedestr ians in-
clude:

• Part- t ime restr ict ions should be discour-
aged; however, they are preferable to full-time
prohibitions when the need only occurs for a
short period of time.

• Universal prohibitions at “school crossings”
should not be made but rather restrictions
should be sensitive to special problems of
pedestrian conflicts, such as the unpredict-
able behavior of children and problems of
the elderly and persons with disabilities.  Pe-
destrian volumes, as such, should not be the
only criteria for prohibiting turns on red.

There are a number of regulatory signs directed
at pedestrians which include:

• Pedestrians prohibited signs (R5-10c, R9-3a,
R5-10a, R5-10b) to prohibit pedestrian entry
at freeway ramps.

• Pedestrian crossing signs (R9-2, R9-3a, R9-
3b) are used to restrict crossings at less safe
locations and divert them to optimal cross-
ing locations.  Various alternatives include the
“USE CROSSWALK” (with supplemental ar-

row) sign which may be used at signalized
intersection legs with high conflicting turn-
ing movements or  at  midblock locat ions
directing pedestrians to use an adjacent sig-
nal  or  crosswalk.   The s igns have most
applicability in front of schools or other build-
ings that generate signif icant pedestr ian
volumes.

• Traffic signal signs (R10-1 to R10-4) include
the pedestrian push button signs or other
signs at signals directing pedestrians to cross
only on the green light or “WALK” signal.
Pedestrian push button signs should be used
at all pedestrian-actuated signals.  It is help-
ful to provide guidance to indicate which
street the button is for (either with arrows or
street names).  The signs should be located
adjacent to the push button and the push but-
tons should be accessible to pedestrians with
disabilities.

Other signs may be used for pedestrians at traf-
fic signals to define the meaning of the “WALK,”
“DON’T WALK,” and flashing “DON’T WALK” sig-
nal indications.  The decision to use these signs
(or alternatively stickers mounted directly on the
signal pole) is strictly engineering judgment and
is primarily for educational purposes.  As such,
their use may be more helpful near schools and
areas with concentrations of elderly pedestrians,
two high-risk areas.  This information may also
be effectively converted into brochures for distri-
bution and ongoing educational purposes.
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This pedestrian warning sign uses a more reflective yellow which allows it to be more visible
at night.

14.5  14.5  14.5  14.5  14.5  WWWWWarararararning Signsning Signsning Signsning Signsning Signs
Warning signs are used to inform unfamiliar mo-
torists/pedestr ians of unusual or unexpected
conditions.  Warning signs predominantly fall
under the permissive category (“may” condition)
and when used, should be placed to provide ad-
equate response t imes.   Warning s igns are
generally diamond-shaped with black letters or
drawings on a yellow background and shall be
reflectorized or illuminated.  Overuse of warning
signs breeds disrespect and should be avoided.

The warning sign predominantly used to warn
motorists of possible pedestrian conflicts is the
Advance Pedestrian Crossing sign (W11-2).  This
sign should be installed in advance of midblock
crosswalks or other locations where pedestrians
may not be expected to cross.  This significantly
minimizes their use at most urban intersections
since pedestrian crossings are an expected oc-
currence.  This sign may also be selectively used
in advance of high volume pedestrian crossing
locations to add emphasis to the crosswalk.  The
advance pedestrian crossing sign provides more
advance warning to motorists than crosswalk
markings, and on some occasions may be used
when crosswalk markings do not exist.  Where
there are multiple crossing locations which can-
not  be concentrated to a s ingle locat ion,  a
supplemental distance plate may be used (NEXT
XXX FEET).  The advance pedestrian crossing
signs should not be mounted with another warn-
ing sign (except for a supplemental distance sign
or an advisory speed plate) or regulatory sign

(except for NO PARKING signs) to
avoid information overload and
allow for an improved driver re-
sponse.  Care should be taken in
sign placement in relation to other
signs to avoid sign clutter and al-
low adequate motorist response.
The MUTCD specifies a 30" x 30"
sign size.  However, it may be help-
ful to use a larger signs (36" x 36")
on higher speed or wider arterial
streets.

The Pedest r ian  Cross ing s ign
(W11A-2) is similar to the Advance
Pedestrian Crossing sign, but has
the crosswalk lines shown on it.
This sign is intended to be used
at the crosswalk, which is the only
warning sign not used in advance
of the condition being warned (ex-

cept for large arrow signs and object markers).
Because of its placement and the motorist’s in-
ability to distinguish and comprehend the subtle
difference between the two signs (W11-2 versus
W11A-2); its usefulness is limited.  When used,
it should be preceded by the advance warning
sign and should be located immediately adja-
cent to the crossing point.  To help alleviate
motorist confusion, a black and yellow diagonally
downward pointing arrow sign may be used to
supplement the pedestrian crossing sign (W11A-
2).

The Playground sign (W15-1) may be used in
advance of a designated children’s play area to
warn motorists of a potential high concentration
of young children.  This sign should generally not
be needed on local or residential streets where
children are expected.  Furthermore, play areas
should not be located adjacent to high-speed
major or arterial streets or if so, should be fenced
off to prevent children from darting into the street.

According to the Traffic Control Devices Hand-
book, “CAUTION-CHILDREN AT PLAY” or “SLOW
CHILDREN” signs should not be used since they
may encourage children to play in the street and
may encourage parents to be less vigilant.  Such
signs also provide no guidance to motorists in
terms of a safe speed, and the sign has no legal
basis for determining what a motorist should do.
Furthermore, motorists should expect children to
be “at play” in all residential areas, and the lack
of signing on some streets may indicate other-
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“Look Right” or “Look Left” are painted on the street next to the curb in the United
Kingdom to remind pedestrians which direction to look for on coming traffic before
stepping into the street.

Flashing lights, school crossing signs and a 20 mph
speed limit should give motorist plenty of advanced
warning of the crossing area up ahead.

14.7  Pavement14.7  Pavement14.7  Pavement14.7  Pavement14.7  Pavement
Word andWord andWord andWord andWord and
SymbolSymbolSymbolSymbolSymbol
MarMarMarMarMarkingskingskingskingskings
The MUTCD allows for the use
of pavement word and symbol
markings such as “SCHOOL
XING” or “PED XING” as motor-
ist warning devices (Section
3B-20).  These may be helpful
on high volume or high speed
s t ree ts  w i th  unusua l
geometrics (such as vertical or
horizontal curves) in advance
of a pedestrian crossing area.
Markings should be white and
placed to provide an adequate
motorist response.  Their use

should be kept to a minimum to retain effective-
ness.  Consideration should be given to snow
conditions which may obliterate the markings
during portions of the year in some regions of
the country and the agency’s ability to maintain
these pavement markings.  If used, the word or
symbol markings should generally be used in
each approach lane (except for the SCHOOL mes-
sage).

Some agencies have also attempted to commu-
nicate with pedestrians using pavement word
markings such as “LOOK BOTH WAYS” or other
symbols to encourage pedestrians to look for ve-

wise.  The signs are unen-
forceable and act as another
roadside obstacle to pedes-
trians and errant motorists.
Use of these non-standard
signs may also imply that the
invo lved  ju r i sd ic t ion  ap-
proves  o f  s t ree ts  as
playgrounds, which may re-
sult in the jurisdiction being
vulnerable to tort liability.

Schoo l  Warn ing s igns in -
c lude the advance school
crossing signs (S1-1),  the
school crossing sign (S2-1),
“SCHOOL BUS STOP
AHEAD” (S3-1) sign and oth-
ers.  School-related traff ic
con t ro l  dev ices  a re  d is -
cussed in detail in Part VII (Traffic Controls for
School Areas) of the MUTCD.  A reduced speed
limit sign with flashing lights can be installed
ahead of the actual crossing.  The lights are set
to flash during school hours, alerting drivers that
a lower speed limit is in effect when the flashers
are operating.  Another sign and light combina-
tion is “SCHOOL SPEED LIMIT XX,” where the
speed limit is illuminated during school hours.

The MUTCD allows for the development of other
specialty warning signs based on engineering
judgment for unique conditions.  These signs can
be designed to alert unfamiliar motorists or pe-
des t r ians  o f  unexpec ted
conditions and should follow the
general criteria for the design of
warning signs.  Their use should
be minimized to retain effective-
ness and shou ld  be based on
engineering judgment.

14.6  Directional14.6  Directional14.6  Directional14.6  Directional14.6  Directional
SignsSignsSignsSignsSigns
Directional signs for pedestrians
are intended to assist people who
are new to the area or to assist
residents who may not know the
most direct route to a destination
by foot.  Use distances meaning-
ful to pedestrians such as number
of blocks or average walking time.
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hicles and to enter the road cau-
tiously.

Al l  pavement word and symbol
markings require periodic main-
tenance, and replacement after
resurfacing.  If used, it is advis-
able to maintain an inventory of
stencils for periodic checking and
refurbishment.

14.8  Exercise14.8  Exercise14.8  Exercise14.8  Exercise14.8  Exercise
The need to develop and detail
pedestrian signage and pavement
markings in a manner that these
provisions can be construct ion
within the normal field of highway
construction is an extremely im-
portant issue.  Signage and pavement markings
needs for a proposed roadway project are speci-
f ied through a deta i led system of  s tandard
drawings, specifications and bid item numbers.
An example plan view drawing demonstrating this
method for highway-related signs and pavement
markings using Caltrans (California Department
of Transportation) specifications is provided for
reference in Figure 14-1.

Engineers use the standards to ensure uniform
construction and contractors use standards to
develop construction cost estimates for their
bids.  The use of these procedures in develop-
ing designs is a critical link in the continuum of
planning, designing and constructing transpor-
tation facilities. Construction of pedestrian and
bicycle facilities should make full use of this well-
established system.  Most state DOT’s have a
variety of specifications that pertain to pedestrian
and bicycle facilities.  Specific standard draw-
ings pertaining to bicycle and pedestrian facility
construction as taken from the Caltrans Standard
Plans document are summarized below:

Develop a plan to install pedestrian signs and
pavement markings that uses nomenclature and
references standards from your state DOT.  Esti-
mate the quant i ty of  each construct ion i tem
needed and develop an engineer’s construction
cost estimate.  You will need to utilize the follow-
ing resources:

• Standard Drawings (periodically published
document)

• Standard Specifications (periodically pub-

lished document)
• Bid Item Numbers (typically a published list)
• Statewide Average Bid Summary (typically

assembled several times a year)

14.9  References14.9  References14.9  References14.9  References14.9  References
Text and graphics for this section were derived
from the following sources:

• Implementing Pedestrian Improvements at the
Local Level, USDOT Federal Highway Admin-
istration, 1998.

• Design and Safety of Pedestrian Facilities - A
Recommended Practice of ITE, Washington,
DC, 1998.

• Manual on Uniform Traffic Control Devices,
USDOT.

For more information on this topic, refer to:

• Florida Pedestrian Facility Planning and De-
s ign  Guide l ines ,  F lo r ida  Depar tment  o f
Transportation, 1996.

• Oregon Bicycle and Pedestrian Plan, Oregon
Department of Transportation, 1995.

• Pennsylvania Pedestrian Planning and Design
Guidelines and Pennsylvania Community De-
sign Systems, Pennsylvania Department of
Transportation, 1996.
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Pedestrian Related

Std. Drawing Item Date
A-24D Pavement markings, Crosswalks 1/4/1988
N8-B Wheel Chair Ramp, Detail No. 1 1/4/1988
N8-C Wheel Chair Ramp, Detail No. 2 1/4/1988
ES-3B Signal Heads and Mountings, Pedestrian Signals 1/4/1988
ES-5C Signal Heads and Mountings, Pedestrian Pushbuttons 1/4/1988
ES-6A Type 1, Standards and Push button Posts 1/4/1988

Bicycle Related

Std. Drawing Item Date
A20-C Pavement Markers & Traffic Lines, 6-in. Bike Lane Line 1/4/1988
A24B Pavement Markings, Bike Lane Symbol 1/4/1988
A-24C Pavement Markings, Bike Lane Legend 1/4/1988
ES-5C Signal Heads and Mountings, Bicycle Pushbuttons 1/4/1988
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Figure 14-1
Example Signing and Marking Plan

S. R. 8, Fletcher Parkway Construction Plans
Le Mesa, California
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15.1  Pur15.1  Pur15.1  Pur15.1  Pur15.1  Purposeposeposeposepose
Walkways provide mobility along a linear path.
But eventually, people need to cross roads and
streets at intersections.  These intersections,
where the paths of people and vehicles come to-
gether, can be the most challenging parts of
negotiating a pedestrian network.  If pedestrians
cannot cross the street safely, then mobility is
severely limited, access is denied and walking as
a mode of travel is discouraged.

This lesson provides an overview of several de-
sign features that are critical in order to provide
for pedestrian access at intersections.  Much re-
search has been done on this topic in the past,
and several design manuals provide more detail
including the Manual on Uniform Traffic Control
Dev ices ,  AASHTO’s  Po l icy  on
Geometr ic Design of Highways
and Streets, and ITE’s Design and
Safety of  Pedestr ian Faci l i t ies
among others.

Text for this lesson was taken from
the Institute of Transportation En-
gineers’ 1998 publication entitled
Design and Safety of Pedestrian
Facilities - A Recommended Prac-
tice.  Reprinted with permission.

15.215.215.215.215.2
IntroductionIntroductionIntroductionIntroductionIntroduction
In urban areas, two-thirds of the
pedestrian injuries occur at cen-
t ra l  bus iness  d is t r i c t  (CBD)

intersections.  Overall, the “intersection dash,”
where a pedestrian enters the street at an inter-
section and is seen too late by a driver of a motor
vehicle is the third most prevalent pedestrian ac-
cident type, accounting for 7.2 percent of all
pedestrian crashes.
The solution is to design and build intersections
that:

• Encourage pedestrian use in lieu of mid-
block crossing locations.

• Make pedestrians as visible as possible.
• Make pedestrian actions as predictable

as possible.
• Slow vehicular traffic.

Reduced sight distance can present a serious problem for pedestrians who wish to
cross the street.
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A good place to start is to de-
velop design guidel ines for
intersections that are respon-
sive to the needs of pedestri-
ans which can be fol lowed
whenever new intersections
are built or when existing in-
te rsec t ions  a re  be ing  im-
proved or reconstructed.

Important intersection issues
include consideration of the
following:

1. Improved pedestr ian
conspicuity. Ways to alert
motorists to the possible
presence of  pedestr ian
activity at intersections in-
clude providing painted
crosswalks in the roadway, moving pedestri-
ans out from behind parked cars through the
use of bulb outs, and improving both hori-
zontal and vertical sight distances through
the removal of extraneous curbside clutter
such as newspaper boxes, redundant utility
poles or overgrown vegetation.  The use of
traffic calming devices such as raised inter-
sections tells drivers that the area is not de-
signed for rapid through movement, but rather
an area where pedestrians can be expected.
Dr ivers must exerc ise caut ion when ap-
proaching raised intersections and be ready
to yield right-of-way to pedestrians. Another

Bulb outs reduce crossing distances for pedestrians.

Use of colored crosswalks and median refuges make this intersection more pedestrian friendly.

way to slow drivers is to de-
sign right turn slip lanes with
exit angles between 50 to 60
degrees.

2. Predictability of pedes-
trian actions and movement.
Pedestrian movements can be
cont ro l led  and made more
routine and visible through the
use of crosswalks and signal-
ization.

3. Distance and time that
pedestrians have to cross a
roadway.  Both the distance
and time it takes pedestrians
to cross a street can be short-
ened through the use of curb
bulbs, medians and refuges.

4. Ease of movement from walkway to street
levels and vice versa. Curb ramps facilitate
the t ransi t ion f rom walkways to st reets.
Raised intersections can make it easier to
meet ADA requirements as a crosswalk be-
comes a natural extension of a walkway and
the need for curb ramps is eliminated.

Improving intersections for pedestrians involves
the coordination and integration of a number of
design elements including:

• Crosswalks
• Curb ramps

• Curb bulbs
• Turning radii
• Signalization

When designing intersections:

• Take vertical as well as horizon-
tal sight distances into account.
• Refer to AASHTO’s 1994 Policy
on Geometric Design of Highways
and Streets (also known as the
“Green Book”) for formulas relat-
ing to storage space needed for
pedestrians.
• Prohibit parking near intersec-
tions.
• Use curb bulbs, curb ramps and
signalization.
• Limit Right Turn on Red move-
ments in areas of high pedestrian
volumes.
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appropriate. As noted in the Oregon Bicycle
and Pedestr ian Plan,  some studies have
found that pedestrians may develop a false
sense of security when crossing a road in
marked crosswalks.  Other  s tud ies have
found that motorists are more likely to stop
for pedestrians in marked crosswalks, es-
pecially where pedestrian right-of-way laws
are enforced.

It is important that the proper use of cross-
walks is backed up by State law.  Vermont is
one state where state law gives pedestrians
conditional right-of-way when using marked
crosswalks. As long as “traffic control signals
are not in operation, the driver of a vehicle
shall yield the right of way slowing down or
stopping if necessary, to a pedestrian cross-
ing the roadway within a crosswalk,” (Vermont
Statutes Annotated, T 23, §1051(a)). Where
this law is reinforced by signage in the cross-
walk itself reminding drivers of the state law
and their responsibility to stop, some town
select board officials have said that drivers’
habits markedly favor pedestrians. The onus
of safely entering a crosswalk, however, rests
with the pedestrian. Vermont law continues,
“No pedestrian may suddenly leave a curb or
other place of safety and walk or run into the
path of a vehicle which is so close that it is
impossible for a driver to yield,” (Vermont
Statutes Annotated, 1; 23, §1051 (b)).

4. Where crosswalks might be located. Gener-
ally, marked crosswalks are located at all

• Keep c rosswa lks  a t  r igh t
angles to turning roadway ter-
minals and slip lanes.

• Keep right turns below 15 mph
and left turns below 20 mph.

• Locate crossing close to the
parallel street; 0.6 m (2 ft) off-
set is standard.

• Use stop lines for motorists;
keep stop lines behind cross-
walks.

15.3  Crosswalks15.3  Crosswalks15.3  Crosswalks15.3  Crosswalks15.3  Crosswalks
Typical Concerns
Of the 61 different pedestrian ac-
c iden t  t ypes  the  midb lock
“dart-out” type—where a pedes-
t r ian  may sudden ly  appear
between parked cars or otherwise
cross a vehicular way at a random
location—accounts for 13.3 percent of all pedes-
trian accidents. In three quarters of these cases
the crash occurs in the curbside lane. One-third
of mid block dart out result in serious injuries or
fatalities.

Possible Solutions
One solution is to create an ongoing retrofit pro-
gram to establish crosswalks in locations that
encourage pedestrians to cross in certain loca-
t ions,  and that  a lso  prov ide motor is ts  w i th
reasonable expectation of where pedestrians
might cross a roadway. Crosswalks are one tool
that municipalities can use to accomplish both
goals. Other tools include curb bulbs and medi-
ans (as discussed in this lesson).

Important crosswalk concepts and issues in-
clude:

1. Creating reasonable expectations where pe-
destrians may cross a roadway. A crosswalk
creates a visible indication for both motor-
ists and pedestrians where pedestrians may
be expected to cross a roadway.

2. Predictability of pedestrian actions and move-
ment. When combined with signalization (as
well as curb bulbs and refuge islands where
appropriate), crosswalks can help to control
pedestrian movements and make them more
routine.

3. Knowing when and where crosswalks are
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open legs of signal ized
intersections. They may
also be provided at other
locations. When used with
curb bulbs, signage and
illumination, the visibility
of pedestr ian crossings
can be enhanced.

Although expected at intersec-
t ions ,  the  ins ta l la t ion  o f
crosswalks at mid-block loca-
tions may also be desirable
under some conditions such
as when medians or refuge is-
lands are used.

The Institute of Transportation
Engineers recommends that
cer ta in condi t ions may not
warrant the installation of marked crosswalks,
such as when the hourly peak pedestrian vol-
ume is very low (<25 pedestrians per peak four
hours) or when traffic volume is very low (<2,000
AADT). At all other locations, or where predomi-
nately young, elderly or handicapped pedestrians
may be found, crosswalks are recommended.

Implementation Strategies
1. Develop and adopt a crosswalk policy and

design guidelines. Decide where crosswalks
shall be used and when policies and ordi-
nances are changed or updated, make sure
a crosswalk policy is implemented. Likewise,
develop “standard” crosswalk designs for the
public works department to follow.

2. Piggy-back on capital and/or maintenance
projects. Look for opportunit ies to instal l
c rosswa lks  whenever  in te rsec t ions  a re
changed or upgraded or when roadways are
resurfaced.

3. Use crosswalks to connect sidewalks and
curb ramps at  in tersect ions.  Coordinate
crosswalk painting with new or existing curb
ramp locations.

4. Establish an annual crosswalk improvement
program. Start an annual crosswalk improve-
ment  p rogram.  Schedu le  c rosswa lk
replacement or repainting so that crosswalk
markings never become deteriorated or less
visible to motorists. The duty for a driver to
yield right of way to a pedestrian in a cross-

Textured crossings, using non-slip bricks or pavers,
can raise a driver’s awareness through increased
noise and vibration.

walk may be compromised if
the driver were to maintain
that the crosswalk could not
be seen or did not exist. Fur-
ther, the municipality may be
liable for fail ing to exercise
due care toward maintaining
the crosswalk for pedestrians,
especially if the municipality
has actual or constructive no-
tice of a crosswalk deficiency.

5. Implement  a  v igorous
enforcement program. Con-
v ince  law en fo rcement
authorities to actively monitor
crosswalk behavior, enforce
crosswalk laws and prosecute
crosswalk scofflaws. Create
and implement a public rela-

tions program to increase public awareness
about  the r igh ts  and respons ib i l i t ies  o f
crosswalk use. Emphasize crosswalk laws
through the use of informational signage at
crosswalk locations.

Resources and Scheduling
Crosswalks are relatively inexpensive to install.
Obtaining authorization to install them, on the
other hand, could take months or longer.

Evaluation
An informal traffic study can determine if the
crosswalk program is  enhancing pedestr ian
safety. Especially monitor locations of high pe-
destrian use. Review crash statistics on a regular
basis.

Planning and Design Considerations
When planning and designing crosswalks, con-
sider these recommendations:

• Place crosswalks across full width of pave-
ment.

• Use crosswalks at all signalized intersections.
• Use crosswalks at non-signalized intersec-

tions with discretion.
• Place crosswalks in locations where they are

visible and where they are not obscured by
parked cars or signs.

• Illuminate mid-block crosswalks that are not
expected by motorists.

• Use two white parallel lines 0.2 m to 0.6 m
(0.5 ft to 2 ft) wide spaced at 1.8 m (6 ft)
minimum, or the width of the approaching
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sidewalk if it is greater, to
define a crosswalk area.

• Use spec ia l  mark ings
such as striped, or “ze-
bra,” longitudinal lines or
diagonal cross-hatching
for added visibility and to
emphasize a crossing.

• Consider textured cross-
ings ,  us ing  non-s l ip
bricks or colored pavers,
to  inc rease  a  d r i ver ’s
awareness  th rough in -
c reased no ise  and
vibration.

• Use c rosswa lks  a t  the
corners of skewed inter-
sections.

Where warranted, the lighting
leve ls  in  pedest r ian  areas
shou ld  meet  those recom-
mended by the I l luminating
Engineering Society (IES).

15.4  Curb15.4  Curb15.4  Curb15.4  Curb15.4  Curb
Bulbs and CurbBulbs and CurbBulbs and CurbBulbs and CurbBulbs and Curb
RadiiRadiiRadiiRadiiRadii
Typical Concerns
Walking across a wide street takes longer than
crossing a narrow street.  As a result, pedestri-
ans are exposed for a longer length of time to the
threat of being hit by a vehicle
when crossing a wide street. An-
other problem pedestrians face
when trying to cross a street is vis-
ibility.  Parked cars may make it
difficult for them to see oncoming
vehicles and vice versa.

Also, when streets intersect at an
acute or obtuse angle or have a
large curb radius, motorists can
make tu rns  a  re la t i ve ly  h igh
speeds. By contrast, 90-degree in-
tersections and corners with tight
curb radii tend to slow motorists
down. The problem with obtuse
angles is particularly bad when a
vehicle on an arterial street turns

onto a residential street. Pe-
des t r ians  c ross ing  the
residential street adjacent to
the arterial may not expect
high speed turning traffic or
they may have their  backs
turned toward the turning cars.

Possible Solutions
The solution is to shorten the
crossing distance for pedestri-
ans. One way to effectively
shorten the pedestrian cross-
ing distance on streets where
parking is permitted is to in-
stall curb bulbs, also known as
curb extensions and chokers.
Curb bulbs project into the
street, usually for a distance
equal to the depth of a typical
parallel parking space, making
it easier for pedestrians to see
approaching traffic and giving
motorists a better view of pe-
destrians. When motorists are
better able to see pedestrians,
they have a greater opportu-
nity to stop before a crash can
occur.

Decreasing crossing distances for pedestrians
also provides these motor vehicle capacity ben-
efits:

Also known as “bulbs, neckdowns, flares or
chokers,” curb extensions reduce the pedestrian
crossing distance and improve the visibility of
pedestrians by motorists.

Reduced sight distance can present a serious problem for pedestrians who wish to cross the
street.
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• At signalized intersections, it decreases the
length of the pedestrian phase.

• At unsignalized intersections, it reduces the
time a right or left turning vehicle has to wait
for a pedestrian to cross before exiting the
roadway.

When designing curb bulbs at  intersect ions
where there is low truck traffic, consider making
the corner radius as small as possible. This will
have the effect of slowing down right turning motor
vehicles. Where truck traffic is present, a tight
corner radius may make the turn difficult to ne-
got iate for these vehicles. Further; constant
overriding of the curb and sidewalk by rear wheels
of trucks may ultimately cause damage to the curb
or sidewalk or cause injury to pedestrians.

Simultaneously installing curb bulbs and chang-
ing curb radii is frequently possible since both
involve moving the curb and gutter into the im-
proved portion of the street right of way.
Where acute or obtuse intersections are encoun-
tered, such as where a residential street meets
an arterial, creating an intersection that is closer
to 90 degrees may also provide opportunities to
reduce curb radii and create curb bulbs.

Implementation Strategies
Typically, curb bulbs and curb radius changes are
appropriate at a limited number of intersections.
Consequently, over time, most intersections that
need improvements may be upgraded for pedes-
trians in this fashion. As with other pedestrian

improvements, the key is to develop a strategy
and stick to it over a period of years. Here’s how
to get started.

1. Arterial and residential street specifications.
Include curb bulbs and/or smaller curb radii
in standard plans and specifications for pub-
lic and private road projects. A change in one
or more local ordinances may be required or
speci f icat ions may somet imes be imple-
mented by administrative rule.

2. Annual curb bulb installation program. Start
an annual program to install curb bulbs and
adjust the curbs at obtuse-angle intersec-
tions. Develop project selection criteria to
select the projects that will do the most to
enhance safety. Some things to consider in-
clude:

a. Locations where residential streets meet
arterial streets at an obtuse angle.

b. Locations that are on routes used by
school children or the elderly.

c. Downtown or neighborhood shopping
areas with high pedestrian volumes.

d. Projects nominated by neighborhood
associations.

Resource Requirements and Scheduling
The cost of installing curb bulbs and changing
the curb radii can vary considerably, depending
on whether drain grates have to be moved and/or
whether there are other issues that have to be

addressed. For example, it may be
necessary to move the conduit for
a signal or relocate utility poles
and light and/or sign standards.

Decide if the work is to be done by
the public works department or a
private contractor. In general, if
only a few bulbs are involved, it
may be cheaper and faster to have
town or city crews do the work. If
there is a lot of work to do, it may
be cheaper to use a private con-
tractor. The key is to let the public
know how long it will take to in-
s ta l l  a  bu lb  and  then  de l i ve r
promptly.

Evaluation
Visit project sites to determine if
good locations have been selected



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
15 - 7

PEDESTRIAN ACCOMMODATIONS
AT INTERSECTIONS

timing and push buttons; such pedestrian features
seem to vary not only from jurisdiction to jurisdic-
tion but also from intersection to intersection. Walk/
Don’t Walk timing lengths often appear arbitrary -
especia l ly  the Walk and f lashing Don’ t  Walk
phases. Part of the problem stems from the fact
that many walkers do not know that the flashing
Don’t Walk is intentionally displayed before an av-
erage person can completely cross the street.
Another part of the problem may result from timing
cycles that are simply too fast for slow walkers
such as older pedestr ians or people who are
handicapped.

Another aspect of the problem may be due to the
absence of pedestrian push buttons or because a
call button is obscured or difficult to reach. At many
intersections that do have push buttons, the Don’t
Walk phase is so long that pedestrians feel their
push button request has not been recognized by
the signal system. All of these problems encour-
age disrespect for pedestrian signals, promote
increased jaywalking and create conflict with mo-
torists.

Solution Statement
Develop policies governing pedestrian signal tim-
ing and push but ton actuat ion to ensure fa i r
treatment for pedestrians. Make signal timing as
consistent as possible, and adopt a clear pedes-
trian push button warrant. Develop a desired level
of service for pedestrian waiting and push button
response times and evaluate signalized intersec-
tions to see if the pedestrian level of service at
signalized intersection falls within an acceptable
range.

and the best design(s) are
be ing  used.  Check  c rash
records, do speed studies of
cars making turns, look at the
curbs to see if trucks or buses
are driving over them, and ask
pedestrians if they feel safer.
Be a good l istener and ob-
server; and make modif ica-
tions where needed.

Planning and Design Consid-
erations
Transportation agencies have
increased curb radii over the
years  to  keep t rucks  and
buses from running over curbs
and s t r i k ing  pedes t r ians
standing on the corner; such
changes also increase capac-
ity. Unfortunately, curb radii have been increased
at intersections that do not have large truck traf-
fic or buses (e.g., in residential neighborhoods).
The following are guidelines for curb bulbs and
small curb radii:

• On arterial streets, install curb bulbs only
where permanent parallel parking is next to
the curb. Curb bulbs should protrude a mini-
mum of 2 m (6 ft) into the roadway Ideally,
they should project the full depth of adjacent
parking stalls, usually 5.5 m to 6 m (8 ft to 9
ft). Curb bulb projections prevent the parking
area next to the curb from becoming a travel
lane.

• A curb radii of 3 m to 4.5 m (10 ft to 15 ft)
should be used where residential streets in-
tersect other residential streets and arterial
streets.

• A curb radius of 6 m (20 ft) should be used at
the intersections of arterial streets that are
not bus or truck routes.

• A curb radius of 7.5m to 9 m (25 ft to 30 ft)
should be used at the intersections of arte-
rial streets that are bus and/or truck routes.

• Curb bulbs should not extend too far into the
street to present a bott leneck for bicycle
travel.  As a minimum, a 4.3 m (14 ft) travel
lane should be maintained.

15.5  Signal Timing and15.5  Signal Timing and15.5  Signal Timing and15.5  Signal Timing and15.5  Signal Timing and
Push ButtonsPush ButtonsPush ButtonsPush ButtonsPush Buttons
Problem Statement
The public is often baffled by pedestrian signal

Pedestrian push buttons should be conveniently placed.  Be sure existing site features are not
obstacles to reach the button.
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Major issues relating to pedes-
t r ians  and  s igna l i zed
intersections include:

• Seemingly arbitrary length of
Walk and flashing Don’t Walk
cycles;

• Pros and cons of lengthen-
ing f lashing Don’t Walk to
accommodate slower pedes-
trians;

• Safety trade-off of shortened
pedes t r ian  phase  imp le -
mented to enhance vehicular
right turns;

• Fairness of laws that allow
motorists to enter an inter-
section on the yellow while
prohibiting pedestrians from
do ing  so  dur ing  f lash ing
Don’t Walk;

• Trade-off between motor traffic delays and
pedestrian delays at actuated pedestrian
crossings;

• Integrating pedestrian recall and pedestrian
actuation in a way pedestrians will under-
stand.

Implementation Strategies
Making signalized intersections consistent with
stated policies won’t happen overnight; consider
it part of a long term commitment to pedestrian
safety. Whatever strategy is employed, use field
observations to see how pedestrians react to sig-
nal timing and push button. Comparing a variety
of configurations will help it possible for work-
able and consistent policies to be developed.

Annual  program: A comprehensive program
should be established to evaluate and prioritize
improvements.  It should not be hard to locate
those areas needing attention. In all likelihood,
the public works department probably maintains
a file filled with complaints from citizens.

New signal or signal timing projects: review the
pedestrian signal timing plan for any intersections
undergoing signal modifications or adjustments.
Keep aware of signal work and providing appro-
priate suggestions; this will help signal engineers
become more sensitive to pedestrian needs.

Resource Requirements
The peculiarities of many intersections means a
strictly policy-driven approach may not be pos-

sible. As a result, trained per-
sonnel will be needed to evaluate
signal t iming and actuation at
many specific locations. Most of
the work will be done by agency
crews unless there is a large
enough backlog to justify going
out to bid.

Evaluation
Monitor intersections with modi-
f ied  s igna l  t im ing  and  push
buttons, and compare them with
unaltered intersections. Crash
reductions and/or fewer pedes-
t r ian complaints wi l l  be good
indicators if the new policies are
working. Develop a level of ser-
vice for pedestrian push buttons
and apply accordingly

Planning and Design Considerations
Consider these features when providing signals
that are responsive to pedestrians:

• Signals must fulfill a need, command atten-
tion, convey a clear and simple meaning, and
command respect of road users, as well as
provide adequate time for response.

• Average walking speed should be calculated
at 1.2 m (4 ft) per second; 1.1 m (3.5 ft) per
second is becoming more common; 0.9 m
(3 ft) per second should be used where there
is a high frequency of older pedestrians;
people with mobility impairments move as
slow as 0.8 m (2.5 ft) per second.

• Many pedestrians stop watching for light and,
instead, look for gaps to cross streets when
their delay exceeds 30 seconds.

• Place pedestrian signal heads at each end
of crosswalk.

• Place push button at top of and as near as
possible to the curb ramp and clearly in line
with the direction of travel. This will improve
operations as many pedestrians push all but-
tons to ensure they hit the correct one.

• Use a push-button box that gives pedestri-
ans a visible acknowledgment (indicator light
comes on at push button box) that their
crossing request has been received. Where
medians exist, place additional push buttons
in medians. If signal head on opposite of
street is more than 18.3 m (60 ft) away, place
additional pedestrian signal heads in medi-
ans.

INSERT
SIGNAL
DISPLAY
ITE P 43
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• Place pedestrian signals
in channelized islands.

• Visually impaired people
need audio support at key
signalized intersections.

• Audio signals are avail-
able in different sounds
from pleasant (cuckoo or
tinkling bell sounds pre-
fe r red)  to  obnox ious  (
avo id  raspy-sound ing
buzzers).

• Walk /Don ’ t  Wa lk  se-
quence:   Wa lk  Phase:
Allow time for pedestrians
to search and start walk-
ing .  For  coord ina ted
signal systems, extend to
fu l l  g reen  t ime minus
flashing

• Don’t Walk Phase:  (pe-
des t r ian  c learance  in te rva l ) .   Avo id
shortening the Walk phase to improve the
flow of right-turning vehicles.

• Flashing Don’t Walk Phase (pedestrian clear-
ance interval):  Included in the full green time.
Calculated as part  of  the crossing t ime.
Crossing time equals distance divided by 0.8
m to 1.2 m (2.5 ft. to 4 ft.) per second de-
pending on customer base.

• Steady Don’t Walk Phase:  Equal time for yel-
low clearance and all red signal.  Pedestrian
should be out of street.

The MUTCD has many sug-
ges t ions  regard ing  push
button placement and pedes-
trian signal timing.  However,
in many other areas of pedes-
trian activity, it leaves a great
deal  to  engineer ing judge-
ment.

15.6  P15.6  P15.6  P15.6  P15.6  Pedestrianedestrianedestrianedestrianedestrian
RRRRRefugefugefugefugefuge Islandse Islandse Islandse Islandse Islands
Pedestrian refuge islands are
defined as the areas within an
intersection or between lanes
of traff ic where pedestrians
may safely wait until vehicular
traffic clears, allowing them to
cross a street.   Refuge is-
lands are commonly found
along wide, multi-lane streets

Pedestrian push-buttons are often provdied at
locations with intermittent pedestrian volumes to call
for the WALK message and/or extend the crossing
interval.

Refuge islands provide a safety area for pedestrians who connot cross the entire street on one
cycle.

where adequate pedestr ian
crossing t ime could not be
provided without adversely af-
fecting the traffic flow.  These
islands provide a resting area
for pedestrians, particularly
those who are wheelchair-
bound, elderly, or otherwise
unable to completely cross
an intersection within the pro-
vided signal time.  These ref-
uge islands also provide a
safety area for pedestrians
caught in the street when a
signal changes.

When evaluating whether a
re fuge  is land  i s  needed,
bo th  c ross ing  t ime and
safety must be considered.
For example, in suburban ar-

eas with long distances between intersections
and traffic signals, a large proportion of pedes-
trian crossings occur at unsignalized intersec-
tions and at mid-block locations.  However, with
a median, a pedestrian would only have to look
in one direction to cross to the median, and in
the opposite direction to cross from the median
to the far side of the street.  Pedestrians cross-
ing an undivided, multilane street may experi-
ence delays 10 t imes longer than the delay
incurred crossing a street with a median as
shown by the pedestrian crossing delay curves
provided in NCHRP Report 294A.
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The effect of refuge islands
and medians on pedestr ian
safety  is  unc lear.   Studies
have reported both increases
and decreases in accidents
after pedestrian islands have
been instal led.  There is a
substantial lack of definitive
information on this subject.
However, a 1978 study in west-
ern Austral ia indicated that
the rate of pedestrian acci-
den ts  a t  a  four - lane
unsignalized intersection was
reduced to 11.5 percent of its
original level when raised me-
dian islands were installed.

Refuge islands can be benefi-
cial under certain conditions
and inconsequential or even harmful under oth-
ers.  The typical conditions where refuge islands
are most beneficial include:

• Wide, two-way streets (four lanes or more)
with high traffic volume, high travel speed,
and large pedestrian volume;

• Wide streets where the elderly, people with
disabilities, and child pedestrians cross regu-
larly;

• Streets with insufficient green signal phasing
time for safe pedestrian crossing;

• Wide, two-way intersections with high traffic
volume and significant numbers of crossing

pedestrians; and
• Low volume side street
traffic demands with insuffi-
cient green time to cross (i.e.,
low s ide st reet  vo lumes in
combination with high main
street volumes may warrant
short green times for the side
street, which in turn does not
allow enough time for the pe-
destrian to cross the entire
street.

The typical conditions where
refuge islands are least ben-
e f ic ia l  o r  poss ib ly  harmfu l
include:

• Narrow st reets and/or
streets where substandard-
width refuge islands are used;

• Instances in which a high turning volume of
large trucks exist;

• Conditions in which the roadway alignment
obscures the island, thereby making it likely
for vehicles to drive into the island; and,

• Areas where the presence of a safety island
will severely hamper snow plowing.

In areas where refuge islands are beneficial, the
advantages to pedestrians are many, including:

• Reducing pedestrian crossing time by split-
ting crossing distances (i.e., providing staged

cross ing  o f  pedes t r ians) ,
thereby reducing green time
required for pedestrian cross-
ing phase;
• Prov id ing pedest r ians
wi th  a  res t ing  p lace  when
crossing wide roads or inter-
sections;
• Providing a pedestrian
storage area;
• Increasing the capacity
of the intersection with a near-
side is land that provides a
better locat ion for the stop
bar;
• Loading and unloading
t rans i t  r iders  (a l though
curbside locations provide a
better alternative);
• Prov id ing locat ion for
traff ic control (shorter mast

Streets with raised medians usually have lower
pedestrian crash rates.
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arms) and utility pole in-
stallations.

The disadvantages of pedes-
trian refuge islands include:

• A false sense of security
or safety to pedestrians;

• Street sweeping or snow
plowing problems;

• Damage to  veh ic les  i f
struck;

• Installation costs will be
higher,

• Generally, more right-of-
way is required.

Recommended Practice
Pedes t r ian  re fuge  i s lands
may be installed at intersec-
t ions  o r  m idb lock  loca t ions  as  deemed
appropriate by engineering studies.  Refuge is-
lands should be considered during the design of
complex intersections or streets rather than af-
ter construction has been completed.  They must
be visible to motorists at all times and should be
delineated by curbs, guideposts, signs, or other
treatments.  Refuge islands should be designed
to minimize the potential hazard to motorists and
pedestrians alike.

Island Design Features
Pedestrian refuge islands must be designed in
accordance with the AASHTO policy and the
MUTCD requirements.  Design considerations
should include:

• Areas at traffic signals where the total length
of crosswalk cannot be readily travelled in
one pedestrian phase.  Special consider-
ation should be given to intersections where
a large number of elderly pedestrians and/or
people with disabilities will be present.  Spe-
cial consideration also should be given to
complex or irregularly shaped intersections
where islands could provide a pedestrian
with the opportunity to rest and become ori-
ented to the flow of oncoming traffic.

• Raised curbs with cut-through ramps at pave-
ment level or curb ramps for wheelchair
users.  Cut-through ramps should be graded
to drain quickly and should also have spe-
cial provisions to assist the visually impaired
in identifying the refuge island.  Islands with
ramps should have a level area at least 48

inches along at the same level as the top of
the raised median to provide a level area for
wheelchair users.

• Areas at least six feet wide from face-of-curb
to face-of-curb.  The minimum width should
not be less than four feet wide face-of-curb
to face-of-curb.  The island should not be less
than 12 feet long or the width of the cross-
walk, whichever is greater.  The minimum
island size should be 50 square feet.

• An approach nose, offset from the edge of
the traffic lane, appropriately treated to pro-
vide motorists with sufficient warning of the
island’s presence.  This can be achieved
through various considerations such as illu-
mination, reflectorization, marking, signage,
and/or size.

• Pedestrian push buttons and signage adja-
cent to crosswalks.

• Guidestrips for the blind.
• Placement on wide ( four lanes or more)

streets with high traffic volumes.
• No obstruction to visibility by such features

as foliage, barriers, or benches.
• Barriers that may be necessary to keep pe-

des t r ians  f rom s tepp ing  in to  t ra f f i c  a t
improper locations.

15.715.715.715.715.7 ExExExExExererererercise-Urbancise-Urbancise-Urbancise-Urbancise-Urban
InterInterInterInterIntersectionssectionssectionssectionssections
The need to develop and detail pedestrian inter-
section improvements in a manner that can be
construction within the normal field of highway
construction is an extremely important issue.

Pedestrian refuge islands can create a safer crossing for wide streets.



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
15 - 12

PEDESTRIAN ACCOMMODATIONS
AT INTERSECTIONS

Pedestrian accommodations
at intersections include both
traff ic signal and pavement
marking improvements.  An
exercise covering pavement
mark ing issues was prev i -
ously addressed in Exercise
14.8.  With regard to signal-
ization at intersections pedes-
trian improvements typically
include pedestr ian s ignals,
pedestrian pushbuttons, con-
duit/wiring, mounting brackets
and pedestrian poles.  Traffic
s igna l  improvements  a re
specified through a detailed
system of standard drawings,
speci f icat ions and bid i tem
numbers.  An example plan
view drawing demonstrating
this method for specifying traffic signal improve-
ments using Georgia Department of Transporta-
tion standards is provided for reference in Figure
15-1.

Develop a plan to install pedestrian signals and
related improvements for an intersection in your
community.  The plan should be developed us-
ing nomenclature and references standards from
your state DOT.  A list of standard drawings per-
taining to pedestrian facility construction from
Caltrans  (California Department of Transporta-
tion) was previously provided in Exercise 14.8.  If
possible you should obtain a intersection draw-
ing from your local traffic engineering department.
This drawing typically shows the location of ex-
ist ing roadway features, travel lanes, signal
equipment and utilities.  In addition to preparing
a plan of proposed improvements, develop an
estimate of quantities for each construction item
and prepare an engineer’s construction cost es-
timate.  You wil l need to uti l ize the following
resources:

• Plan view drawing of local intersection.
• Standard Drawings (periodically published

document)
• Standard Specifications (periodically pub-

lished document)
• Bid Item Numbers (typically a published list)
• Statewide Average Bid Summary (typically

assembled several times a year)

Refuge islands provide predestirans with a resting place when crossing roads or
intersections.
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Figure 15 - 1
Example Traffic Signal Plan

Sugarloaf Parkway Construction Plans
Lawrenceville, Georgia
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intersections becomes less practical and often
more dangerous.

Today’s designer is challenged to find workable
crossing points to aid pedestrians across high-
speed roadways .   When conven ien t  and
manageable crossing points are not identified,
most pedestrians cross at random, unpredict-
able locations.  In making random crossings they
create confusion and they add risk to themselves
and drivers.

This chapter addresses two ways to facilitate non-
intersection crossings:  medians and midblock
crossings.  By placing medians along multilane
roadways, the designer helps channel pedestri-

16.1 Pur16.1 Pur16.1 Pur16.1 Pur16.1 Purposeposeposeposepose
Designers often assume that pedestrians wil l
cross roadways at establ ished intersections.
Observations of pedestrian behavior clearly indi-
cate that people rout inely cross at midblock
locations.  Pedestrians will rarely go out of their
way to cross at an intersection unless they are
rewarded with a much improved crossing—most
will take the most direct route possible to get to
their destination, even if this means crossing sev-
eral lanes of high speed traffic.

Well designed midblock crossings can actually
provide many safety benefits to pedestrians when
placed in proper locations.  This chapter dis-
cusses those benef i ts,  and explains several
basic design principals for midblock crossings.

16.2 Introduction16.2 Introduction16.2 Introduction16.2 Introduction16.2 Introduction
For most of this century—since
pedestrians and motorists began
competing for space—safety cam-
paigns have directed pedestrians
to walk to intersections to cross
roadways.  This is helpful advice,
especially in down town locations
where signalization is frequent,
where cycle lengths are short ,
where blocks are long, and where
intersections are small and com-
pact.  But with the advent of the
modern suburb, blocks are much
longer, signalization is even less
frequent, some intersections are
very wide, and vehicle speeds are
much higher than downtown.  Un-
der these conditions, crossing at
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ans  to  the  bes t  loca t ions :
where  gaps  a re  more  f re -
quent ,  where  l igh t ing  i s
improved, and where motor-
ists have the best chance to
search, detect, recognize, and
respond to the presence of
pedestrians.  Where there are
medians, the pedestrian still
may cross at random loca-
tions, but due to the increased
frequency of acceptable gaps
and greatly reduced conflicts,
the pedestrian is inclined to
find a longer gap, then walk
and not rush across the road-
way.

Midblock crossings are an es-
sen t ia l  des ign  too l .   A l l
des igners  must  learn  the  bes t  p lacement ,
geometrics, and operations of midblock cross-
ings.

16.3  Medians and R16.3  Medians and R16.3  Medians and R16.3  Medians and R16.3  Medians and Refugefugefugefugefugeeeee
Islands – PIslands – PIslands – PIslands – PIslands – Pooooowwwwwerful Saferful Saferful Saferful Saferful Safetyetyetyetyety
TTTTToolsoolsoolsoolsools
A median or refuge island is a raised longitudinal
space separating the two main directions of traf-
fic movement.  Median islands by definition run
one or many blocks.  Refuge islands are much
shorter than medians, and are a length of 31-76
m (100-250 ft).  Medians and refuge islands can

be des igned to  b lock  s ide
street or driveway crossings
of the main road and block left
turning movements.  Because
med ians  reduce  tu rn ing
movements, they have the abil-
ity to increase the flow rate
(capacity) and safety of a road-
way.

Medians are now an essen-
tial tool to minimize the friction
of  turn ing and s lowing ve-
hicles.  Medians maximize the
safety of the motorist and pe-
destrian.  Medians have been
extens ive ly  s tud ied by the
Georgia and Florida Depart-
ments  o f  T ranspor ta t ion .
Based on more than 1,000
centerline miles (1,600 km) of

conversion from two way left turn lanes (TWLTL’s)
to raised medians, motorist crashes were re-
duced dramatical ly.  I t  has also been shown
through FDOT (Florida Department of Transpor-
tation) research that pedestrians are at high risk
while standing in TWLTL’s.

Midblock crossings can be kept simple and are
easily located on low volume, low speed road-
ways, such as short 40-48 km/h (25-30 mph)
collectors through neighborhoods. When collec-
tors are longer and handle more traffic and higher
speeds, medians or refuge islands are helpful,

and somet imes essent ia l .   On
multilane minor and major arteri-
a ls ,  re fuge  i s lands  o r  ra ised
medians are essential.  However,
when used, crosswalks must be
placed with great care in these lo-
cat ions, especial ly once travel
speeds exceed 64 km/h (40 mph).

16.4 Advantages16.4 Advantages16.4 Advantages16.4 Advantages16.4 Advantages
of Mediansof Mediansof Mediansof Mediansof Medians
Medians  separa te  conf l i c ts  in
time and place.  The pedestrian
faced with one or more lanes of
traffic in each direction must de-
termine a safe gap in 2, 4 or even
6 lanes at a time.  This is a com-
p lex  task  requ i r ing  accura te
decisions.  Younger and older pe-
des t r ians  have  reduced gap

Midblock crossings are easily located on low
volume, low speed roadways, such as short
collectors through neighborhoods.
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At times it may be necessary to block midblock access.  These shrubs are dense
enough to divert pedestrians to adjacent intersections.

acceptance sk i l ls  compared to
pedestrians in other age groups.
Pedestrians typically have poor
gap assessment ski l ls at night.
Many may predict that a car is 61
m (200 ft) off when in fact it is only
31 m (100 ft), far too close to at-
tempt a crossing.

Medians Allow More
Frequent Gaps
Medians not only separate con-
flicts, they also create the potential
for acceptable gaps.  On a stan-
dard-width four lane roadway with
a center left turn lane (20 m or  64
ft. wide, with five twelve foot lanes
plus two 24 inch gutter pans), it
takes an average pedestrian trav-
elling 1.2 m (4 ft) per second nearly
16 seconds to cross.  Finding a safe 16 second
gap in 4 moving lanes of traffic may be difficult or
impossible.  In any event, this may require a wait
of 3-5 minutes.  Faced with a substantial delay,
many pedestrians select a less adequate gap,
running across the roadway, or standing in the
center left turn lane hoping for a further gap.  If a
raised median is placed in the center, the pe-
destrian now crosses 7.9 m (26 ft).  This requires
two 8 second gaps (see f igures next page).
These shorter gaps come frequently.  Based on
traffic volume and platooning effects from down-
stream signalization, the pedestrian may be able
to find an acceptable gap in a minute or less.

Medians are Cheaper to Build
The reduced construction cost of a median vs. a
center left turn lane comes as a surprise to many
designers.  Grass medians allow natural perco-
lation of water, and thus reduce drainage and
water treatment costs.  Medians do not require
either a base or asphalt.  Curbing is essential in
urban sect ions, where medians are typical ly
raised above the level of the street.  In general,
however, medians average a 5-10% reduction in
materials and labor costs compared to a center
left turn lane.

Medians are Cheaper to Maintain
While there is only a slight savings in cost to
build a raised median versus a center left turn
lane, there is substantial savings in maintenance.
A study for Florida DOT compared 6.44 km (4.0
miles) of median versus center left turn lane
maintenance costs and found medians save an
average of 40% of maintenance costs based on

a 20 year roadway life.  More frequent resurfac-
ing, such as every 7-9 years would show much
greater savings.  This, too, surprises many de-
signers.  During the ful l  l i fe of  the roadway
asphalt, a raised median saves costs associ-
a ted wi th  sweeping of  accumulated debr is ,
repainting of lines, replacement of raised pave-
ment markers, and the resurfacing of the lane.
The raised median requires infrequent cutting of
grass, and occasional litter clean up.  If the me-
dian is dedicated by agreement or permit to the
community for landscaping, then the costs to the
state highway department drop to near zero.

16.5 Design16.5 Design16.5 Design16.5 Design16.5 Design
ConsiderConsiderConsiderConsiderConsideraaaaations Ftions Ftions Ftions Ftions Fororororor
MediansMediansMediansMediansMedians
Ideally, a median should be at least 2.4 m (8.0 ft)
wide to allow the pedestrian to wait comfortably
in the center 1.2 m (4 ft) from moving traffic.  A
wider median is necessary if it must also serve
the purpose of providing a left turn bay for motor
vehicle traffic at intersections.  If the desired 2.4
m (8.0 ft) cannot be achieved, a width of 1.8 m,
1.2 m, or even 0.6 m (6, 4, or even 2 ft) is better
than nothing.  To find needed width, especially in
a downtown or other commercial environment,
consider narrowing travel lanes to an appropri-
ate width.  In most locations this reduction in
travel lanes can only be made to 3.4 m (11 ft), but
in many other locations, where speeds are in the
32-48 km/h (20-30 mph) range the reduction to
3.1 m (10 ft) or even 2.7 m (9 ft) is possible, and
may be desirable.
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Midblock crossing without median - the pedestrian
must look in both directions.

Midblock crossing without median - the pedestrian
needs to look in only one direction at a time.

• Requires one 16-second gap.
• Pedestian must look in both directions and find a gap in both directions.  The wait will be considerable because statistically

two 8-second gaps are more likely than one 16-second gap.

• Requires two 8-second gaps.
• Pedestrian only has to look in one direction.
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Medians typically have an open flat cut, and do
not ramp up and down due to the short width.  If
the island is sufficiently large, then ADA approved
ramps (1:12 grade) should be used.  It is best to
provide a slight grade (2% or less) to permit wa-
ter and silt to drain from the area.

16.6 Midb16.6 Midb16.6 Midb16.6 Midb16.6 Midblocloclocloclock Crk Crk Crk Crk Crossings bossings bossings bossings bossings byyyyy
Roadway ClassificationRoadway ClassificationRoadway ClassificationRoadway ClassificationRoadway Classification
Midblock crossings are located and placed ac-
cording to a number of factors including roadway
width, traffic volume, traffic speed and type, de-
sire lines for pedestrian movement, and adjacent
land use.  Guidance for median placement on
various types of roadways appears below.

Local Roads
Due to their low traffic speed and volume, local
roadways rarely have median treatments.  Some
exceptions may apply, especially around schools,
hospitals, where traffic calming is desired and
in other unique locations.

Collector Roads
Two-lane collector roads occasionally have me-
dians or refuge islands to channel pedestrians to
preferred crossing locations.  Used in a series,
these refuge islands have a strong visual pres-
ence, and act as signif icant devices to slow
motorist travel through the corridor.  A 16 km/h
(10 mph) speed reduction (from 64 km/h to 48
km/h [40 mph to 30 mph]) has been achieved.
Pedestrians crossing at these midblock refuge
islands with marked crosswalks (who also make
their intent to cross known) achieve a nearly 100%
favorable response from motorists.

When collector roads are widened to 4 lanes (not
recommended), raised medians may be essen-
tial.  A boulevard style street with tree canopies
is recommended.  This canopy effect helps re-
duce travel speeds.

Multilane Arterial Highways with Four Lanes
Suburban crossings of four-lane roadways are
greatly improved when medians and midblock
crossings are used (see Figure 12-4)  On lower
volume roadways it is best to not use signaliza-
tion.

Signalizations may be helpful or even essential
under the following conditions:
• On higher volume roadways,
• Where gaps are infrequent,

• In a school zone,
• Where elderly or disabled pedestrians cross,
• Where speeds are high, or
• When a number of other factors are present.

Multilane Arterial Highways with Six or More
Lanes
On multilane arterials with six or more lanes,
merging is occurring, lane changing increases,
and there is a greater tendency for motorists to
speed and slow.  This creates a highly complex
conditions for the pedestrian to predict.

At midblock where vehicle speeds are high, sig-
nalization may be the only practical means of
helping pedestrians to cross unless it is part of
a signal coordination scheme.  At high speeds,
and with infrequent signal calls, high numbers
of rear end crashes can be anticipated.  It is best
not to allow urban area roadways to achieve high
corridor speeds.  This is especially true in areas
where land use supports higher densities.  The
higher the speed the greater the engineering
challenge to cross pedestrians safely.

If a pedestrian crossing is needed, the designer
must increase the devices used to alert the mo-
torist to the potential stopped condition.  The
standard pedestr ian crossing and advanced
crossing symbol with .9 by .9 m (36 x 26 inch
signs) is an absolute minimum for speeds of 64
km/h (40 mph) or greater.  Pavement word sym-
bols can be used as further enhancement.  An
enhanced crosswalk marking such as a zebra or
ladder sty le crossing should be considered.

Mid-block crossing curb extensions may be considered where there
are pedestrian generators on both sides of the road.
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from the crossing, while others will dutifully push
the activator button, not get an immediate re-
sponse, and  cross when there is a sufficient
gap.  A few seconds later, the approaching mo-
torists must stop at a red signal for no reason
which can encourage motorist disrespect for the
signal in the future.

Thus, the best signal setup for a midblock cross-
ing is a hot (nearly immediate) response.  As
soon as the pedestrian call actuator button is
pushed, the clearance interval should be acti-
va ted .   Th is  min imal  wa i t  t ime is  a  s t rong
inducement for pedestrians to walk out of their
way to use the crossing.  Hot responses can of-
ten be used if the nearby signals are not on
progression, or a hot response may be permit-
ted in off-peak hours.  Midblock signals should
be part of a coordinated system to reduce to like-
lihood of rear-end crashes and double-cycled,
i.e., pedestrian cycles per one vehicle cycle at
intersections to reduce pedestrian delay.

If a midblock signal system is used it is impor-
tant to place a pedestrian push button in the
median.  There will be times when some pedes-
trians start too late, or when older pedestrians
lack time, even at 0.9 m (3.0 ft) per second to
cross.  In these rare events the pedestrian needs
to reactivate the signals.

16.9 Exercise16.9 Exercise16.9 Exercise16.9 Exercise16.9 Exercise
Choose an urban site that would be a good can-
didate for a midblock crossing with a pedestrian
refuge island.  Document the reasons that people
often cross at this site (or would cross, given the
opportunity).  Photograph the site and prepare a
sketch design solution.

16.10 References16.10 References16.10 References16.10 References16.10 References
Text and graphics in this lesson were derived
from:

• Flor ida Pedestr ian Planning and Design
Guidelines, Florida Department of Transpor-
tation, 1996.

For more information on this topic, refer to:

• Design and Safety of Pedestrian Facilities -
A Recommended Practice of ITE, 1998.

• Oregon Bicycle and Pedestrian Plan, Oregon
Department of Transportation, 1995.

Large  overhead s igns ,  f lash ing  beacons ,
bulbouts, and even flashing overhead signs have
been successfully used in some locations.

16.7 Midblock Crossing16.7 Midblock Crossing16.7 Midblock Crossing16.7 Midblock Crossing16.7 Midblock Crossing
DesignDesignDesignDesignDesign
The design of midblock crossings makes use of
similar warrants to standard intersections.  Stop-
ping sight distances, effects of grade, cross
slope, need for lighting, and other factors all ap-
ply.  The design considerations for medians are
covered earlier in this chapter.  However, there
are a number of added guidelines that must be
followed.

Connect Desire Lines
All other factors considered, pedestrians and bi-
cyclists have a strong desire to continue their
intended path of travel.  Look for natural patterns.
A parking lot on one side connecting a large of-
f ice complex on another v i r tual ly paints the
desired crossing location.  Use of a high angle
video time lapse camera to map pedestrian cross-
ings quickly paints this location, if it is not already
well known.

Lighting
Motorists need to see pedestrians standing wait-
ing to cross and those that are crossing.  Either
direct or backlit lighting is effective.  Some over-
head signs, such as in Portland, Oregon and
Seattle, Washington, use overhead lights that
identify the pedestrian crossing and also shine
down on the actual crosswalk.

Grade Separated Crossing Midblock or intersec-
tion grade separated crossings are effective in a
few isolated locations.  However, due to their cost
and their potential low use, engineering studies
should be conducted by experienced designers.
If given a choice, on most roadways, pedestri-
ans generally prefer to cross at grade.

16.8 Midblock Signals16.8 Midblock Signals16.8 Midblock Signals16.8 Midblock Signals16.8 Midblock Signals
The placement of midblock signals is called for
in some locations.  The warrants provided in the
Manual  On Uni form Traf f ic  Contro l  Devices
(MUTCD) should be followed.  But even more cau-
tion needs to be provided for signalized midblock
locations.  Pedestrians feel frustrated if a signal
is holding them back from crossing when there
is an ample gap.  Many will choose to cross away
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17.1  Pur17.1  Pur17.1  Pur17.1  Pur17.1  Purposeposeposeposepose
There are 43 million people in the United States
with disabilities.  Virtually all are pedestrians at
one time or another.  People with disabilities hold
jobs, attend school, shop and enjoy recreation
facilities.  Anyone can experience a temporary or
permanent disability at any time, due to age, ill-
ness, or injury.  In fact, 85 percent of Americans
living to their full life expectancy will suffer a per-
manent disability.  Design deficiencies frequently
can be overcome by an agile, able-bodied per-
son.  However, when age or functional disabilities
reduce a person’s mobility, sight, or hearing, a
good design is very important.

The Americans with Disabilities Act (ADA was
enacted by Congress on July 26, 1990 to prohibit
d isc r im ina t ion  aga ins t  peop le
with disabilities.  This civil rights
law assures that a disabled per-
son wil l  have ful l  access to al l
publ ic faci l i t ies throughout the
United States.  The law has spe-
cific requirements for pedestrian
facilities on private as well as pub-
l ic property, such as sidewalks
and pedestrian accommodations
within the right-of-way of streets
and highways.

This section provides and over-
view of basic accessibility require-
ments that most often come into
effect when designing pedestrian
facilities in the public right-of-way.
A complete set of standards can
be found in the Americans with

Disabilities Act Accessibility Guidelines, devel-
oped by the Access Board.

Although these standards are not covered in this
section, ADA guidelines also apply to parking lots,
passenger loading zones, steps and stairways,
bus loading area, and a variety of other features
of public rights-of-way.

17.2  Intr17.2  Intr17.2  Intr17.2  Intr17.2  Introductionoductionoductionoductionoduction
For traffic engineering purposes, a disability can
be classified in one or more of three functional
categories:  mobility impairments, sensory defi-
cits, or cognitive impairments.  A person with a
mobility impairment is limited in his/her method
or ability to move about because of a physical

85% of Americans who live to their full life expectancy will suffer a permanent disability.
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Curb cuts are a critical design consideration for persons in wheelchairs.

disab i l i ty  or  c i rcumstance.
This includes people who use
wheelchairs and those with
braces, crutches, canes and
walkers.  It also includes per-
sons with balance or stamina
problems.  Pregnant women
are in this category as well.

Whi le  sensory  def ic i ts  are
most often associated with
blindness or deafness, partial
hearing or vision loss is much
more common.  Other persons
have lost sensation in some
part of their body.  Color blind-
ness, especial ly of red and
green, is also a sensory defi-
cit.

Cognitive impairments refer to a diminished abil-
ity to process information and make decisions.
This includes persons who are mentally retarded
or who have a dyslexic type of learning disability.
In the United States, those who are unable to read
or understand the English language are also in
this category.

Based on tests conducted by the Veterans Ad-
ministration, the level of energy expended by
wheel chair user is about 30 percent higher than
that needed by a pedestrian walking the same
distance.  Moreover, a person on crutches or with
artificial legs uses 70 percent more energy to go

the same distance.  If a per-
son using a wheelchair trav-
els a full city block and finds
no curb cut, doubles back and
travels that same distance in
the street, it is the equivalent
of an ambulatory person go-
ing four extra blocks.  This il-
lustrates the importance of
removing physica l  barr iers
from our street network.

17.3  17.3  17.3  17.3  17.3  TTTTThehehehehe
Americans withAmericans withAmericans withAmericans withAmericans with
Disabilities ActDisabilities ActDisabilities ActDisabilities ActDisabilities Act
(AD(AD(AD(AD(ADA)A)A)A)A)
The Americans with Disabili-
ties Act was signed into law

on July 26, 1990.  This civil rights law assures
that a disabled person will have full access to all
public facilities throughout the U.S.  It is impor-
tant to be not only in compliance with the letter of
the law but also with the spirit of the law.  A priori-
tized plan for improvements should be in place
with resources allocated to those locations where
there is the greatest need.  A primary concern for
public agencies is providing access to public
transit and to public buildings and facilities.  In
most cases this will involve removing barriers to
wheelchair access along sidewalks, install ing
accessible wheelchair ramps, and improving ac-
cess to bus stops, as well as other features to

accommodate pedestr ians with
various disabilities.

Dimensions and rules in the chap-
te r  a re  based on  cur ren t
standards set by the Architectural
and Transportation Barriers Com-
p l iance  Board ,  the  Un i fo rm
Federal Accessibil i ty Standards
(UFAS), and the American National
Standards Institute (ANSI) codes
at the time of writing of the docu-
ment .   These  ru les  may be
updated from time to time, and lo-
cal codes which are more strict
should supersede these codes.

1.  Sidewalks
Wheelchairs require 0.9 m (3 ft)
minimum clear width for continu-
ous  passage,  so  s idewa lks
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Driveway slopes should not encroach into the sidewalk.

should have a minimum clear us-
able width of at least 1.5 m (5 ft).
They  shou ld  be  paved w i th  a
smooth, durable material.  Side-
walks should be built and main-
tained in urban areas along all
major arterial streets, in commer-
cial areas where the public is in-
vited and at all transit stops and
public areas.  It is desirable to
have paved sidewalks on both
sides of all streets in urban and
suburban areas to provide mobil-
ity for disabled (as well as non-
disabled) pedestrians.  A planting
strip, which serves as a buffer be-
tween on-street vehicles and pe-
destrians on the sidewalk, can be
especially beneficial to visually im-
paired pedestrians on the side-
walk, and to wheelchair users.  Sidewalks should
be kept in good condition, free from debris, cracks
and rough surfaces.

To the extent practicable, sidewalks should have
the minimum cross slope necessary for proper
drainage with a maximum of 25 mm (1 in) of fall
for every 1.2 m (4 ft) of width (2 percent).  A per-
son using crutches or a wheel chair has to exert
significantly more effort to maintain a straight
course on a sloped surface than on a level sur-
face.

There should be enough sidewalk cross slope to
allow for adequate drainage.  The maximum cross
slope should be no more than 2 percent (1:50) to
comply with ADA requirements.  Driveway slopes
should not encroach into the sidewalk, and a 1.8
m (6 ft) setback will generally prevent this en-
croachment.

Where the sidewalk is located adjacent to the
street, it should be rerouted sufficiently away from
the street (to the back of the right-of-way or on
an easement if necessary) out of the driveway
slope.

2. Ramps
Ramps are defined as locations where the grade
exceeds 5 percent along an accessible path.
Longitudinal grades on sidewalks should be lim-
ited to 5 percent, but may be a maximum of 1:12
(8.3 percent) if necessary.  Long, steep grades
should have level areas at intermittent distances
(every 30 ft.), since traversing a steep slope with

crutches, artificial limbs or in a wheelchair is dif-
f i cu l t  and  leve l  a reas  a re  needed fo r  the
pedestrian to stop and rest.  In areas where it is
impossible to avoid steep grades, and alterna-
t ive route (such as an elevator in a nearby
building) should be provided.  However, the ADA
does not require accommodations in all loca-
tions where natural terrain prevents treatments.

When grades exceed five percent, special textures
and handrails may be required.  Handrails are
used by persons in wheelchairs to help pull them-
selves up and are used by other persons for
support.  Specifications for ADA approved hand-
ra i l s  can  be  found in  the  Amer icans  Wi th
Disabilities Handbook.  Informational signs, in-
dicating alternative routes or facilities, can be
placed at the base of the grade or in a guidebook
for the area.  Arrangements may be made with
the local transit authorities to transport persons
with disabilities at reduced (or no) fares where
steep grades or other obstacles prohibit or se-
verely impede access.

3.  Street Furniture
Street furniture, such as benches and bus shel-
ters, should be out of the normal travel path to
the extent possible.  For greater conspicuity, high
contrast colors, such as red, yellow and black are
preferable.  The following guidelines should be
considered in the positioning of street furniture:

• Street furniture should not hang lower than
2.0 m (6.7 ft) over a walking area.
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• No object mounted on a
wall or post, or free stand-
ing should have a clear
open area under it higher
than 0.7 m (2.3 ft) off the
ground.

• No object higher than 0.7
m (2.3 ft) attached to a
wall should protrude from
that wall more than 100
mm (4 in).

• No pro t rud ing  ob jec t
should reduce the clear
w idth  o f  a  s idewa lk  o r
walkway path to less than
0.9 m (3 ft).

Another common problem for
wheelchair users is the place-
ment of street furniture next to
on-street parking which can make exiting a car
or lift-equipped vehicle difficult.  One remedy is
to relocate the street furniture towards the end of
the parking space instead of the center, or at the
back of the sidewalk furthest from the curb.  At
least 1.5 m (5 ft) of clear space width along the
sidewalk is needed to allow for exiting a vehicle.
Other objects, such as street light poles, may be
more difficult to move, so consideration may be
given to relocat ing the handicapped parking
space or reserving extra handicapped parking
spaces.

4.  Pedestrian Push Buttons
Some individuals may have difficulty operating
pedestrian push buttons.  In some instances there
may be a need to install a larger push button or
to change the placement of the push button.
Pedestrian push buttons should always be easily
accessible to individuals in wheelchairs, and
should be no more than 1.05 m (42 in) above the
sidewalk.  The force required to activate the push
button should be no greater than 2.2 kg (5 lbs).

Pedestrian push buttons should be located next
to the sidewalk landing, the top of the ramp, and
adjacent to the appropriate crosswalk ramp.  If
there are two push buttons at a corner (one for
each crosswalk) the push buttons should be lo-
cated on separate poles and adjacent to their
respective ramps.

5.  Curb Cuts and Wheelchair Ramps
The single most important design consideration
for persons in wheelchairs is to provide curb

cuts.  New and rebuilt streets
with sidewalks should always
have curb cuts at all cross-
wa lks .   I t  i s  des i rab le  to
provide two curb cuts per cor-
ner.  These also benefit others
with mobility limitations, eld-
erly pedestrians and persons
pushing strollers, carts etc.  A
“ro l l ”  curb ( i .e .  one wi th  a
s loped rather  than ver t ic le
curb face) is a barrier and will
not allow for wheelchair ac-
cess.  Curb cuts should be at
least 1.0 m (3 ft 4 in) wide at
the base with flared sides that
do not exceed a slope of 2.33
percent and ramps that do not
exceed 8.33 percent.

The ramps should be flared
smooth into the street surface.  Ramps should
be checked periodically to make sure large gaps
do not develop between the gutter and street sur-
face .   There  may be  a  need to  remove
accumulations of asphalt at the edge of the curb
radius.

Single ramps located in the center of a corner
are less desirable than a separate ramp for each
crosswalk to accommodate disabled pedestrians
and should not be built for newly constructed or
reconstructed sidewalks.  Separate ramps pro-
vide greater information to visual ly impaired
pedestrians in street crossings especially if the
ramp is designed to be parallel to the crosswalk.
Crosswalk markings should be located so that a
pedestrian in a wheelchair should not have to
leave the crosswalk to enter or exit the street.  In
some cases a wider ramp may be used to ac-
commodate pedestrians in wheelchairs.

Ramps or cut-through islands should be provided
for marked or unmarked crosswalks at median
(or frontage road) islands.  Cut-throughs should
be designed to provide proper drainage and avoid
ponding.

Drainage is important.  Standing water can ob-
scure a drop-off or pothole at the base of a ramp
and makes the crossing messy.  Storm drain in-
lets should be clear of the crosswalk.  If this is
no possible, the openings in the crate should be
no larger than 13 mm (0.5 in) in width.

A pavement grinding project left an exaggerated lip
at this curb cut.
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The island above does not provide a cut-through.  Note that the older woman is having
difficulty whereas the other pedestrians are already crossing.

Equal Employment Opportunity Commission
1801 L Street, NW
Washington DC 20507
Questions and Documents:
1-800-669-3362 (voice)
1-800-800-3302 (TDD)

Federal Communications Commission For ADA
documents and general information:
202-632-7260 (voice)
202-632-6999 (TDD)
President’s Committee on Employment of People
with Disabilities Information Line:
ADA Work:  800-232-9675 (voice and TDD)

U.S. Department of Justice
Civil Rights Division
Public Access Section
P.O. Box 66738
Washington, DC 20035-6738
202-514-0301 (voice)
202-514-0383 (TDD)

U.S. Department of Transportation
Federal Transit Administration
400 7th Street, SW
Washington, DC 20590
202-366-1656 (voice)
202-366-2979 (TDD)

Office of the General Counsel
202-366-9306 (voice)
202-755-7687 (TDD)

17.4  Exercise17.4  Exercise17.4  Exercise17.4  Exercise17.4  Exercise
To help you realize how challenging visual and
mobility impairments can be, you will get a chance
to travel in a wheelchair, and then as a blind-
folded pedestrian.

For safety the following rules apply to this
activity:
• Always have your protector (partner) with you.
• Only travel in the area designated for this ac-

tivity.
• Always lean backward when going down a

ramp (wheelchair).
• Always lean forward when going up a ramp

(wheelchair).
• Protector in front of chair when going down

hill, and behind chair when going up.
• Do not hold onto blind person, or push chair.
• Talk to the blind person to let them know you

are there, and only warn of dangers (do not
direct)

17.5  References17.5  References17.5  References17.5  References17.5  References
Text and graphics for this lesson were derived
from the following sources:

• Pedestrian Planning and Design Guidelines,
Florida Department of Transportation, 1997.

• Pedestrian and Bicyclist Safety and Accom-
modation Participant Workbook, NHI Course
#38061, FHWA-HI-96-028, Drake and Bur-
den, 1996.

The following Federal agencies
are responsible for providing in-
formation about the Americans
with Disabilities Act.  The agen-
c ies  and  o rgan iza t ions  a re
sources for obtaining information
about the law’s requirements and
informal guidance for complying
wi th  the  ADA.   They  a re  no t
sources for obtaining legal advice
or  lega l  op in ions  about  your
agency’s rights or responsibilities
under the ADA.

Architectural and Transportation
Barriers Compliance Board
1331 F Street, NW Suite 1000
Washington, DC 10004-1111
1-800-872-2253 (voice and TDD)
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18.1  Pur18.1  Pur18.1  Pur18.1  Pur18.1  Purposeposeposeposepose
There are a variety of ways to accommodate bi-
cycles on roadways.  In many cases, a few simple
construction projects can make a big difference,
such a replacing unsafe drain grates, filling pot-
holes, or maintaining roadway shoulders so that
they are debris-free.  The next few lessons ex-
plore design solutions for several types of on-
road bicycle facilities, as well as other general
improvements that that can be made to make bi-
cycling on roadways safer and easier.

Lessons 18 - 20 cover the following bicycle facil-
ity types:

• Shared Roadways
• Shoulder Bikeways
• Wide Curb Lanes
• Bike Lanes
• Bike Routes
• Bike Boulevards

The text and graphics for this les-
son were derived from the Oregon
Bicycle and Pedestrian Plan ,  a
statewide planning policy and de-
s ign manual  pub l ished by  the
Oregon Department of Transpor-
tation in 1995.  Oregon has been
a leader among the states in bi-
cycle facility development.  More
detai led informat ion on faci l i ty
design is provided in AASHTO’s
Guide for the Development of Bi-
cycle Facilities (1999).

18.2  Shared Roadways18.2  Shared Roadways18.2  Shared Roadways18.2  Shared Roadways18.2  Shared Roadways
Since bicyclists are legally able to use all road-
ways, al l  roads are technical ly classif ied as
“shared roadways” (with the exception of con-
trolled access freeways in some states).  The
American Association of State Highway Trans-
portation Officials defines a shared roadway as
“a roadway which is not officially designated and
marked as a bicycle route, but which is open to
both bicycle and motor vehicle travel.  This may
be an existing roadway, street with wide curb
lanes, or a road with paved shoulders.” (AASHTO,
1998)

In the U.S., most shared roadways have no pro-
visions for bicycle travel and are therefore per-
ceived as unsafe to many bicyclists.  However,
there are some design measures that can be
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taken to ensure that shared roadways accom-
modate bicyclists safely and efficiently.  This les-
son describes several design options for shared
roadways, including wide curb lanes, shoulder
bikeways and bicycle boulevards.  There is also
a discussion of practices to be avoided such as
sidewalk bikeways.

Bike lanes are another design treatment pre-
ferred by many bicyclists—they are addressed
separately in Lesson 19 and 20.

There are no specific bicycle standards for most
shared roadways; they are simply the roads as
constructed.  Shared roadways function well on
local streets and minor collectors, and on low-
volume rural roads and highways.  Mile per mile,
shared roadways are the most common place
for people to ride.

Shared roadways are suitable in urban areas on
streets with low speeds – 40 km/h (25 mph) or

Shared Roadway

To be effective, a wide lane must be at least 14 ft. wide, but less than 16 ft.

Wide Curb Lane

less – or low traffic volumes (3,000 ADT or less
depending on speed and land use).

In rural areas, the suitability of a shared roadway
decreases as traff ic speeds and volumes in-
crease, especially on roads with poor sight dis-
tance.  Where bicycle use or demand is potentially
high, roads should be widened to include shoul-
der bikeways where the travel speeds and vol-
umes are high.

Many urban local streets carry excessive traffic
volumes at speeds higher than they were de-
signed to carry.  These can function as shared
roadways if traffic speeds and volumes are re-
duced.  There are many “traffic calming” tech-
n iques  tha t  can  make these  s t ree ts  more
amenable to bicycling on the road.

18.3  18.3  18.3  18.3  18.3  WWWWWide Curb Laneside Curb Laneside Curb Laneside Curb Laneside Curb Lanes
A wide curb lane may be provided
where there is inadequate width
to provide bike lanes or shoulder
bikeways.  This may occur on ret-
rofit projects where there are se-
vere physical constraints, and all
other options have been pursued,
such as removing parking or nar-
rowing travel lanes.  Wide curb
lanes can often be installed by
narrowing inner lanes on a multi-
lane arterial, therefore re-allocat-
ing roadway space so that the
outside (curb) lanes are wider
(see Lesson 20 for roadway retro-
fit solutions).  Wide curb lanes are
not particularly attractive to most
cyclists, they simply allow a mo-
tor vehicles to pass cyclists within
a travel lane.
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To be effective, a wide lane must be at least 4.2
m (14 ft) wide, but less than 4.8 m (16 ft).  Usable
width is normally measured from the curb face to
the center of the lane stripe, but adjustments need
to be made for drainage grates, parking and the
ridge between the pavement and gutter.  Widths
greater than 4.8 m (16 ft) encourage the undesir-
able operation of two motor vehicles in one lane.
In this situation, a bike lane or shoulder bikeway
should be striped.

18.4  Shoulder Bik18.4  Shoulder Bik18.4  Shoulder Bik18.4  Shoulder Bik18.4  Shoulder Bikeeeeewwwwwaaaaaysysysysys
Paved shoulders are provided on rural highways
for a variety of safety, operational and mainte-
nance reasons:

• Space is provided for motorists to stop out of
traffic in case of mechanical difficulty, a flat
tire or other emergency;

• Space is  p rov ided  to  escape po ten t ia l
crashes;

• Sight distance is improved in cut sections;
• Highway capacity is improved;
• Space is provided for maintenance opera-

tions such as snow removal and storage;
• Lateral clearance is provided for signs and

guardrail;
• Storm water can be discharged farther from

the pavement;
• Structural support is given to the pavement;

and;
• Paved shoulders provide an excellent place

for bicyclists to operate if they are adequately
maintained.

Width Standards
In general, the shoulder widths recommended
for rural highways in AASHTO’s Policy on Geo-
metric Design of Highways and Streets serve
bicyclists well, since wider shoulders are re-
quired on heavily traveled and high-speed roads
and those carrying large numbers of trucks.

When providing shoulders for bicycle use, a width
of 1.8 m (6 ft) is recommended, however even .6
m (2 ft) of shoulder width will benefit more expe-
rienced riders.  A 1.8 m (6 ft) wide shoulder allows
a cyclist to ride far enough from the edge of pave-
ment to avoid debris, yet far enough from passing
vehicles to avoid conflicts.  If there are physical
width limitations, a minimum width of 1.2 m (4 ft)
from the longitudinal joint between a monolithic
curb and gutter and the edge of travel lane may
be adequate.

On steep grades, it is desirable to maintain a 1.8
m (6 ft), (min. 1.5 m [5 ft]) shoulder, as cyclists
need more space for maneuvering.

Pavement Design
Many existing gravel shoulders have sufficient
width and base to support shoulder bikeways.
Minor excavation and the addition of 75-100 mm
(3-4”) of asphaltic concrete is often enough to
provide shoulder bikeways.  It is best to widen
shoulders in conjunction with pavement overlays
for several reasons:

• The top  l i f t  o f  aspha l t  adds  s t ruc tu ra l
strength;

• The final lift provides a smooth, seamless
joint;

• The cost is less, as greater quantities of ma-
terials will be purchased; and

• Traffic is disrupted only once for both opera-
tions.

When shoulders are provided as part of new road
construction, the pavement structural design
should be the same as that of the roadway.

On shoulder widening projects, there may be
some opportunities to reduce costs by building
to a lesser thickness.  50-100 mm (2-4”) of as-
phalt and 50-75 mm (2-3”) of aggregate over
existing roadway shoulders may be adequate if
the following conditions are met:

• There are no planned widening projects for
the road section in the foreseeable future;

• The existing shoulder area and roadbed are
stable and there is adequate drainage or ad-
equate drainage can be provided without
major excavation and grading work;

• The existing travel lanes have adequate width
and are in stable condition;

• The horizontal curvature is not excessive, so
that the wheels of large vehicles do not trackShoulder Bikeway:  Min 3.5 m (5’) against curb, parking or

guardrail, 1.2 m (4’ ) open shoulder
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onto the shoulder area (on roads that have
generally good horizontal alignment, it may
be feasible to build only the inside of curves
to full depth; and

• The existing and projected ADT and heavy
truck traffic is not considered excessive (e.g.
under 10%).

The thickness of pavement and base material
will depend upon local conditions, and engineer-
ing judgment should be used.  If there are short
sections where the travel lanes must be recon-
structed or widened, these areas should be
constructed to normal full-depth standards.

The Joint between the Shoulders and the Exist-
ing Roadway

The following techniques should be used to add
paved shoulders to roadways where no overlay
project is scheduled:

1.  Saw Cut:  A saw-cut 0.3 m (1 ft) inside the
existing edge of pavement provides the opportu-
nity to construct a good tight joint.  This eliminates
a ragged joint at the edge of the existing pave-
ment (see figure below).

2.  Feathering:  “Feathering” the new asphalt onto
the existing pavement can work if a fine mix is
used and the feather does not extend across the
area traveled by bicyclists.

3.  Grinder:  Where there is already some shoul-
der width and thickness available, a pavement
grinder can be used to make a clean cut at the
edge of travel lane, grade the existing asphalt to
the right depth and cast aside the grindings in
one operation, with these advantages:

• Less of the existing pavement is wasted;
• The existing asphalt acts as a base;
• There will not be a full-depth joint between

the travel lane and the shoulder; and
• The grindings can be recycled as base for

the widened portion.

New asphalt can then be laid across the entire
width of the shoulder bikeway with no seams.

Gravel Driveways and Approaches
Wherever a highway is constructed, widened or
overlaid, all gravel driveways and approaches
should be paved back 4.5 m (15 ft) to prevent
loose gravel from spilling onto the shoulders.

Grinding out existing A/C

Paved driveway apron

Saw Cut Joint

Asphalt Feathering
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18.5  Bik18.5  Bik18.5  Bik18.5  Bik18.5  Bike Re Re Re Re Routesoutesoutesoutesoutes
Bike routes are special ly designated shared
roadways that are preferred for bicycle travel for
certain recreation or transportation purposes.
AASHTO’s Guide for the Development of Bicycle
Facilities  cites the following reasons for desig-
nating bike routes:

a.  The route provides continuity to other bicycle
facilities such as bike lanes and multi-use
paths.

b.  The road is a common route for bicyclists
through a high demand corridor.

c.  The route is preferred for bicycling in rural
areas due to low traff ic volume or paved
shoulder availability.

d.  The route extends along local neighborhood
streets and collectors that lead to an internal
neighborhood destinations such as a park
or school.

Bike route signs may also be used on streets
with bike lanes, as well as on off-road trails.  Re-
gardless of the type of facility or roadway they are
used on, it is recommended that bike route signs
always include destination, direction, and dis-
tance information.

Signing of shared roadways indicates to cyclists
that there are particular advantages to using
these routes compared to alternate routes.  This
means the responsible agencies have taken ac-
t ion to assure these routes are sui table as
shared routes and will be maintained.

Routes should be considered for signing only if
some of the following criteria are met:

a. The route provides through and direct travel
in bicycle-demand corridors.

b. The route connects discontinuous segments
of bike paths and bike lanes.

c. An effort has been made to adjust traffic con-
trol devices (stop signs, signals) to give
greater priority to bicyclists on the route, as
opposed to alternative streets.  This could
include placement of bicycle-sensitive detec-
tors on the right hand portion of the road or
where bicyclists are expected to ride.

d. Street parking has been removed or re-
stricted in areas of critical width to provide
improved safety.

e. Surface imperfections have been corrected
(e.g. adjust utility covers to grade, install bi-
cycle-proof drainage grates, f i l l  potholes,
etc.)

f. Maintenance of the route will be at a higher
standard than that  o f  o ther  comparable
streets (e.g., more frequent street sweeping)

g. The street provides wider curb lanes than
other parallel roads.

h. Shoulder or curb lane widths meet or exceed
accepted standards for bicycle facilities (14
ft wide curb lanes, minimum of 4’ wide shoul-
ders).

18.6  Bicycle Boulevards18.6  Bicycle Boulevards18.6  Bicycle Boulevards18.6  Bicycle Boulevards18.6  Bicycle Boulevards
The bicycle boulevard is a refinement of the
shared roadway concept: the operation of a local
street is modified to function as a through street
exclusively for bicycles while maintaining local
access for automobiles.  Traffic calming devices
reduce traffic speeds and through trips.  Traffic
controls limit conflicts between motorists and bi-
cycl is ts and give pr ior i ty  to through bicycle
movement.
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Advantages of Bicycle Boulevards

• Opportunity – traditional street grids offer
many miles of local streets that can be con-
verted to bicycle boulevards;

• Low cost – major costs are for traffic control
and traffic calming devices;

• Traffic calming techniques are increasingly
favored by residents who want slower traffic
on neighborhood streets;

• Bicycle travel on local streets is usually com-
patible with local land uses;

• Bicycle boulevards may attract new or inex-
per ienced cyc l i s ts  who do  no t  fee l
comfortable on arterials and prefer to ride
on lower traffic streets; and

• Bicycle boulevards can improve conditions
for pedestrians, with reduced traffic and im-
proved crossings.

Disadvantages of Bicycle Boulevards

• They are often located on streets that do not
provide direct access to commercial land
uses and other destinations; some cyclists
may have to negotiate a hostile street envi-
ronment to complete a portion of their trip;

• If improperly implemented, they can cause
traffic diversion onto other streets;

• Failure to provide arterial crossings can re-
sult in unsafe conditions for bicyclists; and

• Traffic signals may be expensive or unac-
ceptable for the traffic conditions.

Successful bicycle boulevard implementation re-
qu i res  care fu l  p lann ing  w i th  res idents  and
businesses to avoid unacceptable impacts.

Elements of a Bicycle Boulevard

• Selecting a direct and continuous street,
rather than a circuitous route that winds
through neighborhoods.  Bike boulevards
work best on a street grid system;

• Turn ing stop s igns towards in tersect ing
streets, so bicyclists can ride with few inter-
ruptions;

• Placing motor vehicle traffic diverters at key
intersections to reduce traffic volumes (the
diverters must be designed to allow through
bicycle movement);

• Placing traffic-calming devices on streets to
lower traffic speeds;

• Placing directional signs to route cyclists to
key destinations, to guide cyclists through
difficult situations, and to alert motorists of

Elements of a bike boulevard, including street crossings.
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Cyclists are safer when they are allowed to func-
tion as roadway vehicle operators, rather than
as pedestrians.

Where constraints do not allow full-width walk-
ways and bikeways, solutions should be sought
to accommodate both modes (e.g. narrowing
travel lanes or reducing on-street parking).  In
some urban situations, preference may be given
to  accommodat ing pedest r ians.   S idewalks
should not be signed for bicycle use – the choice
should be left to the users.

Extruded Curbs
Raised concrete curbs create an undesirable
condition when used to separate the motor ve-
hicle lane from a bike lane or paved shoulder:
either one may hit the curb and lose control, with
the motor vehicle crossing onto the bikeway or
the cyclist falling onto the roadway.

At night, the curbs cast shadows on the lane,
reducing the bicyclist’s visibility of the surface.
Extruded curbs make bikeways difficult to main-
tain and tend to collect debris.  They are often hit
by motor vehicles, causing them to break up and
scatter loose pieces onto the surface.

Reflectors and Raised Pavement Markers
These can deflect a bicycle wheel, causing he
cyclist to lose control.  If pavement markers are
needed for motorists, they should be installed
on the motorist’s side of the stripe, and have a
beveled front edge.

18.8  Other Design18.8  Other Design18.8  Other Design18.8  Other Design18.8  Other Design
ConsiderationsConsiderationsConsiderationsConsiderationsConsiderations
Drainage Grates
Care must be taken to ensure that drainage
grates are bicycle-safe.  If not, a bicycle wheel
may fall into the slots of the grate causing the
cyclist to fall.  Replacing existing grates (A, B,
preferred methods) or welding thin metal straps
across the grate perpendicular to the direction of
travel (C, alternate method) is required.  These
should be checked periodically to ensure that the
straps remain in place.

Note:  grates with bars perpendicular to the road-
way  must  no t  be  p laced  a t  curb  cu ts ,  as
wheelchairs could get caught in the slot.

the presence of bicyclists; and
• Providing protection where the boulevard

crosses high-volume arterials with:

1.  Signals, where a traffic study has shown
that signal will be safe and effective; to en-
sure that bicyclists can activate the signal,
signal loops should be installed where bicy-
clists ride, supplemented with a push button
that won’t require dismounting; or

2.  Median refuges, with gaps wide enough
to allow bicyclists to pass through (min. 2.4
m [8 ft]); the median should be wide enough
to provide a refuge (min. 3 m [10 ft]).  The
design should al low bicycl ists to see the
travel lanes they must cross.

18.7  Practices to be18.7  Practices to be18.7  Practices to be18.7  Practices to be18.7  Practices to be
AvoidedAvoidedAvoidedAvoidedAvoided
The Oregon Department of Transportation has
over 20 years of experience designing bikeways,
and has also learned from local city and county
experiences; some practices have proven to be
poor ones.

Sidewalk Bikeways
Some early bikeways used sidewalks for both
pedestrians and bicyclists.  While in rare in-
stances this type of facility may be necessary, or
desirable for use by smal l  chi ldren, in most
cases it should be avoided.

Sidewalks are not suited for cycling for several
reasons:

• Cyclists face conflicts with pedestrians;
• There may be conflicts with utility poles, sign

posts, benches, etc.;
• Bicyclists face conflicts at driveways, alleys

and intersections:  a cyclist on a sidewalk is
genera l l y  no t  v is ib le  to  motor is ts  and
emerges unexpectedly.  This is especially
true of cyclists who ride opposing adjacent
motor vehicle coming from this direction; and

• Bicyclists are put into awkward situations at
intersections where they cannot safely act like
a vehicle but are not in the pedestrian flow
either, which creates confusion for other road
users.
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The most effective way to avoid drainage-grate
problems is to eliminate them entirely with the
use of inlets in the curb face (see figure).

If a street-surface grate is required for drainage,
care must be taken to ensure that the grate is
flush with the road surface.  Inlets should be
raised after a pavement overlay to within 6 mm
(1/4”) of the new surface.  If this is not possible
or practical, the pavement must taper into drain-
age inlets so they do not cause an abrupt edge
at the inlet.

Railroad Crossings
Special care must be taken wherever a bikeway
intersects railroad tracks.  The most important
improvements for bicycl ists are smoothness,
angle of crossing and flange opening.

Smoothness:  Concrete performs best under wet
conditions and, when laid with precision, pro-
vides a smooth r ide.  Rubberized crossings
provide a durable, smooth crossing, though they
tend to become slippery when wet.  If asphalt

pavement is used, it must be maintained in or-
der to prevent a ridge buildup next to the rails.
Timber crossings wear down rapidly and are slip-
pery when wet.

Angle of crossing:  The risk is kept to a mini-
mum where the bikeway crosses the tracks at a
90° angle.  If the skew angle is less than 45°,
special attention should be given to the bikeway
alignment to improve the angle of approach, pref-
erably to 60° or greater, so cyclists can avoid
catching their wheels in the flange and losing
their balance.

Flange Opening:  The open flange area between
the rail and the roadway surface can cause prob-
lems for cyclists, since it can catch a bicycle
wheel, causing the rider to fall.  Flange width must
be kept to a minimum.

Note:  The combination of smoothness, angle
and flange opening, create conditions that affect
cyclists.  By improving smoothness and flange
opening, the angle becomes less critical.

Inlet flush in the curb face

Bicycle Safe Grates

Bike lane or shoulder crossing railroad tracks



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
18 - 9

SHARED ROADWAYS

Sidewalk Ramps on Bridges
These can help cyclists if the bridge sidewalks
are wide enough for bicycle use (minimum 1.2 m
[4 ft]).  They should be provided where motor ve-
hicle traffic volumes and speeds are high, the
bridge is fairly long and the outside traffic lanes
or shoulders on the ridge are narrow (see fig-
ure).

Rumble Strips
Rumble strips are provided to alert motorists that
they are wandering off the travel lanes onto the
shoulder.  They are most common on long sec-
tions of straight freeways in rural settings, but
are also used on sections of two-lane undivided
highways.

Bicycles are allowed on some freeways and ex-
pressways and on most primary and secondary
roads. Many bicyclists prefer to ride on the shoul-
der, outside the travel lane and out of the truck
and automobile traffic stream. One of bicyclists’

Ramp provides access to sidewalk

Bicycle-friendly rumble strip

main concerns about rumble strips is the ability
to control the bicycle when the rider needs to
travel across or along the rumble strip for such
maneuvers as a left turn or to avoid debris or an
obstacle on the paved shoulder. Travel to the right
of the rumble strip is generally most beneficial
for the bicyclist as long as that area is free of
debris and obstacles and the travel path is wide
enough to comfortably accommodate the bicycle.
A newer rumble strip design is more bicycle-
friendly: 400 mm (16”) grooves are cut into the
shoulder, 150 mm (6”) from the fog line.  On a 2.4
m (8 ft) shoulder, this leaves 1.8 m (6 ft) of us-
able shoulder for bicyclists.
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Some highway agencies have instituted policies
that prohibit the use of shoulder rumble strips
on roads designated as bike routes or where
there is insufficient remaining paved shoulder
room to accommodate bicycle travel.  Others
evaluate the use of rumble strips on a case-by-
case basis and often opt to install them only at
locations with a history of run-off-road crashes.

Several options are being considered to address
the concerns for the bicycle traveler. The selec-
tion of a particular shoulder rumble strip design
or revisions to current designs may provide part
of the solution. For example, mil led shoulder
rumble strips are narrow and usually require less
space on the shoulder than other types of strips.
The narrower width of the str ip al lows more
shoulder room for the bicyclist to maneuver on
the right side of the shoulder.

Other designs being used and investigated use
a skip pattern of rumble strip that provides a
smoother travel path throughout portions of the
str ip for  bicycl ists to move to the lef t  when
needed. Also, some highway agencies are pro-
viding an aid to cyclists and all travelers in gen-
eral by posting roadside signs, such as RUMBLE
STRIPS AHEAD, alerting the traveler to the pres-
ence of the shoulder rumble strip.

18.9  Exercise18.9  Exercise18.9  Exercise18.9  Exercise18.9  Exercise
Choose a local street that would be a good can-
d idate for  a  b icyc le  boulevard.   The s t reet
segment should be several blocks in length, and
should include at least one crossing of a major
arterial.  Prepare a conceptual design plan for
the street segment,  showing the locat ion of
signage, traffic signals, on-street parking, and
traffic calming features.  Your design should be
shown in plan view, and should be accompanied
by a narrative explaining the purpose of special
design features.

18.10  References18.10  References18.10  References18.10  References18.10  References
Text and graphics for this section were derived
from the following sources:

• Guide for the Development of Bicycle Facili-
t i es  (Rev iew Dra f t ) ,  1997.   Amer ican
Association of State Highway Transportation
Officials.

• Oregon Bicycle and Pedestrian Plan, Oregon
Department of Transportation, 1995.

• USDOT Federal  Highway Administ rat ion
Website, Office of Highway Safety, Rumble
Strip Webpage, 1999.

For more information on this topic, refer to:

• Manual on Uniform Traffic Control Devices
(latest version), USDOT.
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19.1  Pur19.1  Pur19.1  Pur19.1  Pur19.1  Purposeposeposeposepose
The AASHTO Guide for the Development of Bi-
cycle Facilities defines a bike lane as “a portion
of a roadway which has been designated by strip-
ing, s igning and pavement markings for the
preferential or exclusive use of bicyclists.” As lev-
els of bicycling have increased in the United
States, there has been a growing amount of sup-
por t  for  b ike lanes on urban and suburban
roadways.  Bike lanes are a preferred facility type
in European countries, and in North America
nearly every major city has made efforts in recent
years to instal l  bicycle lanes either as “pi lot
projects” (to test their success), or in many cases
on larger networks of interconnecting roadways.
Several small towns have led
the way in establishing net-
works  o f  b icyc le  lanes  -
par t icu lar ly  co l lege towns
where there are high levels
of student bicycle commuters
(examples:  Davis, CA - Uni-
versity of California at Davis,
Aust in,  TX -  Univers i ty  of
Texas).

As a relatively new feature in
the roadway cross section,
bike lane design has been
the topic of much study in re-
cent years.  Bike lane design
can be quite challenging in
situations where the existing
urban t ra f f ic  pat terns are
complex and cross sections
are already constrained by
heavy traffic volumes.  De-
s igners  th roughout  the

country develop new and better solutions each
year.  This section includes excerpts from sev-
eral sources, including Oregon’s 1995 Bicycle
and Pedestrian Plan and Philadelphia’s Bicycle
Network Plan.

Note:  The Europeans have pioneered innovative
bike lane design solutions.  Lesson 22 includes
a description of European approaches that have
been successful.

As with the other bicycle facility design issues
covered in this manual, bike lane design is cov-
ered in some detail by the AASHTO Guide for the



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
19 - 2

BICYCLE LANES

Development of Bicycle Faci l i t ies.   This text
should be referenced for additional information.

19.2  Bicycle Lane19.2  Bicycle Lane19.2  Bicycle Lane19.2  Bicycle Lane19.2  Bicycle Lane
WWWWWidths and Constridths and Constridths and Constridths and Constridths and Constructionuctionuctionuctionuction
StandardsStandardsStandardsStandardsStandards
Bicycle lanes serve the needs of all types of cy-
clists in urban and suburban areas, providing
them with their own travel lane on the street sur-
face.  The minimum width of a bike lane should
be 1.5 m (5 ft) against a curb or adjacent to a
parking lane.  On streets where the bike lane is
adjacent to the curb, and the curb includes a I’ to
2' gutter pan, bike lanes should be a minimum of
4' wide (width does not include the gutter pan,
since bicyclists are typically unable to use this
space).

Wider bike lanes are recommended on streets
with higher motor vehicle speeds and traffic vol-
umes, or where pedestrian traffic in the bike lane
is anticipated.  Width measurements are taken
from the curb face to the bicycle lane stripe.

Since bicyclists usually tend to ride a distance of
0. 8 m to 1.1 m (2, 5 ft - 3.5 ft) from the curb face,
it is very important that the pavement surface in
this zone be smooth and free of structures.  Drain
inlets and manholes that extend into this area
cause bicyclists to swerve, having the effect of
reducing the usable width of the lane.  Where
these structures exist and the surface cannot be

made smooth, bike lane width should be adjusted
accordingly.  Regular maintenance is critical for
bike lanes (see text in this section).

Bike lanes should be constructed to normal full-
depth pavement standards since motor vehicles
will occasionally cross them, or may use them
as a breakdown area.

19.3  Unmar19.3  Unmar19.3  Unmar19.3  Unmar19.3  Unmarkkkkked Lanesed Lanesed Lanesed Lanesed Lanes
Where the minimum widths listed above cannot
be met, it may be possible to provide an unmarked
lane.  Studies have shown that the bicyclist’s per-
ceived level of comfort is higher when a striped
area is provided, therefore this method can raise
the Bicycle Level of Service for the street.  An
unmarked lane is a striped area of 0.6 m (2 ft)
wide or  more that  conta ins no mark ings or
signage that would denote it  as a bike lane.
Share the Road signs may be used to caution
motorists to be alert for bicyclists.

It is important to recognize that this is a tempo-
rary solution.  Particularly on busy streets, narrow
unmarked lanes will not adequately serve the
needs of the majority of bicyclists.

19.4  Location within the19.4  Location within the19.4  Location within the19.4  Location within the19.4  Location within the
Street Cross SectionStreet Cross SectionStreet Cross SectionStreet Cross SectionStreet Cross Section
Bicycle lanes are always located on both sides
of the road on two-way streets.  Since bicyclists
must periodically merge with motor vehicle traf-
fic, bike lanes should not be separated from other

motor  veh ic le  lanes by curbs,
parking lanes, or other obstruc-
tions.  Two-way bike lanes on one
side of two-way streets create haz-
ardous condit ions for bicycl ists
and are not recommended.

On one-way streets, bicycle lanes
should be installed on the right-
hand side, unless conflicts can be
greatly reduced by installing the
lane on the left-hand side.  Left-
s ide bicycle lanes on one-way
streets may also be considered
where there are frequent bus or
trolley stops, unusually high num-
bers  o f  r igh t - tu rn ing  motor
vehicles, or if there is a significant
number of left-turning bicyclists.As a temporary solution, striping narrow lanes through intersections may be an

option where space is limited.
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Bicycle lanes provided under different types of conditions.
Source:  AASHTO Guide for the Development of Bicycle Facilities,

1991.
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In both cases above, a wrong-way bicyclists is
not in the driver’s main field of vision.

Continuous right-turn lane reconfigured to
standard approaches

There are, however, special
circumstances when this de-
sign may be advantageous:
• A contra-flow bike lane

provides a substantial
savings in out-of-direc-
tion travel;

• The contra-flow bike
lane provides direct
access to high-
use destinations;

• Improved safety be
cause of reduced con-
flicts on the longer route;

• There are few intersect
ing driveways, alleys or
streets on the side of the
contra-flow lane;

• Bicyclists can safely and
conveniently reenter the
traffic stream at either
end of the section;

• A substantial number of
cyclists are already us-
ing the street; and

• There is sufficient street
width to accommodate a
bike lane.

A contra-flow bike lane may
also be appropriate on a one-
way residential street recently
conver ted  f rom a  two-way
street (especially where this
change was made to calm traf-
fic).

For a contra-flow bike lane to
function well,  these special
features should be incorpo-
rated into the design:

• The contra-flow bike
lane must be placed on
the right side of the
street (to motorists’ left)

and must be separated
from on-coming traffic by
a double yellow line.  This indicates that the
bicyclists are riding on the street legally, in a
dedicated travel lane.

• Any intersecting alleys, major driveways and
streets must have signs indicating to motor-
ists that they should expect two-way bicycle
traffic.

19.5 Practices19.5 Practices19.5 Practices19.5 Practices19.5 Practices
to be Avoidedto be Avoidedto be Avoidedto be Avoidedto be Avoided
Two-Way Bike Lane
This creates a dangerous con-
d i t ion  fo r  b icyc l i s ts .   I t
encourages  i l l ega l  r id ing
against traffic, causing sev-
eral problems:

• At intersections and drive-
ways, wrong-way r iders
approach from a direction
where they are not visible
to motorists;

• Bicyclists closest to the
motor vehicle lane have
opposing motor traffic on
one s ide and opposing
bicycle traffic on the other;
and

• B icyc l i s ts  a re  pu t  in to
awkward positions when
transitioning back to stan-
dard bikeways.

If constraints allow widening
on only one side of the road,
the centerline stripe may be
shifted to allow for adequate
travel lanes and bike lanes:

Continuous Right-Turn Lanes
This configuration is difficult
for cyclists:  riding on the right
puts them in conflict with right-
turning cars, but riding on the
left puts them in conflict with
cars merging into and out of
the right-turn lane.  The best
solut ion is to el iminate the
cont inuous r ight - turn lane,
conso l ida te  accesses  and
create well-defined intersec-
tions.

19.6 Contra-Flow19.6 Contra-Flow19.6 Contra-Flow19.6 Contra-Flow19.6 Contra-Flow
BikBikBikBikBike Lanese Lanese Lanese Lanese Lanes
Contra-flow bike lanes on a one-way street are
not usually recommended.  They may encourage
cyclists to ride against traffic, which is contrary
to the rules of the road and a leading cause of
bicycle/motor vehicle crashes.
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• Existing traffic signals should be fitted with
special signals for bicyclists; this can be
achieved with either loop detectors or push
buttons (these should be easily reached by
bicyclists without having to dismount).

NOTE:  Under no circumstances should a con-
tra-flow bike lane be installed on a two-way street,
even where the travel lanes are separated with a
raised median.

19.7  Bik19.7  Bik19.7  Bik19.7  Bik19.7  Bike Lanee Lanee Lanee Lanee Lane
PPPPPaaaaavvvvvement Marement Marement Marement Marement Markingskingskingskingskings
The Manual on Uniform Traffic Control Devices
(MUTCD) section 9C addresses standard bike
lane markings.  The stripe between the bicycle
lane and the adjacent motor vehicle lane should
be a 100 mm (4 in) wide white line (minimum
width).  Six to eight inch wide lines provide an
even clearer division of space, and are highly
recommended, Where parking is allowed next to
a bike lane, the parking area should be defined
by parking space markings or a solid 100 mm (4
in) stripe.

Care should be taken to use pavement striping
that is durable, yet skid resistant.  Reflectors and
raised markings in bike lanes can deflect a bi-
cycle wheel, causing a bicyclist to lose control.  If
reflective pavement markers are needed for mo-
torists, they should be installed on the motorist’s
side of the stripe, and have a beveled front edge.

Contra-flow bike lanes can provide direct access to high-use destinations.

Whi le  the  1988 ed i t ion  o f  the
MUTCD recommends the use of
the diamond-shaped preferential
lane symbol in conjunction with
bike lane signs, this symbol is of-
ten confusing for both the bicyclist
and motorist.   For this reason,
subsequent  ed i t ions  o f  the
MUTCD will l ikely eliminate the
use of the diamond in bike lanes.
The new s tandard  pavement
markings for bicycle lanes are the
bicycle symbol (or the words “BIKE
LANE”) and a directional arrow.

19.8  Bik19.8  Bik19.8  Bik19.8  Bik19.8  Bike Lanee Lanee Lanee Lanee Lane
SignageSignageSignageSignageSignage
The Manual on Uniform Traff ic
Control Devices (MUTCD) section

9B addresses standard bike lane signage.  Ac-
cording to section 9B-8, the R3-16 sign should
be used in advance of the beginning of a desig-
nated bicycle lane to call attention to the lane
and to the possible presence of bicyclists.  In
locations where bicycle lanes are ending, the
same R3-16 sign should be used, with the word
“ENDS” substituting for the word “AHEAD”.  The
R7-9 or  R7-9a s igns should be used a long
streets where motorists are likely to park or fre-
quently pull into the bike lane.

Bike lane signs should be replaced with bike lane stencils, with
optional NO PARKING signs where needed.
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Intersections with Right-
Turn Lanes
In general, right-turn lanes
should be used only where
warranted by a traffic study,
as they present problems for
both bicyclists and pedestri-
ans-

• Right-turning cars and
through bicyclists m u s t
cross paths;
• The add i t iona l  lane
width adds to the pedestrian
crossing distance; and
• R igh t - tu rn  moves  a re
made easier for mot o r i s t s ,
which may cause inattentive
drivers to not notice pedes-
trians on the right.

The through bike lane to the left of a right-turn
lane should be striped with two I00 mm (4 in)
stripes and connected to the preceding bike lane
with 0.9 m (3 ft) dashes and 2.7 m (9 ft) spaces.
This allows turning motorists to cross the bike
lane.  A legend must be placed at the beginning
of the through bike lane.  Sign R4-4, BEGIN
RIGHT TURN LANE, YIELD TO BIKES, may be
placed at the beginning of the taper in areas
where a through bike lane may not be expected.

Not all intersections can be widened to provide a
right-turn lane.  A bike lane to the left of right
turning cars should still be provided.  One com-
mon configuration occurs where a right-tum lane
is developed by dropping parking (see Figure).

Another configuration occurs where a lane drops
and turns into a right-tum lane.  Note.  This is a
difficult movement for bicyclists as they must
merge left and find a gap in the traffic stream:

Exception #1:
Heavy Right Turns
If the major traffic movement at an intersection is
to the right, and the straight through move leads
to a minor side street, then the bike lane may be
placed on the r ight and wrapped around the
curve, assuming that the majority of cyclists will
desire to turn right too.  This often occurs where
a highway is routed over local streets and the
route is indirect.

Bike lane next to diagonal parking, 8” stripe
should separate the areas.

19.9  Diagonal19.9  Diagonal19.9  Diagonal19.9  Diagonal19.9  Diagonal
PPPPParararararkingkingkingkingking
Diagona l  park ing  causes
conflicts with bicycle travel:
d r i vers  back ing  ou t  have
poor visibi l i ty of oncoming
cyclists and parked vehicles
obscure other vehicles back-
ing  ou t .   These  fac to rs
require cyclists to ride close
to the center of a travel lane,
which is intimidating to inex-
perienced riders.

Where possible on one-way
s t ree ts ,  d iagona l  park ing
should be limited to the left
side, even if the street has
no bike lane;  on one-way
streets with bike lanes, the bike lane should be
placed adjacent to parallel parking (preferably
on the right).

Bike lanes are not usually placed next to diago-
nal parking.  However, should diagonal parking
be required on a street planned for bike lanes,
the fol lowing recommendations can help de-
crease potential conflicts:

• The parking bays must be long enough to
accommodate most vehicles;

• A 200 mm (8”) stripe should separate the
parking area from the bike lane; and

• Enforcement may be needed to cite or re-
move vehicles encroaching on the bike lane.

19.10  Bik19.10  Bik19.10  Bik19.10  Bik19.10  Bike Lane Designe Lane Designe Lane Designe Lane Designe Lane Design
at Intersectionsat Intersectionsat Intersectionsat Intersectionsat Intersections
Intersections with Bus Stops
If there is a bus stop at the near side of the inter-
section, a broken line should extend the length
of the bus stop (no less than 15 m/50 fl), and the
solid white line should resume on the far side of
the intersection, immediately after the crosswalk.
If a bus stop is located on the far side of the
intersection, the solid white line on the far side
of the intersection should be replaced with a bro-
ken line for a distance of at least 24 m (80 ft)
from the crosswalk (at this intersection, a bro-
ken line would still be required on the near side
if there is right-turning traffic).
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Exception #2:
Tee Intersections
At a Tee in tersect ion,
where the traffic split is
approximately 50% turn-
ing  r igh t  and  50%
turning left, the bike lane
should be dropped prior
to the lane split to allow
cyclists to position them-
se lves  in  the  cor rec t
lane; where traffic vol-
umes are very high, a
left- and right-tum bike
lane should be consid-
ered.

Offset Intersections
Care should be taken to
ensure  tha t  motor is ts
are not inadvertently en-
couraged to ride in the
bike lane because of off-
se t  t rave l  lanes .   A t
intersections with offset
lanes ,  dashed o f fse t
lane mark ings  shou ld
continue through the in-
tersection to direct traffic
flow, per MUTCD Section 3B-7.

Traffic Signal Actuation
It is highly recommended that
new on-road bicycle facilities in-
clude traffic signals that detect
bicycles for all actuated signal
systems.  The Traffic Detector
Handbook (FHWA-IP-90-002)
recommends several  b icycle
sensit ive loop conf igurat ions
(loops are wires installed be-
neath the pavement surface that
detect the presence of vehicles)
that effectively detect bicycles.
The quadrupole loop is the pre-
ferred solution for bike lanes,
and the diagonal quadrupole is
pre fe r red  fo r  use  in  shared
lanes.

One solution for existing inter-
sec t ion  s igna ls  tha t  do  no t
respond to bicycles is to install
a  specia l  pavement mark ing
over the exact spot that a bicycle

must stand in order to
“trip” the signal.  The fig-
u re  r igh t ,  shows the
pavement marking that
is recommended for use
under  these  c i rcum-
stances.

Expressway In ter -
changes
Expressway in te r -
changes of ten present
barriers to bicycle circu-
la t ion .   Des igns  tha t
encourage free-f lowing
motor  veh ic le  t ra f f i c
movements are the most
diff icult for pedestrians
and bicyclists to negoti-
ate.

At-Grade Crossings
In te rchanges  w i th  ac-
cess ramps connecting
to local streets at a right
angle are easiest for bi-
cyclists to negotiate; the
intersection of the ramp
and the street should fol-

low es tab l i shed  u rban
intersection design.  The main
advantages are:

• The distance that pedes-
t r ians  and  b icyc l i s ts  mus t
cross at  the ramps is mini-
mized;
• Signalized intersections
stop traffic, and
• Visibility is enhanced.

If these configurations are un-
avo idab le ,  m i t iga t ion
measures should be sought.
Spec ia l  des igns  shou ld  be
considered that allow pedes-
trians and bicyclists to cross
ramps in locations with good
visibility and where speeds are
low.

Grade-Separated Crossings
Where it is not possible to ac-
commodate pedestrians and
bicyclists with at-grade cross-

Above left; Bike lane left of right-turn lane
developed by dropping a travel lane.

Different loop configurations:  the
quadrupole is recommended for bike
lanes.
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Right-lane merge - bike lane and sidewalk configuration (urban design - not for use on all
limited access freeways)

Exit ramp configuration for bike lane and sidewalks (Urban
design - not for use on limited access freeways)

• Improved sight distance in an area where
traffic speeds are slower than further down-
stream; and

• A crossing in an area where drivers’ atten-
tion is not entirely focused on merging with
traffic.

ings, grade separation should be considered.
Grade-separated facilities are expensive; they
add out-of-direction travel and will not be used if
the added distance is too great.  This can create
problems if pedestrians and bicyclists ignore the
facility and try to negotiate the interchange at
grade with no sidewalks, bike lanes or cross-
walks.

In some instances, a separated path can be pro-
vided on only one side of the interchange, which
leads to awkward crossing movements.  Some
bicyclists will be riding on a path facing traffic,
creating difficulties when they must cross back
to a bike lane or shoulder (clear and easy to fol-
low directions must be given to guide bicyclists’
movements that are inconsistent with standard
bicycle operation).

To ensure proper use by bicyclists, structures
must be open, with good visibility especially un-
derpasses.

Other Innovative Designs
These concepts are presented as examples of
innovative solutions to bike lane design at free-
way interchanges and intersections.

Traff ic entering or exit ing a roadway at high
speeds creates difficulties for slower moving bi-
cyclists.  The following designs help alleviate
these difficulties:

1. Right-Lane Merge
It is difficult for bicyclists to traverse the unde-
f ined  a rea  c rea ted  by  r igh t - lane  merge
movements, because:

• The acute angle of  ap-
proach creates visibi l i ty
problems;

• Motor vehicles are often
accelerating to merge into
traffic; and

• The speed differential be-
tween cyc l i s ts  and
motorists is high.

The following design guides
bicycl ists in a manner that
provides:

• A short distance across
the ramp at close to a right
angle;
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2.  Exit Ramps
Exit ramps present difficulties for bicyclists be-
cause:

• Motor vehicles exit at fairly high speeds;
• The acute angle creates visibility problems;

and
• Exiting drivers often do not use their right-

tu rn  s igna l ,  con fus ing  pedes t r ians  and
bicyclists seeking a gap in traffic.

The exit ramp design on the previous page (see
Figure) guides bicyclists in a manner that pro-
vides:

• A short distance across the ramp, at close to
a right angle;

• Improved sight distance in an area where
traffic speeds are slower than further up-
stream; and

• A crossing in an area where the driver’s at-
tent ion is  not  d is t racted by other  motor
vehicles.

Dual Right-Turn Lanes
This situation is particularly difficult for bicyclists.
Warrants for dual turn lanes
should be used to ensure
that they are provided only if
absolutely necessary.

The design for single right-
turn lanes allows bicyclists
and motor is ts  to  c ross
paths in a predictable man-
ner, but the addition of a lane
from which cars may also
turn adds complexity: Some
drivers make a last minute
decision to turn right from
the center lane without sig-
naling, catching bicyclists
and pedestrians unaware.

B icyc l i s ts  and  motor is ts
should be guided to areas
where movements are more
predictable,  so bicycl is ts
and motorists can handle
one conflict at a time, in a
predictable manner.  A curb
cut provides bicyclists with
an access to the sidewalk,
for those who prefer to pro-
ceed as pedestrians.

• Design A (see Figures) encourages cyclists
to share the optional through/right-turn lane
with motorists.

• Design B guides cyclists up to the intersec-
tion in a dedicated bike lane.

• Design C allows cyclists to choose a path
themselves (this design is the AASHTO rec-
ommendation - simply dropping the bike lane
prior to the intersection).

A fourth design places an island between the
right-turn lane and the optional through/right turn
lane.  This creates a more conventional inter-
section, separating the conflicts.  This design is
also better for pedestrians, as the island pro-
vides a refuge.

Engineering judgment should be used to deter-
mine which design is most appropriate for
the situation.

Right-Turn Lane Without Room for a Bike Lane
On bike lane retrofit projects where there is in-
sufficient room to mark a minimum 1.2 m (4 ft)
bike lane to the left of the right-tum lane, a right-
tu rn  lane may be marked and s igned as  a

Bike lane through dual right-turn lanes.

A. B. C.
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Joint use of a right-turn lane for through
bicyclist.

shared-use lane, to encourage through cyclists
to occupy the left portion of the tum lane.  This is
most successful on slow-speed streets.

19.11  Exercise19.11  Exercise19.11  Exercise19.11  Exercise19.11  Exercise
Redesign a local intersection to include bike
lanes.  Choose an intersection with a moderate
level of complexity, and assume that curb lines
can be moved at will in order to achieve your de-
sign.  Prepare a report and graphics that show
existing conditions and recommended modifica-
t ions.   Signal izat ion changes ( i f  necessary)
should also be explained, as well as any advance
striping and signage needed on the intersection
approaches.

19.12  References19.12  References19.12  References19.12  References19.12  References
Text and graphics in this lesson were derived
from the following sources:

• Oregon Bicycle and Pedestrian Plan, Oregon
Department of Transportation, 1995.

• Philadelphia Bicycle Facility Design Guide-
lines, Philadelphia Department of Streets,
1998.

For more information on this topic, refer to:

• AASHTO Guide for the Development of Bi-
cycle Facilities, latest edition.

• Manual on Uniform Traffic Control Devices,
Section 9, latest edition.

• Review of Planning and Design Standards
for Bicycle Facilities, ITE Technical Commit-
tee 6A-55, 1997.
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and motorists best.  Many roadways in urban ar-
eas were or iginal ly bui l t  wi thout bike lanes.
These roadways often act as deterrents to bi-
cycle travel and may cause conflicts between
bicyclists and motorists.

The needs of cyclists can be accommodated by
retrofitting bike lanes onto many existing urban
roadways using the following methods:

1. Marking and signing existing shoulders as
bike lanes;

2. Physically widening the roadway to add bike
lanes; or

3. Restriping the existing roadway to add bike
lanes.

20.1  Pur20.1  Pur20.1  Pur20.1  Pur20.1  Purposeposeposeposepose
While bike lanes are desired in many urban lo-
cations, designers face the real i ty that most
urban streets are surrounded by built-up envi-
ronments, and are already constrained by large
volumes of automobile traffic.  Finding the extra
width for bike lanes is often very difficult in retro-
fit situations, unless plans call for a roadway
widening project.  For downtown central business
districts, roadway widening for bike lanes is not
usually a desired option since it could cause prob-
lems for pedestrians by further reducing sidewalk
space.

Retrofitting urban streets to include bike lanes
has become a new area of
study, and several states
and loca l  governments
have developed innovative
solutions.  This lesson in-
cludes excerpts from the
1995 Oregon Bicycle and
Pedestrian Plan, as well
as an article published in
the Pro Bike/Pro Walk ’96
Conference Proceedings
by Chuck Fisher, the Bi-
cycle/Pedestrian Planner
for the City of Salem, Or-
egon.

20.220.220.220.220.2
IntroductionIntroductionIntroductionIntroductionIntroduction
To accommodate  b icy -
clists on busy roadways in
urban areas, bike lanes
generally serve bicyclists
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Method #1 is simple, and bike lane marking stan-
dards are outl ined in Lesson 19.  Method #2
involves reconstruction (standards also outlined
in Lesson 19).  In many instances, existing curb-
to-curb  wid th  a l lows on ly  method #3 to  be
considered.

Where existing width doesn’t allow full standards
to be used, it may be possible to modify portions
of the roadway to accommodate bike lanes.  Most
states use the following standards:  4.2 m (14 ft)
center turn lanes, 3.6 m (12 ft) travel lanes, 1.8 m
(6 ft) bike lanes and 2.4 m (8 ft) parking lanes.

These guidelines should be used to determine
how the roadway can be modified to accommo-
date bike lanes, without significantly affecting the
safety or operation of the roadway.  Reduced
travel lane widths are within AASHTO minimums.

It is important to use good judgement, and each
project should be reviewed by a traffic engineer.

20.3  R20.3  R20.3  R20.3  R20.3  Reduce educe educe educe educe TTTTTrrrrraaaaavvvvvelelelelel
Lane Lane Lane Lane Lane WWWWWidthsidthsidthsidthsidths
The need for full-width travel lanes decreases
with speed:

• Up to 40 km/h (25 MPH):  travel lanes may be
reduced to 3 or 3.2 m (10 or 10.5 ft).

• 50 to 65 km/h (30 to 40 MPH):  3.3 m (11 ft)
travel lanes and 3.6 m (12 ft) center turn lanes
may be acceptable.

• 70 km/h (45 MPH) or greater:  try to maintain
a 3.6 m (12 ft) outside travel lane and 4.2 m
(14 ft) center turn lane if there are high truck
volumes.

20.4  Reduce Number of20.4  Reduce Number of20.4  Reduce Number of20.4  Reduce Number of20.4  Reduce Number of
TTTTTrrrrraaaaavvvvvel Lanesel Lanesel Lanesel Lanesel Lanes
Many one-way couplets were originally two–way
streets.  This can result in an excessive number
of travel lanes in one direction.  A study will de-
termine if traffic can be handled with one less
lane.

On two-way streets with four travel lanes and a
s ign i f i cant  number  o f  le f t - tu rn  movements ,
restriping for a center turn lane, two travel lanes,
and two bike lanes can often improve traffic flow.

Reduced travel lane widths

Travel lanes reduced from 4 to 3 on a one-way street.

Travel lanes reduced from 4 to 2, with center turn lane

4.3 m
(14’)

1.8 m
(6’)

3.3m
(11’)

3.6 m
(12’)

4.8 m
(16’)

3.6 m
(12’)

3.3m
(11’)

20.4 m
(68’)

3.6 m
(12’)

3.3 m
(11’)

4.3 m
(14’)

1.8 m
(6’)
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20.5  Reconsider the20.5  Reconsider the20.5  Reconsider the20.5  Reconsider the20.5  Reconsider the
Need fNeed fNeed fNeed fNeed for Por Por Por Por Parararararkingkingkingkingking
A roadway’s primary function is to move people
and goods, rather than to store stationary ve-
hicles.  When parking is removed, safety and
capacity are generally improved.  Removal of
parking will require negotiations with the local
governing body (such as city council), affected
business owners and residents.

To stave off potential conflicts, careful research
is needed before making a proposal, including:

• Counting the number of businesses/resi-
dences and the availability of both on-street
and off-street parking.

• Selecting which side would be less affected
by removal (usually the side with fewer resi-
dences or  bus inesses,  or  the s ide wi th
res idences ra ther  than bus inesses in  a
mixed-use neighborhood).

• Proposing alternatives such as:
1. al lowing parking for church or school
activities on adjacent lots during services or
special events,
2. shared use by businesses, or
3.  constructing special parking spaces for
residents or businesses with no other op-
tions.

Rather than removal of all on-street parking, sev-
eral other options can be pursued:

Narrow Parking Lane
Parking can be narrowed to 2.1 m (7 feet), par-

ticularly in areas with low truck parking volumes,
as today’s cars are smaller.

Remove Parking on One Side
In some cases, parking may be needed on only
one side to accommodate residences and/or
businesses.  Note:  It is not always necessary to
retain parking on the same side of the road
through an entire corridor.

Change from Diagonal to Parallel Parking
Diagonal parking takes up an inordinate amount
of roadway width relative to the number of park-
ing spaces provided.  It can also be hazardous,
as drivers backing out cannot see oncoming traf-
f i c .   Chang ing  to  para l le l  park ing  reduces
availability by less than one-half.

Narrowing parking on a one-way street

Parking removed on one side of a two-way street

Changing from diagonal to parallel parking on two-way street
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Special note:  on one-way streets, changing to
parallel parking on one side only is sufficient;
this reduces parking by less than one-fourth.

C.4.  Prohibit Parking by Employees
Most business owners cite the fear of losing po-
tential customers as the main reason to retain
on-street parking.  Many cities have had success
with ordinances prohibiting employees from park-
ing on the street.  This could help increase the
number of available parking for customers, even
if the total number of parking spaces is reduced.

Special note:  One parking place occupied by an
employee for eight hours is the equivalent of 16
customers parking for half an hour, or 32 cus-
tomers parking for 15 minutes.

C.5.  Replacing Lost Parking
Where all of the above possibilities of replacing
parking with bike lanes have been pursued, and
residential or business parking losses cannot
be sustained, innovative ideas should be con-
sidered to provide parking, such as with off-street
parking.

Other uses of the right-of-way should also be
considered, such as using a portion of a plant-
ing strip, where available.

Providing parking when there are no reasonalble alternatives

Restriping for wide curb lane

20.6  Other20.6  Other20.6  Other20.6  Other20.6  Other
ConsiderationsConsiderationsConsiderationsConsiderationsConsiderations
Not all existing roadway conditions will be as
simple to retrofit as those listed previously.  In
many instances unique and creative solutions
will have to be found.

Width restrictions may only allow for a wide curb
lane (4.2-4.8 m/ 14-16 ft) to accommodate bi-
cycles and motor vehicles.

Bike lanes must resume where the restriction
ends.  It is important that every effort be made to
ensure bike lane continuity.  Practices such as
di rect ing b icyc l is ts  onto s idewalks or  o ther
streets for short distances should be avoided,
as they may introduce unsafe conditions.

Other minor improvements at the outer edge of
the roadway should be made in conjunction with
bike lane restriping, including:

• Existing drainage grates, manhole and util-
i t y  cover  shou ld  be  ra ised f lush  to  the
pavement prior to striping a bike lane.

• Minor widening may be required to obtain
adequate width; and

• Removal or relocation of obstructions away
from the edge of roadway may gain some
usable width.   Obstruct ions can inc lude
guardrail, utility poles and sign posts.
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20.7  Additional Benefits20.7  Additional Benefits20.7  Additional Benefits20.7  Additional Benefits20.7  Additional Benefits
Safety Benefits
Safety is enhanced as travel lanes are offset from
curbs, lanes are better defined, and parking is
removed or reduced.  Adding bike lanes can of-
ten improve sight distance and increase turning
radii at intersections and driveways.

Pavement Benefits
Restriping travel lanes moves motor vehicle traf-
fic over, which can help extend the pavement life,
as traffic is no longer driving in the same well-
worn ruts.

20.8  Bik20.8  Bik20.8  Bik20.8  Bik20.8  Bike Lane e Lane e Lane e Lane e Lane WWWWWidthsidthsidthsidthsidths
While it is important to maintain standards for
bicycle facilit ies, there may be circumstances
where restrictions don’t allow full standards.  The
standard width for a bike lane is 1.8 m (6 ft).

Minimum widths are:

• 1.5 m (5 ft) against a curb or adjacent to a
parking lane, and

• 1.2 m (4 ft) on un-curbed shoulders.  A 1.2 m
(4 ft) curbed bike lane may be al lowable
where there are very severe physical con-
straints.

20.9  Retrofitting Bicycle20.9  Retrofitting Bicycle20.9  Retrofitting Bicycle20.9  Retrofitting Bicycle20.9  Retrofitting Bicycle
Lanes Lanes Lanes Lanes Lanes WWWWWhile Mitighile Mitighile Mitighile Mitighile Mitigaaaaatingtingtingtingting
On-StrOn-StrOn-StrOn-StrOn-Street Peet Peet Peet Peet Parararararkingkingkingkingking
DemandDemandDemandDemandDemand
Retrofitting bike lanes into a city’s built environ-
ment is perhaps a bicycle coordinator’s most
difficult challenge.  This is especially true when
the removal of existing on-street parking is in-
volved.  Some would cry that street space is not
for the storage of vehicles and should instead
accommodate only moving traffic.  However, if as
p lanners  we are  p romot ing  in - f i l l  and
neotraditional development that is designed to
encourage people to work and shop near their
homes, we cannot at the same time remove on-
street parking from older neighborhoods that
have no alternatives.  If we do, likely that mom
and pop store on the corner wi l l  close, and
neighbors will be forced to jump in their cars to
grab a quart of milk.

The first step in the evolution of this process
was identifying which streets would make the
best connections for bicyclists.  Not unlike di-
rect ions f rom a down east  farmer,  Salem’s
(Oregon) bikeway system has long been char-
acterized as “you can’t get there from here.”  This
is due primarily to the lack of connectivity be-
tween the outer areas’ bicycle facilities and the
downtown core.  Particularly lacking are connect-
ing  b icyc le  lanes  w i th in  two mi les  o f  the
downtown, the area most likely served by in-
creased bicycle ridership.

Retrofitting these older neighborhoods with bike
lanes and removing all on-street parking would
likely have created a political firestorm.  Recog-

Effective radius at intersections is increased with bike lanes

Motor vehicles no longer drive in wheel ruts after restriping
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nizing this, City of Salem staff developed poli-
c ies  and  methodo log ies  tha t  a l low fo r  the
mitigation of on-street parking demand.

Policy Language
The policy language is contained within the Goal,
Objective and Policies of the Salem Transporta-
tion System Plan’s Bicycle System Element:

Policy 1.2  Mitigation of On-Street Parking Loss
Due to Future Bicycle Facility Projects.  Where
new bicycle facilities require the removal of on-
street parking spaces on exist ing roadways,
parking facilities shall be provided that mitigate,
at a minimum, the existing on-street parking de-
mand lost to the bike project.  This policy does
not apply to street widening or major reconstruc-
tion projects.

The key phrase in the policy is the mitigation of
parking demand not supply.  As part of the up-
date of the Transportation Plan, staff developed
criteria for ranking potential bike projects.  Work-
ing with this list, staff determines which projects
are to be included for the next construction/strip-
ing season.  A process is then put into motion
that includes many of the criteria developed by
the City of Portland.

In Practice
First and foremost, the staff surveys the existing
on-street parking demand on the facility.  Other
data collection includes existing cross-sections,
on-street parking supply, and the existence and
width of parking strips between the curb and side-
wa lk .   Ana lys is  ac t i v i t i es  inc luded ske tch
cross-section design, locating alternative on-
street parking locations, and initial project cost
estimates.

Public Involvement
At this point the staff begins a public involvement
process that includes neighborhood meetings,
letters to abutting property owners, public work-
shops to determine alternatives, on-street sign
notification, Citizens Advisory Traffic Commission
meetings and final approval by City Council.

Some of the alternatives presented by the staff at
the meetings’ workshops include restriping the
road to accommodate parking on one side ver-
sus two.  Neighbors are asked to help determine
on which side of the street parking should re-
main, given that only half the parking supply is
required to meet the demand.  A variation on this

is alternating the parking from side to side.  For
instance, if a six block area requires parking on
one side, a solution might be to allow parking on
one side for three blocks then alternating to the
other side for three blocks.

Another alternative, especially if there is only a
small amount of parking mitigation required, for
say, that mom and pop store, is to build parking
bays.  Similar to bus pullouts, these add the nec-
essary room to accommodate parking in what
was the planting strip, between the curb and
sidewalk.

20.10  Exercise20.10  Exercise20.10  Exercise20.10  Exercise20.10  Exercise
Choose a local urban street that would be a good
candidate for a bike lane retrofit project.  Rede-
sign a 2-block section of the roadway to include
bike lanes (sketch drawings will be sufficient).
Present at least 2 options for retrofit t ing the
street, and include solutions that would require
further traffic studies.  Indicate proposed dimen-
sions for travel lanes, parking lanes and bike
lanes.  If removal of parking is one of your solu-
tions, describe the public involvement process
you would go through to achieve agreement from
adjacent property owners and businesses.

20.11  References20.11  References20.11  References20.11  References20.11  References
Text and graphics for this section were derived
from:
• Oregon Bicycle and Pedestrian Plan, Oregon

Department of Transportation, 1995.
• “Retrofitting Bicycle Lanes While Mitigating

On-Street Parking Demand”, Pro Bike/Pro
Walk 1996 Conference Proceedings, Chuck
Fisher.

For more information on this topic, refer to:
• AASHTO Guide for the Development of Bi-

cycle Facilities, 1999.
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21.1  Pur21.1  Pur21.1  Pur21.1  Pur21.1  Purposeposeposeposepose
This lesson describes maintenance programs
and act iv i t ies that  are cr i t ical  to successful
bikeways, and recommends a step-by-step ap-
proach  to  so lv ing  common main tenance
problems.

Bicycles and bicyclists tend to be particularly
sensitive to maintenance problems.  Most bi-
cycles lack suspension systems and, as a result
potholes that motorists would hardly notice can
cause serious problems for bicyclists.  In addi-
tion, since bicyclists often ride near the right
margin of the road – sometimes as required by
traffic law they use areas that are generally less-
well maintained than the main lanes.  On higher
speed roads, the passage of motor vehicle traf-
fic tends to sweep debris to
the right, again where most
bicyclists travel.  In addition
ridges, like those found where
a new asphalt overlay does
not quite cover the older road-
way  sur face  can  ca tch  a
wheel and throw a bicyclist to
the ground.

As ide  f rom these  genera l
problems, special bicycle fa-
c i l i t i es  o f ten  need more
maintenance than they re-
ceive.  On trail systems, for
example, vegetation is often
allowed to overgrow the pave-
ment  edge,  e f fec t i ve ly
narrowing the usable surface.
And soil treatments that are
commonly used under new

roadbeds  a re  somet imes  ignored  on  t ra i l
projects; as a result, the surfaces are shortly
destroyed by intruding plants

21.2  Solution Ov21.2  Solution Ov21.2  Solution Ov21.2  Solution Ov21.2  Solution Overerererervievievievieviewwwww
For the most part, satisfying bicycling mainte-
nance requ i rements  i s  a  mat te r  o f  s l igh t l y
modifying current procedures.  For example, if
street sweeping crews pay a bit more attention
to the right edge of the road, it can benefit bicy-
clists greatly.

In addition, using “maintenance-friendly” design
and construction techniques can reduce the need
for special - and sometimes costly - treatments
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later.  For example, when paving a street bor-
dered by unpaved alleys and driveways, paving
into those alleys and driveways ten to twenty feet
(depending on grades and other features) can
keep entering traffic from dragging gravel and
other debris onto the paved surface.

Finally, special bicycle facilities like bike lanes
or trails may require enhanced maintenance at-
ten t ion .   Th is  cos t ,  a long  w i th  a  c lear
understanding of who has responsibility for main-
tenance, should be part of every project budget.

21.3  Objectives21.3  Objectives21.3  Objectives21.3  Objectives21.3  Objectives
1. To maintain roadways and bikeways to a

relatively “hazard free” standard.

• By sweeping pavement edges and paved
shoulders with sufficient care

• By patching surfaces as smoothly as pos-
sible and by requir ing other agencies or
private companies to do likewise whenever
they dig up a road or trail.

• By making sure pavement overlay projects
feather the new surface into the existing one
or otherwise do not create new linear joints.

• By replacing such hazards as dangerous
grates or util ity covers as the opportunity
ar ises

• By patching potholes in an expeditious man-
ner

• By routinely cutting back all encroaching veg-
etation, especially on trails or popular bike
routes.

2. To encourage bicyclists to report mainte-
nance problems and other hazards.

• By developing a “bicycle spot improvement”
form and distributing copies throughout the
bicycling community

• By making sure returned forms are acted
upon in a timely fashion

3. To design and build new roadways and
bikeways in such a way as to reduce the
potential accumulation of debris

• By using edge treatments, shoulder surfaces
and access controls that reduce the poten-
tial accumulation of debris

• By using materials and construction tech-
niques that increase the longevity of new trail
surfaces

4. To include maintenance costs and clearly
spelled-out maintenance procedures in all
bicycle facility projects.

• By including reasonable estimates of the
maintenance costs in the projects budget

• By establishing clear maintenance respon-
sibilities in advance of construction

21.4  Implementation21.4  Implementation21.4  Implementation21.4  Implementation21.4  Implementation
StrategiesStrategiesStrategiesStrategiesStrategies
Improving bicycle-related maintenance requires
action on several fronts.  First, maintenance poli-
cies used by all relevant agencies should be
reviewed and changed, if necessary.  Second,
designers should be encouraged to “think main-
tenance” when they design: low maintenance
requirements should be the rule rather than the
exception.  And, finally, an outreach effort should
be implemented to (1) encourage bicyclists to
report maintenance problems; and (2) identify ex-
ist ing maintenance problems, part icularly on
special bicycle faci l i t ies or popular bicycl ing
routes.

21.5  Sub 21.5  Sub 21.5  Sub 21.5  Sub 21.5  Sub TTTTTasksasksasksasksasks
1. Identify key implementors.

Implementation requires working closely with
those agencies and personnel responsible
for maintaining the current infrastructure, as
well as those charged with designing and
building new facilities.  For roadway mainte-
nance,  th is  may mean the  loca l  s t ree t
depar tment  o r  the  s ta te  t ranspor ta t ion
agency’s district maintenance division.  For
trails, it may mean local, state, or Federal
parks or lands agencies.

New facility design can involve local engi-
neering and parks planning agencies, as well
as state and federal officials, depending on
jurisdiction.  It may be, for example, that a
new arterial street being built in the local
community is actually designed by engineers
working in the state capital.

2. Review existing policies and practices.
In some cases, an agency’s policies, stan-
dards, and guidance are included in formal
documents that have gone through an ap-
proval process or that have been issued by
department supervisors.  Examples of these
may be standard sweeping schedules and
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Extending the paved area to the include the shoulder would eliminate gravel and
debris from entering paved surface causing problems for bicyclists.

cussed above, develop modified versions of
policies and practices where warranted; for
important topics previously not covered, de-
velop new guidance for adoption.  Work with
the appropriate agencies to make sure the
changes are understood and implemented.

5. Create an on-going spot improvement pro-
gram.
As mentioned earlier, soliciting comments
from users can help an agency find specific
problem locations.  Institutionalizing this pro-
cess, in the form of a “spot improvement
program,” can provide on-going input and, in
many cases, help identify problems before
someone gets hurt.  In addition, such a pro-
gram can dramat ica l l y  improve  the
relationship between an agency and the bi-
cycling public.  Spot improvement programs
are good policy and good public relations.

To this end, set aside a modest annual bud-
getary al location for user-requested spot
improvements.  Create mail-back postcards
for distribution to local bicycle shops and
user groups.  As cards come in, check out
the locations identified and take action as
necessary.

6. Evaluate progress.
As the work proceeds, keep track of suc-
cesses and failures, as well as the schedule
of routine maintenance activities.  Identify
changes that have or have not been made to

snow removal street priorities.
Conducting a review of these
may be relatively simple once
copies have been obtained.

On the other hand, some prac-
tices may simply be matters
of  how a part icular  person
handles a specific task.  For
instance, one street sweeper
may leave more of the right
roadway edge unswept than
another sweeper may.  Identi-
fying important areas in which
practices vary from standard
procedure – or in which stan-
dard procedures do not exist
–  can  he lp  in  de te rmin ing
needed improvements  in
such areas as policy develop-
ment ,  communicat ion,  and
employee training.

3. Review results in the field and solicit com-
ments from users.
In some cases, policies may seem reason-
ab le ,  in  theory,  but  may break down in
practice.  For this reason, it is important to
see how well the facilities work.  Checking
out the street  and t ra i l  system from the
saddle of a bicycle can help uncover previ-
ously unknown problems.  For instance, an
agency may have a policy of sweeping arte-
r ia l  s t reets  every two weeks.   But  f ie ld
experience may show that certain arterials
are subject to greater accumulations of de-
bris from nearby land uses.  Increasing the
frequency of sweeping on such streets – par-
ticularly if they are popular bicycling streets
– may be necessary.

In addition, soliciting comments from users
can help identify problems that would other-
wise be overlooked.  Because of their intimate
knowledge of surface conditions, bicycle us-
ers can often pinpoint specific locations and
needs.  To get information, send news re-
leases to local bicycle groups, as well as
the media asking for help.  In all likelihood,
users will welcome the opportunity to con-
tribute.

4. Recommend appropriate changes in poli-
cies and practices.
Based on the reviews and comments dis-
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Bike lane maintenance is particularly important.

policies and determine if additional effort is
needed.  On an annual basis, ask the bicy-
cling public for comments on maintenance
issues, in general, and the spot improvement
program, in particular.  In addition, keep track
of the numbers and kinds of problems iden-
tified and how they were dealt with.  Finally,
determine if the program budget is appropri-
ate to the task.

21.6  Resource21.6  Resource21.6  Resource21.6  Resource21.6  Resource
RequirementsRequirementsRequirementsRequirementsRequirements
For the most part, bicycle-related maintenance
tasks involve work an agency already does; little
additional effort will be required.  It may simply
mean adding popular bicycling routes to the pri-
ority sweeping route network, for example.  In
some instances, however, additional equipment
may be needed.  For example, maintaining a par-
t icu lar  t ra i l  may requi re purchasing specia l
equipment - perhaps a small sweeper or a spe-
cial attachment for a tractor.

21.7  Schedule21.7  Schedule21.7  Schedule21.7  Schedule21.7  Schedule
In regions with harsh winters,  special  ef fort
should be made to clear the winter’s accumula-
tion of road sand and other debris early in the
spring.  Also, the periods following high winds
and flooding may require special attention.

21.821.821.821.821.8
SpecificationsSpecificationsSpecificationsSpecificationsSpecifications
Typical maintenance concerns
The following are some of bicy-
c l i s ts ’  mos t  common main te -
nance concerns and some com-
mon solutions;

Surface problems: Potholes and
other surface irregularities: Patch
to a high standard, paying particu-
lar  at tent ion to problems near
b icyc l is ts ’  typ ica l  t ravel  a l ign-
ments.  Require other agencies
and companies to patch to a simi-
larly high standard; if repairs fail
within a year, require remedial
action.

Debris (sand, gravel, glass, auto parts, etc.)
near the right edge of the road: Sweep close to
the right edge.  If necessary, use vacuum trucks
to remove material, especially if it accumulates
adjacent to curbs.  Pay particular attention to lo-
cat ions l ike underpasses where changes in
lighting conditions can blind bicyclists to surface
hazards.

Debris or surface irregularities on curves or at
intersections: pay special attention to the areas
between the typical paths of turning and through
motor vehicle traffic; often these fill with debris
and are in typical bicyclist trajectories.  In addi-
tion areas where debris washes across the paved
surface should receive special attention; elimi-
nating the source of the problem, by, for example,
providing better drainage, is ultimately a more
cost-effective solution than increased sweeping.

Chip seal gravel:  Many local agencies use chip
seal to extend the lives of their roadways.  How-
ever, the technique, which involves laying down
a coating of oil and a layer of crushed rock, often
leaves deep piles of gravel just to the right of the
typical travel paths of motor vehicles.  To reduce
the impacts on bicyclists, remove excess gravel
as soon as possible and suggest alternative
routes as detours.

Ridges or cracks: These should be fi l led or
ground down as needed to reduce the chance of
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a bicyclist catching a front wheel and crashing.
Pay particular attention to ridges or cracks that
run parallel to the direction of travel.  One com-
mon location to check is where a merging lane
is provided just beyond an intersection.  Because
traf f ic must merge lef t  to cont inue travel ing
straight, bicyclist will be crossing the joint be-
tween the merge lane and the through lane at a
very shallow angle.

Encroaching vegetat ion:  Bushes and t ree
branches adjacent to trail edges: Trim vegeta-
tion back to allow at least a two-foot clearance
between the edge of pavement and the vegeta-
tion, paying particular attention to the insides of
curves.

Grasses adjacent to trail edges: Tall grasses
should be mowed regularly to expose any poten-
tial hazards that might otherwise be hidden from
a cyclist’s view.  In addition, vegetation should
be prevented from breaking up the edge of pave-
ment and encroaching on the trail surface.

Signing and Marking Trail signing: Because they
are often unique, trail signs may be subject to
frequent theft or vandalism.  Regular inspections
should be conducted to ensure that signs are
still in place and in good condition; this is par-
ticularly true of regulatory signs and warning
signs.

Trail markings:  General ly, trai ls have a few
simple markings (e.g., a yellow centerline) but
these should be repainted when necessary.
Centerlines, for example, help encourage bicy-
clists to keep to their side of the trail and perform
a very useful function.

On-road bicycle signs: Special bicycle signs
(regulatory, warning, or information) should be
maintained in the same way that other roadway
signs are.  Pay particular attention to bike route
signs at decision points, warning signs at spe-
cial hazard locations, and regulatory signs on
popular bike lane streets.

On-road bicycle markings: Bicycle lane striping
should be renewed at the same time as other
stripes are painted.  The same goes for bike lane
pavement markings (e.g., Diamond markings).
Some markings may suffer from more wear-and-

tear than others and deserve special attention.
For instance, pavement markings that indicate
the “hot spot” for traffic signal loop detectors may
be in the location where car tires routinely pass;
as a result, they may wear out faster than other
markings.

21.9  References21.9  References21.9  References21.9  References21.9  References
Text and graphics for this lesson were derived
from;  Designing for Bicycles at the Local Level,
USDOT Federal Highway Administration, 1997.

For more information, please refer to:

• Maintenance Manual, AASHTO, 1987
• Guide for the Development of Bicycle Facili-

ties, AASHTO, 1999
• Trails for the 21st Century, Rails to Trails Con-

servancy, 1994
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22.1 Pur22.1 Pur22.1 Pur22.1 Pur22.1 Purposeposeposeposepose
Bicycle parking is one of the most important in-
vestments in order to improve and encourage
bicycle travel in urban areas.  This lesson de-
scribes how to develop a successful bicycle park-
ing  p rogram,  inc lud ing  imp lementa t ion
strategies, resource requirements, and design
considerations.

22.2 Pr22.2 Pr22.2 Pr22.2 Pr22.2 Proboboboboblem Ovlem Ovlem Ovlem Ovlem Overerererervievievievieviewwwww
Providing secure bicycle parking is a key ingre-
dient in efforts to encourage bicycling at the local
level.  Many bicycle journeys end somewhere
other than the bicyclist’s home and, as a result,
the bicyclist must park his or her bicycle.  And for
those who live in apartment
complexes, college dormito-
r ies, or other high density
settings, the issue of where
to leave a bike while home is
a lso  a  ser ious  i ssue .   In
short, at one time or another
most bicyclists have experi-
enced the frustration of find-
ing no secure place to leave
their bikes.

Some have experienced the
even greater frustration of re-
turning to find their bicycles
sto len.   In  fact ,  s ta t is t ics
compiled by the Federal Bu-
reau of Investigation show
that between 1988 and 1992,
an average of approximately
450,000 bicycles were re-
por ted  s to len  each  year.

These figures are low, according to the Lock
Smart Campaign, who estimate that roughly twice
as many are stolen but never reported.  They sug-
gest that, with an average cost of $380 per bike,
the financial loss to American bicyclists amounts
to some $450 million dollars per year.

While providing secure bicycle parking is not the
entire solution to the problem of theft, it certainly
can help and it can increase bicyclists’ comfort
in leaving their bicycles unattended.  As a result,
many bicycle owners may be encouraged to make
bicycle trips they might otherwise might forego.
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At community destination points, such as schools, ample bike parking should be
provided.

This trail provides many site amenities; including
short-term bike parking.

22.3 Solution22.3 Solution22.3 Solution22.3 Solution22.3 Solution
OvOvOvOvOvererererervievievievieviewwwww
Bicycle parking can be pro-
vided in a wide variety of set-
t ings  us ing  th ree  bas ic
approaches:   b icycle racks
(open-air devices to which a
bicycle is locked); bicycle lock-
ers (stand-alone enclosures
designed to hold one bicycle
per unit); and bicycle lock-ups
(site-built secure enclosures
tha t  ho ld  one  o r  more  b i -
cycles).

For  shor t - term park ing,  b i -
cycle racks work well.  At sites
that require long-term parking
for a variety of potential users,
lockers are the devices of choice.  For long-term
parking for a limited number of regular and trust-
worthy users, bicycle lock-ups can solve the prob-
lem.

22.4 Objectives22.4 Objectives22.4 Objectives22.4 Objectives22.4 Objectives
1.  To provide well-located secure bicycle park-
ing at popular destinations in business districts
and at other public sites.

• By installing bicycle parking at public cen-
ters

• By installing bicycle parking on public rights-
of-way in neighborhood commercia l  and

downtown business districts
• By encouraging private
businesses to provide bicycle
parking for their customers.
• By  ins ta l l i ng  b icyc le
parking at transit stops and in
parking garages
• By encouraging the in-
stallation of high-security bi-
cyc le  park ing  a t  ex is t ing
worksites, schools, and high
density residential develop-
ments

2.  To require new commer-
cial, public, and high-density
residential developments to
include plans for bicycle park-
ing.
• By adding provisions to
local zoning regulations re-

quiring bicycle parking as part of new develop-
ments,  par t icu lar ly  commerc ia l ,  publ ic ,  and
high-density residential developments;
• By making these requirements part of the

process of getting a building permit.

22.5 Implementation22.5 Implementation22.5 Implementation22.5 Implementation22.5 Implementation
StrategiesStrategiesStrategiesStrategiesStrategies
Implementing bicycle parking in a community
requires a combination of three primary strate-
gies:
1.  Acquiring and installing bicycle parking de-

vices on public rights-of-way or at
public destinations (e.g., city hall,
libraries, and parks);

2.   Encouraging businesses to
provide bicycle parking for their
customers; and

3.  Altering zoning regulations to
ensure bicycle parking is provided
in new developments.

Typically, the first strategy helps
“prime the pump” for the second;
and the third strategy helps en-
sure long-term improvements in
newly developed areas.
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Encourage private businesses to provide bicycle parking for their customers.

22.6  Sub 22.6  Sub 22.6  Sub 22.6  Sub 22.6  Sub TTTTTasksasksasksasksasks
1.  Identify key implementors.
Each of the three implementation
strategies requires the coopera-
t ion  o f  a  d i f fe ren t  g roup  o f
const i tuencies.  To put bicycle
parking in public places requires
the cooperation of agencies who
control the land involved.  Side-
walks may be controlled by the
streets or public works department
while parks and recreation may
have responsibility for public open
spaces and recreat ional  s i tes.
There may be an agency (similar
to the Federal government’s Gen-
eral Services Administration) in
charge of all public property.  Or
agencies that run specific services
(e.g., the library, public health clin-
ics) may control their own sites.

Encouraging businesses to install bicycle park-
ing requires the cooperation of such groups as
the Chamber of Commerce, downtown business
associations, and shopping center managers.
In addition, agencies that routinely deal with busi-
nesses should be enlisted as outlets for any
literature developed as part of the program.

Altering zoning regulations to require consider-
ation of bicycle parking in new developments
requires close cooperation with planning and
zoning agency staff, as well as the assistance
from appointed zoning boards and builders’ as-
sociations.  Typically, regulations are revised on
a schedule; therefore, the opportunity to revisit
parking requirements may or may not be immi-
nent.

2.  Structure the program.
In some communities, a reactive program that
simply fil ls orders and answers questions can
prove successful.  This would be most likely in a
“bicycle town” with a high degree of interest in
bicycling matters.  However in many places, such
a passive approach would result  in l i t t le re-
sponse.  Business owners and managers of large
employment centers or residential complexes
often see bicycles as clutter and “problems” to
eliminate rather than as solutions to traffic con-
gestion or air quality problems.  As a result, a
successful bicycle parking program should in-
clude elements of marketing and promotion.

With the help of the key players identif ied in
Subtask 1, create three adhoc task groups cov-
ering each of the three primary thrusts.  The
groups should create the ground rules and ma-
terials necessary for the following tasks:

Task Group 1:  Public Bicycle Parking
• Install bicycle parking at public centers
• Install bicycle parking on public rights-of-way
• Install bicycle parking at transit stops and in

parking garages

Task Group 2:  Private Bicycle Parking
• Encourage private businesses to provide bi-

cycle parking for their customers
• Encourage installation of high-security bi-

cycle parking at worksites, schools, and high
density residential developments

Task Group 3:  Zoning Regulation Revision
• Add provisions to local zoning regulations

requiring bicycle parking
• Make these requirements part of the process

of getting a building permit

3.  Choose appropriate bicycle parking devices.
As one of the first tasks, assemble packets of
information on available bicycle parking devices,
along with pros and cons for endorsing each
device.  In a joint meeting(s) with all three task
groups, adopt a set of criteria and decide which
devices to endorse.  A set of possible criteria are
listed in the Specifications sections given below.
Next, give each task group its marching orders.



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
22 - 4

BICYCLE PARKING AND STORAGE

Zoning ordinances should include provisions for bicycle parking which indicate how
many spaces are required within specific districts.

They are as follows:

New parking ordinances should address the fol-
low ing :   (examples  taken  f rom ex is t ing
ordinances in Ann Arbor, MI; Madison, WI; Den-
ver, CO; San Francisco City/County, CA)

• Bike parking ordinances should clearly indi-
cate how many bicycle parking spaces are
required, either as a function of the type of
development (retail, office, residential, etc.)
or as a standard percentage of the required
off-street automobile parking.  For example,
the City of Denver requires that off-street au-
tomobile parking facilities of 20 spaces or
more to provide bicycle parking equal to 5%
of the automobile parking space requirement.

• Bicycle racks that support the bike by the
wheel should not be permitted.

• Bicycle racks should be located at least as
close to the building entrance as the nearest
non-handicapped parking stall.

The requirements can also address lighting of
bicycle racks, requirements to retrofit existing
public buildings, and protection from the ele-
ments.

4.  Task for Task Group 1:  Public Bicycle Park-
ing.  Task Group 1 should set criteria for installing
bicycle parking devices on sidewalks, as well as
at pubic destinations.  For sidewalks, criteria
could include such things as minimum width of
sidewalk, rack position on sidewalk and proxim-
ity to other street furniture and vegetation, number

per block or number per site.  For
public sites, they could include
proximity to the mail entrance, and
minimum number of bicycle park-
ing  spaces  per  ins ta l la t ion
(perhaps keyed to type of facility
served.)

Nex t ,  they  shou ld  c rea te  an
agreed-upon step-by-step proce-
dure for planning and installation.
This should include initial identi-
f i ca t ion  o f  the  po ten t ia l  s i te ,
discussion with relevant agency
personnel, determination of the
specific site’s needs (number of
park ing devices and locat ion) ,
cost analysis and budgeting, pro-
curement ,  ins ta l la t ion ,  and
follow-up.

To support this activity, they should create a project
sheet for rack installation that includes places
for the source of the request (if any), signatures
of any required agency personnel, a schematic
diagram of site, installation date, and any com-
ments.

Next, they should estimate the total bicycle park-
ing need for public places, given a list of potential
sites.  Estimates can be conservative and based
to some extent on existing bicycle traffic, as long
as participants realize that latent demand may
be significant.  For this reason, phased installa-
tions can be particularly appropriate.

For sidewalks, a base number of racks to be in-
stalled during the fiscal year (e.g., 100, 500, 1000)
should be decided upon, along with a map show-
ing area priorities.  Downtown might, for instance,
be a top priority area, neighborhood commercial
areas could be second, and strip development
areas might be third.

Finally, the Task Group should set an annual bud-
get for the program and decide how the bicycle
parking should be paid for.  Potential sources
include a wide variety of Federal transportation
programs, as well as local funding opportuni-
t ies.

5.  Tasks for Task Group 2:  Private Bicycle Park-
ing.  Task Group 2 should assemble a packet of
information for potential private sector bike park-
ing providers.  The packet should include a cover
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• Racks are placed to avoid conflicts with pe-
destrians.  They are usually installed near
the curb and at a reasonable distance from
building entrances and crosswalks.

• Racks can be installed in bus stops or load-
ing zones only if they do not interfere with
boarding or loading patterns and there are
no alternative sites.

7.  Implement the program
With the program set up, materials at the ready,
and initial funding identified, implementing the
program can begin.  Routine responsibilities for
the various tasks should be taken care of by the
agencies identified through he previous steps.
Oversight of the program may require the atten-
tion of a project coordinator.  This may be a task
delegated to a member of the planning or public
works staff.

8.  Evaluate progress
As the work is proceeding, keep track of suc-
cesses and failures.  Early on, get the word out
to the bicycling public that 1) the program exists;
and 2) that they should submit comments and
ideas for potential parking sites.  Keep records
on how many parking devices have been in-
s ta l led ,  how many comments  have  been
received, how many information packets have
been sent out, what proportion of public places
have adequate bicycle parking, how well the park-
ing is working (e.g., whether the public likes it,
whether it holds up well to vandalism), and how
successful the zoning regulations appear to be
(once they are adopted).  Use this feedback in
fine-tuning the program and determining future
levels of funding.

letter describing the importance of bicycle park-
ing to businesses and giving any organizational
endorsements for the program; a list of avail-
able parking devices, along with information on
how to order them and which are best suited for
which settings; tips on deciding how many bikes
need to be accommodated; and tips on locating
and installing the devices.

The Task Group should also work out details of
any promotional activities that will need to be
planned.  For instance, they should develop a
list of groups to talk with, determine who should
be responsible for reaching each one, and start
making contacts.  To this end, the Group should
develop a standard presentation, possibly in-
cluding slides and handouts.

6.  Task Group 3:  Zoning Regulation Revision
The Task Group should start by identifying pas-
sages in the existing zoning codes where motor
vehicle parking is discussed.  They should find
out when the regulations are going to be next
modified and use that in determining their sched-
ule of work.  They should next assemble sample
bicycle parking laws from other communities.
Based on the sample laws, they should create a
draft revision to the regulations and circulate it
for comment.  Once comments have been re-
ceived and considered, they should forward a final
draft revision for action at the proper time.

Location Criteria
The location criteria are a mix of those devel-
oped by the Cities of Denver and Seattle for siting
bicycle racks:

• Racks should be located
within 50’ of building en-
trances (where bicyclists
would naturally transition
into pedestrian mode).

• Racks should be installed
in  a  pub l ic  area wi th in
easy  v iew ing  d is tance
f rom main  pedes t r ian
wa lkway,  usua l l y  on  a
wide sidewalk with five or
more feet of clear side-
walk space remaining (a
min imum o f  24”  c lear
space from parallel wall,
and 30” from perpendicu-
lar wall).

Philadelphia’s standard for bike rack placement in business districts.
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22.7  Resource22.7  Resource22.7  Resource22.7  Resource22.7  Resource
RequirementsRequirementsRequirementsRequirementsRequirements
For  the most  par t ,  b icyc le
parking requires basic equip-
ment :   racks  and  lockers .
These can be ordered or fab-
r i ca ted  in  la rge  o r  sma l l
quantities.  Ordering in quan-
tity can save money as long
as storage needs can be sat-
isfied until installation can be
accomplished.  Once a com-
munity gets actively involved
in bicycle parking installation,
it is quite possible that local
sources will emerge.  For in-
stance, in some communities,
welding shops make and sell
approved bike racks on a rou-
tine basis.  This not only helps agencies satisfy
a growing bicycle parking demand but it can lead
to the development of new local industries.

22.8 Schedule22.8 Schedule22.8 Schedule22.8 Schedule22.8 Schedule
Installing bicycle parking at public place and on
sidewalks can begin with little delay.  Encourag-
ing businesses to install bicycle parking, being
more of a marketing and promotion activity, in-
volves building interest over time and may not
pay off for several years.  Even longer term are
the results of changes in zoning ordinances.  At
the same time, these changes can lead to the
greatest overall effect.

This is surely a location in need of adequate
bicycle parking.

Street trees in Central Business Districts often become defacto bike racks.

22.922.922.922.922.9
SpecificationsSpecificationsSpecificationsSpecificationsSpecifications
It is important to choose a bi-
cyc le  rack  des ign  tha t  i s
simple to operate.  Bicycle
racks should be designed to
allow use of a variety of lock
types.  It may be difficult ini-
tially to determine the number
o f  b icyc le  park ing  spaces
needed:  Bicycle racks should
be s i tuated on-si te so that
more racks can be added if bi-
cycle usage increases.

There are three general types
of bicycle rack designs.  The
following provides information
on each style (derived from the

    April 1996 issue of Pro Bike
    News).

Class I Bicycle Parking
This category includes bike lockers or locked/
guarded storage areas that provide high security
protection.

Advantages
High security storage, ideal for long-term stor-
age.

Disadvantages
Expensive

Average cost per bike:  Starter unit:
$3,300 Additional units:  $1,600

Class II Bicycle Parking
This category includes racks that
secure both wheels and bicycle
frame, which usually have moving
parts and provide medium secu-
rity with a user-supplied lock.

Advantages
Medium secur i t y,  g rea t  when
coupled with covered protection
from the elements.
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herein shall be solely for the parking of pas-
senger automobiles and bicycles of patrons,
occupants or employees and not more than
one truck limited to (1) ton capacity.

3) Size. … Required bicycle parking spaces
shall be at least 2 feet by 6 feet.  An access
aisle of at least 5 feet shall be provided in
each bicycle parking facility.  Such space
shall have a vertical clearance of at least 6
feet.

4) Bicycle Parking Facilit ies.  Accessory off-
s t reet  park ing for  b icycles shal l  inc lude
provision for secure storage of bicycles.
Such faci l i t ies shall  provide lockable en-
c losed lockers  o r  racks  o r  equ iva len t
structures in or upon which the bicycle may
be locked by the user.  Structures that re-
quire a user-supplied locking device shall
be designed to accommodate U-shaped
locking devices.  All lockers and racks must
be securely anchored to the ground or the
building structure to prevent the racks and
lockers from being removed from the loca-
tion.  The surfacing of such facilities shall be
designed and maintained to be and mud and
dust free.

5) Bicycle parking facilities shall be located in
a clearly designated safe and convenient lo-
cation.  The design and location of such
facil i ty shall be harmonious with the sur-
rounding environment.  The facility location

Disadvantages
Moving parts,  complex design,
may not work with the common U-
lock.

Average cost per bike:  $65 - $150

Class III Bicycle Parking
The most common type of Class
III rack are inverted “U”’s or rail
racks.

Advantages
Simple design, affordable, can be
manufactured by a local welder.
Supports frame as well as wheel.

Disadvantage
Offers low-security for long-term
parking.

Average cost per rack:  $75 installed (if pur-
chased in quantities of 50 or more)

22.10  Sample Bik22.10  Sample Bik22.10  Sample Bik22.10  Sample Bik22.10  Sample Bikeeeee
PPPPParararararking Orking Orking Orking Orking Ordinance frdinance frdinance frdinance frdinance fromomomomom
Madison,Madison,Madison,Madison,Madison,     WWWWWisconsinisconsinisconsinisconsinisconsin
A growing number of communities have included
bicycle parking requirements in their development
regulations.  By so doing, they assure that bi-
cycle parking is included in the normal course of
development.  This example is from the Madison
City Code.

Purpose
To provide adequate and safe facilities for the
storage of bicycles.

1) Bicycle parking facilities shall be provided
as required for all new structures and uses
established as provided in Sec. 28.11(2)(a)1.
o r  to  changes  in  uses  as  p rov ided  in
Sec.28.11(2)(a)2. and 3.; however, bicycle
parking facilities shall not be required until
the effective date of this paragraph.  Notwith-
standing Secs. 28.08(1)(i) and 28.09(5)(a),
bicycle parking facilities shall be provided in
all districts including districts in the Central
Area.

2) In the residential district, accessory off-street
parking faci l i t ies provided for uses l isted

Bike locker should be made available in areas where long - term parking is necessary.
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Bicycle racks should be situated on-site so that more racks can be added if bicycle
usage increases.

22.11  References22.11  References22.11  References22.11  References22.11  References
Text and graphics for this section were derived
from the following sources:

• Designing for Bicycles at the Local Level,
FHWA Publication No.

• Pro-Bike News, April 1996.
• Madison City Code, Madison, WI.
• City of Philadelphia Bicycle Parking Specifi-

cations, 1998.

For more information on this topic, refer to:

• Bicycle Parking, Ellen Fletcher, 1990.
• Source Book of Designs, Manufactures and

Representa t ives ,  B icyc le  Federa t ion  o f
America, 1992.

• Technical  Notes;  Bike Parking Locat ion;
Choosing Parking Devices; A Simple Bike
Rack Design;  B ike Park ing Ordinances,
Bikecentennial, 1987-89.

shall be at least as convenient as the major-
ity of auto parking spaces provided.

6) Bicycle parking facility spaces shall be pro-
vided in adequate number as determined by
the Zoning Administrator.  In making the de-
termination, the Zoning Administrator shall
consider when appropriate, the number of
dwelling units or lodging rooms, the number
students, the number of employees, and the
number of auto parking spaces in accor-
dance with the following guidelines.

(a.)  In all cases where bicycle parking is
required, no fewer than two (2) spaces shall
be required.
(b.)  After the first fifty (50) bicycle parking
spaces are provided, additional bicycle park-
ing spaces required are 0.5 (one half) space
per unit listed.
(c.)  Where the expected need for bicycle
parking for a particular use is uncertain due
to unknown or unusual operating character-
istics of the use, the Zoning Administrator
may authorize that construction and provision
of not more than fifty (50) percent of the bi-
cycle parking spaces be deferred.  Land area
required for provision of deferred bicycle
parking spaces shall be maintained in re-
serve.”
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Off-Street Bicycle Parking Guidelines

Land Use Bike Space
Dwellings/lodging rooms 1 per dwelling unit or

3 lodging rooms.

Clubs/lodges 1 per lodging room plus 3%
of person capacity

Fraternities/sororities 1 per 3 rooms

Hotels/lodging houses 1 per 20 employees

Galleries/museums/libraries 1 per 10 auto spaces

Colleges/universities/ 1 per 4 employees plus
junior high and high schools 1 per 4 students

Nursery/elementary schools 1 per 10 employees plus
students above second grade

Convalescent and nursing 1 per 20 employees
homes/institutions

Hospitals 1 per 20 employees

Places of assembly, recreation, 1 per 10 auto spaces
entertainment and amusement

Commercial/manufacturing 1 per 10 auto spaces

Miscellaneous/other To be determined by the Zoning
Administrator based on the guideline
for the most similar use listed above.

Source:  Madison City Code, Madison, WI.
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pedestrian signals.  The push-button hardware
lights up and conveys specific messages to pe-
destr ians dur ing each interval ,  as shown in
Figure 2.  A walking green man symbol and a
standing red man are displayed, as shown in
Figure 3.  A flashing green man indicates pedes-
trian clearance.  A flashing green man on the
pedestrian approach concurrent with f lashing
amber and red ball on the vehicle approach pre-
cedes the green ball indication on the vehicle
approach.  Instead of zebra crosswalks, pelican
crossings have dashed (not solid) parallel lines
to mark the crosswalk. As with zebra crossings,
pelican crossings are not used at intersections,
but are installed only at selected midblock loca-
tions.

23.1 Pur23.1 Pur23.1 Pur23.1 Pur23.1 Purposeposeposeposepose
Much has been written in recent years regarding
many of the successful non-motorized programs
in western Europe, including The Netherlands,
Germany, England, and Switzerland.  This les-
son inc ludes excerpts f rom a 1994 Federal
Highway Administration report entit led FHWA
Study Tour for Pedestrian and Bicyclist Safety in
England, Germany, and The Netherlands, spe-
cifically those sections that describe innovative
European approaches to bicycle and pedestrian
facility design.

23.2 Pedestrian23.2 Pedestrian23.2 Pedestrian23.2 Pedestrian23.2 Pedestrian
FacilitiesFacilitiesFacilitiesFacilitiesFacilities
1.  Zebra crossings (England, see
Figure 1) include zebra crosswalk
s t r ipes  across  the  road  w i th
dashed l ines used to mark the
crosswalk on both sides.  Flash-
ing  ye l low lamps ( “be l i sha
beacons”) are mounted on poles
on each side of the crosswalk.
These crossings are installed at
se lec ted  midb lock  loca t ions
(never at intersections).  At zebra
crossings, pedestrians have the
right-of-way, and drivers must yield
(i.e., slow or stop) to pedestrians
in the crosswalk.  Zebra crossings
are preceded by zigzag pavement
markings next to the curb on the
vehicle approach.

2.  Pelican crossings (England)
are midblock crossings controlled
by traffic signals and push-button

FIGURE 1.  Zebra crossing with belisha beacons in London.



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
23 - 2

EUROPEAN APPROACHES
TO FACILITY DESIGN

FIGURE 4.  Toucan crossings in Great Britain provide separate pedestrian and bicyclist
signals where trails cross roadways.

FIGURE 2.  Pedestrian pushbutton hardware in
Great Britain gives feedback regarding when to
cross.

FIGURE 3.  Pedestrian green man (WALK) and
red man (DON’T WALK) signal displays.

3.  Toucan crossings (En-
g land ,  see  F igure  4 )  a re
shared crossings for pedes-
trian and bicyclists (cyclists
“too can” cross together) at
selected crossings at the in-
tersection of roadways with
pedestrian and bicycle paths.
The preferred layout includes
a tactile warning surface, au-
dible beepers or tactile rotat-
ing knobs, push-buttons with
“WAIT” display in each corner
of the crossing, infrared red
lamp monitoring, and vehicle
detection on all approaches.
The des i rab le  c rosswa lk
width is 4 m; the minimum ac-
ceptable width is 3 m.  Signal
indications include red stand-
ing man, green walking man,
and green bicycle.  The flash-
ing amber with the red ball in-
dication is not used for the
vehicle approach.  Crosswalk
lines are delineated by white
squares.

4.  Puffin (Pedestrian User
Friendly INtersection) cross-
ings, (England) generally in-
s ta l led  a t  in te rsec t ions ,
consist of traffic and pedes-
trian signals with red push-

button devices and infrared or
pressure mat detectors.  After
a pedestrian pushes the but-
ton (or stands on the mat), a
detector verifies the presence
of the pedestrian.  This help
eliminate “false signal calls”
associate with children play-
ing with the signal button or
people who push the button
and then decide not to cross.
If a pedestrian is present at
the end of a vehicle cycle, the
red traffic signal is indicated
to motorists, and pedestrians
see the green man (i.e., WALK
display).  A separate motion
detector extends the green in-
terval (if needed) to ensure
that slower pedestrians have
time to cross safely.  If a pe-
destrian pushes the button but
fa i ls  to wai t  for  the “green
man” symbol, the detector will
sense that no pedestrian is
waiting and will not stop mo-
tor vehicle traffic needlessly.

Puff in crossings are recent
developments and are said to
improve pedestrian safety and
reduce unnecessary vehicle
delay.  Since the motion de-
tector can detect only those
pedestrians walking within the
crosswalk lines, physical bar-

r iers are used on the curbs to
channe l  pedes t r ians  in to  the
cross walks.  At some crossings,
tactile surfaces have been intro-
duced that guide a visually im-
paired person to the crosswalk.
Puf f in  c ross ings are  cur rent ly
used at 27 demonstration sites in
Great Britain.  One official stated
that they expect to eventually re-
p lace  a l l  pe l i can  and  toucan
crossings with puffin crossings if
they are found effective based on
pedestrian accidents, vehicle de-
lays, detector and equipment ad-
equacy, and other factors.



GRADUATE COURSE BOOK ON
BICYCLE  AND  PEDESTRIAN  TRANSPORTATION

FHWA
23 - 3

EUROPEAN APPROACHES
TO FACILITY DESIGN

FIGURE 5.  Pedestrian pavement messages and refuge islands.

5.  Pedestrian messages, (En-
gland) such as “LOOK RIGHT” or
“LOOK LEFT” (see Figure 5), are
painted on the street next to the
curb to remind pedestrians which
direction to look for motor vehicle
traffic prior to stepping into the
s t ree t .   These  messages  a re
used extensively in London, where
many tourists visit.  (Many U.S.
tourists are accustomed to look-
ing left for traffic before stepping
off the curb and looking right for
traffic when standing at a pedes-
trian island in the middle of a two-
way street).

6.  Traffic Signals (The Nether-
lands)  Pedestrian signal displays
include a red standing man (i.e.,
DON’T WALK) and a green walking symbol (i.e.,
WALK).  A flashing green man (i.e., you may walk,
but the red man display will follow soon) follows
the steady green man phase.  Pedestrian push-
buttons are also used at some crossing loca-
tions (see Figure 6).  Pedestrian signals are
placed at arterial intersections with high volumes
of pedestrians and motor vehicles.  They are in-
stalled near the vehicle traffic signal.

A flashing yellow indicator has been tested in
The Netherlands (along with legal regulation) in
some simple situations instead of a solid red
ball for pedestrian signals.  The symbol used for
the yellow indicator is a tri-
ang le  wi th  an exc lamat ion
point inside it.  The flashing
yellow tells pedestrians that
they may cross at their own
risk, but other traffic has pri-
ori ty.  The zebra crosswalk
mark ings  a re  removed a t
such locations to avoid sug-
gesting that pedestrians have
priority in crossing.  The pe-
destrian green is an exclusive
movement  and  there fo re
should be conflict free.  The
motivat ions for test ing this
symbol include the following:

• Whether pedestrian sig-
nal phase is actuated or
p re - t imed,  pedes t r ians
are allowed to choose be-

FIGURE 6.  Pedestrian barriers (separators) are
used extensively in London to channel
pedestrians to preferred crossing locations.

tween crossing with the green indication or
crossing during the flashing yellow indica-
tion during an appropriate gap in traffic.

• Since the red indication is replaced by a
flashing yellow, the situation allows for 100
percent compliance by pedestrians.  Pedes-
trians no longer cross against the red indi-
cat ion because there is no longer a red
indication.

• At actuated locations, less time is consumed
by exclusive pedestrian movements.  Since
pedestrians know that it is legal to cross

whenever they want, they may
not bother to call for the pe-
destrian green.

• The Dutch  a lso  s ta te
that the use of flashing yellow
indicators enhances the sta-
tus of the red indication.  Red
indications will only be used
at complex crossing locations.

The disadvantages found with
the triangle signal include the
following:

• It is unknown if pedes-
trians understand that they do
not have the right-of-way while
they are crossing during the
f lash ing  ye l low ind ica t ion .
However, it appears that turn-
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FIGURE 7.  Pedestrian mall in Munster, Germany.

ing traff ic must give way to pedestr ians;
therefore, an exclusive turn arrow cannot be
combined with a flashing yellow pedestrian
indication.

• It is safer for pedestrians to cross with the
green indication in conflict-free situations.
The situation of crossing during a flashing
yellow pedestrian indication is still the same
as crossing during a red indication.  It is dif-
ficult to explain to and convince children that
they should wait for the green while they see
others crossing at times when the light is
yellow or red.  Many elderly feel safer cross-
ing in groups rather than
a lone .   Fo l low ing  the
crowd, an older person
may end up at the tail end
of the group, exposed to
oncoming vehicles, and
unable to sprint to safety.

Another device tested in The
Netherlands was a “pedes-
trian sender.”  This device pro-
v ides  a  means  fo r  s igna l
preemption for vulnerable pe-
destrians, including the visu-
ally and mobility impaired  The
pedestrian sender is similar
to  the emergency beepers
used by the elderly and im-
paired to call for help.  This
device influences the traffic
controller by doubling the pe-

FIGURE 8.  Some bicycle paths parallel roadways,
such as this one in Groningen, The Netherlands.

destrian green time, activating an
acoustic signal, and preventing
conflicting traffic movements.  No
information about providing a di-
rectional indication to the vulner-
able pedestr ian was avai lable.
The results of a questionnaire in-
dicated great enthusiasm for the
pedestrian sender.  The survey
also indicated no misuse of the
device.

While pedestrian improvements
in Delft were said to lag behind
bicycle facilities, pedestrian sig-
nals are installed at selected in-
tersections in that city.  A green
man, yellow triangle, and red man
symbol  is  used for  the WALK,
DON’T START (clearance), and
DON’T WALK intervals, respec-

tively.  Zebra-striped crosswalks are commonly
used at pedestrian crossings.

7.  Pedestrian zones, (Germany) which can also
be used by cyclists during off-peak hours (i.e.,
evenings), have been established on many down-
town streets.  Not only are there few conflicts with
pedestrians during off-peak hours, but it was
claimed that the presence of pedestrian and bi-
cycle traffic helps eliminate crime and adds an
element of personal safety.  The pedestrian mall
shown in Figure 7 allows bus, bike, and taxi travel
throughout the day.  In Freiburg, on Kaiser Josef,

a pedestrian street, cars and
bicycles are not permit ted.
Streetcars and pedestr ians
have exc lus ive  use  o f  the
street.

23.3  Bicycle23.3  Bicycle23.3  Bicycle23.3  Bicycle23.3  Bicycle
FacilitiesFacilitiesFacilitiesFacilitiesFacilities
1.  The Netherlands
The genera l  ph i losophy in
The Netherlands is to sepa-
rate bicyclists from motor ve-
h ic les  whenever  speeds
increase above 30 km/hr.  Ac-
cording to one official, bicycle
pa ths  a re  sa fe r  than  b ike
lanes between intersections.
At intersections, however, a
separa te  b icyc le  pa th  w i l l
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generally have higher num-
bers of accidents.  Separate
bicycle paths (see Figure 8)
are considered desirable un-
der heavy motor vehicle traffic
condit ions, but undesirable
along streets wi th low vol-
umes of motor vehicles.  Their
general approach to bicycle
facil i t ies is to avoid making
them too sophisticated.

Bike lanes are typically wide
enough for two cyclists to ride
side by side.  The bike lanes
are generally red in color, with
visible (and well-maintained)
white bicycle symbol mark-
ings (see F igure 9) .   B ike
lanes are typically located be-
tween the motor vehicle lane and the sidewalk
and are sometimes part of the sidewalk.  Prob-
lems somet imes occur  w i th  motor  veh ic les
parked on the bicycle lane.  Bike lanes are some-
times marked through intersections, as shown
in Figure 10.

Bicycle Signals
In The Netherlands, separate bicycle signals are
commonly used at arterial intersections that have
bike lanes and high volumes of bicyclists and
motor vehicle traffic.  The bicyclist signals are
vertical red, amber, and green bicycle symbols
mounted on a pole, as shown in Figure 11.  They
are located either next to the vehicle signal head
(i.e., using the same 20-cm-diam-
eter signal face as the vehicle sig-
nal)  or at a lower level (1 m high)
using a smaller size signal face
(7 to 7.5 cm).

The s igna l  ind ica t ions  are  a l l
steady (i.e., no flashing indica-
tions), and there is typically an ad-
vanced green phase for bicyclists,
with a simultaneous red phase for
right-turning motor vehicles.  Ac-
cording to one local official, lev-
els of compliance with the signal
are generally not very high.

In  some c i t ies ,  such  as  The
Hague and Groningen, a special
bicycle phase allows bicyclists in
the bike lane to proceed straight

before motor vehicles ( i .e.,
r ight-turning traff ic) are al-
lowed to proceed.  Motor ve-
hicles are not allowed to turn
right on red in The Nether-
lands, although bicyclists are
allowed to do so in certain cit-
ies and locat ions.   Bicycle
lanes are not typically placed
to the right of parked cars,
since motorists cannot see bi-
cyclists as easily.  It is com-
mon for bicycle lanes to end
before intersections.  Mixing
traffic before an intersection
promotes anticipation and in-
teraction among road users at
the crossing.  Otherwise au-
tomobile drivers turning right
often are not fully aware of bi-
cyclists and moped riders

    coming from an adjacent bi
     cycle lane.

Bicycle Rental
Renting a one- or three-speed bicycle in The
Netherlands is relatively inexpensive, costing ap-
proximately 10 guilders (about $6 U.S.) per day
or about 50 guilders ($30 U.S.) per week.  Bi-
cycle rental shops are located throughout towns
and cities, commonly at train stations.  Informa-
tion on bicycle rentals is provided at local hotels.

FIGURE 9.  Typical bicycle lanes in The
Netherlands are often reddish in color and wide
enough for two cyclists to ride side by side.

FIGURE 10.  Bike lanes are sometimes marked through intersections.
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2.  Germany
On-street bike lanes are in-
stalled on the street level and
are typically painted red or in-
stalled with a red pavement
surface. This type of facility is
generally less expensive to in-
stall than off-street facilities.

Of f -s t ree t  b ike  lanes  a re
sometimes instal led on the
sidewalk level,  as shown i f
Figure 12.  Generally marked
with a dist inct ive red color
(which contrast with the gray
stone used for pedestr ians
and the clear zones between
the  s t ree t  and  b ike  pa th ) ,
these lanes provide a greater
separation between bicyclist
and motor vehicles.  When a parking lane exists,
this separation allows room to open car doors
without obstructing the bike path.

As observed in Munster, bike paths are typically
1.6 m wide (one direction on each side of the
street), and the separation between cars and bike
path is generally 0.7m wide.  Some areas are
narrower in cases where sufficient room does
not exist.  This type of facility was originally pro-
moted in the 1940’s as a means to eliminate the
“hindrance” to cars caused by bikes.  They are
now retained to separate cars and bicyclists for
safety purposes.  Another variation of off-street

pedestrian and bicycle lanes,
as used in Freiburg.

B ike  t racks  a re  genera l l y
paths through the countryside
and are signed routes.  They
are generally not paved.

Bus lanes that can also be
used by bikes require a width
of  4 .5  m or  more  to  a l low
buses to easi ly  and safe ly
overtake cyclists when neces-
sary.  As shown in Figure 13,
these facilities are signed and
marked with a bus and bike
symbol.

In tersect ion  improvements
that facilitate bike travel in-
clude an advance stop l ine

that allows bicyclists to exit sidewalk paths to
turn left in front of motorized traffic.  This allows a
safer path for left-turning cyclists, provides bet-
ter visual contact between bikes and cars, and
allows cyclists to be away from vehicle exhaust.
This design has been found to be safer than the
traditional weave condition.  Other signal treat-
ments include special advance green signals for
cyclists, and in some cases signals timed for
cycle traffic (based on a signal progression of
approximately 9 mph).  It was also observed dur-
ing site visits that traffic signal heads in Munster
had 1 green cycle signal and 2 red cycle signal

heads.  This was done to improve
visibility of the red cycle signal.

Bike parking lockers and sheltered
spaces are offered at some park-
and-ride or park-and-bike lot at a
transit station.  Sheltered bicycle
parking spaces are provided at
locations such as transit stations,
as shown in Figure 14.  Each bike
locker can hold two bikes and pro-
vides better security than bicycle
shelters for more expensive bi-
cycles.  The rental fee for bike
lockers is 20 DM ($11.70 U.S.) per
month, which is much less expen-
sive than car parking.  This par-
t icular lot  has 108 car parking
spaces, and is on the outskirts of
the built-up area of the city.  The
construction cost is much less for

FIGURE 11.  Bicycle signal used in Amsterdam.

FIGURE 12.  Off-street bicycle/pedestrian path in Germany.
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bike parking facilities than for car
parking.  Furthermore, about 10 to
12 bikes can be parked in a single
car parking space.

Bike parking at the train station
facilitates train-bike combination
trips.  Bikes are parked in a moni-
tored areas and can be parked for
4 days before being moved to a
long-term parking area.  This al-
lows t ra in commuters to leave
their bikes at the train station over
the weekend.  The city of Munster
is also planning a 4,000-space
underground bicycle parking facil-
ity at the train station.

Separate s ignal  heads for  cy-
clists, as well as separate distinc-
tive signal heads for trolleys, are used where
exclusive bus lanes exist (using vertical or hori-
zontal white lines as bus signal displays).  This
often results in three sets of signal heads side
by side (car, trolley, and bike).

Installing bike racks at corners also helps inter-
section visibility.  The study team was shown an
intersection where car parking at the intersec-
tion had previously created a visibility problem
for motorists on the side street.  The problem
occurred even after NO PARKING signs were
posted.  Installing bike racks at the corner physi-
cally prevented car parking and opened up sight
distance for side-street traffic.

Bicycle lanes with continuous
lane markings are reserved
solely for bicyclists.  If the lane
is dashed, cars and trucks my
use the space only when no
bicycle is present.

3.  Great Britain
A variety of bicycle fatalities
occur in Great Britain, particu-
larly in smaller cities such as
York and Cambridge, England,
which have extens ive net -
works of bicycle lanes and
paths.  Bicycle lanes are com-
monly narrow; some were ob-
served by a study team to be 3
fee t  w ide  o r  less  in  many
cases, as shown in Figure 13.

FIGURE 13.  Lane used for buses and bicyclists only.

FIGURE 14.  Illustration of bike shelters used in
Germany.

Along some city streets, contraflow bike lanes
exist; that is, one-way bicycle lanes move in the
opposite direction to one-way motor vehicle traf-
fic (see Figure 15).  Double yellow lines next to
the curb mean no parking.

Bicycle trails are found in some areas of Great
Britain, which allow for long-distance cycling
separate from motor vehicles (see Figure 16).
Entrances onto these trails are designed to pre-
vent most types of motor vehicles (including mo-
torcycles) from entering (see Figure 17).  Such
barriers cause some problems for bicyclists who
enter or exit the trail.  Bicyclists are also allowed

to uses an extensive network
o f  exc lus ive  bus  lanes
throughout London.  In York,
an abandoned rai l  l ine be-
came an excellent bicycle fa-
c i l i t y  us ing  the  ex is t ing
bridges and underpasses.  A
1,000-mile cycle route net-
work for London is planned
over the next several years.

23.423.423.423.423.4
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FIGURE 16.  Bicycle trail on an abandoned railroad right-of-way south of York,
England.

FIGURE 17.  Entrance to bicycle trail is designed to restrict entry by motor vehicles.

FIGURE 15.  Contraflow bicycle lane in Cambridge, England.
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24.1  Pur24.1  Pur24.1  Pur24.1  Pur24.1  Purposeposeposeposepose
When bicycle and pedestrian programs began in
the late 1960’s, the emphasis was strictly on pro-
v id ing  fac i l i t i es .   As  communi t ies  ga ined
experience and began to identify other needs, the
concept of the comprehensive “4-E” program
emerged, combining the elements of engineering,
education, enforcement, and encouragement.

The past 30 years have seen a great deal of
growth and much creativity in the field. Commu-
nities with long-standing bicycle and pedestrian
programs have developed a wide variety of pro-
grams to educate local
citizens, encourage more
bicycling and walking, and
enforce the rules of the
road.  This is in contrast
to a far greater number of
communities that have be-
gun building new facilities
(through the funding infu-
sions of ISTEA and TEA
21) but have not begun to
es tab l i sh  suppor t  p ro -
grams in the areas of edu-
cation, enforcement and
encouragement.

This lesson explores the
fundamental features of
educat ion, enforcement
and encouragement pro-
grams for bicycl ing and
walking, and provides ex-
amples  o f  success fu l
programs from around the
country.

24.2  Compr24.2  Compr24.2  Compr24.2  Compr24.2  Comprehensiehensiehensiehensiehensivvvvveeeee
PrPrPrPrProoooogggggrrrrrams – ams – ams – ams – ams – WWWWWhhhhhy y y y y TTTTThehehehehey’y’y’y’y’rrrrreeeee
ImporImporImporImporImportanttanttanttanttant
Historically, providing for bicyclists meant provid-
ing bicycle facilities.  This was the focus during
the early phase of program development in the
U.S. but by the late 1970s, it was replaced in
some progressive communities like Boulder, Colo-
rado, and Madison, Wisconsin,  wi th a more
comprehensive “4-E” approach which combined
engineering and planning with enforcement, edu-
cation, and encouragement.
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By then it had become clear
that simply providing a bicycle
and pedestrian-friendly road or
trail environment, as important
as it is, cannot solve all bicycle
and pedes t r ian  p rob lems.
Some safety problems, for ex-
ample, may be more easi ly
solved through programs than
through facilities.  In order to
understand the importance of
the other elements of a com-
prehensive program, consider
the following two examples:

Example 1: A person de-
cides to r ide her bicycle to
work.  Between home and the
office, there is a road with bi-
cycle-friendly design features
(e.g., wide outside lanes, bicycle lanes, etc.).
While riding, she barely misses a 10-year-old
wrong-way rider coming at her, is almost cut off
by a motorist turning left in front of her, and fi-
nally finds no place to securely park her bicycle
at the office.  She locks her bike to the leg of a
newspaper rack and goes into the office.  When
she leaves work, the sun has gone down; she has
no bike lights.  She calls a taxi to take her and
her bicycle home.

Analysis: While she was able to take ad-
vantage of one element of a comprehensive
program (the on-road facilities), the lack of other

elements caused her serious
inconvenience and danger.
Youngs te rs  need to  learn
which side of the road to use
and the traffic laws should be
enforced; motor ists should
learn to watch for bicyclists
and yield to them just as they
wou ld  to  o ther  motor is ts .
These common bicyclist and
motorist errors lead to many
crashes  and may be  ad-
dressed through education,
enforcement, and awareness
programs.  Secure and con-
venient bicycle parking should
be provided at  a l l  popular
destinations as a routine mat-
ter.  In some communit ies,
this is dealt with in the park-
ing ordinance.

Example 2: A person gets in his car on a
sunny summer afternoon to drive to a nearby
store.  The store is less than a mile away and he
is buying a quart of milk.  There are sidewalks
but he doesn’t even think of walking.  He drives
there, buys his milk and drives home.  In so do-
ing, he contributes to air quality and congestion
problems.  And he wastes gasoline.

Analysis: While the existence of sidewalks
or places to walk is important, it does not neces-
sarily convince people to walk if they habitually

take a car for every trip.  The av-
erage Amer ican  househo ld
generates ten auto trips per day
and many of them are short dis-
tance  e r rands .   Break ing  the
driving habit requires effort and
understanding.  A good awareness
campaign including media spots
and other elements can help de-
ve lop  tha t  unders tand ing  and
encourage people to make the ef-
fort to walk for short trips.  Walking
takes little extra time compared to
driving for very short distances.
When one considers the costs (en-
vironmental, economic, personal
health) of driving, and the exercise
and health benefi ts of walking,
walking is often preferable.

A mock-up of a small downtown enables these
children in Greensboro, NC to learn pedestrian
safety.

The lack of education and awareness among bicyclists and motorists, can be addressed
through new programs aimed at both adults and children.
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These two hypothetical examples
point out the importance of going
beyond the old focus on facilities
alone to include other aspects as
well.  They suggest the potential
roles that agencies such as the
police department, the school dis-
trict, and private parties like the
local television station and news-
paper can play in improving the
bicycling and walking situation in
a community.

It is important to keep in mind that
some elements may not contribute
directly to increased numbers of
non-motorized travelers.  However,
these elements are important for
other reasons, primarily safety.

24.3  Successfull24.3  Successfull24.3  Successfull24.3  Successfull24.3  Successfully Mixingy Mixingy Mixingy Mixingy Mixing
the 4-E’the 4-E’the 4-E’the 4-E’the 4-E’sssss
How, exactly, can a successful mix of engineer-
ing, enforcement, education, and encouragement
be determined?  The answer is that participants
from a wide range of agencies and groups must
get involved in the process.  The Geelong, Aus-
tralia, model is a good one to illustrate this point.
The Geelong Bike plan Team included members
from the enforcement community, roads depart-
ment ,  safety  agenc ies,  school  system,  and
bicycling community.  In assembling their com-
prehens ive  program,  the  pro jec t  managers
enlisted the help of those who would, ultimately,
be responsible for implementing it.

This is the process suggested here.  A “bike-pe-
destrian plan task force” should be assembled to
mold and steer the program.  The following struc-
ture is suggested for the task force.  While the
same department may be represented on several
subcommittees, this would not necessarily require
different individuals.  Individual members should
deal with those aspects within their areas of ex-
pertise.

Task force structure
Subcommittees:

Steering committee
Physical environment
Education and awareness
Encouragement
Data collection

Physical environment
Public works (traffic engineering, streets)
Planning (transportation, land use)
Parks and recreation (parks planning)
Cyclists and pedestrians
College campus planning

Education and awareness
Parks and recreation (programming)
School district (elementary and jr. high)
High school and college
Health
Cyclists and pedestrians

Enforcement
Police (traffic)
Cyclists and pedestrians

Determining the scope of  a
comprehensive program
Because so little is known about the bicycling and
walking situations in most communit ies, i t  is
d i f f icu l t  to predict  in  advance what level  of
expenditure and program activity will be needed
to implement a comprehensive program.  Until
the needs have been identified and the problems
assessed, the necessary scope of the program
will likely remain unknown. However, the basic
approach suggested here is to make bicycle and
pedestr ian considerations part of the normal
process of governing.  In many cases, this may
require little extra expense.

For example, if a police officer stops a bicyclist
for running a stop light, this should not be seen

A diverse the range of professionals, agency and citizen representatives is preferred
when assembling a project team to organize the 4-E’s.
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as a new or extra duty.  It is simply part of traffic
enforcement and it will pay the community back
in terms of decreased crash rates.  Similarly,
adding pedestrian or bicycle-related questions to
a transportation needs survey will not necessarily
requi re  large amounts  of  money.   I t  a l lows
transportat ion planners to do a better job of
planning for the community’s travel needs and can
pay off in reduced motorized travel demand.
Finally, changing from a dangerous drainage
grate standard to a bicycle-safe design costs no
more but  can reduce an agency’s  potent ia l
liability.

There will be some projects (e.g., a new bicycle
bridge) that require a significant expenditure of
funds.  However, if the need for a project is clearly
documented through surveys and studies, it can
take its place in the Transportation Improvement
Program.  In such an arena, its strengths and
weaknesses can be weighed against those of
other potential projects.

Steps in the process
There are four primary steps in the process of
mixing the elements of engineering, education,
enforcement, and encouragement to create a
comprehensive bicycle-pedestrian program.

First, it is important to develop an understanding
of the local bicycling and walking situations.  This
means looking closely at non-motorized travel in
the community, determining its limitations and
potential, as well as current levels of use and

safety  problems.   This  under-
standing forms the base for the
work that follows.

The second step is to set realistic
goa ls  and  ob jec t i ves .   These
should be based on data from the
information-gathering step and
they should be measurable and
achievable.

Third, participants should address
those  goa ls  and  ob jec t i ves
through the development of an
action plan.  The plan should be a
blueprint for the community’s work
in  a l l  the  e lements  o f  the
comprehens ive  p rogram.   I t
shou ld  inc lude  phas ing  and
funding considerations.

Fourth, as work on the action plan progresses, it
should be evaluated based on its effects on the
goals and objectives.  Without an evaluation
process, it is impossible to determine the effects
of one’s work.  With evaluation, one can judge
and document success, correct errors, and fine
tune the program.

24.4 Elements of a Good24.4 Elements of a Good24.4 Elements of a Good24.4 Elements of a Good24.4 Elements of a Good
EducaEducaEducaEducaEducation Prtion Prtion Prtion Prtion Prooooogggggrrrrramamamamam
A.  Provide instruction in lawful, responsible
behavior among bicyclists, pedestrians, and
motorists.

1.  Teach important bicycling and walking skills
to youngsters.

Approach:  Using information gathered from the
user studies, as well as the crash studies, work
with school administrators and teachers to iden-
tify target ages for key educational messages.
Review course options and identify opportunities
for implementing bicycling and walking curricula
for the target ages.

Result:  A program of instruction that effectively
reaches the target audience.

Examples:  Missoula’s school district has in-
cluded bicyclist education in its core curriculum
since 1980; the program is taught by physical
education instructors.  Boulder’s bicycle-pedes-

The most successful bicycle and pedestrian education programs for children are
implemented through local school systems.
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trian program staff includes
a full-time education person
in charge of implementing
curricula in cooperation with
the  loca l  schoo l  sys tem.
Madison ’s  program works
with the local schools to do
the same.

2.  Teach important bicycling
and walking skills to adults.

Approach:  Using informa-
tion gathered from the user
studies, as well as the crash
studies, work with col lege
and high school administra-
tors and teachers to identify
key educational messages.
Review course options and
iden t i f y  oppor tun i t ies  fo r
implementing bicycling and walking curricula for
the target ages.

Result:   A program of instruction that effectively
reaches the target audience.

Examples:  Effective Cycling instructors in Se-
a t t le  and  Tucson,  Ar izona,  among o ther
communities, have offered adult courses through
the local junior colleges.  Missoula and several
other communities have offered cycling classes
to traffic law violators through the local munici-
pal court systems.

3.  Include bike and pedestrian in-
formation in driver training.

Approach:   Us ing in format ion
from the crash studies, work with
local driver training instructors and
violators, classes to identify key
messages for delivering to new
drivers, as well as those required
to take remedial driving courses.
Assemble a model curriculum unit
and deliver to all local instructors.

Result:  A model curriculum and
delivery mechanism for reaching
drivers during training.

Examples:  The Gainesvil le Bi-
cycle Coordinator taught 14 and
15-year-old drivers, education stu-

dents how to share the road
with bicycles.  The coordinator
brought copies of bicycle/auto-
mob i le  c rash  repor ts  to
illustrate her points.  She then
divided the class into groups,
each with an accident report.
Groups  ana lyzed  how the
crashes happened and how
they could have been avoided.

B.  Deliver important
safety  messages through
various print and electronic
media.

1.   Determine which safe ty
messages are most important
for which audiences.

Approach:  Using information
gathered from the crash studies, identify impor-
tant messages for the whole range of target
audiences.

Result: A prioritized list of messages identified
with their target audiences.

Examples:   The Gainesville program determined
that one of the audiences most in need of atten-
tion was the college student population.  Key
safety messages that these bicyclists needed to
get were identified.

Education programs should target adult bicyclists and motorists.

New and returning University students should be
included in training programs.  It is during the
first  few weeks of classes that most crashes occur.



2.  Create a process for effectively delivering
those messages.

Approach:  Work with the local media and other
groups to determine how best  to  reach the
audiences identified above, given the resources
available.

Result:   A long-term strategy for  del iver ing
selected messages to key target audiences.

Examples:  In 1986, Madison’s bicycle program
created an ambitious bicycle helmet campaign,
working wi th local  b icycl ing groups and the
media.  They did before and after studies of both
he lmet  wear ing  ra tes  and the i r  success  in
delivering their messages.  In Gainesville, officials
commissioned a safety specialist to create college
s tudent  o r ien ted  b icyc l ing  comic  s t r ips  fo r
publication in the campus newspaper and for
printing as brochures.

24.5  Elements of a Good24.5  Elements of a Good24.5  Elements of a Good24.5  Elements of a Good24.5  Elements of a Good
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A.  Improve existing traffic laws, as well as their
enforcement.

1.  Review and, if necessary, modify laws that
affect bicyclists and pedestrians.

Approach:  In cooperation with the police depart-
ment and city attorney, review local and state
bicycle and pedestrian laws and compare with
the current version of the Uniform Vehicle Code
and model Traffic Ordinance.  Focus, in particu-

lar, on those regulations that may unnecessarily
restrict bicycle or pedestrian traffic or that seem
out-of-date when compared to the national mod-
els.

Result:  A report listing suggested changes to
local and state traffic laws.

Examples:  Palo Alto, after reviewing potential
crash problems and liability concerns, decided
to allow bicycle traffic on a key expressway.  In
doing so, they opened a new route for fast across-
town travel.

2.  Enforce laws that impact bicycle and pedes-
trian safety.

Approach:  Using information from the crash
studies, determine which traffic violations are im-
plicated in the most common serious car/bike
and car/pedestrian crashes.  Working with the
police department, traffic court, and city attorney,
develop a plan for enforcing the key laws.

Result:   A plan for equitable enforcement of bi-
cycle, pedestrian, and motor vehicle traffic laws.

Examples:  Since the mid-1980s, Madison’s po-
l ice department has used a “bicycle monitor”
program, staffed by specially-deputized univer-
sity students, to enforce bicycle traff ic laws.
Seattle’s department aggressively polices cross-
walks and routinely gives motorists tickets for
violating pedestrian right of way.  Missoula’s bi-
cycle patrol routinely gives tickets to motorists
who violate the law.

3 .   Rev iew and,  i f  necessary,
modify procedures for handl ing
youthful violators.

Approach:  In cooperation with the
police department, develop proce-
dures for handling young bicycle
and pedestrian law violators.

Result:  A set of procedures for
dealing with young bicyclists and
pedestrians.

Examples:  For years, Dallas op-
erated a youth court  for young
bicyclists caught violating traffic
laws.  The City of Santa Barbara,
California, a pioneer in bicycle en-



forcement, developed a campaign which included
special tickets for youngsters, a publicity cam-
paign, and a training film for officers.  Missoula
has a special warning ticket for youngsters: one
copy goes to the violator, one is mailed to the
parents, and one is kept at the police station.

B.  Reduce the incidence of serious crimes
against non-motorized travelers.

1.  Develop a strategy for reducing the number of
bikes stolen and increasing the proportion of re-
covered bikes returned.

Approach:  Based on the police department’s
bike theft study develop a strategy for reducing
the impact of bike theft rings and other sophisti-
cated thieves.  Also consider means to inform
the public of simple steps they can take to keep
their bikes from being stolen.

Result:  A plan for reducing bike theft in the com-
munity.

Examples:  Missoula used their 1982 bicycle theft
study as the basis for TV spots, appearances on
news shows, news releases,  brochures and
posters, all of which promoted using high secu-
rity locks.  They also developed a computerized
bicycle registration procedure which has helped
identify and return many licensed bikes to their
owners.

2.  Develop a strategy for reducing assaults on
bicyclists and pedestrians.

Approach:  Based on the study of bicyclist and
pedestrian harassment and assault, develop a
standard procedure for dealing seriously with
these complaints.

Result:  Policies and procedures for dealing with
bicyclist and pedestrian assault and harassment.

Examples:  For years, the Missoula bicycle pro-
gram has worked with the city attorney’s office
on a case-by-case basis to resolve complaints
of bicyclist harassment.  Their efforts resulted in
i r responsib le  motor is ts  rece iv ing numerous
warnings and citations.

C.  Use non-motorized modes to help accom-
plish other unrelated departmental goals.

1.  Implement non-motorized patrols in appropri-
ate areas.

Approach:  Based on the experiences of other
communities, determine the need and potential
of non-motorized patrols in the community and
develop an implementation plan.

Result:  A plan for funding and creating non-mo-
torized police patrols in the community.

Examples:  Seattle has pioneered the mountain
bike patrol as a way of dealing with street crime.
After starting in 1987, the patrol has grown to
over 100 officers and the founders have given
training seminars to police departments all over
the country.  Each year, hundreds of mountain
bike officers gather for a national conference
sponsored by the League of American Wheelmen;
many also attend the annual “Beat the Streets”
patrol competition hosted by Seattle.

24.6  Elements of a Good24.6  Elements of a Good24.6  Elements of a Good24.6  Elements of a Good24.6  Elements of a Good
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A.  Reduce or eliminate disincentives for bicy-
cling and walking and incentives for driving
single-occupant motor vehicles.

1.  Add non-motorized options to agency motor
pools.

Approach:  Identify all agency motor pools and
determine which can be modified to include bi-
cycles.  In addition, consider which trips can be
efficiently taken on foot.  Create a plan of action
for adding non-motorized options where pos-
sible.  Promote the approach as a model for other
local employment centers.

Result:  A plan for using non-motorized modes
in satisfying agency transportation needs.

Examples:  For years, Eugene has done bike The
City of Seattle recently created a “non-motorized
pool,” adding bicycles to the motor vehicles avail-
able for employee use.  The bikes are proving
extremely popular.

2.  Require companies and agencies to produce
ba lanced t ranspor ta t ion  p lans  fo r  the i r
workforce’s commuting needs.

Approach:  Review city policies and practices,
as well as those of private companies and other
large employers, that reward driving private au-
tomobiles or discourage walking or bicycling.
Work with all appropriate agencies and compa-
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nies to modify those provisions.

Result:  A set of proposed options (policies, or-
dinances, programs) that address institutional
biases against bicycling and walking.

Examples:  In Palo Alto, a transportation plan for
Stanford University suggested helping staff pur-
chase b icyc les  i f  they  wou ld  use  them fo r
commuting to work.  The City reimburses those
who use their bicycles for work-related trips.  The
University campus in Davis has for many years
severely restricted motor vehicle parking.  This
has been identified as one of the major factors in
encouraging students and faculty to ride bikes to
the campus.

B.  Provide ways for nonparticipants to receive
a casual introduction to bicycling and walking.

1.  Include entry-level bicycling and walking ac-
tivities in local recreation programming.

Approach:  Identify existing programs or groups
that could become sponsors for introductory-level
bicycling and walking activities.  Based on user
studies create a list of potential activities and
match them with groups willing to offer sponsor-
ship.

Result: A schedule of introductory-level non-mo-
torized recreational activities.

Examples:  Eugene’s recreation department
sponsored a variety of recreational rides and

workshops for novice adult
riders through their network of
parks .   The  Ches te r f ie ld
County Parks Department in
Richmond,  V i rg in ia ,  spon-
sors an annual “Peanut Ride”
which visits peanut farms in
the area,  a l lowing par t ic i -
pants to  learn more about
local agriculture while getting
good exercise.

2.  Promote uti l i tarian non-
motor ized  t ranspor ta t ion
th rough in t roduc to ry  fun
events.

Approach:  Through a combi-
nation of promotional events
and media publicity, encour-
age citizens to walk or ride in

place of driving.

Result:  An annual series of promotions support-
ing non-motorized travel.

Examples:  Boulder’s annual Bike Week has be-
come a  ma jo r  event  over  the  years ,
encompassing a schedule of senior citizen rides,
bike polo, business challenges, bicycle parades,
and non-polluter commuter races.  During their
Bike to Work Day in 1992, approximately 7000
people rode bicycles to work.

3.  Offer key target audiences detailed informa-
tion on utilitarian non-motorized travel.

Approach:  Based on the user studies, deter-
mine which audiences are most likely to bicycle
or walk; further determine their detailed informa-
tional needs and create a plan for getting that
information to the audiences.

Result:  A plan for giving detailed useful informa-
tion to key target audiences.

Examples:  The Ann Arbor, Michigan, program
has run seminars at local hospitals and other
employment centers, helping participants learn
how bicycle commuting might work for them.  In
Los Angeles, the El Segundo Employers Asso-
c ia t ion ,  in  coopera t ion  w i th  the  Southern
California Association of Governments, has pro-
duced maps ,  pamph le ts ,  and  seminars  to
promote non-motorized transportation among
their workers.

Promotional flyers can give safety tips, rules & specific laws, and contacts & resources in the
area.
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C.  Use electronic and print me-
dia to spread information on the
benefits of non-motorized travel.

1.  Develop and disseminate a
limited set of simple but important
p ro -b icyc l ing  and  p ro -wa lk ing
messages.

Approach:   Based on the user
s tud ies ,  determine the educa-
t iona l  needs  o f  b icyc l i s ts  and
walkers, assemble a l ist  of the
most important messages, and
create a media campaign to get
them across.  Include the experi-
ences of current non-motorized
travelers as a way of personaliz-
ing the messages and lending
added credibility.

Result: Amedia campaign promoting the benefits
of bicycling and walking directed at key target
audiences.

Examples:  San Diego has used bus-mounted
advertising to promote the benefits of non-mo-
torized travel.  Seattle, in cooperation with a local
TV station, has created a series of local promo-
tional television spots.

24.7  Conc24.7  Conc24.7  Conc24.7  Conc24.7  Conclusionlusionlusionlusionlusion
A comprehensive bicycle-pedestrian program
directed toward the goal of increasing safe travel
by non-motorized modes must combine the efforts
of many people.  No one office can do it all.
Officials in public works, planning, enforcement,
education, recreation agencies all have a role and
must work together to achieve the desired end.

In order to determine success, it is important to
first determine current conditions.  Since non-
motorized travel is so seldom measured, we know
little about it.  With data on use, user attitudes
and behavior, safety, and security problems, it is
possible to begin assembling an achievable set
o f  goa ls  and ob jec t ives .   These goa ls  and
ob jec t i ves  shou ld  be  used to  gu ide  the
development and implementation of an action
plan.  The plan should include physical elements
like roadway improvements and trail systems, as
well as nonphysical elements like enforcement
and education programs.

Evaluating the elements of the action plan is a
critical step in determining future direction and
past success.  Success should be measured both
in  te rms o f  serv ices  de l i ve red  and e f fec ts
achieved.  Evaluation must be seen as a key
ingredient to implementation, rather than as an
extra duty to be performed if there is time or
money.

Combining these steps into a comprehensive
program will allow a community to achieve and
measure success.

24.8  References24.8  References24.8  References24.8  References24.8  References
Text and graphics for this lesson were derived
from;  National Bicycling and Walking Study, Case
Study 11:  Balancing Engineering, Education, Law
Enforcement ,  and Encouragement ,  Federa l
Highway Administration, 1994.

Local agencies can work together to promote bicycling and walking, transportation and
safety.
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