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FOREWORD 

The transportation, urban planning, and public health professions are placing an increased emphasis on 
walking and bicycling as part of the solution to problems such as traffic congestion, suburban sprawl, and 
childhood obesity. An interdisciplinary approach from educated professionals is needed to create healthy, 
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Course Overview 

For Students: 

What is in this Student Workbook? 

This Student Workbook contains resource material that is intended for use in university courses on bicycle 
and pedestrian transportation. The Workbook consists of 24 lessons that can serve as background reading 
for students. The lessons span a wide range of topics including an introduction to bicycling and walking 
issues, planning and designing for bicycle and pedestrian facilities, supporting elements and programs, 
and interTTd
snal approaches to bicycle and pedestrian transportation. This is the second edition of the 
Student Workbook

https://www.fhwa.dot.gov/environment/bikeped/index.htm
http://safety.fhwa.dot.gov/programs/pedbike.htm
http://www.tfhrc.gov/safety/pedbike/pedbike.htm
http://www.access-board.gov/
http://www.nhtsa.dot.gov/people/injury/pedbimot/ped/pedbike.html
http://www.pedbikeinfo.org/
http://www.bikewalk.org/
http://ntl.bts.gov/browse.cfm
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For Instructors: 

Who is the audience for this course material? 

The material in this Student Workbook is oriented toward a full course at the graduate level. As such, the 
lessons span a wide range of topics including an inand designing for bicycle and pedestrian facilities, approaches to bicycle and pedestrian transportation. The technical material in this eering and urban/regional planning departments. 

Nonetheless, the first edition material (in whole or incorporated into classes in 
public health, public policy and admini

http://safety.fhwa.dot.gov/pedbike/univcourse/) for instructors who 
would like a succinct overview that can be incorpor

What other course development resources are available besides this Student Workbook? The Student Workbook is one of three resources produced in an effort to stimulate the development of ¶ Student Workbook (this document): contains resource material and background reading for 
students, divided into 24 lessons. ¶ Lesson-based Slideshows : contains scripted slideshows with lesson objectives (in Microsoft 
PowerPoint

®

http://safety.fhwa.dot.gov/pedbike/univcourse/
http://safety.fhwa.dot.gov/pedbike/univcourse/
http://safety.fhwa.dot.gov/pedbike/univcourse/
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4 The Need for Bicycle and Pedestrian Mobility 

Over the last 40 years, as automobiles replaced streetcars, the need for locating houses 
close to the streetcar stop disappeared. Retail business concentrated near the residential 
subdivisions and apartment complexes, curbs and sidewalks, symbols of a pedestrian and 
streetcar-oriented world, became expensive and unnecessary features in this new, 
low-density environment. House lots became wider to accommodate garages, and houses 
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Health Benefits 

¶ A number of research studies have shown a correlation between the built environment and the amount of routine physical activity, such as regular walking trips. A study published in the 
September 2003 issue of the American Journal of Health Promotion
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memorandum are extremely supportive of bicycling and walking and clearly establishes that these modes 
are an important component of the transportation system, stating that:(14,15) 

¶ 
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encourage or require mixed-use development and higher densities. Communities across the 
country increasingly require developers to provide sidewalks and bikeways, and decreasingly 
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impressive: a 57 percent increase in children wa





The Need for Bicycle and Pedestrian Mobility 15 analysis procedures or comparisons would be useful in assessing need? If you documented 
existing facilities in your photographs, how would you demonstrate effectiveness to detractors 
who call money spent on pedestrian and bicycles facilities a waste of resources? Please develop 

some proposed guidelines within the context of effective and reasonable public policy for use by 
a local agency in addressing issues related to bicycle and pedestrian facilities. 





 





 

Bicycling and Walking in the United States Today 19 

LESSON 2: 
 

BICYCLING AND WALKING IN THE UNITED STATES TODAY 

2.1 Introduction 

It is generally acknowledged that nonmotorized travel modes are not being used as extensively as they 
could be in the United States. This lesson describes current levels of bicycle and pedestrian activity, and it 
specifically examines the reasons why bicycling and walking are not used more widely as travel modes. 
This lesson explores patterns of pedestrian and bicycle travel, particularly as they reg0.0wledgeT7t0T ex0wles a47 Td
[(co()hc17 oftficocaductins right-of-waarly)-spacedes. 
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2.2
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Comparisons between 1990 and 2000 Census data have provided some of the first evidence in the United 
States that higher levels of bicycle commuting result in areas where trails and on-road bicycle networks 
have been built. In Portland, OR and Washington, DC
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¶



 

Bicycling and Walking in the  U n i t e d  S t a t e s  T o d a y  2 7  

According to the Bicycle Federation of America (BFA), there are already an estimated 131 million 

recreational bicyclists and walkers. These people have demonstrated their ability to travel under their own 

power. They have also experienced firsthand the physical, psychological, and other benefits of bicycling 

and walking. This population will be instrumental in achieving the goal of doubling the percentage of 

utilitarian bicycling and walking. The primary question that remains is how to convert more of these recreational bicyclists and walkers to 

persons using these modes for utilitarian travel. The 1991 Harris Poll suggests that at least part of the 
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2.6 Student Exercises 

The following are suggested ideas for student exercises. 

Exercise A 

List and describe several issues or limitations related to walking or cycling and how they can be 
overcome (e.g., land use, weather, facilities at the workplace, connectivity, etc.) 

Exercise B 

Search the county or city statistics on factors that effect bicycle and pedestrian usage (e.g., number of 
miles of bike facilities or sidewalks, connectivity, access by car, portage on transit). 

Exercise C 

Gather statistics on mode share for the county or city, and document the general planning and design for 
the network system. Is it a grid system, and how connected are transit, bike, and pedestrian systems, etc.? 

Exercise D 

Write an essay on how you would get around your city or town if you had only a defined amount of 
gasoline, which might vary depending on location. Keep a diary for a week, indicating method of travel 
for each type of trip, mode taken, trip distance, duration, and other important details. 

2.7 References and Additional Resources 

The references for this lesson are: 

1.  National Bicycling and Walking Study, FHWA, Publication No. FHWA-RD-94-023, Washington, 
DC, 1994, available online at http://www.fhwa.dot.gov/environment/bikeped. 

2.  Image Library, PBIC, available online at http://www.pedbikeimages.org, accessed May 6, 2004. 

3.  Travel Forecast Summary, Travel Industry Association of America, Bureau of Labor and 
Statistics, Department of Labor, Bureau of Economic Analysis, Department of Commerce, 
Washington, DC, 2003, available online at http://www.tia.org/Travel/forecasts.asp. 

4.  Sports Participation in 2003, National Sporting Goods Association, Mt. Prospect, IL, 2003, 
available online at http://www.nsga.org. 

5.  H. I(ight5 0 e at)ecast2,8 Tc 0.0006 Tw -17.306 -1.147 edestrian AdSw 11.443 0 Td
[(gov/enviro
0 8 0.0007  )Tj
/TT3 1 Tf
0e at http:/Tw 0 -2.29 TD
[(Gather statistics one at http:[(USDOTconom)8(ic )T0047 Tf
0bor aciatabor, Bureale online tri)]TC,46 Td
(5.)Tj
/TT5 1 Tf
2.191 http://ww05 T]TJ 0 Td
( )Tj
/TT3 1 Tf.a557-32.781 -2.246 Td
(2.)Tj
/TT5 1 Tf.8c -.a54 0 Td
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identified and counteracted through a combination of education, skill development, engineering, and 
enforcement measures that can substantially reduce crash occurrences. 

3.3 The Crash Avoidance Process 

Whether you are a pedestrian, bicyclist, or motorist, you generally go through a similar sequence of 
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0
1,0002,0003,0004,0005,0006,0000

1 0 , 0 0 0
2 0 , 0 0 0
3 0 , 0 0 0

4 0 , 0 0 0
5 0 , 0 0 0 6 0 , 0 0 0

7 0 , 0 0 0
8 0 , 0 0 0 9 0 , 0 0 0

1 0 0 , 0 0 0
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The reported injuries are subject to significant undercounting; many more injuries were not reported to 
record-keeping authorities. A study by Hunter, et al., indicates that less than two-thirds of bicycle-motor 
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Drug Impairment 

Alcohol is often a key factor in pedestrian-motor vehicle crashes that lead to fatalities. In 2003, 46 percent 
of the traffic crashes that resulted in pedestrian fatalities involved alcohol intoxication by either the driver 
or the pedestrian. Thirty-four percent of the total number of pedestrians involved in fatal crashes were 
considered legally intoxicated, while 13 percent of the drivers involved were intoxicated. Six percent of 
the fatal crashes involved both an intoxicated driver and pedestrian. 

Time of Day and Week 
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Frequency:
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Table 3-3. Crash types and associated countermeasures—Continued 
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¶ The park has extensive walking, running, and bicycling trails, and these are the primary uses of 
the park. In addition, there are numerous festivals and special events. 

¶ Access to the park from surrounding neighborhoods is via surface streets, most of which have 
narrow 1.2- to 1.5-meters (m)-wide [4- to 5-feet (ft)-wide] sidewalks. 

¶ The park is bound on all sides by heavily traveled arterial roadways that commonly experience 
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DOT personnel to accommodate your request within their day-to-day workload. Generallyh data can be 
received in two to three weeks after submitting a request. 

3.13 References and Additional Resources 

The references fom-221s lesson are: 

1. Traffic Safety Facts 2003: Pedalcyclists, Technical Summary, Publication No. DOT-HS-809-768, 
NHTSA, Washington, DC, 2004 (see http://www.nhtsa.gov/ fom-most recent statistics available). 

2. Traffic Safety Facts 2003: Pedestrians, Technical Summary, Publication No. DOT-HS-809-769, 
NHTSA, Washington, DC, 2004 (see http://www.nhtsa.gov/ fom-most recent statistics available). 

3. 



 

56 Pedestrian and Bicyclist Safety 

¶ http://www.bicyclinginfo.org/. Contains fact sheets, statistics, surveys, cost and ridership 
studies, and other bicyclist/ped links. 

¶ http://www.dot.state.tx.us/business/avgd.htm. This is the Texas Statewide Average Low Bid 
Unit Price for construction and maintenance contracts Web page. It displays the average unit 
costs based on the previous year’s competitive bid construction contracts. Bid items include 
everything from earth work to paint striping, traffic signals to landscaping. This information is 
useful in conducting SII benefit-cost calculations. 

¶ http://www.transtats.bts.gov/. Click on the Bike/Pedestrian mode to explore databases like the 
Fatality Analysis Reporting System (FARS), or the Nationwide Personal Transs /4s.on the r 
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¶ Identification of policies and legal barriers to implementing bicycle and pedestrian improvements 
(including zoning and subdivision regulations) and development of strategies to address these 
barriers. 

¶ Prioritization of locations needing improvements (based on existing conditions analysis and a 
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TIP process and the use of any one of several categories of Federal funds. Meanwhile, many small but 
important changes can be made to improve conditions for bicycling and walking. 

Many local programs have found that small initial successes build momentum, allowing more ambitious 
work to follow. In one western community, for instance, installation of several test traffic circles on 
residential streets—a project that took several days 





 

Bicycle and Pedestrian Planning 63 are removed. These desire lines are, in fact, well represented by the traffic flow on the existing system of streets and highways. 

In all of this, the underlying assumption is that people on bikes want to go to the same places as do people in cars (within the constraints imposed by distance), and the existing system of streets and highways reflects the existing travel demands of the community. Furthermore, most adults have a mental map of their community based on their experience as motor vehicle operators. Thus, they tend to orient themselves by the location of major streets and highways. 

Again, it is important to note that the resulting map may not be a representation of where bicyclists are now, but is instead a reflection of where bicyclists wish to go. The actual travel patterns of group B/C bicyclists are heavily influenced by their perception of the bicycling environment they face. Uncomfortable or threatening bicycling conditions will cause these bicyclists to alter route choice from their most preferred alignment, choose a different travel mode, or not make the trip at all. Thus, the task of the transportation planner for bicycling is to ask, “Where are the bicyclists now?” and “Where would they be if they could go where they preferred?” 

Althoumrerr etraffic slinga8 T0fulrepr
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¶
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2. Dispersed land uses create trip distances that are perceived as being too far to make on foot or by 
bicycle. 

There are two methods of determining demand for pedestrian and bicycle facilities: the intuitive approach 
versus the use of demand forecasting models. The intuitive approach is less time consuming; however, it 
does not yield precise results. This type of planning analysis is also called a sketch plan. Ad a sch plan 
typically focuses on proximity between origins and destin
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2. Burden, D. and B. Drake, 
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Zoning and Subdivision Regulations 

Pedestrian and bicycle travel is often an afterthought 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 
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Lot Coverage. Zoning codes should be amended to raise th e allowable lot coverage along bus routes to 
encourage intensified and more efficient uses of land in these areas. 

Parking in High-Density Residential Developments
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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 community 
design. 

New rules that would allow parking reductions and higher density developments are likely to be 
controversial. Public education for citizens and elect
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5.3 Commercial Development Design Guidance 

The physical layout of a development can often make the difference in a person’s choice to walk between 
stores or to adjacent developments. Careful attention should be given to the location of buildings as well 
as the configuration of parking lots. Several provisions can ensure a better walking environment in 
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motor vehicle traffic and lies within a rapidly redeveloping area. The Columbia Pike Special 
Revitalization District Form Based [sic] Code has the following purpose:(3) 

The Form Based Code is a legal document that regulates land development, setting 
careful and clear controls on building form, 
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b) Review the land development regulations that were in place when this development was built. 
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88 Traditional Neighborhood Design Then in 1988, after reading about neotraditional development, the movement’s original 
name, “the light bulb went off,” says Clar





 

9 0  T r a d i t i o n a l  N e i g h b o r h o o d  D e s i g n  

New urbanists maintain that a family will need fewer cars. Duany likes to point out that it 
c o s t s  a n  a v e r a g e  o f  $ 5 , d 0 0  p e r  y e a r  t o  su p p o r t  e a c h  c a r ,  t h e  e q u i v a l e n t  o f  t h e  a n n u a l  
p a y m e n t  o n  a  $ 5 5 , 0 0 0  m o r t g 3  T .  

S i d e w a l k s  a r e  u s u a l l y  1 . 5  m  ( 5  f t )  w i d e  i n s t e a d  o f  1 . 2  m  ( 4  f t ) .  S t r e e t s ,  d e s i g n e d  t o  e n t i c e ,  
n o t  i n t i m i d a t e ,  w a l k e r s ,  a r e  t y p i c a l l y  l a i d  o u t  i n  a  h i e r a r c h i c a l ,  m o d i f i e d  g r i d  p a t t e r n .  T h e  
b r o a d e s t  a r e  1 1 . 0  m  ( 3 6  f t )  w i d e ;  t h e  n a r r o w e s t ,  6 . 1  m  ( 2 0  f t ) .  O n - s t r e e t  p a r k i n g  i s  
e n c o u r 3  T d  a n d  c o u n t e d  t o w a r d  m i n i m u m  r e q u irements [see table 6-1]. Vehicle speed is 
2 4 . 1  t o  3 2 . 2  k i l o m e t e r s  p e r  h o u r  ( k m / h )  [ 1 5  t o  2 0  m i l e s  p e r  h o u r  ( m i / h ) ] ,  n o t  4 0 . 2  t o  4 8 . 3  
k m / h  ( 2 5  t o  3 0  m i / h ) .  C u r b  r e t u r n  r a d i i  a r e  m i n i m i z e d  s o  t h a t  a  p e d e s t r i a n  c r o s s i n g  i s  n o t  
d a u n t i n g .  S u p e r h i g h w a y s  a r e  r e l e g a t e d  t o  t h e  f a r  o u t s k i r t s  o f  t o w n .  

I n  a  g r i d ,  t r a f f i c  i s  d e s i g n e d  t o  m o v e  m o r e  s l
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Arquitectonica is fortunate—there are no intract
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John H. Schleimer, president of Market Perspectives, [Roseville], CA, says even home 
buyers surveyed recently who bought elsewhere “like” the idea of community and the 
option of walking places. But many said they 
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Figure 6-3. Photo. Typical suburban neighborhoods offer few route choices for trips. 
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percentile speed, which is usually the posted speed. Often, the signing of wide streets for 40.2 to 56.3 
km/h (25 to 35 mi/h) simply results in more speed vi
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configured space or outdoor room. On some streets that 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 part of that street. While providing shade and lowering street and sidewalk 
temperatures, theyat f create a sense of closure in a vertical plane. Along streets that contain townhouses and 
stores with apartments above them, actual full-sized trees become less important, while smaller trees and 
landscaping remain essential elements. 
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Abandoning the Street 

The long driving distances necessary to serve low-density areas increase the speed and volume of 
suburban traffic, making streets dangerous and uncomfortable places (see figure 7-3). To counter this 
discomfort, an inside-out development pattern—the opposite of the prevalent urban development 
patterns—has evolved. While mo
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1. Independent retrofit projects. 





 

Adapting Suburban Communities fo



 

110 Adapting Suburban Communities 



 

Adapting Suburban Communities for Bicycle and Pedestrian Travel 111 

Additional resources for this lesson include: 

¶ 
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Table 8-1. Walking characteristics and abilities of different pedestrian age groups—Continued 

Adults (19 to 40) 

These adults are highly competent in traffic and capable of perceiving and dealing with risk in most 
circumstances. Some use bicycles for commuting and utilitarian trips, while others use bicycles primarily for 
recreation. This group generally: 

¶ Is active and fully aware of the traffic environment. 
¶ Comprises only 1–4 percent of bicycling population in most communities. 
¶ Tends to be very vocal and interested in improving conditions. 
¶ Has members interested in serving as instructors or task force leaders. 

Middle-Aged Adults (41 to 65) 

During this stage of life, many pedestrians experience a slowing of the reflexes necessary to observe, assess, and 
respond to traffic conditions. 
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Figure 8-2. Photo. Older pedestrians often have difficulty negotiating curbs. 

Pedestrians with Disabilities 

According to a study done in the United Kingdom in the 1980s, about 14 percent of adults over 15 years 
of age had physical, sensory, or mental disabilities.(8) This population has become much more mobile in 
recent decades, and increasing efforts have been made to meet their transportation needs. As expected, the 
walking speeds for pedestrians with disabilities are lower than ctedaverage walking speed assumed for the 
design of pedestrian facilities.(3) Table 8-4 shows some average walking speeds for various disabilities 
and assistive devices. 

Table 8-4. Mean walking speeds for disabled pedestrians 
and users of various assistive devices. 

Source: Human Factors in Traffic Safety(3) 

Disability or Assistive Device 
Mean Walking Speed, 

m/s (ft/s) 
Cane or crutch 0.8 (2.62) 
Walker 0.6 (2.07) 
Wheelchair 1.1 (3.55) 
Immobilized knee 1.1 (3.50) 
Below-knee amputee 0.7 (2.46) 
Above-knee amputee 0.6 (1.97) 
Hip arthritis 0.7 to 1.1 (2.24 to 3.66) 
Rheumatoid arthritis (knee) 0.7 (2.46) 

8.5 Space Requirements 

A recent study of pedestrian characteristics recommends for standing area design a simplified body ellipse 
of 50 centimeters (cm) by 59.9 cm [19.7 inches (in) by 23.6 in] for standing areas, with a total area of 0.3 
square meters (m2) (3.2 square feet (ft2
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areas on either side (see figure 8-4).

(11) The minimum width that best serves two pedestrians walking 
together or passing each other is 1.8 m (6 ft). More  space may be required, such as 2.7–3.9 m (8.7–12.7 
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Public Event

Shopping

Normal Walk

Pleasure Walk
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1.5 m (60 in)  

Figure 8-8. Illustration. Minimum passage width for two wheelchairs. 

Source: ADAAG, http://www.access-board.gov/adaag/html/adaag.htm(12) 

Sidewalks should be built and maintained in urban areas along all major arterial streets, in commercial 
areas where the public is invited, and at all transit 
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¶ Street furniture (such as awnings, hanging plants, hanging signs, or tree branches) should not 
hang lower than 2.0 m (6.7 ft) over a walking area. 

¶ No freestanding object or object mounted on a wall or post should have a clear open area under it 
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Figure 8-16. Photo. Parallel curb ramp. 

It is desirable to provide two curb cuts per corner. Single ramps located in the center of a corner are less 
desirable than a separate ramp for each crosswalk to accommodate pedestrians with disabilities and 
should not be built for newly constructed or reconstructed sidewalks. Separate ramps provide greater 
information to visually impaired pedestrians in street crossings, especially if the ramp is designed to be 
parallel to the crosswalk. Diagrams (a) and (b) in figure 8-17 have two curb cuts and ramps per corner, 
both leading the ramp to the center of the marked crosswalk. Diagrams (c) and (d) have only one cut per 
corner, which leads the ramp to the center of the intersection and would require a ramp user to turn at the 
bottom of the ramp in order to face the marked crosswalk. For visually impaired pedestrians, it is 
beneficial to have a ramp leading directly to the crosswalk, rather than the intersection, to help orient 
them in the proper crossing direction. These also benefit others with mobility limitations such as elderly 
pedestrians and persons pushing strollers, carts, etc. 

Crosswalk markings should be located so that a pedestrian in a wheelchair should not have to leave the 
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The ramps should be flared smooth into the street surface (see figure 8-18). Ramps should be checked 
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11. “About Pedestrians,” Pedestrian Facilities Design Guide, draft version, Georgia Department of 
Transportation, Atlanta, GA, available online at 
http://www.dot.state.ga.us/dot/plan-prog/planning/projects/bicycle/ped_facilities_guide/ 
about_pedestrians.pdf. 

12. ADAAG, United States Access Board, 2002, available online at 
http://www.access-board.gov/adaag/html/adaag.htm, accessed January 29, 2004. 

13. 
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environmental enhancement. In residential areas, wider building setback controls can be used to attain 
these features.(1) 



 

140 Walkways, Sidewalks, and Public Spaces 

 

Figure 9-4. Photo. Parked cars can also serve as a buffer 
between the sidewalk and the street. 

Source: PBIC 
Image Library, http://www.pedbikeimages.org(5) 

On the backside of sidewalks, a minimum width buffer of 0.3 to 0.9 m (1 to 3 ft) is essential, and up to 
1.5 m (5 ft) is desired. Without such a buffer, vegetation, walls, buildings, and other objects located on 
private property encroach on the usable sidewalk space. With just several months of growth, many shrubs 
will dominate a sidewalk space. This setback is essential, not only to the walking comfort of a pedestrian, 
but to ensure essential sight lines at each residential and commercial driveway. 

Grade 

If possible, grades should be limited to no more than 5 percent, and in steeper terrain, grades greater than 
8 percent should be avoided. When this is not possible, railings and other aids can be considered to help 
older adults or those with walking difficulty. The ADA does not require designers to change topography, 
but only to work within its limitations and constraints. Do not construct any grade that exceeds 8 percent. 

Sidewalks must be graded and placed in areas where water will not pond or where large quantities of 
water will not sheet across. They should also be desi
0.d such that level surfaces are maintained across 
driveways. 

Cross Slopes 

Cross slopes should be kept to a minimum as well. Lesson 8, section 8.6, describes the cross-slope 
requirements for sidewalks, ramps, and curb ramps. 

Pavement Surfaces 

The pavement surface should be well maintained and free from cracks, pooled water, and debris. 
Although most sidewalks are made of concrete, asphalt can provide a useful surface in some instances. 
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Table 9-1. Corner storage space by pedestrian volumes. 
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9.4 Summary of Basic Sidewalk Elements 
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Trees 
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Figure 9-11. Photo. Alleys can be made attractive 
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¶ Oregon Bicycle and Pedestrian Plan, Oregon Department of Transportation, Salem, OR, June 
1995. 

¶ Untermann, Richard K., Accommodating the Pedestrian, Van Nostrand Reinhold Company, Inc., 
New York, NY, 1984. 
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LESSON 10: 
 

PEDESTRIAN FACILITY SIGNING AND PAVEMENT MARKINGS 

10.1 Introduction 
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Figure 10-1. Photo. The sign and crosswalk markings at this 
midblock crossing alert drivers to pedestrians going to school. 

Source: PBIC 
Image Library, http://www.pedbikeimages.org (2) 

Used judiciously and located with consistency, signs and markings can be effective. Jurisdictions should 
develop clear guidelines for use and should avoid excessive reliance on signs and paint to control motorist 
behavior. This may mean altering and/or relocating existing signs and markings. It may be best to 
eliminate markings and signs that have proven to be ineffective or harmful to pedestrian safety. There is 
ongoing debate and studies are in progress to determine whether markings (especially written messages) 
improve pedestrian safety, whether crosswalks are useful at midblock locations, and whether signs 
contribute to visual overload for motorists and breed disrespect for messages. 

10.3 Planning and Design Considerations 
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¶ BLUE—Service guidance. 
¶ 
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¶ Traffic signal signs (R10-1 through R10-4), which include the pedestrian pushbutton signs or 
other signs at signals directing pedestrians to cross only on the green light or WALK signal. 
Pedestrian pushbutton signs should be used at all pedestrian-actuated signals. It is helpful to 
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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 occurrence. 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 that cannot be concentrated to a single location, a supplemental 
distance plate may be used (NEXT XX FEET). The advance pedestrian crossing signs should not be 
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¶ Crosswalks should be marked at all intersections where there is substantial conflict between 
vehicular and pedestrian movements.  
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Figure 10-11. Photo. Working example of in-roadway warning 
lights with pedestrian pushbutton in Austin, Texas. 

The amber light-emitting diode (LED) lights flash in unison at a rate designed for maximum motorist 
recognition and are visible during the daylight as well as at night. The flashing lights are only activated when a pedestrian wants to cross and are automatically shut off after a set period of time, i.e., the time 
required for a pedestrian to safely cross the street. If installed in conjunction with the means to detect the 
presence of pedestrians while in the crosswalk, the crossing interval can be extended, in which case the 

lights would continue to flash and allow slower pedestrians to safely cross. A study by Huang, et al., in 1999 found that the “flashing crosswalk had small positive effects on reducing vehicle speeds, increasing vehicle yielding to 
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http://www.walkinginfo.org/pedsmart/devcmain.htm


http://www.walkinginfo.org/pedsmart/devcmain.htm
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10.10 Student Exercise 

ThT0.03i
to develop and detail pedestrian signs and pavement markings in a manner in which these 
provisions can be construct3i
within the normal field of highway construction is an extremely importa.n-1ri12erb 1057J
21gsue.[(Peds1.6 Tp(i)-1257 0 Td
[(and )an)-7(for2(n000posedil pedestr7 0 Td
( r7 0w 20.5100m)9(a)2 ro)3(ad )]TJ
21000jec)7(t are speci
wi 10hro)3(ugh2(n0.0d)357 0 hT0.edail pedestr8porta.0.51002erb47)9(a)2s]TJ8(st)-125 (l st5(mar)dar Tmrawn)-7, speci
wcat78.6
[(o,1.6 Tbid itns )]TJ
0 nuTJ8(TJ
0be)-4ers.8.6
 Aas 
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¶ “Accessible Pedestrian Signals: Synthesis and Guide to Best Practice,” National Cooperative 
Highway Research Program Research Results Digest, number 278, 2003, available online at 
http://trb.org/news/blurb_detail.asp?ID=1705. 

¶ Design and Safety of Pedestrian Facilities—A Recommended Practice of ITE, ITE, Washington, 
DC, 1998. 

¶ 
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LESSON 11: 
 

PEDESTRIAN DESIGN AT INTERSECTIONS 

11.1 Introduction 

Walkways provide mobility along a linear path. Eventu
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¶ Make pedestrian actions as predictable as possible. 
¶ Slow vehicular traffic. 

A good place to start is to develop design guidelines for intersections that respond to the needs of 
pedestrians—guidelines that can be followed whenever new intersections are built or when existing 
intersections are being improved or reconstructed. 

Table 11-1 contains important intersection issues and potential solutions: 

Table 11-1. Intersection issues for safe pedestrian crossings. 
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¶ Taking vertical as well as horizontal sight distances into account. 

¶ Referring to the AASHTO Guide for the Planning, Design, and Operation of Pedestrian 
Facilities for formulas relating to storage space nl84 i for pedestrians. (2) 

¶ Prohibiting parking near intersections. 

¶ Limiting right-turn-on-red movements in areas of high pedestrian volumes. 

¶ Keeping crosswalks at right angles to tu
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Figure 11-2. Photo. Use of colored crosswalks and median refuges 
makes this intersection more pedestrian-friendly. 

3. Knowing when and where crosswalks are appropriate. As noted in the Oregon Bicycle and 
Pedestrian Plan, some studies have found that pedestrians may develop a false sense of security 
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Implementation Strategies 

1. Develop and adopt a crosswalk policy and design guidelines. Decide where crosswalks shall 
be used; when policies and ordinances are changed or updated, ma cake sure a crosswalk policy is 
implemented. Likewise, develop standard crosswalk designs for the public works department to 
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need changing, or where there is less formality, a simple directive might be issued. The same goes for 
bringing standard plans and specifications into compliance with ADA guidelines. 
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¶ A maximum allowable cross slope is 2 percent (1:50) is required. 

¶ Transition areas between a walkway and a ramp should be beveled 10 percent for 1.2-m (4-ft) 
ramps and 8.33 percent for ramps of less than 1.2 m (4 ft). 

¶ Textured surfaces at curb ramps help identify crosswalk locations for visually impaired 
pedestrians (information on textured surfaces is included later in this lesson and previously in 
lesson 9, section 3). 

Refer to lesson 8.6, “Design Requirements,” or lesson 9.3, “Basic Sidewalk Elements,” for figures and 
further curb ramp design information. 

11.5 Crossing and Detection Technology 

Typical Concerns 



 

186 Pedestrian Design at Intersections 

 

Figure 11-4. Photo. Flag treatment used 
in Kirkland, WA. 

Source: ITE Informational Report(8) 

¶ Fluorescent yellow-green signs (see figure 11-5): 

o Description—Pedestrian signs made of the FHWA-approved fluorescent yellow-green color 
are posted at crossings. 

o Application—Pedestrian and bicycle crossings, including schools. 

o Cost (including labor)—$200–$300 per sign. 

 

Figure 11-5. Photo. Fluorescent yellow-green 
sign treatment in Austin, TX. 

Source: ITE Informational Report(8) 

¶ Flashing beacons (see figure 11-6): 

o Description—Flashing amber lights are installed on overhead signs, signs in advance of the 
crosswalk, or signs located at the entrance to the crosswalk on pedestal poles. 

o Application—Marked uncontrolled crossings. 

o Cost (including labor)—$10,000–$40,000 per crossing, depending on placement. 
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Figure 11-8. Photo. Staggered pedestrian crossings  
(Z-crossings) treatment in San Luis Obispo, CA. 

Source: ITE Informational Report(8) 

11.6 Pedestrian Signal Heads and Half-Signals 

Typical Concerns 
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Because signals and their impacts are often controversial and politically sensitive, creating a flexible 
warrant may be appropriate, especially 
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Implementation Strategies 

Typically, curb extensions and curb radius changes 
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Planning and Design Considerations 

Consider these features when providing signals that are responsive to pedestrians: 

Signals must fulfill a need, gain attention, convey a clear and simple meaning, and command the 
respect of road users, as well as provide adequate time for response (see figure 11-13). 

 

Figure 11-13. Illustration. Pedestrian crossing signals 
should be clear and understandable by all users. 

Average walking speed has been calculated at 1.2 m/s (4 ft/s); 1.1 m/s (3.5 ft/s) is becoming more 
common; 0.9 m/s (3 ft/s) should be used where there is a high frequency of older pedestrians; and 
people with mobility impairments move as slow as 0.8 m/s (2.5 ft/s). Some signal devices can 
provide additional time, if required, often by depressing the pushbutton for a specified period of 
time. 

Many pedestrians stop watching for lights and instead look for gaps to cross streets when their 
delay exceeds 30 seconds. 

Consider using leading pedestrian interval (LPI) to give pedestrians an advance walk signal 
before the motorists get a green light, thus giving the pedestrian several seconds to start into the 
crosswalk where there is a concurrent signal. 

Place pedestrian signal heads at each end of the crosswalk. 

Place the pushbutton at the top of and as near as possible to the curb ramp and clearly in line with 
the direction of travel. This will improve operations since many pedestrians push all buttons to 







 



 

200 



 

Pedestrian Design at Intersections 201 

(truncated domes, colored pavement, etc.) to identify the refuge island. Islands with ramps should 
have a level area at least 1.8 m (6 ft) long at th
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¶ Reducing conflict points. This eliminates the potential for hazardous conflicts, in contrast to an 
intersection (see figures 11-17 and 11-18). Conflictin





 

204 Pedestrian Design at Intersections 

Unless these issues are addressed by a design, the intersection is x223inaccessiblex224 and may 





 

206 Pedestrian Design at Intersections 

11.11 Student Exercise 
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Develop a plan to install pedestrian signals and related improvements for an intersection in your 
community. The plan should be developed using nomenclature and reference standards from your State 
DOT. A list of standard drawings for pedestrian facility construction from California Department of 
Transportation (Caltrans) was previously provided in exercise 10.10. If possible, you should obtain an 
intersection drawing from your lpr-2(cal traffic engineer)]TJ
0.0008 Tc 21.082 0 Td
[(ing departm)8(e)2(n)-7(t. This drawin)4(g t)5(y)-7(picall)5(y)-7( sh)4(ows the )]TJ
0.0007 Tc -21.082 -1.153 Td
(location of existing roadway features, travel lanes, si)Tj
0.0012 Tc 0.0002 Tw 21.115 0 Td
[(gnal equipm)9(en)-7(t, and utili)6(ties. In additi)6(on t)6(o)-1( preparing )]TJ
0.0008 Tc 0.0006 Tw -21.115 -1.153 Td
[(a plan of proposed im)8(provements, develop an esti)-5(m)8(at)]TJ
21.415 0 Td
[(e )-5(of quantities )6(needed for each construction iteu Tc 1 )-5(yo40.0003 Tc0.0006 T4 -21.115 -1.153o)-1( eeveloffic en’rencetm)r each construco. Aop an 6stie.ome
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11. Zegeer, C.V., C. Seiderman, P. Lagerwey, M. Cynecki, M. Ronkin, and R. Schneider, Pedestrian 
Facilities Users Guide—
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LESSON 12: 
 

MIDBLOCK CROSSINGS 

12.1 Introduction 

Designers often assume that pedestrians will cross roadways at established intersections. However, 
observation of pedestrian behavior clearly indicates that people routinely 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 several la nes of high-speed traffic. 

Well-designed midblock crossings can actually provide many safety benefits to pedestrians when placed 
in proper locations. This chapter discusses those bene  
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This chapter addresses several ways to facilitate 
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12.5 
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Figure 15-6. Illustration. Midblock crossing curb extensions provide 
better visibility for motorists and pedestrians. 

12.7 Midblock Crossing Design 
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of their cost and their potentially low use, engineering studies should be conducted by experienced 
designers. If given a choice, on most roadways, pedestrians generally prefer to cross at grade. 

12.8 Staggered Midblock Crosswalks 

Staggered crosswalks (or Z-crossings) are treatments in which the crosswalk is split by a median and is 
offset on either side of the median. This configuration forces pedestrians to tu
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4. Bicycle Facilities Guide: Types of Bicycle Accommodations, North Carolina Department of 
Transportation, Raleigh, NC, June 2003, available online at 
http://www.ncdot.org/transit/bicycle/projects/
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LESSON 13: 
 

SELECTING BICYCLE FACILITY TYPES 
AND EVALUATING ROADWAYS 

13.1 Introduction 

Several different types of facilities can be provided for bicyclists on roadways. The appropriate bicycle 
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Figure 13-1. Photo. Bicyclist on  
a shared roadway. 

 

 

Figure 13-2. Photo. Bicyclists in  
a wide curb lane. 

 

 

Figure 13-3. Photo. Bicyclist in a bike lane. 

 

Figure 13-4. Photo. Bicyclists and pedestrians 
on a separated (shared-use) path. 

(These pictures show bicyclists not wearing helmets. FHWA strongly recommends
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Nearly all of the facility selection approaches in the King review were based on at least two common 
variables: 

1. Traffic volumes (typically ADT volume). 
2. Traffic speed (typically 85th percentile speed or speed limit). 
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13.4 Overview of Evaluating Roads for Bicyclists 

An integral part of the planning process for bicycle facilities is an inventory of existing conditions. Most 
bicycle plans attempt to quantify how well the existing road network accommodates bicyclists. A variety 
of bicycle compatibility criteria have been developed 
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Table 13-1. Bicycle compatibility index model. 
Source: The Bicycle Compatibility Index: A LOS Concept, Implementation Manual(6) 

BCI = 3.67 – 0.966BL – 0.410BLW – 0.498CLW + 0.002CLV + 0.022SPD + 0.506PKG – 0.264AREA + AF 

where: 

BL = presence of a bicycle lane or paved shoulder 



 

S e l e c t i n g  B i c y c l e  F a c i l i t y  T y p e s  a n d  E v a l u a t i n g  R o a d w a y s  2 2 7  

1 3 . 6  B i c y c l e  L O S  

L O S  i s  a n  e v a l u a t i o n  o f  b i c y c l i s t s ’  p e r c e i v e d  s a f e t y  a n d  c o m f o r t  w i t h  r e s p e c t  t o  m o t o r  v e h i c l e  t r a f f i c  

w h i l e  t r a v e l i n g  i n  a  r o a d w a y  c o r r i d o r .  I t  i d e n t i f i e s  t h e  q u a l i t y  o f  s e r v i c e  f o r  b i c y c l i s t s  o r  p e d e s t r i a n s  t h a t  

c u r r e n t l y  e x i s t s  w i t h i n  t h e  r o a d w a y  e n v i r o n m e n t .

( 6 , 7 )

 T h e  b i c y c l e  L O S  i s  a l s o  d i s c u s s e d  i n  l e s s o n  4  o f  t h i s  

w o r k b o o k  i n  t h e  s e c t i o n  t i t l e d  U s i n g  M o d e l s  t o  E v a l u a t e  R o a d w a y  C o n d i t i o n s  f o r  B i c y c l i n g  a n d  W a l k i n g .  

T o  e v a l u a t e  b i c y c l e  L O S ,  a  s t a t i s t i c a l l y  c a l i b r a t e d  m a t h e m a t i c a l  e q u a t i o n  i s  u s e d  t o  e s t i m a t e  b i c y c l i n g  
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13.8 References and Additional Resources 
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LESSON 14: 
 

SHARED ROADWAYS 

14.1 Introduction 

As indicated in lesson 13, there are a variety of ways to accommodate bicyclists on roadways. In many 
cases, a few simple construction projects can make a big difference for bicyclists, such as replacing 
unsafe drain grates, filling potholes, or maintaining ro
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Width Standards 

In general, the shoulder widths recommended for rural highways in AASHTO’s Policy on Geometric 
Design of Highways and Streets
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o Less of the existing pavement is wasted. 
o The existing asphalt acts as a base. 
o 
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The signing of shared roadways indicates to bicyclists that there are particular advantages to using these 
routes compared to alternate routes. This means the responsible agencies have taken action to ensure that 
these routes are suitable as shared routes and will be maintained as such. 

The following criteria should be considered prior to signing a route: 

¶ 



 

2 4 0  S h a r e d  R o a d w a y s  

D i s a d v a n t a g e s  o f  B i c y c l e  B o u l e v a r d s  

�x  T h e y  a r e  o f t e n  l o c a t e d  o n  s t r e e t s  t h a t  d o  n o t  p r o v i d e  d i r e c t  a c c e s s  t o  c o m m e r c i a l a d v a  l a n d  u s e s  a n d  

o t h e r  d e s t i n a t i o n s ;  s o m e  c y c l i s t s  m a y  h a v e  t o  n e
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14.7 Other Design Considerations 

Rumble Strips 

Rumble strips are provided to alert motorists that th
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Other designs being used or investigated employ a skip pattern of rumble strip that provides a smoother 
travel path throughout portions of the strip and thus allows bicyclists to move to the left when needed. 
Furthermore, some highway agencies are providing an aid to cyclists and all travelers in general by 
posting roadside signs, such as RUMBLE STRIPS AHEAD,
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14.8 Practices to Avoid 

ODOT has more than 20 years of experience designing bikeways, and it has also learned from local city 
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Reduction of Travel Lane Widths 
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BEFORE

AFTER
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3.6 m
(12 ft)

3.6 m
(12 ft)
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Other Design Options 

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 permit a wide 
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right-turn lanes are present (see figure 15-11). The most desirable configuration will depend on the local 
road cross section and turning vehicle traffic patterns. 
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b
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from which cars may also turn adds complexity. Some drivers make a last minute decision to turn right 
from the center lane without signaling, thus catching bicyclists and pedestrians unaware. 

Several approaches to bike lane design with dual right-turn lanes are provided in figure 15-12. Design 
alternative A encourages cyclists to share the optional through-right-turn lane with motorists. Design alternative B guides cyclists up to the intersection in a dedicated bike lane. Design alternative C allows 
cyclists to choose a path themselves (this desition—simply dropping the 

bike lane prior to the intersection). Engineering judgment should be used to determine which design is most appropriate for the situation. 
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Standard Loop
detects most strongly over
  wires
gradual cut-off
used for advanced detection

Q u a d r u p o l e  L o o p d e t e c t s  m o s t  s t r o n g l y  i n  c e n t e r s h a r p  c u t - o f f  o f  s e n s i t i v i t y u s e d  i n  b i k e  l a n e s
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Expressway Interchanges 

Expressway interchanges often present barriers to bicycle travel. Designs that encourage free-flowing 
motor vehicle traffic movements are the most difficult for pedestrians and bicyclists to negotiate. 

Interchanges with access ramps connected to local streets at a right angle are easiest for bicyclists to 
negotiate. The intersection of the ramp and the street should follow established urban intersection designs. 
The main advantages of this approach are: 

¶ The distance that pedestrians and bicyclists must cross at the ramps is minimized. 

¶ Signalized intersections stop traffic. 

¶ Visibility is enhanced. 

If these configurations are unavoidable, mitigation measures should be sought. Special designs should be 
considered that allow pedestrians and bicyclists to cross ramps in locations with good visibility and where 
speeds are low. 

Where it is not possible to accommodate pedestrians and bicyclists with at-grade crossings, 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 
crosswalks. 

In some instances, a separate path can be provided 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-follow directions must be given to 
guide bicyclists’ movements if those movements are inconsistent with standard bicycle operation). 

The following concepts have been presented by ODOT as examples of innovative solutions to bike lane 
design at freeway/expressway interchanges and intersections.(3) Traffic entering or exiting a roadway at 
high speeds creates difficulties for slower-moving  0 Td
[(and bic)7.  

It is difficult for bicyclists to traverse the undefined area created by right-lane merge movements, 
because: 

¶ The acute angle of the approach creates visibility problems. 

¶ Motor vehicles are often accelerating to merge into traffic. 

¶ The speed¶ 
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¶ 
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15.7 Other Design Considerations 

Colored Bike Lanes 

Colored bike lanes have been tested in two U.S. cities (Portland, OR, and Cambridge, MA) as a way to 

http://www.trans.ci.portland.or.us/bicycles/broadwayblue.htm(8)
http://www.trans.ci.portland.or.us/bicycles/broadwayblue.htm(8)
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Contraflow Bike Lanes 

Contraflow bicycle 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. There are, however, special circumstances when this design may be advantageous: 

¶ A contraflow bike lane provides a substa
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15.10 References and Additional Resources 

The references for this lesson are: 

1. Guide for the Development of Bicycle Facilities

http://mutcd.fhwa.dot.gov/
https://www.fhwa.dot.gov/tfhrc/safety/pubs/Ip90002/intro.htm
http://www.walkinginfo.org/pdf/r&d/bluelane.PDF
http://www.bicyclinginfo.org/de/bikelaneguide.htm
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In addition, using maintenance-friendly design and construction techniques can reduce the need for 
special and sometimes costly treatments later. For example, when paving a street bordered by unpaved 
alleys and driveways, paving into those alleys and driveways 3 to 6 m (10 to 20 ft) (depending on grades 
and other features) can keep entering traffic from dragging gravel and other debris onto the paved surface. 

Special bicycle facilities such as bike lanes or trails may require enhanced maintenance (see figure 16-1). 
This cost, along with a clear understanding of who has responsibility for maintenance, should be part of 
every project budget. 

 

Figure 16-1. Photo. Shared-use paths and bicycle lanes 



 

Bicycle Facility Maintenance 279 



 

280 Bicycle Facility Maintenance 

16.6 Subtasks 

Subtask 1—Identify Key Implementers 

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 
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dramatically improve the relationship between an agency and the bicycling public. Spot improvement 
programs are good policy and good public relations. 

To this end, set aside a modest annual budgetary allocation for user-requested spot improvements. Create 
mail-back postcards (see figure 16-3 for example postcard) for distribution to local bicycle shops and user 
groups. As cards come in, check out the locations identified and take action as necessary. 

 

Figure 16-3. Photo. Example of spot improvement postcard 
used to identify roadway maintenance issues. 

Source: Vermont Bicycle & Pedestrlrd edeCtoalition(2) 
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For example, maintaining a particular trail may require purchasing special equipment—perhaps a small 
sweeper or a special attachment for a tractor. 

16.8 Typical Maintenance Concerns 
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LESSON 17: 
 

BICYCLE PARKING AND STORAGE 

17.1 Introduction 

Bicycle parking is an important supporting element in bicycle programs. Quite simply, bicyclists need a 
safe and convenient place to park or store their bicycles along or at the end of most trips. This lesson 
contains the following information on developing an effective bicycle parking program: basic bicycle 
parking strategies; bicycle rack designs, specifications, and costs; and bicycle parking ordinances. The 
major sections of this lesson are as follows: 

¶ 17.1 Introduction. 
¶ 17.2 Overview of the Problem. 
¶ 17.3 Overview of Bicycle Parking Strategies. 
¶ 17.4 Implementing Bicycle Parking Strategies. 
¶ 17.5 Student Exercise. 
¶ 17.6 References and Additional Resources. 

This lesson on bicycle parking and storage has been primarily derived from the “Bicycle Parking” chapter 
of Implementing Bicycle Improvements at the Local Level.(1) Other sources of information are listed at the 
end of the lesson. 

17.2 Overview of the Problem 

Providing secure bicycle parking is a key ingredient in efforts to encourage bicycling at the local level 
(see figure 17-1). Many bicycle trips end somewhere ot
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Figure 17-1. Photo. Effective bicycle parking improves security and reduces theft. 

17.3 Overview of Bicycle Parking Strategies 

An effective bicycle parking program should include the following basic strategies: 

¶ Provide bicycle parking in public rights-of-way. Provide well-located secure bicycle parking at 
popular destinations in business districts and at other public sites: 

o Install bicycle parking at public centers. 

o Install bicycle parking on public rights-of-way in neighborhood commercial and downtown 
business districts. 

o Encourage private businesses to provide bicycle parking for their customers. 

o Install bicycle parking at transit stops and in parking garages. 

o Encourage the installation of high-security bicycle parking at existing worksites, schools, and 
high-density residential developments. 

¶ Provide bicycle parking in private development. Encourage bicycle parking at existing 

�x
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Typically, the provision of bicycle parking at public facilities helps to convince business owners of the 
need for bicycle parking on private development. The use of zoning regulations or bicycle parking 
ordinances helps in the long-term to ensure bicycle parking in newly developed areas. 

Bicycle parking can be provided for these strategies 3c -i three types of devices (see figure 17-2): 

1. Bicycle racks. 

These are op3c 0f35air devices to which a bicycle is lock3c 0fd and work well for 
short-term parking. 

2.

 Bicycle lockers. These are stand-alone enclosures designed to hold one bicycle per unit and are a 
good choice at sites that require long-term parking for a variety of po3c 0tential users. 

3. Bicycle lock-ups. These are site-built secure enclosures that hold one or mo3c 0re bicycles and are 
often used for long-term parking for a limited number of regular and trustworthy users. 



 

288 Bicycle Parking and Storage 

that routinely deal with businesses should be enlisted as outlets for any literature developed as part of the 
program. 

Altering zoning regulations to require consideration of bicycle parking in new developments requires 
close cooperation with city planning and zoning agency staff, as well as assistance from appointed zoning 
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¶ User input: Ask bicyclists (through clubs or advocacy groups) to create a list of most-needed 
spots for bike parking. 

¶ Land use criteria: Target every coffee shop, bookstore, video arcade, teen/young adult 
clothing store. 

¶ Public-private partnership: Have a grant program whereby businesses can request bike 
parking for customers and employees, paying for the installation themselves, but getting the 
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¶ Be simple to operate. 

Figure 17-3 illustrates a variety of bicycle racks that meet these requirements, whereas figure 17-4 
illustrates types of bicycle racks that are not recommended because they fail to meet one or more of these 
requirements. The average cost for typical bicycle racks ranges from $75 to $100 per rack; a single rack 
typically holds one or two bicycles. The cost for bicycle lockers ranges considerably more, from about 
$500 to $1,500 per bicycle. 
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Step 6—Implement the Program 

With the program established, materials prepared, 



 

Bicycle Parking and Storage 295 Excerpts from “28.11 OFF-STREET PARKING AND LOADING FACILITIES” 
(1) Statement of Purpose

 
… 

(d) Providing adequate and safe facilities for the storage of bicycles. 
(2) General Regulations 

(a) Scope of Regulations 
… 
4. Bicycle parking facilities shall be provided as required for all new structures and uses established as 
provided in Sec. 28.11(2)(a)1. or for changes in use as provided in Secs. 28.11(2)(a)2. and 3; however, 
bicycle parking facilities shall not be required until the effective date of this paragraph. Notwithstanding 
Secs. 28.08(1)(i), 28.09(1)(i), and 28.09(5)(a), bicycle parking facilities shall be provided in all districts 
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(l) Schedule of Required Off-Street Parking Facilities —Continued 

Off-Street Bicycle Parking Guidelines 
 
Land Use Bike Space 
Dwellings/lodging rooms 1 per dwelling unit or 3 lodging rooms 
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17.5 Student Exercise 

Exercise A 









 

B i c y c l e  a n d  P e d e s t r i a n  C o n n e c t i o n s  t o  T r a n s i t  3 0 1  

There are two means of accommodating bicycles on buses—placing them on front-mounted racks and 
allowing them inside the bus. Rear-mounted racks were the earliest system, but for operational and safety 
reasons, preferences have shifted toward front-mounted racks (see figure 18-1). 

 

Figure 18-1. Photo. The preferred style of bike rack mounts to the front of the bus. 

When considering bike-on-bus programs, agencies typically cite two main concerns: 

Schedule Adherence. A 1994 study completed through the Transit2.0 Cooperative Research Program 
(TCRP) shows that most transit agencies are not experiencing probl n7(herf
0.a5)2( )-5(with schedule delay)-7(5)2( r n7(sulting )]TJ
0.0005 Tc 0.0007 Tw -20.013 -1.147t tranfrom)8( )-5(acco)-7(mmodating )6(bic)8(y)-7(clists; new desherfigns of bike)]TJ
21.133 0 Td
[(-on-bus racks have )-5(m)8(ini)-6(m)8(izherf(herfd)-2( dwell tim)8((herfsherf for )]TJ
0.0011 Tc 0.0001 Tw -21.133 -1.152 Td
[(loading an)4(d r)77(herf
0.aoval.)]TJ
0.0023 Tc 0 Tw 7.02 0 0 7.02 165.12 334.98 Tm
((3))Tj
0 Tc 10.9877 0 0 10.9877 173.34 330 Tm
( )Tj
/TT2 1 Tf
0.0005 Tc 0.0007 Tw -9.223 -2.244 Td
[(Safety and P)5(r)2(otection of Transit Property)]TJ
/TT1 1 Tf
0.0004 Tc 0.0008 Tw 17.818 0 Td
[(. The study)-7( has also shown that the)7( im)8(paherfct of bicy)-7(cle-transit )]TJ
0.0008 Tc 0.0004 Tw -17.818 -1.152 Td
[(integration ha)8(s been )-5(m)9(inimal on the personal safety)-7( of2.0 )]TJ
0.0007 Tc 0.0005 Tw 21.995 0 Td
[(bic)8(y)-7(clists, op)4(erators, and the public, an)4(d on transit )]TJ
0.0003 Tc 0.0009 Tw -21.995 -1.152 Td
[(agency)-7( prope)7(rty. Bike racks on the fronts of buses have)]TJ
22.236 0 Td
[( not proven to interfere with driving. )6(Becaus)-4(e)2( of )]TJ
0.0006 Tc 0.0006 Tw -22.236 -1.152 Td
[(concerns about bic)8(y)-7(cles aboard crowded trains dur)]TJ
0.0004 Tc 0.0008 Tw 20.297 0 Td
[(ing)4( )6(rush hours, s)7(o)-2(me co)-7(mm)8(uter rail programs have )]TJ
0.0006 Tc 0.0006 Tw -20.297 -1.147t tranlim)9(it)-5(ed bike-on-train access to off-peak )6(hours. )]TJ
0.0004 Tc 0.0008 Tw 0 -2.244 TD
[(Most U.S. bike-on-bus services do not require a per)-5(m)]TJ
-0.0001 Tc 0.0013 Tw 21.466 0 Td
[(it. While some U.S. transit sy)-8(stems ac)-4(commodate )]TJ
0.0007 Tc 0.0005 Tw -21.466 -1.152 Td
[(bikes onl n7y)-7(  n7on)4( designated routes, others,  n7such as Phoe)]TJ
21.242 0 Td
[(nix, AZ, Asp)4(e)2(n, CO, and Sacramento, CA, have no )]TJ
0.0005 Tc 0.0007 Tw -21.242 -1.152 Td
[(route restrictions and have )n7opened their )n7entire system to carrying bicycles (see figure 18-2). 

 





 

Bicycle and Pedestrian Connections to Transit 303 Mitigation and Air Quality (CMAQ) funds to equip every one of its 1,200 buses with racks. The agency 
now boasts more than 40,000 bicycle-carrying passengers every month. The racks were designed and 
supplied by a northwestern U.S. firm whose racks now carry more than 250,
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Shared-use paths do not typically allow use by motorized vehicles such as cars, motor scooters, 
motorTcles, go-carts, or recreational all-terrain vehicles (ATVs); however, there are important 
exceptions to consider in planning and design: 

¶ Access for emergenT, police, and maintenance vehicles. 

¶ 
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Figure 19-3. Photo. Shared-use paths can be integrated into urban 
waterfronts and parks, providing direct access to central 

business districts (East Bay Bicycle Path, Providence, RI). 

19.6 
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19.9 Paths Adjacent to Roadways 

In select circumstances, locating shared-use paths adjacent to roads may be the best or only option 
available. In settings such as parkways or roadways with little or no access on one side and sufficient 
space to provide a path and buffer, locating paths adjacent to roads may be preferable to other options. 
Roads or streets that have low motor-vehicle traffic volumes and/or low traffic speeds can also be viable 
candidates for accommodating sidepaths, especially to provide continuity for a path that is otherwise on 
an independent right-of-way, but has critical gaps. 

However, in typical cases, if a two-way shared-use path is located immediately adjacent to a roadway, 
some operational problems are likely to occur. The extent of these problems will depend on the context 
and layout of the roadway, number and nature of cross-streets, driveways and access ramps, and adjacent 
motor vehicle travel speeds. The AASHTO Guide for the Development of Bicycle Facilities enumerates 
nine potential problems and safety issues that need to be given serious consideration when planning or 
designing a shared-use path adjacent to a roadway, as for example:
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¶ Design to assist the trail user in looking in the direction of the potential hazard. Use signs and 
pavement markings on the trail to provide advance warning of upcoming intersections, especially 
in areas where the intersection is not clearly visible 75 m (250 ft) in advance. 

¶ Consider the potential for sun blinding and lighting needs. 

¶ Consider landscaping and other gateway treatments to draw motorists’ and trail users’ attention to 
intersections and to encourage slowing; however, take care to use designs that do not limit 
visibility and sight distances or demand trail users to make difficult maneuvers. 

Other Design Issues 

Quality shared-use path design requires a melding of skills from the fields of transportation engineering 
and landscape architecture. Guidance about basic engineering such as pavement structure, bridge loading, 
geometric design, and traffic safety must be combined with aesthetic, environmental, and cultural 
considerations such as attention to diverse human needs and the surrounding environmental and climatic 
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Figure 19-6. Photo. Stairway with bicycle rolling troughs  
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Greenways and Shared-Use Paths 323 4. Flink, C., L. Schwarz, and R. Searns, Greenways: A Guide to Planning, Design, and 
Development
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LESSON 20: 
 

TRAFFIC CALMING 

20.1 Introduction 

Traffic calming has been defined in Traffic Calming: State of the Practice as follows:(1) 

Traffic calming is the combination of mainly physical measures that reduce the negative 
effects of motor vehicle use, alter driver behavior and improve conditions for 
nonmotorized street users. 

In this State of the Practice report, route modification, traffic control devices, and streetscaping were 
distinguished as being separate from traffic calming. In many cities, however, these techniques (as well as 
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This chapter explores the principles of traffic calming and provides a variety of studies, design details, 
and photographs of areas where traffic calming has been effectively used in the United States and in 
Europe. Along with the advantages of traffic calming, the text describes mistakes that practitioners have 
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the high cost of new improvements are among the most widely debated issues in America today. New 
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Figure 20-4. Photo. Emergency vehicle access should always be considered  
when incorporating traffic-calming measures. 

20.4 Traffic-Calming Devices 

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

¶ Bumps, humps, and other raised pavement areas. 
¶ Reduced street areas (where motor traffic is given priority). ¶ 

Street closures. 
¶ Traffic diversions. 
¶ Surface texture and visual devices. 
¶ Parking treatments. 

Frequently, a combination of traffic-calming devices 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. 
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Figure 20-10. Photo. A reduced radius allows for a slower, safer turn. 

T h e  f o l l o w i n g  r e s u l t s  h a v e  b e e n  o b s e r v e d :  

¶ Large vehicles (trucks, vans, etc.) have more difficulty negotiating reduced radius corners. 

�x  Pedestrian crossing distances are reduced by up to 1.2 m (4 ft) when the radius is reduced (see 
figure 20-11). 

�x  T h e  s h a r p e r  t u r n s  t h a t  r e s u l t  f r om the reduced radii require motorists to reduce speed, increasing 
the time available to detect and take appropriate actions related to pedestrians at the crossing. 

¶ S m a l l e r  r a d i i  p r o v i d e  m o r e  p e d e s t r i a n  s t o r a g e  s p a c e , and pedestrians are more visible to drivers. 
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Street Closures 

Three types of street closures are described in the following discussion: 

¶ Complete street closures. 
¶ Partial street closures. 
¶ Driveway links. 

Caution: Street closures must be considered in an areawide context, or traffic problems may simply shift 
to another nearby street. 

Complete Street Closures 

Street closures, generally on residential streets, can prohibit through-traffic movement or prevent 
undesirable turns. Street closures may be appropriate where large volumes of through-traffic or shortcut 
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Turning movement diverters are installed at the intersection of a neighborhood street with a major street 
or collector to prevent cut-through traffic. They prevent straight-through movements and allow right turns 
only into and out of the neighborhood. 

Table 20-5 displays the advantages and disadvantages of these two types of diverters: 

Table 20-5. Advantages and disadvantages of diverters. 

Treatment Advantages Disadvantages 
Diagonal road 
closures/diverters 

¶ Through-traffic is eliminated. 
¶ An area for landscaping is 

provided. 
¶ Conflicts are reduced. 
¶ Pedestrian safety is increased. 
¶ A bicycle pathway connection can 

be included. 

¶ Will inconvenience residents in gaining 
access to their properties. 

¶ May inhibit access by emergency vehicles 
unless they are permitted access or the street 
names are changed. 

¶ Will move through tr 15 affic to other streets if 
not back to the arterial. 

Turning movement 
diverters 

¶ Effective at discouraging 
cut-through traffic. 

¶ Relatively low cost. 
¶ 
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Figure 20-15. Photo. Traffic circles can be designed to accommodate 
large vehicles and emergency access without undue restrictions. 

Roundabouts 
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Table 20-7. Advantages and disadvantages of roundabouts. 
Source: Modern Roundabouts for Oregon(3)
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These islands are important design elements that should be provided as a matter of routine wherever 
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The Seattle Engineering Department has experimented 









 

352 T r a f f i c  C a l m i n g  

t h o s e  t h a t  a r e  n e u t r a l  w i t h  r e s p e c t  t o  t h r o u g h  t r a f f i c  o t h e r  t h a n  t o  s l o w  i t  d o w n — c l a s s  I I I  
m e a s u r e s .  W h e r e  i n d i v i d u a l  m e a s u r e s  f i t  i n t o  t h i s  s c h e m e  w i l l ,  a s  a l r e a d y  n o t e d ,  b e  
c a s e - s p e c i f i c .  I t  w i l l  d e p e n d  o n  g e o m e t r i c s  a n d  s p a c i n g ,  q u a l i t y  o f  a l t e r n a t i v e  r o u t e s ,  a n d  
o t h e r  f a c t o r s .  S t i l l ,  t h e r e  m a y  b e  s o m e  v a l u e  i n  g e n e r a l i z i n g  a b o u t  d i v e r s i o n  p o t e n t i a l .  

P o r t l a n d ,  O R ,  r e p o r t s  m o r e  d i v e r s i o n  w i t h  [ 4. 2 7 - m ]  1 4 - f o o t  h u m p s  t h a n  [ 6 . 7 1 - m ]  2 2 - f o o t  
t a b l e s ,  a n d  m o r e  d i v e r s i o n  w i t h  e i t h e r  t h a n w i t h  t r a f f i c  c i r c l e s .  S a n  D i e g o ,  C A ,  a n d  
S e a t t l e ,  W A ,  r e p o r t  s i g n i f i c a n t  d i v e r s i o n  w i t h s t a n d a r d  [ 3 . 6 6 - m ]  1 2 - f o o t  h u m p s  b u t  
m i n i m a l  d i v e r s i o n  w i t h  t r a f f i c  c i r c l e s .  I n  t e r m s  o f  t h e  t h r e e  c l a s s e s  d e f i n e d  a b o v e ,  s p e e d  
h u m p s  a p p e a r  t o  b e  c l a s s  I I  m e a s u r e s ,  d i s c o u r a gi n g  b u t  s t i l l  a l l o w i n g  t h r o u g h  t r a f f i c .  I f  a  
g o o d  a l t e r n a t i v e  r o u t e  e x i s t s ,  h u m p s  w i l l  d i
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¶

¶

¶

 

Following evaluation of the woonerven, the Dutch law was amended (July 1988) to allow greater design 
flexibility and replaced the design rules with six basic principles. 

1. The main function of the woonerf shall be for residential purposes. Thus, roads within the “erf” 
area may only be geared to traffic terminating or originating from it. The intensity of traffic 
should not conflict with the character of the woonerf in practical terms: conditions should be 
optimal for walking, playing, shopping, etc. Motorists are guests. Within woonerven, traffic 
flows be(Jul100 )6(vehicles per hour sh)4(ou)4(ld be m)9(a)2(intained. )]TJ
0 Tc 0 Tw 12 0 0 12 90 468.54 Tm
(2.)Tj
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[(drive slowl)5(y)-7(. )6(Particular speed-reduction )6(features )]TJ
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/TT2
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[(from)8( )-5(such an intersection. )]TJ
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Traffic counts on the street show bicyclists make up about 10 to 15 percent of the traffic at certain times 
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Avoid closing the crosswalks at intersections. Also, at signalized intersections:(1) 

¶
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Signage 

Advance signage should be provided that will alert pedestrians to potential sidewalk closures, diversions, 
or detours. Where pedestrians with vision disabilities 
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¶ When channelizing is used to delineate a pedestrian pathway, a continuous 
detectable edging should be provided throughout the length of the facility such 
that pedestrians using a long cane can follow it. 

¶ A smooth, continuous hard surface should be provided throughout the entire 
length of the temporary pedestrian facility. There should be no curbs or abrupt 
changes in grade or terrain that could cause tripping or be a barrier to wheelchair 
use. The geometry and alignment of the facility should meet the applicable 
requirements of the ADAAG (see [s]ection 1A.11). 

¶ The width of the existing pedestrian facility should be provided for the temporary 
facility if practical. Traffic control devices and other construction material/TT1 1 i8 
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Figure 21-3. Illustration. Sidewalk closure and pedestrian detour example. 

Source: MUTCD (2) 



 

368 Bicycle and Pedestrian Accommodation in Work Zones 

21.4 Planning and Design Considerations 

While the 2003 MUTCD pedestrian guidelines apply to pedestrian traffic around work zones, the absence 
of specific guidance on pedestrian access around construction zones leaves local agencies with a great 
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Figure 21-4. Illustration. Construction sign placement. 

Pedestrian Issues: Seattle Example 



 

370 Bicycle and Pedestrian Accommodation in Work Zones 

Figure 21-5. Illustration. Pedestrian control. 

Source: 

Traffic Control Manual for In-Street Work



http://mutcd.fhwa.dot.gov/
http://safety.fhwa.dot.gov/fourthlevel/pdf/LocalPedGuide.pdf
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LESSON 22: 
 

TORT LIABILITY AND RISK MANAGEMENT 

22.1 Introduction 

This lesson provides an understanding of tort liability, risk management principles, and techniques for 
monitoring and evaluating existing facilities and programs. Key definitions are provided, along with 
information on litigation trends, exposure evaluation methodologies, successful risk-reduction strategies, 
and case study examples. Students will study real cases that illustrate the importance of considering 
human performance in planning and design and of the role facilities play in creating predictable behavior. 
An understanding of tort liability and risk manageRiskment issues will alert the designer to the need for 
evaluation and monitoring on an ongoing basis and for creating built-in feedback systems. More and more 
lawsuits are being settled against government entities that adopt a do-nothing posture. Identifying 





 

Tort Liability and Risk Management 375 

Government, well-insured corporations, and professionals continue to be favored targets due, in part, to 
their perceived deep pockets and ability to pay. There is a tendency toward increased liability in areas that 
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The bicyclist will have a tough time proving that he was not guilty of contributory negligence in this case. 
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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 
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¶ 
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¶ 
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¶ Bridges and underpasses that are hazardous to bicycles and pedestrians. Like motorists, 
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Signing a hazardous condition has long been recognized as an important interim treatment for many 
conditions (see figure 22-6 for an example). Failing to sign a known condition is difficult to defend. 
Signing and warning offer two types of benefits: first, people are more cautious, so the number of crashes 
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6. 
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LESSON 23: 
 

INTERNATIONAL APPROACHES TO BICYCLE  
AND PEDESTRIAN FACILITY DESIGN 

23.1 Introduction 

Other countries with higher levels of bicycling and walking are often presented as examples when 
discussing improvements to bicycling and walking in the United States. Countries with much higher 
levels of bicycling and walking include those in Europe (such as The Netherlands, Sweden, Denmark, 
Germany, and the United Kingdom (U.K.)), Australia,
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¶ Urban design oriented to people and not cars, 
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Figure 23-3. Photo. Pedestrian pushbutton for pelican 
signals in the United Kingdom. 

 

 

Figure 23-4. Photo. Pedestrian signal with red standing man  
(shown) and green walking man. 



 

Toucan crossingsi(see figure 23-5) are shared crossingsi
can” cross together) at selected cro
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(This picture shows a bicyclist not wearing a helmet. 

FHWA strongly recommends that all bicyclists wear helmets.) 

Figure 23-8. Photo. Pedestrian mall in Munster, Germany. 

Source: FHWA Study Tour for Pedestrian and Bicyclist Safety 
in England, Germany, and The Netherlands(1) 

23.4 Bicycle Facilities and Programs 

The Netherlands 

The general philosophy in The Netherlands is to separate bicyclists from motor vehicles whenever speeds 
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Figure 23-12. Photo. Bicycle signal used in Amsterdam, The Netherlands. 

Source: FHWA Study Tour for Pedestrian and Bicyclist 
Safety in England, Germany, and The Netherlands(1) 

Germany 

On-street bike lanes are installed on the street level and are typically painted red or installed with a red 
pavement surface. This type of facility is generally less expensive to install than off-street facilities. 
Bicycle lanes with continuous lane markings are reserved solely for bicyclists. If the lane is dashed, cars 
and trucks may use the space only when no bicycle is present. 

Off-street bike lanes are sometimes installed on the sidewalk level, as shown in figure 23-13. Generally 
marked with a distinctive red color (which contrasts with the gray stone used for pedestrian walkways and 
the clear zones between the street and bike path
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LESSON 24: 
 

A COMPREHENSIVE APPROACH: 
ENGINEERING, EDUCATION, ENCOURAGEMENT, 

ENFORCEMENT, AND EVALUATION 

24.1 Introduction 

ExpEngence has shown that developing bicycle- and pedestrian-fngendly communities requires a 
comprehensive approach that includes more than simply engineering and constructing bike lanes and 
sidewalks. This comprehensive approach includes: 

¶ Engineering½designing and constructing roads for bicyclists and pedestrians. 
¶ Education½teaching or training bicyclists, pedestrians, motor biand other road users. 
¶ Enforcement½ensuring that all road users follow tr



 

410 A Comprehensive Approach: Engineering, Education, Encouragement, Enforcement and Evaluation 

By then, it had become clear that simply providing 
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in the TIP. In such an arena, its strengths and weaknesses can be weighed against those of other potential 
projects. Steps in the Process 
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24.5 Elements of an Effective Enforcement Program 

This section contains examples of several elements and strategies that are commonly found in effective 
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3. Good Practices Guide for Bicycle Safety Education, FHWA, Publication No. FHWA-SA-02-001, 
available online at httpF//www.bicyclinginfo.org/et/bestguidedoc.html, accessed May 3, 2004. 

4. Resource Guide on Laws Related to Pedestrian and Bicycle Safety, NHTSA, Publication No. 
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