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IMPLEMENTATION STATEMENT 

This report contains draft guidelines for bicycle and pedestrian facilities devised during 

the first year of a two-year study. The draft guidelines, a preliminary version of the primary 

product of this research study, will be reviewed by the Texas Department of Transportation 

(TxDOT), citizens, and representatives of other agencies and organizations in the second year 

of the study, and revised as necessary. The research study concludes with submittal of 

finalized guidelines. Implementation of the recommendations may be instituted through 

distribution of the final guidelines, as appropriate, as well as by revision of TxDOT Standard 

Sheets and TxDOT policies. 
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DISCLAIMER 

The contents of this report reflect the views of the authors who are responsible for the 

opinions, findings, and conclusions presented herein. The contents do not necessarily reflect 

the official views or policies of the Federal Highway Administration or the Texas Department 

of Transportation. This report does not constitute a standard, specification, or regulation. 

This report is not intended for construction, bidding, or permit purposes. 
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SUMMARY 

PURPOSE 

The purpose of this document is to inform engineers, planners, and other transportation 

officials of the planning and design considerations which are recommended for the 

implementation of appropriate bicycle and pedestrian facility design. 

Despite a perception that bicycle and pedestrian facility planning, selection, design, 

and implementation are relatively simple, nonmotorized transportation planning is far more 

complex than much of traditional motorized transportation planning. 

This document provides the Texas Department of Transportation (TxDOT) personnel with 

the information and decision-making framework needed to determine when and where bicycle 

and pedestrian facilities are appropriate; the type of facility which should be provided at these 

locations; and the design characteristics of the facility. Particular emphasis is give to 

improving existing roadways for bicycle and pedestrian use. 

Facility types and procedures recommended throughout this document are a compilation of 

those which, through professional and operational assessment, have established track records 

for enhancing bicycle and pedestrian mobility and cost-effectiveness. These guidelines 

provide the most current information regarding the planning, selection, and design of facilities 

appropriate for Texas conditions. 

NONMOTORIZED TRANSPORTATION COMES OF AGE 

Bicycle transportation has been used since early in the last century; pedestrian 

transportation for much longer. With the development of the automobile, American land use 

and urban development changed significantly. The resulting expansive development patterns 

nearly required the use of a private automobile. The new geographic importance of a private 
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car as well as the freedom and convenience the private car brought to post-war Americans 

shaped attitudes toward transportation. Over time, motorized transportation became the 

societal ideal , and bicycle and pedestrian mobility were disadvantaged through the 

governmental failure to provide appropriate space and infrastructure for these modes along 

transportation corridors. 

Decades later, urban areas are experiencing roadway congestion, decreased air quality, and 

unchecked sprawl at an unprecedented rate. The public is making known its desire for a 

quality of life which includes, among other things, revitalized transportation options such as 

bicycling and walking. 

Recent federal legislation such as the Intermodal Surface Transportation Efficiency Act of 

1991 (ISTEA) and the Clean Air Act Amendments of 1990 (CAAA) address these concerns 

through requirements for bicycle and pedestrian planning, the provision of special funding for 

new construction and improvement of existing roadways, and mandated schedules for the 

attainment of improved air quality. The Federal Highway Administration' s (FHWA) National 

Bicycling and Walking Study calls upon cities, metropolitan planning organizations, and state 

departments of transportation to meet the following goals through the implementation of 

comprehensive, multi-agency programs to encourage increased use of bicycling and walking 

for transportation 1: 

■ To double the current percentage (from 7.9% to 15.8%) of total trips made by 

bicycling and walking and 

■ To simultaneously reduce by 10% the number of bicyclists and pedestrians 

killed or injured in traffic crashes. 

Additionally, state legislation passed during the 72nd Legislative Session in 1991 (Senate 

Bill 352, "The Sunset Bill' ) directed the Texas Department of Transportation to enhance the 

use of the state highway system by bicyclists. 

Current TxDOT policy for the provision of bicycle accommodations on existing and future 

roadways is contained in a memorandum from Executive Director William G. Burnett to 

District Engineers dated February 7, 1994. The memorandum states that "every road, with a 
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few exceptions, is a potential bicycle way". This concept requires full consideration on both 

new transportation projects, and to retrofit, over time, the backlog of roadways not currently 

scheduled for improvement. Accommodation for both bicycle and pedestrian traffic shall be 

considered on all projects, including those under construction where reasonably possible"2
• 

This document contains guidelines for the planning, selection, and design of bicycle and 

pedestrian facilities for TxDOT' s use in attaining these goals. 

HOW TO USE THIS DOCUMENT 

This document is not intended to be a stand-alone document. It provides the basic 

information needed for a planner, designer, or engineer to plan and design appropriate bicycle 

and pedestrian facilities. Other publications recommended for use by TxDOT personnel and 

others include the Guide for the Development of Bicycle Facilities3, Selecting Roadway 

Design Treatments to Accommodate Bicycles4
, and the National Bicycling and Walking Study: 

Transportation Choices for a Changing America1
• 

The document is arranged as follows. 

Chapter 1 provides background material regarding bicycle and pedestrian issues and 

facilities, including key concepts for bicycle and pedestrian facility planning, selection and 

design. 

Chapter 2 discusses the need for planning, pertinent issues to be considered for each 

mode, such as user groups and common crash types, and presents a detailed discussion of a 

planning process recommended for nonmotorized planning. 

Chapter 3 and 4 pertain specifically to bicycle facilities. Chapter 3 describes roadway 

improvements which should be considered for all roadways. Improvements are detailed for 

such topics as drainage grates, pavement quality, traffic control devices, bridges, and roadway 

lane widths. 

Chapter 4 describes special designated bicycle facilities to accommodate less-skilled 

bicyclists on roadways with higher motor traffic speeds and volumes, such as collectors and 

arterioles. This chapter also includes guidance for selecting and implementing a facility type 
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on roadways which are existing, nearing construction, or are under construction. 

Chapter 5 provides information on multi-use facilities which are separated from the 

roadway. These facilities are generally used for recreation, but may accommodate some 

transportation uses if the trail or path is a direct connection between significant generators of 

nonmotorized traffic. 

Chapter 6 provides information regarding pedestrian facilities such as sidewalks and 

crosswalks, their design characteristics, and additional amenities for pedestrians. 

Appendices A and B discuss the bicycle's legal status in Texas, bicycle and pedestrian 

laws, recommended signage by the Manual of Uniform Traffic Control Devices and special 

signage developed for use in Nonh Carolina. 

SUGGESTED PRACTICES 

Summarized below are the suggested implementation, planning, and design practices 

described in this document. The reader should be advised, however, that a full understanding 

of the following recommendations is not gained without thorough study of relevant chapter 

text. 

Implementation Policies 

To successfully increase the number of persons bicycling and walking to work, to the 

marketplace, to school, and to other destinations, agencies must develop a comprehensive 

system for addressing the needs of bicyclists and pedestrians. Incorporating bicycle and 

pedestrian issues in standard government procedures from project conception down through 

daily maintenance activities is required to make any capital investment worthwhile. 

The first step in this effort is to develop a barrier-free bicycle transportation system and a 

barrier-free pedestrian transportation system. Without facilities for bicycling and walking, few 

potential bicyclists or pedestrians will make the transition from motorized vehicles. Since 

reducing motorized congestion and improving mobility are broad goals of most bicycle and 

pedestrian programs, it is important to concentrate on implementing bicycle and pedestrian 
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facilities which: 

■ maximize number of individuals served 

■ minimize travel times and 

■ maximize utilitarian trip potential. 

Developing a bicycle and pedestrian transportation system which works toward these goals 

can satisfy current levels of bicyclist and pedestrian use and, in conjunction with other public 

policies, help to increase the number of people bicycling or walking for transportation 

purposes. While different types of bicyclists and pedestrians will use different parts of the 

system at different rates, providing a balanced, intermodal system will assist all roadway 

system users, whether motorized or nonmotorized, in reducing conflicts and increasing the 

efficiency of the overall transportation system. 

Overall Planning Practices 

Effective planning for bicycle and pedestrian transportation can help communities establish 

land use and thoroughfare plans which stimulate bicycle and pedestrian mobility. It can help 

cities and metropolitan planning organizations (MPO' s) identify potential linkages among 

important destinations and conserve revenues by reducing overall transportation costs. 

Clearly it is in the state DOT' s best interest, as a service agency for the public, to support 

and participate in regional planning efforts through, for example, participation in MPO' s. The 

following planning policies provide a framework for local TxDOT district personnel and 

regional MPO action to improve bicycle and pedestrian mobility: 

■ Establish a local transportation planning process to improve the mobility of people 

and goods by the most efficient means available. 

■ Assign a local staff the responsibility for ensuring improved bicycle and pedestrian 

mobility; train the staff to coordinate elements of the community's planning, 
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capital improvements programming, and maintenance schedule; 

■ Provide transportation opportunities for various types of bicyclists and pedestrians 

throughout the local transportation system: 

■ Establish land use and community development goals compatible with bicycle and 

pedestrian mobility through the local transportation system; 

■ Establish ROW requirements which accommodate the complete bicycle, pedestrian, 

and multi-use facility system through the local thoroughfare plan; 

■ Utilize local development, subdivision, and zoning ordinances to establish block 

length guidelines, building orientation standards, and other requirements which 

stimulate average trip lengths compatible with bicycle and pedestrian mobility; 

■ Help maintain a local capital improvements plan which provides regular funding 

for the bicycle and pedestrian program to acquire ROW, to construct new 

facilities, to retrofit inadequate facilities, and to refurbish older facilities ; 

■ Garner funding from TxDOT districts, MPO' s and municipalities for annual staff, 

operations, and maintenance budgets fro periodic facility evaluation, maintenance, 

and repair as well as funding to review development and zoning proposals for 

impact on bicycle and pedestrian mobility; and 

■ Assess local nonmotorized mobility plans for uniformity in assumptions regarding 

user types, facility selection, and overall connectivity at the regional level, and 

revise as necessary to implement an integrated system. 

Bicycle Facility Design Practices 
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Developing an effective bicycle system will result from the application of general 

guidelines, as appropriate fro varying community characteristics, to Texas conditions. The 

following bicycle practices decrease conflicts and provide for efficient bicycle mobility: 

■ Link trip origins and destinations with on-street bikeways designed to serve 

transportation purposes; 

■ Build and/or retrofit all roadways to accommodate proficient (A) bicyclists with 

wide curb lanes for urban sections and wide shoulders for rural sections. Build 

and/or retrofit a sub-network of roadways (usually, but not necessarily, specified on 

a regional bicycle plan) to accommodate basic (B) bicyclists, with designated 

bicycle facilities, with designated bicycle facilities for urban sections; 

■ Where possible all roadways should be built or retrofitted with wide curb lanes; 

■ In the absence of a regional bicycle plan designating a subnetwork (including state 

highways) to accommodate basic (B) Bicyclists, highways should be evaluated for 

expected travel by basic (B) bicyclists, and designed to accommodate these 

bicyclists where possible. All roadways should accommodate proficient (A) 

bicyclists at a minimum; 

■ The selection of roadways to be designated for use by basic (B) bicyclists is a local 

decision. Most cities recognize the need for and consequently, provide bicyclist 

access to collectors, and increasing numbers are improving areterials for basic (B) 

bicyclist travel; 

■ Implement only on-street facilities which encourage standard traffic flow patterns, 

encourage a share-the road attitude, and encourage new bicyclists; 

■ Select the facility type for an individual corridor through an assessment of expected 
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bicyclist type and estimated motor traffic speed tempered with the additional 

factors described in the text; 

■ Build and maintain street surfaces to avoid pavement conditions hazardous to 

bicyclists; 

■ Accommodate bicycle travel speeds as well as recommended lane positioning in the 

installation, timing, and operation of traffic detection devices and traffic signals; 

■ Establish a sub-network of signed, on-street bicycle routes over the existing street 

network to provide less experienced bicyclists with recommended travel routes; 

■ Distribute a local or regional bike map which communicates how best to utilize the 

on-street bicycle route system; 

■ Build or retrofit existing arterials and collectors (as well as those approaching or 

under construction) with intersection improvements and wide curb lanes, at a 

minimum, to accommodate bicyclists; 

■ Use pavement markings for bicycle lanes along specific bicycle routes where 

needed to mitigate specific conflicts, including: high volumes of truck traffic, high 

motor vehicle speeds, and other conflicts; 

■ Provide bicycle parking facilities at TxDOT agency facilities where appropriate; 

■ Provide occasional off-street bicycle pathways/trails where needed to link bicyclists 

to on-street facilities and improve bicycle travel times; and 

■ Maintain bicycle routes, trails, and other facilities to prevent deterioration and 

unsafe or impassable conditions. 
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Pedestrian Facility Design Practices 

Pedestrian facilities provide the simplest short-trip transportation access. A lack of 

pedestrian facilities complicates connections between transportation modes, forces a potential 

pedestrian to choose motorized transport for a very short trip, may prohibit the trip altogether, 

or may subject the pedestrian to undue hazard. Improving pedestrian facilities enhances not 

only the mobility of current pedestrians, but also encourages those currently driving 

automobiles to utilize the pedestrian system for transportation. The recommended pedestrian 

practices, formulated to decrease conflicts and increase mobility, are listed below: 

■ Build and maintain in existing roadway corridors (as well as for corridors 

approaching or under construction) a sidewalk system with design characteristics 

based on roadway functional classification and land use; 

■ Construct all sidewalks according to "desired" conditions discussed in Chapter 5 

(based on the Highway Capacity Manual 's Pedestrian Level of Service). Provide a 

desirable buffer zone; 

■ Comply with Americans with Disabilities Act (ADA) guidelines to provide full 

accessibility by individuals with disabilities; 

■ Provide intersections which are pedestrian-friendly, with pedestrian refuge islands 

at street crossings with more than four lanes (through or turning), traffic signals 

timed for low-speed pedestrians where indicated, and other accommodations as 

desired; 

■ Focus attention at high-volume pedestrian areas with wider sidewalks, painted or 

brick-paved crosswalks, and other amenities to provide an efficient and pleasant 

pedestrian environment; 
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■ Prioritize retrofits on the basis of current pedestrian activity, corridor status on 

pedestrian plan, eliminating gaps in the pedestrian system, and locations identified 

by the public; 

■ Evaluate and revise current and planned construction to include or upgrade 

pedestrian facilities ; and 

■ Maintain all sidewalks and other pedestrian facilities to prevent unsafe or 

impassable conditions. 
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CHAPTER 1: INTRODUCTION 

PURPOSE 

The purpose of this document is to inform engineers, planners, and other transportation 

officials of the planning and design considerations which are recommended for the 

implementation of appropriate bicycle and pedestrian facility design. 

Despite a perception that bicycle and pedestrian facility planning, selection, design, 

and implementation is relatively simple, nonmotorized transportation planning can be far more 

complex than much of traditional motorized transportation planning. 

This docuement provides Texas Department of Transportation (TxDOT) personnel 

with the information and decision-making framework needed to determine when and where 

bicycle and pedestrian facilities are appropriate; the type of facility which should be provided 

at these locations; and the design characteristics of the facility. Particular emphasis is given 

to improving existing roadways for bicycle and pedestrian use. 

Facility types and procedures recommended throughout this document are a 

compilation of those which, through professional and operational assessment, have established 

track records for enhancing bicycle and pedestrian mobility and cost-effectiveness. These 

guidelines provide the most current information regarding the planning and design of facilities 

appropriate for Texas conditions. 

Public involvement is central to the formulation of this document. Citizen input has 

been solicited and received throughout the study period through various media. Surveys were 

mailed to citizens and groups with a history of involvement in TxDOT' s efforts regarding 

nonmotorized transportation. Panel discussions held throughout the state featured 

representatives from agencies such as those involved with transportation, parks, and public 

works, as well as numerous interested citizens and representatives of citizens' groups. Diverse 

inputs were weighed against each other, tempered with sound professional judgment, and 

incorporated into the resulting guidelines. 
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BICYCLE AND PEDESTRIAN DEVELOPMENTS THROUGH 1990 

Bicycle transportation has been used since early in the last century; pedestrian 

transportation for much longer. With the development of the automobile, American land use 

and urban development changed significantly. The resulting expansive development patterns 

nearly required the use of a private automobile. The new geographic importance of a private 

car as well as the freedom and convenience the private car brought to post-war Americans 

shaped attitudes toward transportation. Over time, motorized transportation became the 

societal ideal, and bicycle and pedestrian mobility were disadvantaged through the 

governmental failure to provide appropriate space and infrastructure for these modes along 

transportation corridors. 

Decades later, urban areas are experiencing roadway congestion, decreased air quality, 

and unchecked sprawl at an unprecedented rate. The public is making known its desire for a 

quality of life which includes, among other things, revitalized transportation options such as 

bicycling and walking. 

NEW DIRECTIVES SINCE 1991 

In 1991 the state legislature directed the Texas Department of Transportation to the 

state highway system to enhance the state highway system for use by bicyclists. 

Recent federal legislation such as the Intermodal Surface Transportation Efficiency Act 

of 1991 (ISTEA) and the Clean Air Act Amendments of 1990 addresses these concerns 

through requirements for bicycle and pedestrian planning, the provision of special funding for 

new construction and improvement of existing roadways, and mandated schedules for the 

attainment of improved air quality. The Federal Highway Administration' s (FHW A) National 

Bicycling and Walking Study calls upon cities, metropolitan planning organizations, and state 

departments of transportation to meet the following goals through the implementation of 
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comprehensive, multi-agency programs to encourage increased use of bicycling and walking 

for transportation 1: 

■ To double the current percentage (from 7.9% to 15.8%) of total trips made by 

bicycling and walking and 

■ To simultaneously reduce by 10% the number of bicyclists and pedestrians 

killed or injured in traffic crashes. 

The purpose of this study is to develop uniform guidelines for the planning, selection, 

and design of bicycle and pedestrian facilities in an effort to facilitate TxDOT's attainment of 

these goals. 

THE BENEFITS OF INCREASED BICYCLING AND WALKING 

The benefits of increased bicycling and walking include the benefits of bicycling and 

walking as physical activities, the benefits from displaced automobile usage, and the benefits 

of nonmotorized transportation facilities. Economic rewards for both individuals and society 

include reduced health care costs, decreased pollution abatement costs, and the decreased 

purchase of petroleum products. 

As a growing number of American cities face problems associated with increased auto 

dependency -- including environmental, traffic, health, land use, and safety problems -- there 

is a growing need for options which meet transportation needs without further sacrificing 

quality of life. Bicycling and walking are transportation options which are among the most 

cost-effective methods for meeting these transportation needs. 

The positive consequences of increased bicycling and walking can be categorized as 

benefits to personal and societal health and fitness, to the environment, and to transportation 1• 
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Health and Fitness Benefits for Individuals and Society 

The benefits of regular physical activity on health and its role in the prevention and 

management of such diseases as hypertension, coronary heart disease, obesity, diabetes, 

osteoporosis, and depression are well-established. Low to moderate levels of exercise, which 

include bicycling and walking, have been shown to have positive health effects on stroke, 

cancer, arthritis, and other diseases. Nevertheless, forty percent of American adults lead 

lifestyles classified as sedentary. Once an integral part of daily life from childhood on, 

exercise is now relegated to a consciously sought out leisure activity. 

A handbook produced recently by the U.S. Centers for Disease Control states that 

" ... the most effective activity regimens may be those that are moderate in intensity, 

individualized, and incorporated into daily activity." Bicycling and walking are activities 

which meet these criteria. Bicycling or walking to work, school, shopping, or elsewhere as 

part of an individual ' s daily routine can be both a sustainable and time-efficient exercise 

regimen for maintaining fitness. In choosing bicycling or walking for utilitarian trips, two 

activities can be accomplished at once-- travel and exercise1• 

Increased Activity versus Increased Accidents 

Each year, crashes with motor vehicles kill nearly 6,500 pedestrians and 850 

bicyclists1• While the common assumption is that large increases in the numbers of bicyclists 

and pedestrians will result in large increases in fatalities or injuries, studies have shown the 

reverse. 

Researchers have concluded that the provision of friendlier environments for bicyclists 

and pedestrians, both physical and social, draw greater numbers to try bicycling and walking. 

Greater numbers of bicyclists and pedestrians using the roadway corridor create greater 

acceptance of these individuals as legitimate users of the transportation system. Studies in 

King County, Washington (incorporating Seattle and nine surrounding cities with populations 

exceeding 15,000) and Sweden show that with increased numbers of bicyclists and pedestrians 

come increased visibility, legitimacy, and acceptance of these users; in turn, accident rates 

1-4 



decrease. The experience has been the same for cities in Florida, as a significant increase in 

numbers of bicyclists has been accompanied by a significant reduction in bicycle/motor 

vehicle crashes 1• 

In addition to improved facilities, increased public awareness, education, and law 

enforcement are key elements in creating better environments for bicyclists and pedestrians. 

Environmental Benefits 

Bicycling and walking replace short-distance auto trips, which are the least efficient 

and generate the most pollution per mile traveled. The 1990 Clean Air Act Amendments 

(CAAA) require ozone and carbon monoxide non-attainment areas to reduce emissions to 

meet air quality standards. With an estimated 90 percent of carbon monoxide emissions in 

urban areas being produced by mobile sources such as cars, trucks, and buses, measures to 

increase the use of non-polluting bicycling and walking for transportation can be beneficial. 

Aside from the reduction of emissions, increased bicycling and walking reduce the 

negative environmental impacts from drilling, refining, transporting, storing, and disposing of 

petroleum products. 

Transportation Benefits 

Transportation benefits from measures to increase bicycling and walking are many. 

Roadway improvements undertaken for bicyclists and pedestrians can enhance safety for 

motorists. The addition of eight-foot wide shoulders on rural two-lane roads has been shown 

to reduce run-off-road, head-on, and sideswipe motor vehicle crashes by 49 percent 1
• 

Another benefit from widening improvements is the decrease in the rate of roadway 

deterioration, thereby increasing roadway longevity and reducing maintenance costs. 

Bicycling and walking require less space per user than autos, both in terms of roadway 

space and parking requirements. Increased use of bicycling and walking results in a 

corresponding decrease in roadway congestion. 
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Other Benefits 

Communities in which bicycling and walking are viable transportation options find 

there are unforeseen benefits in community cohesion and a heightened sense of neighborhood. 

These modes encourage personal contact and give neighbors an opportunity to get to know 

one another. 

Measures to increase bicycling and walking benefit those who cannot afford or choose 

not to own a car, those who choose to use a car for only a portion of trips, those who are too 

young to drive, those whose aging or decreased physical abilities have prevented continued 

driving, those who do not live near transit, and those who are otherwise limited in their 

transportation options. 

Multi-use facilities, or off-road trails, provide recreational opportunities for multiple 

users along non-roadway corridors such as power easements, waterways, abandoned rail lines, 

or shorelines. These facilities, depending on their location, can enhance the transportation 

goals of nonmotorized users as well. The development of these linear parks offer users more 

opportunities for different and varied experiences than do traditional compact parks. A multi

use trail may deliver environmental, educational, historical and cultural, and varied 

community and social benefits. 

KEY CONCEPTS: PLANNING AND FACILITY SELECTION 

Bicycling and walking are activities which serve a variety of purposes, including 

transportation, recreation, or a combination of these. It is widely recognized that both trip 

purposes are served by improvements to the existing roadway system. 

Most urban roadways were designed and built during a period of little bicycle use. Hence, 

early design decisions to provide for bicyclists were often based on the assumption that to 

separate bicycling from roadways was best. This concept quickly proved unpopular with 

bicyclists. It led to a proliferation of conflicts due to lack of facilities, bicyclists being on 

sidewalks and thereby hidden from motorists, poorly built bike paths, and bicyclists and 

motorists attempting to mix on roadways with inadequate mixed-use design. 
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Key attractions are found along main thoroughfares; and they attract bicyclists and 

pedestrians, just as they attract motorized traffic. Given this fact, new transportation projects 

should give full consideration to bicycle and pedestrian facilities. 

Many bicycle facility designs provide great benefits to motorists, maintenance, general 

safety, and other joint uses. Further, most bicycle facilities can be categorized as low-or no

cost improvements. As a result, a given facility can often be supported with little or no 

projection of increased short-term bicycling activity. 

"Bicycle facilities" refer to either designated or undesignated operating space intended 

for either exclusive or shared use by bicyclists. Most bicycle transportation facilities (bike 

lanes, wide curb lanes, shoulders) are located directly on the roadway; rarely are they 

separated (as with bike paths, multi-use paths) from motorized traffic by a buffer or physical 

barrier. "Pedestrian facilities" refer to sidewalks or multi-use trails running parallel to the 

roadway or to crossing locations which run perpendicular to the roadway. The terms 

"roadway" and "highway" are used interchangeably throughout this report, and describe any 

urban or rural roadway which is not an access-controlled highway. The end of this chapter 

provides additional definitions of terms. 

The planning and facility selection procedures used in this manual are an adaptation of 

those used by many state departments of transportation (DOT), those recommended in federal 

documents, and new procedures created for use by TxDOT personnel. 

The selection of bicycle and pedestrian facilities should take place within the 

framework of the comprehensive planning procedures presented in Chapter 1. Much of the 

bicycle and pedestrian planning currently underway has, as a primary focus, the improvement 

of existing roadways for nonmotorized users. 

Bicycle Facilities 

All roadways are potential bicycle ways. This means that all roadways except those 

where bicycles are prohibited should be planned, designed, and maintained to accommodate 

bicycle traffic2
• The majority of these roadway improvements for both existing and future 

roadways are simple, requiring little or no additional cost. Most do not require any special 
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designation as bicycle improvements, instead serving all roadway users. Many of these 

improvements are easily made during routine maintenance activities. Only those roadways 

which specifically prohibit bicycle traffic are exempt from these considerations. 

The guiding philosophy for the selection of bicycle facilities, based on an approach 

promoted by the Federal Highway Administration, results in a comprehensive system of 

bicycle ways which accommodates different bicyclist user groups with facility types to meet 

their very different needs4 • This approach is based on the following principles, which are 

described further in Chapter 2: 

■ Two types of bicyclists are recognized: Type A (proficient) , and Type B (basic 

adult and child); 

■ To paraphrase the Guide for the Development of Bicycle Facilities3, every 

roadway on which bicycles are permitted to operate is a "bicycle way" and 

should be designed and maintained to accommodate shared use by bicycles and 

motor vehicles. Thus, at a minimum, all roadways should consider the design 

treatments recommended for Type A bicyclists; 

■ With a United States DOT goal to encourage increased use by Type B 

bicyclists, a supply-driven approach of providing bicycle facilities to encourage 

increased activity by Type B bicyclists is desirable; and 

■ Selecting design treatments to accommodate Type B bicyclists involves two 

steps: 

• a planning process to identify key travel corridors along which bicycle 

access is important and 

• a design decision to identify the most appropriate facility treatment for a 

given corridor. 

The FHW A document calls for bicycle plans to accommodate two distinct groups of 

bicyclists, simply labeled Type A and Type B bicyclists. Bicyclists possessing basic handling 

skills but lacking in confidence to operate in a vehicular manner on collectors and arterials or 

Type B bicyclists, should be provided a subnetwork of specifically designated facilities on 

1-8 



selected collectors and arterials. These facilities include roadways with occasional pavement 

symbols designed to remind motorists of the likelihood that bicyclists may be sharing the 

travel lane, or striped bicycle lanes, for example. Chapter 4 discusses specifically designated 

facilities. 

Advanced bicyclists with the skills, knowledge, and confidence to operate on roadways 

with relatively high speed and volume, or Type A bicyclists, should be provided with, at a 

minimum, roadway improvements such as increased sweeping, smoothing of rough 

pavements, and removal of shoulder rumble strips. Federal policy encourages agencies to use 

the design treatments recommended for Type A bicyclists on every noncontrolled-access 

roadway, whether or not the roadway appears on a bicycle plan. 

The selection of a facility type for a specific corridor is primarily dependent on 

■ a determination of the expected or observed type of bicyclist and 

■ an assessment of various environmental conditions in the corridor, such as the 

avai lability of pavement space and the estimated speed of motorized traffic. 

The procedures in this document are designed to assist TxDOT personnel in 

accommodating the needs of current and potential transportation bicyclists. Increased trips by 

these bicyclists are a focus of much recent legislation and governmental activity at all levels. 

Individuals bicycling for transportation require access to existing roadways which provide 

direct access to destinations and with minimal delays. TxDOT personnel are charged with 

selecting and implementing appropriate on-road facilities on collectors and arterials to 

facilitate the mobility of the transportation bicyclist. 

For completeness, this document discusses several facility types at length. Facility 

types which are not only discussed but recommended in this manual are those which 

■ encourage standard traffic flow patterns; 

■ encourage a share-the-road attitude among all roadway users; and 

■ encourage novice and potential bicyclists to choose the bicycle to meet a 

portion of their personal transportation needs. 
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Pedestrian Facilities 

Pedestrians are found along nearly all roadways, particularly in urban areas, regardless 

of land use and functional class. Because pedestrian improvements were historically thought 

to be of only municipal concern, funding mechanisms and agency jurisdiction for pedestrian 

facilities are sometimes difficult to identify. Many state DOTs, however, are actively 

examining the potential for pedestrian improvements along state highway systems. 

The selection of pedestrian facilities is simpler than for bicycle facilities, as the 

majority of pedestrian facilities are of one type: sidewalks. The design of pedestrian facilities 

is largely the determination of sidewalk width. The procedures recommended in this manual 

are drawn primarily from the Highway Capacity Manual 5 • Information regarding amenities 

for the pedestrian environment is drawn from San Francisco' s Destination Downtown: The 

Downtown Streetscape Plan 6• 
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DEFINITIONS 

The following terms are used throughout this document. 

AASHTO: American Association of State Highway and Transportation Officials. 

ADA: The Americans with Disabilities Act; civil rights legislation passed in 1990, effective July 1992. 

ADT: Average Daily Traffic. The measurement of the average number of vehicles passing a certain point each 
day on a highway, road, street or path. 

Arterial (Road): A road designated to carry traffic, mostly uninterrupted, through local or neighborhood street 
system. 

Bicycle: A vehicle having two tandem wheels, either of which is more than 35 mm (14 inch) diameter, or having 
three wheels in contact with the ground, any of which is more than 35 mm (14 inch) diameter, propelled solely 
by human power, upon which any person or persons may ride. 

Bicycle Facilities: A general term denoting improvements and provisions to accommodate or encourage 
bicycling, including parking facilities, maps, all bikeways, and shared roadways. 

Bicycle Lane (Bike Lane): A portion of a roadway which has been designated by striping, and pavement 
markings for the preferential or exclusive use of bicyclists. 

Bike Route : A segment of a system of roads and ways that are linked by directional and informational signs to 
aid bicyclists. Bike Routes are highly specific, giving a clear indication of destination. 

Bikeway: A thoroughfare suitable for bicycles - may either exist within the right-of-way of other modes of 
transportation, such as highways, or along a separate and independent corridor. 

Clearance, Lateral: The width required for safe passage of a bicyclist as measured in a horizontal plane. 

Clearance, Vertical: The height necessary for the safe passage of a bicyclist as measured in a vertical plane. 

Clearance Interval: The amount of time a traffic signal provides to allow a type of traffic to clear the 
intersection before releasing conflicting traffic. 

Collector (Road): A road designated to carry traffic between local streets and arterials, or from local street to 
local street. 

Cross Section or "Typical Cross Section": Diagrammatic presentation of a highway or path profile which is at 
right angles to the centerline at a given location. 

Edge Line: A painted or applied line to designate the edge of the road (IO mm, or 4 inches). 

Frontage Road: A road designed and designated to serve local traffic parallel and adjacent to a controlled access 
roadway. 
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Grade: A measure of the steepness of a roadway, bikeway, or walkway, expressed as a ratio of vertical rise per 
horizontal distance, usually in percent. For example, a 5% grade equals a 5 meter ( 16.4 ft) of rise over a 100 
meter (328 ft) horizontal distance. 

Grade Separation: The vertical separation of conflicting travelways with a structure. Overpasses or tunnels are 
examples of common grade separations used to avoid conflicts. 

Highway: The entire width between property or right-of-way lines of every way or place of whatever nature, 
when any part thereof is open to the use of the public as a matter of right for the purposes of vehicular traffic. 
The terms "highway" and "street" and their cognates are synonymous. 

ISTEA: The lntermodal Surface Transportation Efficiency Act, enacted in 1991. Federal legislation guiding 
the expenditure of federal highway funds. 

Multi-Use Pathffrail (Bike Path, Bike Trail): Any bikeway that is physically separated from motorized traffic 
by an open space or barrier. It is either within the highway right-of-way or within an independent right of way. 
Due to a lack of pedestrian facilities, most bike paths/trails are commonly designed and referenced as multi-use 
paths or trails. The term Multi-Use Trail will be used throughout this document. 

MUTCD: The "Manual on Uniform Traffic Control Devices," approved by the Federal Highway Administration 
as a national standard for placement and selection of all traffic control devices on or adjacent to all highways 
open to the public. 

Pavement Markings: Painted or applied lines or legends placed on a roadway surface for regulating, guiding, or 
warning traffic. 

Right-of-Way: A general term denoting land, property, or interest therein, usually in a strip, acquired for or 
devoted to transportation purposes. 

Right-of-Way: The right of one vehicle or pedestrian to proceed in a lawful manner in preference to another 
vehicle or pedestrian. 

Roadway: That portion of the highway, including shoulders. 

RRR Projects: Specific roadway improvement projects that include resurfacing, restoration, and rehabilitation of 
roadways. These projects use different funds than new construction. 

Rules of the Road: That portion of a motor vehicle law that contains regulations governing the operations of 
vehicular and pedestrian traffic. 

Shared Roadway: Any roadway upon which a bicycle lane is not designated and which may be legally used by 
bicycles regardless of whether such facility is specifically designated as a bikeway. 

Shoulder: That part of a highway which is contiguous to the regularly traveled portion of the highway and is on 
the same level as the highway; the shoulder may be pavement, gravel, or earth. 

Shoulder (Paved): That portion of a highway which is contiguous to the travel lanes, allowing use for 
emergencies of motor vehicles, for specialized use of pedestrians and bicyclists, and for lateral support of base 
and surface courses. 

Shy Distance: The distance between the edge of a travelway and a fixed object. Also, the separation distance a 
roadway user needs to feel safe operating near a fixed object. 
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Sidewalk: The linear portion of highway designed for preferential or exclusive use by pedestrians. 

Sight Distance: The distance a person can see along an unobstructed line of sight. 

Street: The terms "highway" and ·'street" and their cognates are synonymous. 

Structure: A bridge, overpass, retaining wall, or tunnel. 

Traffic Control Devices: Signs, signals, or other fixtures, whether permanent or temporary, placed on or 
adjacent to a travelway by authority of a public body, having jurisdiction to regulate, warn, or guide traffic. 

Traffic Volume: The given number of vehicles that pass a given point for a given amount of time (hour, day, 
year). See ADT. 

Undesignated Bike Lane: That portion of a highway to the right of the edge line that is of sufficient width for a 
bicyclist to navigate and which has not been marked for bicycling (typically 1.2 -2.0 m wide). Most rural paved 
shoulders, and a few urban roads are left undesignated as an engineering judgment. 

Vehicle: Any device in, upon, or by which any person or property is or may be transported or drawn upon a 
highway and includes vehicles that are self-propelled or powered by any means. Does not include in-line skates 
or roller skates. 

Vehicle (Motor): To help differentiate those laws that apply to all vehicles (includes bicycles) versus those for 
motor vehicles, the term motor vehicles is applied. 

Wide Curb Lane or Wide Outside Lane: A minimum roadway improvement where the curbside Jane is 
typically widened to 4.27 m (14 ft). (This treatment is generally being replaced in Florida with a designated or 
undesignated bike Jane.) 
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CHAPTER 2: PLANNING FOR BICYCLE AND PEDESTRIAN USE 

INTRODUCTION 

Planning for bicycles and pedestrians takes place at two levels, macro level planning 

and micro level planning. Macro level planning addresses the completeness of entire bicycle 

and pedestrian networks, while micro level planning addresses highly detailed and specific 

issues such as the selection of a facility type appropriate for a particular roadway corridor. 

MACRO LEVEL PLANNING 

An overview of the macro planning process is shown in Figure 2-1. Figures 2-2 

through 2-5 demonstrate suggested considerations and procedures for both macro and micro 

level planning. 

MICRO LEVEL PLANNING 

Planning for bicycle and pedestrian use involves learning about and responding to the 

expressed needs and desires of residents by encouraging healthful, environmentally-beneficial 

activities -- bicycle riding and walking. The potential benefits of bicycling and walking to the 

community include reductions in transportation-related energy use and traffic congestion, as 

well as improved air quality and public health. 

The process of planning for bicycle and pedestrian use can be simple or complex 

depending on the needs and scale of the community. But whatever the scope, the following 

steps are suggested when planning for bicycle and pedestrian use. 
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MACRO LEVEL PLANNING GUIDELINES 

Cost. 

I 
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Figure 2-1. Macro Level Planning Guidelines. 
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1 - Develop goals and objectives. 

2 - Develop the planning framework. 

3 - Analyze local conditions. 

4 - Develop the problem statement. 

5 - Generate solution ideas. 

6 - Develop overall plan and select solutions. 

7 - Implement projects. 

8 - Evaluate results and revise. 

GENERAL POLICIES & GOALS 

.... 
FHVVA Policies 

Accommodate 
Current Use of 

Bicycles. 

I Encourage 
:--.. Increased Use of 
I Bicycles. 

Reduce Level of 
~ Potentlal 

Conflicts. 

General Policies 
& Goals 

I Suggested TxDOT 
Goals 

Provide a Network of Bicycle 
Facilities as an Integrated 

part of a Multimodal 
Transportation System. 

Accommodate Different 
Bicyclist Types. 

Promote the Use of 
Bicycle Facilities. 

Support & Coordinate 
with Education & 

Enforcement Programs. 
-

Figure 2-2. General Policies and Goals. 
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Planning efforts for bicycles and pedestrians are usually separate undertakings. This is 

because, despite some similarities between these nonmotorized modes, the facility needs and 

potential engineering solutions differ significantly. Because the planning process is similar for 

both modes, however, this chapter discusses bicycling and walking jointly. 

IDENTIFYING ALTERNATIVES FOR 
NETWORK/ CORRIDOR IMPROVEMENTS 

( 1) Inventory of 
Existing Network of 

Bicycle Facilities. 

(2) Identify Travel 
Desire Lines. 

(3) Estimate Demand 
Levels. 

Identify Project 
Alternatives 

(4) Identify Gaps 
Between Required 

Effectiveness Criteria & 
Actual Conditions 

Directness. 

Physical 
Continuity. 

\ Bicyclist 

;
erceptions of 

Facility I 
Adequacy. \ 

Level of 
Potential 
Conflicts. 

(5) Formulate 
Improvement Project 
Alternatives to Close 

Gaps. 

Figure 2-3. Identifying Alternatives for Network/Corridor Improvements. 
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IDENTIFYING TRAVEL DESIRE LINES AND 
ESTIMATING DEMAND LEVELS 
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Figure 2-4. Identifying Travel Desire Lines and Estimating Demand Levels. 
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ESTABLISHING PRIORITIES FOR 
SELECTION OF PROJECT ALTERNATIVES 

FOR NETWORK/ CORRIDOR 
IMPROVEMENTS 
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Figure 2-5. Establishing Priorities for Selection of Project Alternatives for 
Network/Corridor Improvements. 
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Bicycle Planning Factors 

User Groups 

There are marked differences in bicyclists' levels of skill and roadway behavior. These 

differing groups of facility users present a range of both operating characteristics and preferences 

for facility types. Bicyclists of all ages and abilities can be classified for transportation planning 

purposes as follows7: 

Proficient Bicyclists (Type A): The proficient bicyclist is a relatively long-term or 

regular bicycle user. This bicyclist type can operate the vehicle satisfactorily on all 

roadways where bicycle _traffic is not expressly prohibited, and is able to identify and 

avoid most potential traffic hazards. The proficient bicyclist tolerates occasional high

stress situations, but tries to avoid them, preferring medium-stress situations. This 

bicyclist type will make routine transportation trips by bicycle, and may make trips 

exclusively for recreation. 

While Type A bicyclists comprise the minority (approximately 5%) of all bicyclists, they 

comprise the majority of current users of collector and arterial streets. These bicyclists 

tend to ride in all seasons and in all weather. Type A bicyclists tend to have highly 

predictable roadway behavior, and most are excellent role models 8• Speeds of 28-38 

km/h (18-24 mph) are common for these bicyclists. 

Common examples of proficient bicyclists are bicycle commuters, police on 

bicycles, parents with children aboard, serious bicycle tourists, and some highly 

skilled young adults8• 
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The following best serve type A transportation bicyclists4 

■ Direct access to all destinations using the existing street and highway system; 

■ Sufficient operating space on the roadway or shoulder to reduce the need for 

either the bicyclist or motor vehicle operator to change position when passing; 

and 

■ Opportunity to operate at maximum speed with minimum delays. 

Type A bicyclists do not require special bicycling facilities. Instead, these 

users are best served by designing or retrofitting roadways to accommodate 

shared usage by motor vehicles and bicycles with the planned roadway 

improvements (such as attention to drainage grates, pavement quality, signal 

actuation, and so on) discussed in detail in Chapter 3. The terms "wide curb 

lane," and "wide paved shoulder" are often categorized as "facility types" to 

describe one aspect of roadway improvements; that is, the physical operating 

space in normal roadway configurations which is appropriate for Type A 

bicyclists. Wide curb lanes should be used on roadways with an urban curb

and-gutter cross-section, while wide paved shoulders should be used on rural 

roadway cross-sections4• Chapter 3 discusses roadway improvements including 

the provision of undesignated space for the use of bicyclists and other roadway 

users. 

Basic Bicyclists (Type B): The basic bicyclist is a relatively new or infrequent 

bicyclist. This bicyclist type can operate the vehicle satisfactorily in low-stress 

situations, and is able to identify and avoid many potential traffic hazards. Type B 

bicyclists are stress-averse, tending to avoid medium or high-stress roadways unless 

specifically, designated facilities (which create a perception of decreased risk) are 

available. With access to appropriate facilities and encouragement, this type of 

bicyclist will increase the number of transportation and recreational trips currently 

made by bicycle. 
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With practice, many basic bicyclists become more skilled and reach the ability 

levels and preferences of the Type A bicyclist. Many, however, will remain 

Type B bicyclists due to infrequent bicycling activity or lack of access to 

educational opportunities. 

Type B bicyclists comprise the majority of all bicyclists (approximately 95%), 

and tend to ride only under conditions perceived as desirable, such as mild 

weather, good roadway conditions, and low traffic speed and volume. Basic 

bicyclists travel at speeds of 13-24 km/h (8-15 mph). 

The following best serve type B transportation bicyclists4 

■ Relatively direct, low-stress roadways with low speeds and low motor traffic 

volume in urban areas (for example, local roadways), and wide shoulders in 

rural areas; 

■ A sub-network of official bicycle routes on roadways characterized by low 

speed and motor traffic volume and marked with directional and informational 

s1gnage; 

■ Designated bicycle facilities such as lanes marked with special striping, 

pavement symbols, and/or signage on collectors and arterials in urban areas; 

and 

■ On rare occasions, an off-road multi-use facility which allows bicyclists to 

circumvent areas of very high roadway conflict for a short distance, along 

structures such as bridges, or where such a facility provides a vital 

transportation and/or recreation link along non-roadway areas such as parks, 

shorelines, and other natural features. 

Detailed design criteria and guidance for the use of designated bicycle facilities are 

found in Chapter 4. 
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Novice Bicyclists: The novice bicyclist has little or no bicycling 

experience, and is not cognizant of, or chooses not to follow consistently 

the laws for normal traffic operation, or rules of the road. These bicyclists 

are not able to identify or avoid potential traffic hazards. This group 

seldom rides for transportation7• 

Novice bicyclists generally are children whose bicycling activities are closely 

monitored by parents. Parents should be aware that most children are not ready to 

bicycle out-of-sight until ages 9-11 8• With developmental maturity and practice, 

novice bicyclists generally reach the ability levels and preferences of Type A and 

B bicyclists. The primary governmental responsibility for novice bicyclists is the 

provision of educational opportunities. 

The following best serve novice bicyclists 

■ Access to key destinations surrounding residential areas, such as schools, 

recreational facilities, shopping, and other residential areas; and 

■ Facility types discussed for Type B bicyclists. 

For the purposes of this manual, novice bicyclists and basic bicyclists are grouped 

together as Type B bicyclists. 

Common Crash Types 

The following discussion is adapted from the Florida Bicycle Facilities Planning and 

Design Manua/8• 

Non-Motor Vehicle Crashes: Non-motor vehicle crashes are quite common. Only 

one in ten bike crashes are reported to police, yet bike crashes make up as much as 

15% of emergency room care. In this crash event, the bicyclist loses control of the 
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bicycle by going off the road or path; hitting an obstruction, skidding on sand, ice, 

water, wet leaves; or hitting a seam, flange, pothole, or other surface irregularity that 

affects the stability of the bicycle. 

Another common form of non-motor vehicle crash is a bicyclist colliding with another 

bicyclist, a pedestrian, in-line skater, dog, or other moving object. Such crashes can 

be serious. Thus, attention to proper maneuvering widths and sight distances to help 

bicyclists maintain control are essential on pathways and other locations where mixed 

use can be anticipated. 

Non-motor vehicle crashes comprise over 85% of all crashes. They are studied less, 

however, since only 10-15% of fatal or severe trauma crashes occur in this way. More 

understanding is needed regarding their causes. 

Intersection and Trail Junction-Related Crashes: In a recent nationwide sample 

taken by Wachtel and Lewiston, it was found that 57% of pedestrian and 73% of 

bicyclist crashes occurred at intersections. Another study examining police-reported 

bicycle/ motor vehicle collisions covering a four-year period in Palo Alto, California 

found that 74% occurred at an intersection. Sensitive design of roadway intersections 

and roadway junctions with trails is vital8
• 

Common Motor Vehicle Crashes: There are 36 mutually-exclusive types of motor 

vehicle/bicycle-related crashes. Most of these can be generalized into 7 classes (A-G). 

These classes are explained below. As a general rule, children are involved heavily in 

classes A, B, and E, where they most often make the primary errors. In contrast, 

adults are more typically involved in classes C, D, F, and G, where the motorist most 

often makes the primary errors. Numerous studies reveal striking similarity between 

this analysis and current crash statistics 7
• 
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Wrong-Way Riding 

Wrong-way riding, although a major factor in many of the crash classes, was not 

isolated as a separate class during the original research presented below. It is known that 

wrong-way riding contributes heavily to many crashes, and especially class B, C, and F 

categories. 

Bicycle Ride-Out: Driveway, Alley and Other Mid-block 

Class A: 15.1 % of Fatalities, 13.9% of Non-fatalities 

This crash type involves bicyclists who enter roadways without adequate searches for 

motor vehicles. In nearly 70% of the occurrences, it is near-side motorists that are involved 

in crashes. The majority of these crashes are restricted to children under 12 years of age. 

Skilled bicyclists are rarely involved in this crash type. Complicating factors include 

restricted sight distance, blocked sidewalks which force the bicyclist into the street, and lack 

of parental guidance. These crashes occur (79% of the time) on two-lane urban roadways 

with light traffic and a posted speed of 25 mph or less. Only 2% occur on multi-lane 

highways, while the other 19% occur on two-lane rural roadways. One of the crash subtypes, 

in which the bicyclist is riding along a sidewalk then enters the roadway using a driveway, 

occurs on multi-lane highways 16% of the time. Class A crashes comprise over half of 

fatalities to older children. 

Intersection Ride-Out 

Class B: 12% of Fatalities, 17% of Non-fatalities 

This class is very similar to the driveway ride-out. In this crash type, bicyclists fail to 

yield the right-of-way, usually at non-signalized intersections. The majority of these crashes 

involve children, who may have competing interests/needs ( e.g., riding with friends, being 

chased by dogs, or hurrying to school). Most often the intersections involved are familiar to 

the bicyclists. These bicyclists rarely encounter any traffic and thus fail to make adequate 

2-12 



searches. One subclass of this crash involves bicyclists who enter intersections with latent 

green phase signals. Due to inadequate clearance intervals, they become trapped in the 

intersections. Children under age 15 are highly over-represented in this crash class (up to 

one-third of the fatalities). 

Motorist Turn-Merge/Drive Through/Drive-Out 

Class C: 2.4% of Fatalities, 18.7% of Non-fatalities 

Typically, in this crash type, motorists fail to yield the right-of-way to bicyclists at a 

controlled intersection, a driveway, or other road entry. Although motorists stop or slow 

significantly, they fail to detect or respond to the presence of bicyclists. Low speed 

conditions often result in minor injuries, although both bicyclists and motorists often feel 

victimized by the conditions that created the crash scenario. In many cases, bicyclists 

complicate the situations by coming from unanticipated directions, such as from the motorists' 

right side on a sidewalk or wrong-way street approach (62.5%). In some cases, motorists are 

making right-on-red turns and fail to detect or respond to bicyclists. Recent Florida data 

reveal that these crashes often occur on multi-lane highways, comprising 14-16% of all 

bicycle crashes. In 75% of these cases, bicyclists are on sidewalks coming from unanticipated 

directions. Increased bicycle-friendly roadway operating conditions on multi-lane highways 

can substantially reduce these surprised-conditions crashes. 

Motorist Overtaking/Overtaking Threat 

Class D: 37.8% of Fatalities, 10.5% of Non-fatalities 

Typically, in this crash type, motorists drive right into bicyclists from the rear. This is 

the most serious crash class, comprising nearly 38% of fatal bicycle crashes nationwide. 

While this type of crash is commonly feared by bicyclists in urban areas, these crashes tend to 

occur primarily in rural areas, and at night. These crashes often occur on suburban or rural 

two-lane or multi-lane highways with design speeds above 40 mph and under low light 

conditions (71 % of the time). They occur where provisions (such as shoulders or bike lanes) 
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are lacking to separate bicyclists from motorists ( 61 % of the time). In over one-third of these 

cases, an intoxicated driver is involved. In many cases the bicycle and rider are poorly lit, 

and roadway lighting may be inadequate. This class of crash largely involves adults or older 

teens due to the complicating factors of night riding and higher speed. 

Bicyclist Unexpected Turn/Swerve 

Class E: 16.2% of Fatalities, and 14.2% of Nonfatalities 

In this crash type, bicyclists suddenly turn left without warning. About half of the 

bicyclists initiated unexpected turns at intersections or driveways. The other half made turns 

mid-block toward unidentified points. Nearly 50% of the crashes occur on urban two-lane 

roads, while 30% occur on rural two-lane roads. The other 20% occur on multi-lane 

roadways in both urban and rural settings. In 94% of the cases, bicyclists failed to search or 

conduct an adequate search. Researchers suspect that bicyclists, in such cases, are relying on 

auditory cues to detect the presence of overtaking cars. Too often, however, the sounds of 

cars may be masked by other traffic, wind, or other noise. It is also suspected that many, 

especially younger bicyclists, feel uncomfortable scanning to the rear. This task often causes 

them to steer toward the traffic lane. Children 14 years and under make up 75% of this crash 

class. 

Motorist Unexpected Turn 

Class F: 2.4% of Fatalities, 14.5% of Non-fatalities 

In nearly all cases in this crash group, motorists tum directly into paths of bicyclists 

(left and right turns). Usually, bicyclists are coming from unexpected directions (on 

sidewalks or in wrong-way lane positions). The most serious of these crashes occurs when 

motorists tum left into the path of bicyclists (either on roadways or sidewalks). These crashes 

tend to occur at a higher speed, resulting in more severe injuries. These unexpected left turns 

are the most serious bicycle crashes in many college communities. Glare, inattentiveness, and 

information overload to motorists are suspected to be major contributing factors to this crash 
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class. Driveway access management (right in, right out) should be considered as an 

engineering countermeasure in some locations. Motorists' right tum crashes are most often 

caused by serious misjudgments of the speed of bicyclists just passed by these motorists. 

Most (64%) are at roadway junctions, while 29% are at driveways. Bicyclists traveling 

undetected on sidewalks contribute significantly to this crash class. 

Other 

Class G: 13.8% of Fatalities, 11.2% of Non-fatalities 

This category involves numerous other crash conditions, such as uncontrolled 

intersections, parking lots, other crossing conflict situations, head-on collisions with wrong

way bicyclists or motorists, and objects falling from vehicles. 

Facility Selection 

Bicycle facility types for individual roadways should be selected through analysis of 

bicyclist user type, roadway characteristics, and local goals and objectives. A discussion of a 

modal planning process which encompasses these factors follows. 

Pedestrian Planning Factors 

User Groups 

Pedestrian user groups vary by age and skill level, and include children, adults, 

seniors, and disabled pedestrians. Pedestrian facilities are generally designed for the most 

demanding user that would be reasonably expected in a corridor. For more discussion of 

pedestrian user groups, refer to Chapter 6. 
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Common Crash Types 

Pedestrian planning and design should be undertaken in such a manner as to minimize 

conflicts between pedestrians and vehicles. Chapter 6 illustrations and descriptions of 

common pedestrian/vehicle conflicts. 

A MODEL BICYCLE AND PEDESTRIAN PLANNING PROCESS 

The model planning process presented below is adapted from North Carolina Bicycle 

Facilities Planning and Design Guidelines9. 

Step 1: Develop Goals and Objectives 

The first step in planning for bicycle and pedestrian use is to develop the agency' s 

goals and objectives for bicycling and walking. These should be as specific and measurable 

as possible. Measurable, specific goals can be achieved more readily than vague, general 

goals. 

Potential Goals and Objectives 

The agency' s overall goal may be to encourage increased use of bicycling and walking 

for utilitarian and recreational purposes. More specific sub-goals would be similar to those 

listed below. Objectives should be more detailed, giving performance measures and 

approximate time frames. 

Goal 1. Hazard Elimination: Identify bicycling and walking hazards on all 

streets in the community and work for their elimination. 

Goal 2. Barrier Elimination: Identify barriers to bicycling and walking on 

all streets in the community and work for their elimination. 
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Goal 3. Behavior Improvement: Identify the most important bicycling, 

walking and motoring behavioral problems, in terms of safety, and work to 

correct them. 

Goal 4. Institutional Enhancements: Identify governmental policies ( e.g. 

parking ordinances) which may be changed to enhance bicycle and pedestrian 

use and add appropriate "pro-bicycling" and "pro-walking" language. 

Step 2: Develop Planning Framework 

Comprehensive Bicycle Planning 

Comprehensive bicycle and pedestrian planning encompasses four areas: engineering, 

education, enforcement and encouragement (Figure 2-6). In these guidelines, bicycle and 

pedestrian facility improvements are discussed as they relate to engineering. However, it is 

important that local agencies develop cooperative strategies in all four areas to implement a 

truly comprehensive program. 

An incomplete program can result in unachieved goals. For example, if an 

engineering agency provides bicycle facilities, which attract new bicyclists, but the police fail 

to enforce basic bicycle traffic laws ( e.g., using lights at night, riding with traffic, obeying 

stop signs), there may be more people riding unlawfully and, possibly, more bicycle crashes. 

Creating a bicycle and/or pedestrian advisory committee with representatives from all involved 

agencies, as well as members of the public, is a very effective method for developing such a 

comprehensive approach. 

Integration with Other Plans 

Planning for bicycle and pedestrian transportation should be integrated into the overall 

transportation planning process. Often an improvement which enhances bicycle travel will 

also benefit other modes of travel. For example, wide outside lanes, added to a roadway to 
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Engineering 
• Hazard removal 
• Roadway improvements ◄-C:a-------~►► 
• Barrier & bottleneck elimination 
• On-road bikeway development ' / 
• Bicycle trail development 

t 
Enforcement 

• Basic traffic law enforcement 
• Warning programs for children 
• Selective enforcement 
• Accident statistic compilation 
• Bicycle patrols 

Comprehensive 
Bicycle Planning 
✓ ~ 

► 

Education 
• In-class instruction 
• On-bike training 
• Adult education 
• Driver training 
• Awareness campaigns 

t 
Encouragement 
• Bike to work days 
• Recreation programs 
• Parking ordinances 
• Bicycle mapping 
• Media campaigns 

Figure 2-6. A model for comprehensive bicycle planning, encompassing the areas of 
engineering, education, enforcement and encouragement. (9) 

provide extra space for bicyclists, also benefit motorists by maintaining capacity in the curb 

lane. 

Similarly, highway improvements, through appropriate planning and design, can 

enhance bicycle and pedestrian travel. For example, paved shoulders added to rural highways 

for the purpose of reducing motor vehicle accidents and roadway maintenance can 

significantly improve those roads for bicycling and walking. 

Other plans, such as open space plans, outdoor recreation plans, and land use plans, 

should address bicycle and pedestrian concerns as well. For example, uniform ( and 

sprawling) land uses tend to increase distances between home, work, and shopping, and make 

bicycling and walking less feasible for many trips. Also parking ordinances may include 

bicycle parking requirements. Virtually every plan can or may affect bicycle and pedestrian 

transportation in some manner and, therefore, should address each concern. 

Step 3: Analyze Local Conditions 

It is essential that the planner or engineer recognize no broad formula exists for 

bicycle and pedestrian planning which can be applied uniformly to every geographic area. 
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Planning must take place at the local level, and must take into consideration both roadways 

under municipal or other jurisdiction as well as those under TxDOT jurisdiction. Roadways 

under TxDOT jurisdiction are but a fraction of those which require attention to bicycle and 

pedestrian provisions in order for a comprehensive system to be achieved. 

Successfully planning for bicycle and pedestrian transportation requires developing 

an understanding of current conditions and future needs. The two primary aspects to consider 

are user characteristics and environmental conditions. 

User Characteristics 

Since satisfying the needs and desires of the users is the primary goal of bicycle 

planning, planners must learn as much as possible about the different groups who bike and 

walk. Four main approaches are useful in gathering the necessary data: 

1) surveys; 

2) bicycle and/or pedestrian counts; 

3) behavioral observations; and 

4) crash studies. 

User Surveys 

User surveys give information on bicyclists' and non-bicyclists' attitudes, demographic 

characteristics, and, to some extent, behavior. Demographic data of interest would include 

respondents' ages, sex, education, occupation, and patterns of bicycle ownership. 

Attitude data would include perceptions of bicycling and pedestrian problems and 

interest in new opportunities for bicycle and pedestrian use. Behavior data for bicyclists 

would include factors such as current levels of bicycle use, trip purposes, distances traveled, 

and helmet and headlight use. Behavior data for pedestrians would include factors such as 

current levels of walking, trip purposes, and distances traveled. 
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Since surveys must be carefully crafted if they are to be valid, it is important to get 

expert help. However, such assistance need not be expensive. For example, a local university 

professor may agree to give such a project to his or her students. Other opportunities for 

collecting affordable survey data may involve collaborating with similar agencies or public 

interest groups. Sharing costs will reduce the amount spent by each participant. 

Three primary approaches for surveying bicyclists and pedestrians are telephone 

surveys, mail surveys, and face-to-face surveys. 

Telephone Surveys: Telephone surveys involve calling a random sample of 

residents and asking a set of standardized questions. Phone surveys have the 

advantage of involving an operator in a central location, and they are relatively 

fast to conduct. This helps keep the costs down. However, phone interviewers 

get no visual clues by which to judge the answers and getting a representative 

sample may be difficult depending on phone ownership patterns. Also, it is 

difficult to spend much time with the person interviewed. 

Mail Surveys: Mail surveys involve distributing a printed survey form to a 

sample of residents and asking respondents to return the survey when 

completed. Mail surveys involve relatively low costs and provide a 

geographical distribution of residents. They are easy for respondents to 

complete and time is less of a factor. Standardization is a benefit, in terms of 

collecting statistics. However, it is difficult to ask open-ended questions which 

may need follow-up. In addition, response rates are generally low. 

Face-to-Face Surveys: Face-to-face surveys involve personally asking 

respondents a set of questions. This approach is a good way to get answers to 

complex questions, since it allows the interviewer to ask probing follow-up 

questions. However, face-to-face surveys are time consuming, and uncontrolled 

factors, like the personal interaction with the interviewer and differences 

between the approaches of multiple interviewers, may affect the results. 
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Bicycle and Pedestrian Counts 

Doing bicycle and pedestrian counts will help to determine baseline levels of current 

use. By identifying locations with high or low use, it is possible to determine where bicycle 

and pedestrian improvements are most likely to fill an existing need. At the same time, 

bicycle and pedestrian counts will not identify latent demand. User surveys best gather such 

information. 

The first step is to identify key corridors for bicycle and pedestrian travel. Since there 

is likely to be little data on the subject, locations should be chosen based on intuition and a 

general feel for where bicyclists and pedestrian are likely to be found ( e.g., near universities 

and schools, passing over key bridges, etc.). Within these corridors, one should identify 

locations where the most useful data may be gathered. For example, it may be important to 

know if bicyclists generally turn or go straight through a particular intersection. Next, it is 

important to decide on a time for counting. If recreational use is important, evening and 

weekend hours will be important. If utilitarian riding is important, commute times ( for work 

and school) will be important. 

Records of the bicycle and pedestrian counts should be kept in a safe place where they 

may be found in future years. The value of routine counts lies primarily in their ability to 

show change over time. Increases in bicycle and pedestrian use in a particular corridor from 

one year to the next may suggest that improvements implemented have met with users' 

approval, for example. Conversely, decreases in use may reflect a worsening bicycling and 

walking environment. 

For this reason, it is important to consider counts as part of an evaluation system. 

They should be performed on a routine basis, at least annually but preferably several times 

per year. 

There are two primary techniques for counting bicyclists: manual counts and 

mechanical counts. The appropriate counting technique will depend on the available labor, 

equipment, and the location of interest. Manual counts are best done at intersections, 

allowing counters to keep track of bicycle and pedestrian traffic on more than one street. 
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Turning movements can also be recorded manually. Manual counts, while labor-intensive, are 

the only available method for counting pedestrians. 

Mechanical counts are best done away from the influence of intersections. As a result, 

turning movements are not as easily recorded. Labor is not a problem. This approach is 

quite useful for an agency with access to the equipment. Specific tips on using each method 

follow. 

Manual Counts: Counters should be provided with standard forms with 

diagrams of the location that identify each movement with a unique number. 

Clipboards with mechanical counters may make counting easier. Otherwise, 

staff should tick off the number of bicyclists and pedestrians seen performing 

each movement. Volunteers or university students can help agencies perform 

time-intensive manual counts. 

Mechanical Counts: The location for a mechanical count should be chosen 

carefully. The best situation is one that allows motor vehicle traffic to flow 

freely at speeds of 40 km/h (25 mph) or more without enhancing bicycle speed. 

Significant downhill grades allow bicyclists to approach motor vehicle speeds 

and, therefore, are not appropriate locations for mechanical counts. However, 

uphill grades work well. 

Install counters in pairs, as in a speed study. Sensitivity should be set to detect 

bicycles. Any traffic moving significantly slower than the rest (e.g., 8 to 25 km/h (5 to 15 

mph)) would likely be bicycles. 

Behavioral Observation 

Observing behavior among bicyclists, pedestrians, and motorists can help identify 

problems which otherwise would not be noticed. While crash data, for example, can highlight 

the most serious problems, and user comments report what people say or believe, behavioral 
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observation show what people actually do. In some cases, observing behavior can help 

determine priorities for educational programs and awareness campaigns. In others, it may 

expose quirks in the road network. 

Typical Behaviors: Common bicyclist behaviors to consider when setting up 

observations include use of helmets and other safety equipment, general lane 

use and lane use relative to destination at intersections, traffic law compliance 

and turning maneuvers. Common pedestrian behaviors to consider include use 

of pedestrian crosswalks or push buttons (where available), mid-block 

crossings, and use of unpaved pathways. 

Observation Technique: The first step is to decide what behavior is 

important, using the list given above as a basis. Next, a simple checklist 

should be developed, presenting the options ( e.g., for bicyclists, wrong-way vs. 

right-way riding) in an easy-to-record fashion. Observers should be able to 

quickly check off which of the behaviors they see. Each observer should be 

trained prior to being sent into the field. Adequate training significantly 

improves the accuracy, reliability, and consistency of the data. For more 

information on field work, see the previous section on bicycle and pedestrian 

counts. 

Crash Studies 

Determining the major causes and locations of bicycle and pedestrian crashes is an 

important step in understanding a community' s bicycling and walking problems. 

Police Crash Reports: Police records are one of the best sources of 

information on a community' s common crash types; however, the majority of 

bicycle crashes are not reported. Typically, only one serious car-bike crash in 

five is reported. Of the crashes that do not involve motor vehicles, only one in 

2-23 



twenty are reported. As a result, police data can only give an indication of the 

problem. Even so, some police records provide useful information 10• 

One enlightening task is to categorize reported crashes according to the crash types 

developed for the National Highway Traffic Safety Administration. These crash types are 

described earlier in this chapter. 

Emergency Room Records: Another source of data on bicycle and pedestrian 

crashes is the hospital emergency room. In many communities across the 

country, hospitals have cooperated with crash researchers to compile data on 

the number of bicyclists and pedestrians seriously injured in crashes, their ages 

and sexes, and the general circumstances surrounding the crash. Collecting 

hospital data is a good way to determine the overall scope of the problem and 

learn some of the demographic factors of interest. However, hospital records 

are not generally a good source of detailed information on crash type. Police 

records are better for this purpose. 

Surveys: Contacting bicycle users and pedestrians is another way to get 

general information on local crash problems. Such information as the 

seriousness of injury, general type and location of crash (e.g., bike-bike, bike

car, ped-bike, ped-car), bicyclist and pedestrian demographics, and time and 

day of crash may be gathered in this way. In order to accomplish several goals 

at once, a crash survey may be part of a more general bicycle user and 

pedestrian survey (see page 2-14). 

Information gathered through bicycle and pedestrian crash studies can help structure an 

agency' s bicycle and pedestrian program in several ways. The two most important topics for 

analysis are as follows: 
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Bicycle and Pedestrian Crash Locations: Through the three approaches listed 

above, it is possible to develop a map of bicycle and pedestrian crash locations. 

These locations should be investigated to identify physical hazards which may 

contribute to accidents. 

Behavioral Factors: Bicyclist, pedestrian, and motorist behavioral problems 

are the leading factors in most crashes. The studies may help isolate key 

errors, which may become the focus of education and public awareness 

programs. 

Environmental Conditions Inventory 

In order to plan effectively for bicycle and pedestrian use, it is important to gain a 

detailed understanding of local environmental conditions. Local bicycle and pedestrian clubs 

may be a good source of information when inventorying local conditions. 

Developing a map or set of maps of such conditions is a key ingredient in the planning 

process. The most important conditions fall into three main categories: barriers, hazards, and 

traffic generators. Because locating these features can be a time-consuming and staff

intensive process, it is best to solicit information from the community. There are several 

ways to accomplish this goal. 

Volunteer Recruitment 

A relatively small group of volunteers can help conduct an environmental conditions 

inventory. Breaking the community into districts and giving a map of each one to a 

volunteer, makes the task more manageable. Volunteers should use the lists of barriers and 

hazards on the following pages and should be briefed, as a group, on how to record their 

observations. 
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Public Meetings 

A series of public meetings can help staff identify key problems. By providing a set 

of maps and encouraging attendees to note barriers or hazards of greatest concern, it is 

possible to collect data in a short period of time. Another approach is to attend regularly 

scheduled meetings of neighborhood associations. These may not bring in as much bicycling 

and pedestrian expertise as specially scheduled bicycle and pedestrian meetings, however. 

Hang Tags and Postcards 

In some communities, bicyclists are encouraged to note barriers or hazards on mail

back postcards distributed through bicycle shops and other high-traffic locations. In other 

cases, hang tag surveys are hung from bike handlebars and bicyclists are encouraged to return 

these once completed. 

See page 2-19 for information concerning how to conduct a survey. 

Barrier Identification 

Since for most people, bicycle and pedestrian trips tend to be shorter than motoring 

trips, physical features can act as barriers to bicycle and pedestrian travel. For example a 5 

km (3 mi) detour around a railroad track may be an annoyance for those driving cars but may 

deter people from using bicycles or walking for what would otherwise be a relatively short 

trip. 

Identifying and eliminating such barriers can open up major portions of the road 

network for bicycle and pedestrian use. However, the cost of bicycle bridges and other 

barrier-eliminating facilities should be weighed against the accompanying benefits. 

Identifying barriers is a simple process of noting such features on a map. 

Common bicycle and pedestrian traffic barriers include limited-access freeways and 

expressways; shopping centers; rivers, creeks, canals and lakes; dead-end streets and cul-de

sacs; linear parks; mountains and ravines; railroads and transit lines; and utility rights-of-way. 
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Hazard Identification 

A hazard is a condition that has the potential to cause a bicycle crash. Hazards on 

existing highways should be considered for their effects on bicycling and walking. The vast 

majority of serious bicycle crashes are single-bike accidents in which the bicyclist either hits a 

stationary object or loses control due to surface problems or operator error. 

Surface Hazards 

Surface hazards involve problems with the roadway or pathway surface. Common 

surface hazards for bicyclists are listed below. 

Unsafe Drainage Grates or Utility Covers: Parallel-bar grates can catch 

bicycle wheels, while grates and covers that are not flush with the roadway 

surface can damage a wheel or cause a bicyclist to fall. 

Debris: Gravel, sand, glass and other debris tend to accumulate in certain areas ( e.g., 

near the right edge of the roadway or at intersections). This may cause loss of control 

for a bicyclist traveling on such debris. A bicyclist may experience a crash when 

swerving to avoid such conditions. 

Rough Shoulder or Rumble Strips: Rumble strips laid down on rural highway 

shoulders are intended to alert inattentive drivers, but their roughness can cause 

bicyclists to lose control and crash. For this reason, bicyclists will often choose to ride 

in the travel lane to avoid them. 

Rough Pavement: Rough pavement can be a serious impediment to bicycling. 

Rough pavement includes potholes, raveled edges, and cracks, especially those 

running the direction of travel. 
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Excessive Drop-offs at the Gutter Pan: Multiple overlays on curb and gutter 

sections can cause a pavement build-up and subsequent drop-off at the point 

where the pavement meets the gutter pan. This can result in a hazard to 

bicyclists. 

Bridge Expansion Joints: Some bridge expansion joints are not level, and can cause 

wheel damage when bicyclists pass over them. 

Metal Grate Bridge Decks: Some bridge deck designs can cause bicyclists difficulty 

in controlling their bicycles due to differential plate elevations. 

Railroad Crossings: On diagonal railroad crossings, the gap next to the rail can trap 

bicycle wheels, causing a fall . Rough crossings can cause wheel damage or falls. 

Common surface hazards for pedestrians include debris, rough pavement, deteriorated 

sidewalk expansion joints, and differential elevations due to settling or intrusion and cracking 

by tree roots. 

Geometric Hazards 

Geometric hazards involve characteristics of the roadways other than the surface. 

Narrow Lanes on Structures: Narrow lanes (i.e., less than 3.6 m to 4.2 m 

(12 ft to 14 ft) in width) make it difficult for motorists to pass bicyclists safely 

without shifting to adjacent lanes. On multi-lane roads or structures, motorists 

can shift into the adjacent same-direction lane, which is a relatively safe 

maneuver. On two-lane facilities, however, motorists must shift into the on

coming travel lane, a potentially dangerous situation. Often, they will try to 

stay in the lane and squeeze past the bicyclist instead. 
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High-Volume Driveways: High volume commercial driveways, like those at fast food 

restaurants, can be more hazardous than less-used commercial driveways or residential 

driveways. 

Sight Obstructions: Sight restrictions like shrubs, fences or parked cars near 

intersections are significant factors in many car/bike, and ped/car crashes. 

Traffic Signals Not Bike-Responsive: Many demand-actuated signal systems were 

designed and installed without attention to their effects on bicyclists. As a result, 

bicyclists may find it impossible to get a green light. This causes bicyclists to run the 

red light, wait for a motorist to actuate the signal, or perform awkward maneuvers to 

access the pedestrian push button, if present, on the sidewalk. 

Geometric hazards for pedestrians include less than adequate clear width, poor utility 

pole placement, sight obstructions, and high-volume driveways. 

Operating Hazards 

Operating hazards involve specific characteristics of motorized traffic. The most 

important hazards for bicyclists are listed below. 

High-Speed Traffic: High traffic speeds are often associated with a greater threat of 

fatal crashes. They are most hazardous when combined with high traffic volumes, 

high percentages of truck traffic, and narrow lane and shoulder widths. Research 

shows bicyclists are more sensitive to motor traffic speeds than to volumes. 

High-Volume Traffic: High volumes of motorized traffic tend to discourage 

bicycling and may lead to more car-bike crashes. They also increase the stress levels 

on bicycle users. 
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High-Volumes of Truck or RV Traffic: On high-speed roads, trucks generate 

buffeting winds that can push bicyclists off to the right and then pull them back to the 

left. If the traffic lanes are narrow and there is no rideable shoulder, the presence of 

significant volumes of truck traffic can be a deterrent to safe and comfortable bicycle 

use. Also, on scenic, narrow roads that are popular with tourists, RV side mirrors can 

strike bicyclists. 

Curbside Auto Parking: Short-term car parking generally causes more problems than 

long-term parking because of the number and frequency of motorists entering and 

exiting the spaces and their cars. Diagonal parking is particularly troublesome for 

bicyclists, because motorists often back well out into the travel lane in order to look 

for approaching traffic. 

Operational hazards for pedestrians include high-speed traffic, curbside auto parking, 

and the inappropriate presence of vehicles such as bicyclists on the sidewalk. 

Traffic Generators 

Bicycle and pedestrian traffic tends to occur were residential areas are linked within a 

relatively short distance to likely destinations. Average bicycle trip lengths are under 8 km (5 

mi), and, average pedestrian trip lengths average 0.96 km (0.6 mi). For this reason, isolated 

destinations will not attract much bicycle traffic. Areas near bicycle traffic generators should 

be reviewed to identify existing or potential bicycle travel. 

Common bicycle traffic generators include major employment centers, downtown 

shopping areas, schools and universities, college residential areas, sports and recreation 

complexes, and parks. 

Figure 2-7 shows a checklist which may be used to assess an existing roadway' s 

relative importance for bicycle transportation. 
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NO YES 
1. Does the roadway either appear on the local bike plan 

or intersect a bike plan roadway? 1 5 

2. Does the roadway provide access to desired destinations, 
corridors, or future development? 1 2 3 4 5 

3. Is the roadway a relatively direct route along desired travel 
lines? 2 3 4 5 

4. Is the public and/or local citizen advisory committee 
supportive of bicycle accommodation on this roadway? 1 2 3 4 5 

A score of 12 or more indicates the corridor in question may be particularly important for 
bicycle transportation. Further assessment is needed to determine the bicyclist type likely to 
use the roadway. Once the bicyclist type is determined, an ideal facility type is selected based 
on bicyclist user type and preferences, roadway characteristics, and local goals and objectives. 
What follows is a search for and assessment of available space on the roadway along with the 
selection of an alternate facility if space is insufficient for the ideal facility. 

Figure 2-7. Determining an existing roadway's relative importance for bicycle 
transportation. 

Step 4: Develop the Problem Statement 

The information gathered in the previous step can be combined into a comprehensive 

statement of the problem. This statement includes two primary parts: a set of environmental 

conditions maps and accompanying descriptions of hazards, barriers, etc. and a report 

outlining the non-physical situation. These documents give the basis upon which to judge 

potential problem solutions. 

Environmental Conditions Maps 

One map would show major barriers and hazardous sites, while a larger map would 

show more detail on specific problems like non-responsive traffic signals and drainage grates. 
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The accompanying description would discuss details not possible to show on the maps, 

including such features as site plans of particular intersections and photos of unique hazards. 

Non-Physical Conditions Report 

This document discusses findings of user surveys, behavioral observations, crash 

studies and bicycle counts. 

Step 5: Generate Solution Ideas 

Once a comprehensive list of problems has been assembled, it is possible to identify 

potential solutions by focusing on the problems one at a time. In many cases, the solutions 

are standard ideas; however, it is possible that analysis has identified some truly unique local 

situations. 

In such cases, having a clear understanding of the standard options and a commitment 

to evaluating results will allow the designer to create a unique solution that both works and 

does not contribute to other problems. 

The following is a list of potential solutions to some common problems. 

Roadway Improvements 

Roadway improvements can solve many bicycling and walking problems. The 

following ideas are explained in further detail in Chapter 3 and subsequent chapters. For 

selection of an appropriate bicycle facility, see Figure 2-8. 

Re-Stripe to Widen Na"ow La,nes 

In some cases, it is possible to widen outside lanes by re-striping an existing street. In 

other cases, it may require reconstruction. Either way, wide outside curb lanes give bicyclists 

and motorists more room to maneuver in traffic. 
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Provide Smooth, Paved Shoulders 

Paving full-depth shoulders on high-speed, rural-type roads allows bicyclists more lateral 

width and a less stressful ride. 

Replace Unsafe Drainage Grates or Utility Covers 

Parallel-bar grates can be replaced with bicycle-safe models, and covers that are not flush 

with the surface of the roadway can be adjusted. 

Sweep Debris 

A map may be developed to show the most serious hazard locations. lbis map could help 

guide the maintenance department's work. 

Remove or Reconfigure Shoulder Rumble Strips 

Where not needed, rumble strips may be removed. Where they are needed, they may be 

located in such a manner as to present the minimal hazard for bicyclists. 
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Improve Rough Pavements 

Bad stretches of pavement may be repaired or resurfaced. 

Eliminate Excessive Drop-offs at the Gutter Pan 

Excessive drop-offs can be eliminated during resurfacing by feathering out the asphalt at 

the point where the pavement edge meets the gutter pan. Consideration can also be given to 

milling the old pavement surface to prevent asphalt build-up. 

Repair Bridge Expansion Joints 

Rough or uneven bridge expansion joints should be inspected and repaired. 

Improve Diagonal Railroad Crossings 

Diagonal railroad crossing problems may be solved by paving an apron which allows 

bicyclists to cross at 90 degrees, by installing a flange-way filler next to the track, or by 

providing warning signs or markings. 

Improve Rough Railroad Crossings 

Installing rubberiz.ed crossings can eliminate roughness and reduce long-term maintenance 

costs. 

Consolidate High-Volume Driveways 

It may be possible to reduce the number of commercial driveways, to the benefit of 

passing motorists, pedestrians, and bicyclists alike. 
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Remove Sight Obstructions 

Sight restrictions should be removed through sight triangle ordinances and a routine 

program of sight obstruction elimination. 

Replace Non-Responsive Traffic Signal Detectors 

Some existing signals can be adjusted to detect bicycles. In other cases, signal detector 

loops may be replaced with bicycle-responsive models. 

Eliminate Curbside Auto Parking 

It may be possible to eliminate on-street parking in some cases. In other cases, widening 

the outside travel lane will make it easier for bicyclists to ride farther away from the parked cars. 

Install Sidewalks and Crosswalks 

Pedestrians will operate more effectively on sidewalks and crosswalks. Construction of 

sidewalks reduces the number of pedestrians walking on the roadway pavement. 

Special Bicycle Facilities 

Special bicycle facilities may solve particular problems or provide opportunities for less

skilled (Type B) bicyclists to use high-speed or high-volume roadways, and eliminate barriers to 

bicycle travel. Examples include the following: 
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Bicycle Routes 

Identifying bicycle routes with signs may be a way to help bicyclists navigate to 

particular destinations, avoid high-stress corridors, or ride on largely unknown 

scenic roads. 

Bike Lanes 

Bicycle lanes delineate a portion of the available roadway for the exclusive use of 

bicycle traffic. They may reduce the perception of danger among inexperienced 

bicyclists, however, which can contribute to erratic bicyclist behavior. 

Bicycle Paths 

Separate bicycle paths can help bicyclists get around a barrier or especially 

difficult traffic situation. They may also provide an enjoyable recreational 

expenence. 

Bicycle Bridges 

Bridges may be constructed that allow bicyclists to cross a river or other linear 

barrier. 

2-37 



Special Pedestrian Facilities 

Pedestrian Amenities: Where many pedestrians are expected and space permits, special 

elements such as benches, news stands, waste receptacles, and transit shelters may be 

considered. 

Other Options 

Other physical improvements can provide support for bicycling and walking as well. 

Bicycle Parking: Since every bicycle trip has a destination, bike parking facilities are 

a necessary adjunct to physical improvements. Parking should be provided at major 

traffic generators (e.g., shops and schools) and at mass transit stations to encourage 

intermodal travel. 

Bicycleffransit Connections: A number of communities have found that encouraging 

bicycling to transit stations results in increased transit use. Some, for example, have 

provided secure bicycle parking, while others have developed systems for allowing 

bicycles on trains or buses. 

Non-Physical Improvements 

Non-physical improvements should be an integral part of any overall plan for bicycling 

and walking. The following are options that may be considered. 

Bicycle Maps: Bicycle maps provide an excellent way to let bicyclists know about route 

options and large-scale haZll.fds. Safety and access information is included on the reverse 

side. 
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Bicyclist Training: Motorist, pedestrian, and bicyclist education and training includes 

many options, from developing community awareness through public service 

announcements to training adults and youngsters in on-road sessions. 

Bicycle and Pedestrian Enforcement: Enforcement of traffic laws is basic to a 

comprehensive bicycle and pedestrian program. Some communities have implemented 

on-bike patrols, while others have focused on selective enforcement procedures. Selective 

enforcement involves looking closely at the community's bicycle and pedestrian accident 

picture and emphasizing those violations that lead directly to the most crashes. 

Encouragement Projects: Encouragement may include such things as "'bike-to-work 

week," during which people are encouraged to ride or walk their bicycles for utilitarian 

trips. It may include recreational rides for families, publicity campaigns, or bicycle maps. 

Each of these options can encourage people to consider bicycling and walking. 

Step 6: Select Solutions and Develop a Plan 

Developing an overall plan for bicycle and pedestrian transportation in a community is 

a process of matching the goals and objectives identified in Step 1 with the problems discovered 

in Step 3 and the solutions identified in Step 5, in light of the community's fiscal limitations. 

The ideas in the plan should help solve the problems and to achieve the goals in a timely 

fashion. Assembling cost information is an important part of developing the plan. When 

determining costs, it is best to consult local technical staff who will implement the projects. They 

also can point out cost-saving opportunities which otherwise might be missed. 

The result will be an action plan which identifies those actions which can be easily 

accomplished and those which require major investment. 
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Step 7: Implement Projects 

Implementing the plan involves work on three related but distinct tasks: policy 

development, long-range planning, and short-range planning. 

Policy Development 

The first task may involve the agency in reviewing and altering ordinances and policies 

that affect routine functions, for example, the adoption of a bicycle-safe drain grate standard. 

Policies in the areas of transportation, construction, zoning, parking, and law enforcement are 

particularly important to review. 

Long-Range Planning 

The second task involves scheduling long-term investments that solve major problems or 

provide major opportunities. Examples include the development of a special barrier-breaking 

bicycle bridge or planning a lengthy bicycle path. 

These projects may be identified in a bicycle plan, but many should be worked into the 

project priority lists in other related plans, such as, the community' s transportation and recreation 

plans. Quite possibly, other unrelated projects planned for the near future, with some 

modifications, can solve bicycle problems as well. 

Some projects ( e.g., a trail network) may be implemented on a phased basis. In this way, 

it is not only possible to pay the costs over a period of years, but later phases may be altered 

based on the experience of the earlier ones. As an example, one community found that their 2.4 

m (8 ft) wide bicycle paths were getting far more use than they had expected. Subsequent 

segments were paved to a 3.6 m (12 ft) width. 

Other projects, such as a major bicycle bridge, must be accomplished in one step. It may 

be necessary for an agency to set aside funds until it can afford to build the entire project. 
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Shon-Range Planning 

The third task involves scheduling short-term, mostly small-scale improvements. Examples 

of these include fixing potholes on a particular street or installing a warning sign. Many of the 

items identified in the hazard inventory fall under the category of short-term planning. Typically, 

they may be completed in one or two years. 

Often, these improvements may be accomplished with as little as a maintenance work 

order. In some cases, however, where many small projects are needed, setting up an annual 

"bicycle and pedestrian spot improvement" budget and a schedule for completion will be 

necessary. 

Step 8: Evaluate Results and Revise 

Evaluating the success of an agency' s bicycle and pedestrian plan is an ongoing function 

very similar to the process of problem identification described in Step 3. It requires paying 

attention to changes in crash causes, bicycle and pedestrian use, and user satisfaction, and making 

adjustments based on the results. Looking at bicycle and pedestrian crash reports, doing annual 

bicycle and pedestrian counts and observations, and user surveys allow an agency to determine 

whether the situation is improving and the goals of the program are being met. 

Evaluation also requires watching for bicycle-related and pedestrian-related hazards or 

problems during an agency' s routine maintenance procedures. 

The remaining chapters of this manual offer detailed guidelines on how to accommodate 

bicyclists and pedestrian transportation projects and recreational corridors. 
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CHAPTER 3: GENERAL ROADWAY IMPROVEMENTS SHARED USE 

AND RETROFITS 

INTRODUCTION 

Bicycles will be ridden on all highways other than limited access highways where they 

are permitted. As a result, all new highways, except those where bicyclists legally will be 

prohibited, should be designed and constructed under the assumption that they will be used by 

bicyclists. Bicycle-safe design practices, as described in this guide, should be followed for 

new construction to avoid costly retrofit improvements. Examine roadway conditions and, 

where necessary, provide such improvements as safe drainage grates and railroad crossings, 

smooth pavements, and traffic signals responsive to bicycles. A discussion of common 

improvements follows. 

Existing roadways and those nearing or under construction represent significant 

constraints as well as opportunities. Suggested considerations and design alternatives for these 

situations are demonstrated in Figures 3-1 and 3-2. 

WIDE OUTSIDE LANES 

Currently the standard motor vehicle lane width is 3.6 m (12 ft). On roadways 

without separate bicycle lanes, however, a right-hand (outside) through lane wider than 3.6 m 

(12 ft) can better accommodate both bicycles and motor vehicles. The additional width on the 

outside lane also improves sight distances for both users and provides more maneuvering 

room for vehicles entering the roadway. In many cases, where there is a wide outside through 

lane, motorists will not need to change lanes to pass a bicyclist. Thus, on roadways with 

bicycle traffic, widening the outside lane can have a beneficial effect on capacity. 
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Width 

On roadways that accommodate both bicycles and motor vehicles within the travel 

lanes, 4.2 m (14 ft) of usable width should be provided on the outside through lanes. Studies 

have shown that any additional width on standard 3.6 m (12ft) outside through lanes is 

beneficial. In determining the usable width of an outside lane, adjustments must be made for 

obstructions. Bicyclists shy away from obstructions such as drainage grates, parked vehicles, 

and longitudinal ridges between the pavement and gutter sections. An extra 0.3 m (1 ft) of 

"shy distance" should be added for flush or depressed obstructions, such as a joint or soft 

shoulder. If a raised obstruction, such as a curb and gutter, is present, an extra 0.6 m (2 ft) 

"shy distance" should be added to the raised face of the curb. If drainage grates are located 

in the gutter or near the right edge of the roadway, they should not be included in the 

calculations of usable width. 

Some experts have recommended 4.5 m (15 ft) of usable width for an actual "wide 

outside through lane." However, widths greater than 4.2 m (14 ft) can encourage the 

operation of two motor vehicles in one lane. This is likely to occur near intersections with 

heavy turn volumes during periods of peak congestion. Such conditions may -reflect a need to 

consider improvements at the intersection. At intersections with separate right-tum lanes, the 

outside through lane should be widened to accommodate bicycles. 

Widening the roadway pavement should introduce the additional width for wide 

outside lanes to accommodate bicycle traffic. However, on multi-lane roadway sections, if the 

outside lane width cannot be increased by widening the pavement, the lane striping may be 

shifted to narrow the inside lane(s) while widening the outside lane. No inside lane width 

should be reduced to less than 3.3 m (11 ft) for this purpose. Narrowing an inside lane from 

3.6 m to 3.3 m (12 ft to 11 ft) can reduce the lane' s capacity up to 5 percent. When 

considering this approach, the volume of truck traffic should be taken into account. In 

general, 3.3 m (11 ft) lanes should not be considered if the truck volumes are greater than 5 

percent of the total traffic volume. 
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Figure 3-3. Options for creating wide outside lanes for bicycle traffic in different 
situations. (9) 

Two-lane Roadways 

A 4.2 m (14 ft) usable lane width is desirable to accommodate both motor vehicles 

and bicycles within the travel lanes. Figure 3-3 shows the recommended typical section for a 

two-lane curb-and-gutter roadway when bicycles share the travel lanes with motor vehicles. 

Multi-lane Roadways 

For curb-and-gutter roadway sections in urban and suburban areas with more than one 

lane in each direction of travel , unequal lane widths with widened outside "curb'" lanes are 

desirable to accommodate bicycles when the following conditions apply: 

■ Access is not controlled. 
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■ Motor vehicle traffic is not more than 60 percent (Level of Service C) of the 

route's capacity. (If greater than 60 percent, alternate bicycle accommodations 

should be considered, if feasible.) 

■ A minimum width of 3.3 m (11 ft) can be provided on each inside lane. 

■ Truck traffic is not greater than 5 percent of the total motor vehicle traffic. 

Existing Facilities 

Widening outside lanes to accommodate bicycles can be provided by introducing 

unequal lane width pavement markings on existing multi-lane facilities. When the above 

conditions are applicable, unequal lane width pavement markings should be introduced to 

existing curb-and-gutter facilities . This is best accomplished when the facility is resurfaced. 

Figure 3-3 shows the preferred location for unequal lane width pavement markings to 

accommodate bicycle traffic on an existing five-lane , 19.2 m (64 ft), face-to-face curb and 

gutter section. 

New Facilities 

Outside lanes that are 4.2 m (14 ft) wide should be constructed on new multi-lane 

curb-and-gutter roadways when bicycle traffic is anticipated and the above conditions are 

applicable. Figure 3-3 shows the preferred typical section with appropriate pavement 

markings to accommodate bicycle traffic on a new curb-and-gutter roadway. 

SHOULDERS 

On urban streets, wide outside through lanes and bicycle lanes are usually preferred 

over shoulders for bicycle use. In rural areas or on roads with relatively few driveways and 

intersections, many bicyclists prefer smoothly paved shoulders . Shoulders also benefit motor 

vehicle traffic. Generally, the slope of the roadway should continue across the shoulder. 
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According to AASHTO ' s Policy on Geometric Design of Highways and Streets 11, 

paved or stabilized shoulders provide 1) usable area for vehicles to pull onto during 

emergency situations, 2) elimination of rutting and drop-off adjacent to the edge of travel 

lane, 3) adequate cross slope for drainage of roadway, 4) reduced maintenance, and 5) lateral 

support for roadway base and surface course. 

Where funding is limited, adding or improving shoulders on uphill sections first wi ll 

give slow-moving bicyclists needed maneuvering space and decrease conflicts with faster

moving motor vehicle traffic. 

min 
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Figure 3-4. Minimum clearances and widths for paved shoulders intended for bicycle 
travel. (9) 

Width 

If it is intended that bicyclists ride on shoulders, the paved surface must be at least 

1.2 m (4 ft) in width (F igure 3-4). If motor vehicle speeds exceed 60 km/h (35 mph); if the 

percentage of trucks, buses and recreation vehicles is high; or if static obstructions exist at the 

right side, then additional width is desirable. 
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Clearances 

Clearance from the edge of pavement to the plane of the foreslope of a ditch should be 0.9 m 

(3 ft). If a guardrail is provided adjacent to the paved shoulder, a clearance from the edge of 

the pavement of 1.2 m ( 4 ft) is preferred. Road signs and other vertical obstructions should 

be offset 1.8 m (6 ft) minimum from edge of pavement. 

Pavement Quality 

Shoulders should be smoothly paved and have adequate strength and stability to 

support occasional motor vehicle tire loads under all weather conditions without rutting or 

other surface variations. The thickness of shoulder paving should be based on usual design 

consideration appropriate for each situation, although full-depth pavement is recommended 

with few exceptions. 

When it is necessary to add paved shoulders to roadways for bicycle use, paving an 

asphalt panel 3 m (10 ft) in width is preferred. This eliminates a joint at the edge of the 

existing pavement and allows the new asphalt to feather into the existing pavement between 

the motor vehicle wheel tracks. It provides a smooth and visually appealing improvement. 

White pavement edge lines, 100 mm - 150 mm ( 4 in to 6 in), should be used to delineate the 

shoulder from the motor vehicle lanes. 

DRAINAGE GRATES 

Drainage grate inlets and utility covers can be serious hazards to bicyclists. Unsafe 

grates can divert a bicyclist's front wheel, causing a crash. Parallel-bar drainage grate inlets 

are the most hazardous because they can trap the front wheel of a bicycle, causing loss of 

steering control, and the bar spacing is such that narrow bicycle wheels can drop into the 

grates, resulting in damage to the bicycle wheel and frame and possibly injury to the bicyclist. 
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Figure 3-5. Bicycle-safe drainage grates 
approved by the North Carolina 
Department of Transportation. (9) 

Grate Cover Replacement and Retrofit 

Replace unsafe grate covers with either 

Type E, F or G standard grate covers as shown in 

Figure 3-5. For more complete details, refer to 

the TxDOT Standard Sheets. 

Identifying a hazardous grate with a 

pavement marking, as indicated in the Manual on 

Uniform Traffic Control Devices (MUTCD) 12, is 

generally unacceptable, especially with parallel

bar grate inlets. Because of the serious 

consequences of a bicyclist ' s missing the 

pavement marking in the dark or being forced 

over such a grate inlet by other traffic, replace 

these grates as soon as they are identified, as 

practicable. 

Grates and Resurfacing 

Because bicycles are more sensitive than 

motor vehicles to pavement irregularities, during 

construction appurtenances should not be left 

projecting above the pavement surface. 

Repeated resurfacing without adjusting the 

utility cover neck flange or drainage grate frames 

result in the covers being sunken below the 

pavement surface, a hazardous condition to 

bicycle traffic . Therefore, all manholes, inlets, 

lampholes and water valve boxes should be 
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brought to grade by either lowering or raising as required in all new construction, 

reconstruction, and resurfacing projects. 

When designing a new roadway, all grates and covers should be bicycle-safe. Gutters 

designed for flow to curb-opening inlets are not considered ridable because of the required 

warping of the gutter for drainage. Such warping may result in adverse handling effects. 

RAILROAD CROSSINGS 

For bicycle traffic, there are two main problems with at-grade railroad crossings. 

First, if the tracks cross the roadway at less than 45 degrees, a bicyclist's front wheel may be 

diverted by the rail or trapped in the flangeway , causing loss of steering control. Second, a 

rough crossing--regardless of angle--may cause wheel damage or may cause a bicyclist to 

crash. 

Angled Crossings 

When railroad tracks cross highways or bikeways at-grade, they should do so as close 

to a right angle as possible. If this is not possible, give consideration to the following 

options: 

■ As shown in Figure 3-6, widening the approaching roadway, bike lane, or 

shoulder will allow the bicyclists to cross at approximately 90 degrees without 

veering into the path of overtaking traffic. The minimum amount of widening 

should be 1.8 m (6 ft) ; however, 2.4 m (8 ft) is desirable, depending on the 

amount of available right-of-way. Adequate tapers should be provided. 

■ On low-speed, lightly-traveled railroad tracks, commercially available 

flangeway fillers can eliminate the gap next to the rail (see Figure 3-7). The 

filler normally fills the gap between the inside railbed and the rail. When a 

train wheel rolls over it, the flangeway fill compresses. This solution, however, 
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is not acceptable for high-speed rail 

lines, as the filler will not compress 

fast enough and the train may derail. 

■ In some cases removal of, 

abandoned tracks, will completely 

eliminate the problem. 

■ If no other solution is available, 

warning signs and pavement 

markings should be installed in 

accordance with the MUTCD. 

While there is no approved sign 

for this specific situation, a Wl 1-

1 warning sign with an 

appropriate subplate message 

(e .g., BIKES CROSS AT RIGHT 

A GLE) may provide sufficient 

warning for bicyclists. 

Rough Perpendicular Crossings 
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Figure 3-6. Flared roadway permits 
bicyclists to cross angled railroad crossing 
at or near 90 degrees. (9) 

Rough and uneven timber or paved perpendicular crossings can cause control problems 

and equipment damage for bicyclists. Regular maintenance and replacement. if necessary, can 

solve the problem. However, in some cases the best long-term solution is to install a 

rubberized crossing (see Figure 3-8). Such crossings generally consist of a concrete base with 

a rubberized surface. While these are relatively expensive to install, there are significant 

savings in long-term maintenance costs because of their stability. Florida is using concrete 

instead of rubber at these locations. 
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PAVEMENT QUALITY 

Pavement surface irregularities can do more than cause an unpleasant ride. While 

automobile suspensions can compensate for surface roughness and potholes, and wide tires can 

span cracks, bicycles, with their narrow tires and lack of suspension, have difficulty handling 

such hazards. Gaps between pavement slabs or drop-offs at overlays parallel to the direction 

of travel can trap a bicycle wheel and cause loss of control. Holes and bumps can cause 

bicyclists to swerve into the path of motor vehicle traffic. To the extent practicable, 

pavement surfaces should be free of irregularities. 

The right lane or shoulder generally should be uniform in width. While skilled 

bicyclists guide off the lane stripe and ride a predictable straight line, many riders will move 

right or left depending on the width of the lane or presence of shoulders. A road which 

varies widely in width will encourage such unpredictable behavior. 

On older pavements it may be necessary to fill joints, adjust utility covers or, in 

extreme cases, overlay the pavement to make it suitable for bicycling. See Drainage Grates 

(page 3-6) for guidance on grates and utility covers. 

When new pavement overlays are added to curb and gutter sections, the new asphalt 

should be feathered to allow the new surface to meet the gutter pan smoothly. Failure to 

feather the new overlay into the existing pavement can result in a hazardous longitudinal lip at 

the edge of the new asphalt. In some cases, the old pavement may need to be milled. 

Generally, paving over a concrete gutter is not satisfactory for several reasons: 1) the joint 

line will probably come through the new asphalt, causing a longitudinal crack, and 2) paving 

Side pad Center pad 

Figure 3-7. Cross section of rubberized 
railroad crossing with flangeway filler strip 
for low-speed angle crossing. (9) 
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to the curb may affect the drainage and lower the effective height of the curb. 

Surface treatment such as chip sealing a road extends the life of the pavement at 

relatively low cost. However, the process can cause bicyclists serious problems. When 

applying surface treatment to existing streets, removal of excess gravel at the earliest possible 

convenience is important. Since passing motor traffic sweeps the gravel off to the side of the 

road, the gravel tends to collect in piles high enough to cause bicyclists to crash. For this 

reason, bicyclists will often ride in the area cleared by motorists' tires. Also, chip sealing 

tends to roughen the surface and is not the preferred treatment for roads where bicycle traffic 

is to be encouraged. 

Slurry seal, on the other hand, can provide a smooth surface to a previously rough 

shoulder or lane. While it should only be applied to sound pavement, it is an inexpensive 

treatment for improving the surface for bicyclists. As with chip sealing, any extra material 

should be removed as soon as possible. 

TRAFFIC CONTROL DEVICES 

Bicycles should be considered in the selection and provision of traffic control devices. 

While most traffic signs apply equally to motorists and to bicyclists, bicyclists have special 

needs in two primary areas: 1) signal timing and actuation, and 2) bicycle-related signing and 

marking. 

Traffic Signal Timing 

Bicycles should be considered in the timing of traffic signal cycles and in the choice 

of a traffic detection system. An average bicyclist can cross an intersection under the same 

signal phasing arrangement as a motor vehicle. However, on multi-lane streets, clearance 

intervals should be long enough to allow bicyclists to cross. If necessary, an all-around-red

clearance interval may be used. To check the clearance interval, use a bicyclist' s speed of 16 

km/h (10 mph) and a perception/reaction/braking time of 2.5 seconds. 
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Signal Actuation 

Detectors for traffic-actuated signals 

should be sensitive to bicycles and should be 

located in the bicyclist's expected path, including 

left turn lanes. The preferred options for loop 

detectors are as follows (see Figure 3-9): 

■ In shared roadway situations, 

where the exact location of the 

bicycle cannot be easily predicted, 

the diagonal quadruple loop is 

best, since it is bicycle-sensitive 

over its entire width while being 

relatively immune to false calls 

caused by motor vehicles in 

adjacent lanes. 

■ In bicycle lane or bicycle path 

situations, where the location of 

the bicycle can be easily predicted, 

a quadruple detector works well. 

The quadruple loop is highly 

sensitive over the outer wires, and 

relatively insensitive to motor 

vehicles in adjacent lanes. 

■ Standard loops are the least 

desirable for sensing bicycles. 

These loops are square or 

rectangular in shape and are most 

sensitive over the wires that form 
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• gradual cut-off 
• used for advanced detection 

Figure 3-9. Recommended loop types for 
bicycle detection. In most shared-road 
situations, the diagonal quadruple is 
preferred. (9) 



the outer boundary of the loop. While some are sensitive enough directly over the 

wires to detect bicycles, the bicyclist must know just where to stop, and why it' s 

important to stop there. 

For this reason, standard loops are the least desirable and should be used only in 

locations where bicycle traffic is not expected. Some standard loop/amplifier combinations 

cannot be adjusted to reliably detect bicycles without detecting motor vehicles in adjacent 

traffic lanes. These loops should be replaced with bicycle-sensitive models. 

In special cases, pedestrian-activated buttons may be mounted near the curb for bicycle 

use. This approach may be useful where a bicycle path crosses a highway, for example. 

However, in most roadway situations, the need for bicyclists to position themselves at 

intersections according to their destinations (e.g. in left-tum lanes or to the left of a right-turn

only lane) makes such push buttons the least desirable option. 

Programmed Visibility Heads 

Where programmed visibility signal heads are used, they should be checked to ensure 

that they are visible to bicyclists who may be positioned near the right edge of the roadway. 

Signing and Marking 

The following guidance from the MUTCD should be followed when installing signing 

or marking for bicycles: 

"Traffic control devices, whether they are intended for motorists or bicyclists, must 

adhere to five basic requirements to be able to perform their intended function. They must: 

1) Fulfill a need; 

2) Command attention: 

3) Convey a clear, simple meaning; 

4) Command respect of road users; and 

5) Give adequate time for proper response." 
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Part IX of the MUTCD, reproduced in Appendix B, should be consulted for guidance 

on bicycle signs and pavement markings. Where bicyclists are expected to use different than 

motorists, directional signing should be used to confirm to bicyclists that the special routing 

leads to their destination. 

STRUCTURES 

Structures like bridges and tunnels can provide key links in any bicycle transportation 

system. Since they are often expensive to build or modify, structures tend to be replaced less 

frequently than sections of roadway, by comparison, and they tend to be relatively narrow. 

However, because they often connect networks of local roads on either end, improving a 

structure, or considering bicyclists needs in the construction of a new one or renovation of an 

existing one, can provide significant benefits for bicycle users. 

The priority an agency places on providing bicycle-related improvements in any 

specific case should be based on consideration of the following factors. 

Traffic Conditions 

Bicycle Traffic Volume (Potential or Actual) 

A structure on a popular bicycling route is a better candidate than one on a road with 

little or no potential for bicycle use. 

Bicycle Crash Experience 

Given that relatively few serious bicycle crashes are reported to the police, a structure 

with a history of reported bicycle crashes may be the site of many unreported crashes as well. 

As a result, it should receive close scrutiny. 
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Motor Vehicle Traffic Volume 

A high-volume structure is more likely to need bicycle accommodations than a low

volume one, due to the increased likelihood of conflicts. 

Percent of Truck and/or RV Traffic 

A structure with a high percentage of truck and/or RV traffic is more likely to need 

bicycle accommodations than one with little or no such traffic. 

Traffic Speed 

High traffic speeds (i.e. over 70 km/h (45 mph)) are associated with a significant 

percentage of bicycling fatalities. Structures on such routes need close attention and may 

require barriers as described by AASHTO if seperation distances are not met. 

Land Use and the Transportation System 

Proximity to Bicycle Traffic Generators 

A structure that serves many nearby residents and connects to popular recreation or 

commercial areas is likely to attract more bicycle use than one far away from any community. 

Alternate Routes 

If there are no suitable alternate routes, the importance of a particular structure will be 

greater than if there are numerous options. 
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Connecting Roadways 

If the structure connects segments of freeway or expressway, it is less likely to be in 

demand than one that connects surface streets, like collectors or arterials. 

Bicycle Accommodations 

A structure that connects existing or planned bicycle facilities ( e.g. striped bicycle 

lanes or painted-symbol routes) is a good candidate for bicycle-related improvements. 

The Structures Geometrics 

Elevation 

Fixed-span bridges that arch high for the passage of ships are less attractive for most 

bicyclists than are flatter structures. However, on steep structures the presence of slow

moving bicyclists on the ascent and fast moving bicyclists on the descent must be considered. 

Wider shoulders to accommodate these conditions may be appropriate. 

Width 

Because passing opportunities are more limited on two-lane structures than on multi

lane structures, the former structures are more likely locations for bicycle/motor vehicle 

conflicts. 

BRIDGES 

Improving a bridge for bicycle use involves analyzing four major areas of concern: 1) 

static obstructions, 2) surface conditions, 3) bridge deck width, and 4) bridge approaches. 
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Static Obstructions 

Bicycle-safe bridge railings (Figure 3-10) shall be used on bridges specifically 

designed to carry bicycle traffic, and on bridges where specific protection of bicyclists is 

deemed necessary. Bicycle rails used on highway bridges shall be in accordance with the 

latest American Association of State Highway and Transportation Officials (AASHTO) 

specifications and shall be crash-tested in accordance with Federal Highway Administration 

(FHW A) guidelines. The minimum weight of a railing used to protect a bicyclist shall be 

1,372 mm (54 in), measured from the top of the riding surface to the top of the rail. In cases 

where existing railings are below this height, consideration should be given to retrofitting an 

additional bicycle railing to the top, bringing the total height to 1,372 mm (54 in). 

Guardrails on bridge approaches should be designed with the needs of bicyclists in 

mind. As a general rule, a roadside barrier should be placed as far from the traveled way as 

conditions permit. A minimum offset from the edge of the traffic lane or paved shoulder of 

1.2 m (4 ft) is desirable. In situations where the slope on the far side of the guardrail is 

excessive or the hazard serious, or where the shoulder or outside lanes are narrow, 

consideration should be given to attaching a bicycle-safe railing to the top of the guardrail. 

This will bring the total height to 1,372 mm (54 in). 

Surface Conditions 

On all bridge decks, special care should be taken to ensure that smooth bicycle-safe 

expansion joints are used. In cases where joints are uneven, rubberized joint fillers or covers 

may be considered. 

The bridge deck should not pose a hazard for bicyclists. Only bicycle-safe grates and 

drains should be used. Steel decking on draw bridges or swing bridges can cause steering 

difficulties for bicyclists. In general, such bridges should not be signed as bicycle facilities 

without determining the deck' s effect on bicycle handling. 
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Notes: 
1. Loadings on left are applied to rails . 
2. oads on righ are applied to posts. 
3. The shapes of ra il members are illustrative only. Any 

material or combination of materials listed in Article 
2.7 of Standard Specifications for Highway Bridges 
(AASHTO, 1989) may be used in any configuration. 

Nomenclature: 
P = Highway design loading 
h = Height of top of top rail above reference surface 
L = Post spacing 
w = Bicycle loading per unit length of rai l 

Figure 10. Combination traffic and bicycle bridge railing. Railing height of 1372 mm 
(54 in.) will protect bicyclists from toppling over. (9) 

The accumulation of roadside debris may cause problems for bicyclists, forcing them 

to ride farther out from the right edge than many would prefer. Regular maintenance, 

particularly in the right half of the outside lane and on paved shoulders, is important. 

Bridge Depth Width 

Two primary options are available for accommodating bicyclists on highway bridges 

(see Figure 3-11 ). First, 1.2 m ( 4 ft) (minimum) shoulders may be added to each side. 

Second, a widened outside lane at least 4.2 m (14 ft) wide may be used on each side of curb 
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and gutter sections. In deciding between these options, the primary considerations are traffic 

speed and volume. 

On bridges with higher posted speeds, the effects of windblast described in FHW A 

research (Figure 3-10) may be offset by providing a separation distance between bicyclists and 

passing vehicles. This is particularly important where a significant percentage of truck or RV 

traffic is present; in such cases, additional width beyond the recommended 1.2 m (4 ft) of 

paved shoulder is useful. On bridges with lower posted speeds, windblast effects are not 

particularly serious, and, hence, widths are determined more by physical clearances. 

Bridge Approaches 

Bicycle provisions, whether shoulders or wide outside lanes, should continue for at 

least 30 m (100 ft) on either side of the bridge in order to ensure a safe transition. In on-or 

off-ramps or intersections are present, shoulder or wide outside lanes should continue at least 

as far as the ramps or intersection. 

On lower-speed bridges and ramps, the crossing is similar to that used for turn lanes 

and the extra width should simply be added to the right most through lane. On high-speed 

Shoulder 

1.8 
16 fl \ 

Outside lane 

n _,. -Edge line 

L------------, 
Bridge with shoulders 

Sidewalk G tier 

, 0 -, 
t2 tt> 

Outside lane 

l -l ft 1 

.... ..._ _________ _ 
- < 

Lane line 

Bridge with curb and gutter, and wide outside lanes 

Figure 3-11. Suggested widths for bicycle accomedations on bridges. (9) 
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bridges and ramps, the shoulder striping should not cross over the ramp, but should follow the 

ramp. Another shoulder stripe should pick up on the far side of the ramp. 

If bicycle lanes are used, they should be designed as described in Chapter 4. On low

speed bridges, the bicycle lane stripe should be dropped before the ramp and picked up after, 

as shown in Chapter 4 and Figure 9-5 in the MUTCD. 

TUNNELS, UNDERPASSES, AND INTERCHANGES 

Tunnels, underpasses and interchanges may cause difficulties for bicycle users because 

of the grades involved, pavement width and surface, and levels of lighting. Like bridges, 

these structures tend to be long-term investments and are not replaced or upgraded as 

frequently as connecting roadways. For this reason, they may act as barriers for bicycle 

travel. 

Providing adequate width is important for safety, particularly on high-volume roads 

and highways. When traffic speeds are low, this may be done through the use of wide curb 

lanes. In high-speed tunnels, the preferred solution is a minimum 1.2 m (4ft) wide outside 

shoulder. 

Debris can build up at the right edge of the roadway, and if the tunnel is not well 

lighted, bicyclists going from daylight to relative darkness may not immediately see the 

hazard. For this reason, providing adequate lighting and regular maintenance are important 

for bicyclists' safety. 

If a high-speed tunnel or underpass is particularly narrow or contains a serious sight 

obstruction, then the structure may not be appropriate for bicycle use. Alternate routes should 

be investigated. However, there may be some circumstances where bicyclist-actuated flashing 

lights may be used to warn motorists of the presence of bicyclists in the tunnel or underpass. 

These lights flash for a given period of time after a bicyclist hits the button, warning motorists of 

the presence of the bicyclist ahead. 

If the tunnel or underpass is below the normal grade of the connecting roadway, any extra 

width should be provided on the climbing side of the roadway, since bicyclists will be traveling 

more slowly as they exit. 
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Figure 3-12. Aerodynamic forces caused by heavy motor vehicles passing bicyclists. (9) 

RUMBLE STRIPS 

Rumble strips and other devices designed to alert drifting motorists can be a danger to 

bicyclists traveling on shoulders or near the right edge of the roadway. Where bicycle traffic is 

allowed, asphalt concrete dikes, raised traffic bars, or other similar devices should be considered 

only on shoulders of roads where there is a well-documented safety problem. 

In cases where rumble strips are used to provide additional shoulder width, the length of 

the rumble strip should be reduced, with smooth pavement provided at the right side of the 

rumble strip. 
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FACILITY RETROFITS FOR ROADWAYS 

In the previous sections, general roadway improvements were described that will make 

every road safer and more accessible for bicyclists and pedestrians. But where is sufficient space 

to be found on an existing roadway for a wide curb lane or a bicycle lane, which require between 

0.61-1.289 m (2-6 ft) of additional pavement? 

Perhaps the greatest task confronting planners and engineers is finding the space for 

improving existing roadways for use by bicyclists and pedestrians. While the design of bicycle 

and pedestrian facilities on new roadways is rather simple and unrestrained, how does the 

designer find space in an existing corridor to add extra pavement for bicyclists or sidewalks for 

pedestrians? 

For the purpose of this document, the term "retrofitting" means roadway improvement 

with a specific facility type for bicycle or pedestrian use. The following two sections suggest 

general procedures for the designer to follow, and questions to ask, in assessing a roadway's 

characteristics for bicycle facility improvements. 

Retrofitting options for pedestrian facilities are discussed in Chapter 6. 

Retrofitting Existing Roadways with Bicycle Facilities 

TxDOT policy calls for the retrofitting over time of all roadways not currently scheduled 

for improvement with bicycle facilities. 

When the retrofitting of an existing roadway corridor is desired, there are two primary 

concerns: which facility type is desired under ideal conditions (which yields actual space 

needed), and how much space is available on the roadway. 

The facility type desired is determined through a comprehensive planning process which 

incorporates type of bicyclists expected or evident, roadway characteristics (ie speed, volume, 

etc.), and public desires. 

An assessment of the existing roadway using Figures 3-1 and 3-2 will assist the designer 

in selecting retrofit options and locating available space. 
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Retrofitting Roadways Nearing or Under Construction with Bicycle Facilities 

Roadways nearing or currently under construction represent special opportunities for 

late-stage addition of a bicycle facilities. Roadways under construction require change orders for 

field alterations to the original construction documents, a requirement which can be costly and 

cause delays. It should be noted, however, that the cost of a late-stage addition of a bicycle 

facility should be weighed against both the far greater cost to retrofit an existing roadway later 

and the societal cost of the absence of bicycle accommodations on a new or reconstructed 

TxDOT roadway. See Figure 3-1 for suggested late-stage retrofit options for roads nearing or 

under construction. 
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CHAPTER 4: DESIGNATED BICYCLE FACILITIES 

INTRODUCTION 

To varying extents, bicycles will be ridden on all highways other than limited access 

highways, where they are not normally permitted. Thus, all urban roadways should be 

designed and constructed under the assumption that they will be used by bicyclists. This 

chapter describes designated bicycle facilities which are best used on selected streets to form a 

subnetwork to accommodate Type B users, or basic bicyclists. Whether general roadway 

improvements or specifically designated facilities, bicycling improvements improve conditions 

not only for bicyclists butfor motorists as well, both when bicyclists are present and when 

they are not present. 

THE BICYCLE ROUTE 

One of the most common questions that new bicyclists ask is where to ride. A person 

who has done very little bicycling as an adult may find the main roads too challenging but 

may not know how to find alternative routes. Similarly, someone who is new to town may 

wish to try out the local scenic back roads but may not be able to find them, given a standard 

road map. Solving these problems are functions of the bicycle route. 

A bicycle route is a suggested way to get somewhere. In a community, a bicycle route 

may consist of a set of signs designating a preferred way to get from a residential area to a 

park or to a shopping area. A network of such routes may show bicyclists how to get to 

many destinations throughout the community. In some cases, looped systems of scenic routes 

have been created to provide users with a series of recreational experiences. 

A bicycle route may include stretches of road with marked bicycle lanes, but in 

general the bicycle route concept does not require that the road include any such special 

bicycle facilities. Elimination of hazards, however, is important. 
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In rural areas, signed touring routes may help long-distance bicyclists ride across the 

state on a network of carefully-chosen, quiet country roads. Often, such bicycle routes are 

keyed to a user map. 

Route Planning 

Planning a bicycle route, or a network of such routes, begins with development of the 

statement of purpose. Choosing the appropriate purpose requires consideration of an agency' s 

goals and objectives. For example, within the scope of its overall transportation plan, a 

transportation agency' s purpose may be to encourage utilitarian bicycle use along a network 

of quiet through streets. A bicycle route network may also include special facilities such as 

bicycle lanes on collectors and arterials to serve the less skilled bicyclists. 

On the other hand, a recreation agency may see part of its mission as encouraging 

recreational bicycling by identifying a series of loop rides. The following are typical uses of 

the bicycle route concept. 

Bicycle Route Subworks 

In deciding to designate a local network of bicycle routes, the first step is to develop 

a list of common destinations for Type B, or basic bicyclists. Such destinations might 

include, for example, local shopping areas, schools and universities, sports and recreation 

complexes, parks and discontinuous segments of bicycle paths. 

Each destination will have a reasonable capture area from which it may attract 

bicyclists. In general, the average bicyclist will travel between 3 km to 6 km (2 mi to 4 mi) 

per trip. As a result, a capture radius of 6 km ( 4 mi) will be appropriate for most bicycling 

destinations. 

Schools often have specific districts. Maps of these may be obtained from the local 

school district offices. Universities and colleges are often adjacent to student housing 

neighborhoods. These may help identify logical bicycle transportation corridors. 
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Placing the common destinations and their likely capture areas on a map will begin to 

suggest potential bicycle route corridors. Since a bicycle route goes both directions, it is 

useful to identify two end points for each route. With the potential corridors chosen, the next 

step is to identify alternative routes. The section "Selecting Bike Routes" addresses this step. 

Looped Recreational Routes 

In developing a series of looped routes, the first step is to identify scenic areas of 

interest. Such areas might include large parks, scenic farm country, areas around lakes or 

other bodies of water, or pristine woodlands. Place these general locations on a map of the 

area. 

Within these areas, identify points of interest that a route should pass. Locate historic 

sites, scenic overlooks, picnic areas and other such attractions on the map. Once these sites 

have been identified, look for potential loop routes approximately 16 km to 64 km ( 10 mi to 

40 mi) in circumference. Longer routes with challenging hills will be popular with more 

experienced riders while casual family riders, will prefer the shorter, flatter, and less 

challenging routes. 

Touring Routes 

Long-distance bicycle touring routes are a specialized application of the bicycle route 

concept. Touring routes generally make use of state highways with shoulder widths of 4 feet 

or more. With the quality and abundance of paved shoulders in Texas, most touring routes 

remain undesignated. 

Selecting Bike Routes 

Overall, the decision to select one road over another for a bicycle route should be 

based on the advisability of encouraging bicycle use on that particular road. While the roads 

chosen for bike routes may not be completely free of problems, they should offer the best 
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balance of safety and convenience of the available alternatives. In general, the most important 

considerations fall into three main categories: (1) geometrics, (2) traffic conditions, and (3) 

appropriateness for the intended purpose. 

Geometrics 

The most important geometric considerations include roadway width, pavement 

quality, intersections, curves, and hills. Chapter 3 of this guide explains how to make 

bicycle-related roadway improvements where feasible, should roadway geometrics be less than 

desirable. To some extent, low motor vehicle traffic volumes can compensate for less 

desirable roadway conditions. 

Roadway Width: On lower speed roadways, widened curb lanes are beneficial for 

bicyclists. On high-speed roads, smoothly paved shoulders or bike lanes for Type B 

users are desirable. If a route is generally suitable but includes a short stretch of 

narrow road, consideration should be given to use of the "Share the Road" warning 

sign on that segment (see Appendix B for details). 

Pavement Quality: Smooth roads are far preferable to roughly paved ones. Perhaps 

more than any other geometric consideration, pavement quality will determine how 

popular a bicycle route will be. 

Intersections: Intersections should be relatively simple and should include few 

complex features, like multiple tum lanes. Points where bicyclists will be expected to 

tum left should be carefully evaluated. Traffic lights should be responsive to bicycle 

traffic. The presence of high numbers of stop signs on the route will discourage 

bicycle users. 

Curves: While curved stretches of roadway provide variety, a road with serious sight 

distance problems and many no-passing zones may not be an appropriate bicycle route. 
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Hills: Bicyclists' perception of the steepness of hills will vary with their fitness levels, 

cycling skills, trip purposes, and expectations. While most utilitarian bicyclists will 

choose the flattest route, fit and skilled recreational riders may enjoy the challenge of a 

climb and the thrill of a descent. 

Traffic Conditions 

Traffic conditions that affect the desirability of a potential bicycle route include traffic 

volume, traffic speed, and percentage of truck and RV traffic. 

Traffic Volume: In general, the route with the least motor vehicle traffic will be the 

one many bicyclists will prefer. Experienced bicyclists, who have learned to cope with 

traffic, will be least concerned with this variable; for new bicyclists, however, it will 

be the overriding concern. 

Traffic Speed: For experienced riders, high-speed traffic offers few concerns. 

However, most bicyclists fear high traffic speeds. 

Percentage of Truck and RV Traffic: On high-speed routes, the percentage of truck 

and RV traffic is a particular concern due to the buffeting that bicyclists experience 

when passed by heavy vehicles. When combined with narrow road conditions, a 

significant percentage of heavy vehicle traffic will make a route undesirable. 

Appropriateness 

Factors used to determine how appropriate a particular road is for a bicycle route 

include directness, scenery, and available services. 

Directness: For utilitarian riders, directness is important, and a route that wanders too 

much will see little use. For recreational riders, this factor is not as important. 
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Scenery: For utilitarian riders, scenery is 

relatively unimportant. For recreational 

bicyclists. on the other hand, varied and 

attractive scenery is one of the most 

important factors. 

Services: Recreational riders, particularly 

those riding more than a few miles, will 
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be particularly interested in services (food, Figure 4-1. Typical signs used for 
designating bicycle routes. (9) 

water, restrooms) . A route without such 

services will be less desirable than one with occasional stopping places. 

Designating Bike Routes 

When setting up a bicycle route, base the placement and spacing of signs on Part IX of 

the MUTCD, found in Appendix B. For bike route signs to be functional , supplemental plates 

may be placed beneath them when located along routes leading to high demand destinations 

( e.g. "To Downtown," "To State College," etc. See Figure 4-1 for typical signing). Since 

bicycle route continuity is important, directional changes should be signed with appropriate 

arrow subplaques. Also, signing should not end at a barrier. Information directing the 

bicyclist around the barrier should be provided. According to the MUTCD (Part 2A-6), "Care 

should be taken not to install too many signs. A conservative use of regulatory and warning 

signs is recommended as these signs, if used to excess, tend to lose their effectiveness. On 

the other hand, a frequent display of route markers and directional signs to keep the driver 

informed of his location and his course will not lessen their value." 12 

Bike Route 

The bike route sign (see Figure 4-1) is intended for use where no unique designation 

of routes is desired. However, when used alone, this sign conveys very little information. It 
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should be used in conjunction with supplemental plaques giving destinations and distances. 

See Part 9B-22 of the MUTCD for specific information on subplate options. 

Numbered Bike Route 

The numbered bike route sign (see Figure 4-2) is used to establish a unique 

identification for a state or local bicycle route. The sign may be combined with directional 

arrow subplates (M7-1 through M7-7). One use of this type of sign is for long touring 

bicycle routes. The number may, for example, correspond to a parallel highway, indicating 

the route is a preferred alternate route for bicyclists. This 

sign also is used in communities with multiple bicycle 

routes. Such signs, often used in conjunction with user 

maps, tell the bicyclist where each route goes. 

Route Mapping 

Bicycle users often want to know the extent of a 

network of bike routes, yet few bicyclists will follow a 

route just to see where it goes. Therefore, mapping 

bicycle routes can improve the utility of the system. 

M1-8 
305 mm x 457 mm 

(12 in x 18 in) 

50 mm (2 in) max 

M?-1 

Figure 4-2. Signs used to designate 
numbered bicycle routes. (9) 

Depending on the budget available, a bike route map can consist of anything from a 

small one-color schematic to a large full-color production. While the former would require 

relatively few of an agency s resources, the latter could be time-consuming and demand 

significant support in terms of money and professional staffing. 

THE BICYCLE LANE 

Consider bicycle lanes when it is desirable to delineate available road space for 

preferential use by bicyclists. Bicycle lanes should always be one-way facilities and carry 

traffic in the same direction as adjacent motor vehicle traffic. Wrong-way riding is a major 
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cause of bicycle accidents and violates the rules of the road stated in the Motor Vehicle Laws 

of Texas. Because the use of the bicycle lanes may encourage wrong-way riding, these 

facilities should incorporate directional pavement markings and signage to reinforce 

appropriate bicyclist use. Bicycle lanes on one-way streets should be on the right side of the 

street. 

While there are no universally accepted objective criteria for determining the need for 

bicycle lanes, the following factors are important considerations. 

Bicycle Demand 

Simply striping bicycle lanes will not necessarily create bicycle use. Surveys in 

several cities with active bicycle programs have shown that bike lanes attract existing users to 

a particular street, but do not necessarily attract new bicyclists. 

Potential Origins and Destinations 

In order to attract bicyclists, there must be a nearby population of likely users and 

potential destinations within riding distance. According to most surveys, a 6 km ( 4 mi) radius 

defines the maximum bicycle trip for most casual, Type B users and 8 km (5 mi) for 

bicyclists in general. 

Available Alternatives 

When considering alternative routes for bicycle lane installation, the designer must 

remember that most bicyclists will choose the route that best combines direct access with 

relatively low traffic volumes. 
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Surrounding Land Use 

Strip development or other areas with many commercial or institutional driveways and, 

therefore, significant volumes of right-turning traffic, tend to make unsuitable locations for 

bicycle lanes. In such cases, wide curb lanes may be appropriate. 

Traffic Conditions 

High-volume multi-lane highways with numerous grade-separated interchanges, or 

multi-lane roadways with continuous center-tum lanes and high volumes of motor vehicles 

may make less suitable roads for bicycle lanes. In rare cases, bicycle lanes can attract novice 

or child bicyclists to a potentially hazardous situation. On the other hand, utilitarian bicyclists 

have the mental maps of motorists, which means that collectors and arterials with popular 

destinations are highly valued as direct and convenient travel routes. Placement of bike lanes 

on arterials is a decision which should be made in concert with the local bicycling 

community. 

Geometric Conditions 

Adequate pavement surface, bicycle-safe grate inlets, safe railroad crossings, and 

traffic signals responsive to bicycles should always be provided on roadways where bicycle 

lanes are being designated. Generally, roads with many complicated intersections ( e.g., those 

with multiple right-tum lanes) are more difficult locations to modify for inclusions of bicycle 

lanes. In these situations, wide curb lanes may be the preferred option for accommodating 

bicyclists. 

Other Considerations 

Bicycle lanes are not advisable on long downgrades of 4 percent or more, where 

bicycle speeds greater than 48 km/h (30 mph) are expected. As grades increase, downhill 
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bicycle speeds will increase, which increases the problem of riding too close to the edge of 

the roadway. In such situations, bicycle speeds can approach those of motor vehicles, and 

experienced bicyclists will generally move into the traffic lanes to increase sight distance and 

maneuverability. If bike lanes are to be striped, additional width should be provided to 

accommodate higher bicycle speeds. 

Striping bike lanes next to curbs where parking is prohibited only during certain hours 

must be done only in conjunction with special signing to designate the hours bike lanes are to 

be effective. Consider this type of bike lane only if the vast majority of bicycle travel would 

occur during the hours of the parking prohibition, and only if there is a firm commitment to 

enforce the parking prohibition. Because of the obvious complications, this type of bike lane 

is not encouraged for general application. 

Figure 4-3 gives several other cautions taken from the Federal Highway 

Administration' s Safety and Locational Criteria for Bicycle Facilities 13• 

Bicycle Lane Delineation 

Bicycle lanes should be solid, I 00 mm to 150 mm ( 4 in to 6 in) wide, and marked 

with white traffic paint. The width of the lines should match the width of other lines on the 

particular roadway in question. Thermoplastic and preformed tape can be slippery when wet, 

causing loss of control for bicyclists, and should, therefore, not be used. 

Raised barriers ( e.g., raised traffic bars and asphalt concrete dikes) or raised pavement 

markers should not be used to delineate bicycle lanes. Raised barriers prevent motorists from 

merging into bike lanes before making right turns, restrict the movement of bicyclists desiring 

to enter or exit bike lanes, and impede routine maintenance. 

Place bike lane markings a constant distance from the outside motor vehicle lane. 

Bike lanes with parking permitted should not be directed toward the curb at intersections or 

localized areas where parking is prohibited. Such a practice prevents bicyclists from 

following a straight course. Where transitions from one type of bike lane to another are 

necessary, smooth tapers should be provided. (See the MUTCD, Section 3B-8 for taper 

design.) 
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Principal problems with bike lane applications 

■ Provision of inadequate lane width or use of unrideable street surface as the bike lane area; 

■ Abrupt tennination of lanes at hazard or constraint situations, creating a facility which leads bicyclists to 

a trap· also transitions which force awkward bicyclist movements at other tennination points; 

■ Use of non-standard and poorly visible lane demarkation signs and markings which create uncertainties 

in motorist and bicyclist understanding of lane presence and purpose; 

■ Lane configuration and lane use ordinances which prevent the bicyclist from establishing proper position 

with respect to motor vehicle traffic at intersections as well as for mid-block turns into driveways; and 

■ Lane use ordinances which conflict with reasonable bicyclist desires to leave the lane in order to avoid 

road hazards or to overtake other bicyclists, motor vehicles, or pedestrians occupying the bike lane. 

Figure 4-3. Common bike lane design errors noted by FHWA in its 1976 publication 

"Safety and Locational Criteria for Bicycle Facilities." (#A) 

Bicycle Lane Surface Quality 

Pave bicycle lanes to the same standards as adjacent traffic lanes. The surface to be 

used by bicyclists should be smooth, free of potholes, and the pavement edge uniform. For 

rideability on new construction, the finished surface of bikeways should be smooth and true to 

the required cross-section and grade. Further, manholes, drainage grates, and utility covers 

should be located outside the bicycle lane. Because debris tends to collect in designated 

bicycle lanes and on shoulders, sweeping programs are essential. For more advice on 

pavement quality, see Chapter 3. 

Bicycle Lane Widths 

Under ideal conditions, minimum bicycle lane width is 1.2 m ( 4 ft). However, certain 

edge conditions dictate additional desirable bicycle lane width. Additional width also is 

desirable when the width of the adjacent traffic lane is less than 3.6 m (12 ft). This is an 

important addition because the effective clearance between a bicyclist and adjacent traffic is a 

function of the combined width of both the bike lane and the adjacent traffic lane. 
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To examine the width requirements for bicycle lanes, Figure 4-4 shows four usual 

locations for such facilities in relation to the roadway. Figure 4-4 ( 1) depicts bicycle lanes on 

an urban curbed street where a parking lane is provided. The minimum bicycle lane width for 

this location is 1.5 m (5 ft). Bicycle lanes should always be placed between the parking lane 

and the motor vehicle lanes. Bicycle lanes between the curb and the parking lane create 

hazards for bicyclists from opening car doors and poor visibility at intersections and 

driveways. They also prohibit bicyclists from making left turns; therefore, this placement 

should never be considered. 

Where parking is permitted but a parking lane is not provided, the combination lane, 

intended for both motor vehicle parking and bicycle use, should be a minimum of 3.6 m (12 

ft) wide. Figure 4-2 illustrates this condition. However, if it is likely the combination will be 

used as an additional motor vehicle lane, it is preferable to designate separate parking and 

bicycle lanes, as shown in Figure 4-4 (1). In both instances, if parking volume is substantial 

or turnover is high, an additional 0.3 m to 0.6 m (1 ft or 2 ft) width is desirable for safe 

bicycle operation. 

Figure 4-4 (3) depicts bicycle lanes along the outer portions of an urban-type curbed 

street where parking is prohibited. Bicyclists do not generally ride near a curb because of the 

possibilities of riding through debris, over an uneven longitudinal joint, or along a steep cross 

slope, or of hitting a pedal on the curb. Bicycle lanes in this location should have a minimum 

width of six feet from the curb face. 

Figure 4-4 (4) depicts bicycle lanes on a highway without curb or gutter. Locate 

bicycle lanes between the motor vehicle lanes and unpaved shoulders. Bicycle lanes may 

have a minimum width of 1.2 m (4 ft), although a width of 1.5 m (5 ft) or greater is 

preferable. Additional width is desirable where substantial truck traffic is present, where 

prevailing winds are a factor, on grades, or where motor vehicle speeds exceed 56 km/h (35 

mph). 
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Figure 4-4. Typical bike lane cross sections on two-lane or multi-lane highways. (9) 
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Bicycle Lane Intersection Design 

Bicycle lanes tend to complicate both bicycle and motor vehicle turning movements at 

intersections. Because they encourage bicyclists to keep to the right and motorists to keep to 

the left, both operators are somewhat discouraged from merging in advance of turns. Thus, 

some bicyclists will begin left turns from the right-side bicycle lane and some motorists will 

begin right turns from the lane to the left of the bicycle lane. Both maneuvers are contrary to 

established rules of the road and result in conflicts. Figure 4-5 shows common movements of 

motorists and bicyclists 

At intersections, bicyclists proceeding straight through and motorists turning right 

must cross paths. Marking and signing configurations which encourage these crossings 

through merging in advance of the intersection are generally preferable to those that force the 

crossing in the immediate vicinity of the intersection. To a lesser extent, the same is true for 

left-turning bicyclists. However, in this maneuver, the rules of the road allow bicyclists to 

make either a "vehicular style" left tum (where the bicyclist merges left to the same lane used 

for motor vehicle left turns) or a "pedestrian style" left tum (where the bicyclist proceeds 

straight through the intersection on the cross street). 

Figure 4-6 illustrates recommended striping patterns for bike lanes crossing a motorist 

right-tum-only lane. When confronted with such intersections, bicyclists will have to merge 

with right-turning motorists. Since bicyclists are typically traveling at speeds less than 

motorists, they should signal and merge where there is a sufficient gap in right-turning traffic, 

rather than at a predetermined location. For this reason, it is recommended that either all 

delineation be dropped at the approach of the right tum lane ( or off-ramp) or that a single, 

dashed bike lane line be used, extended at a flat angle across the right tum lane. A pair of 

parallel lines ( delineating a bike lane crossing) to channel the bike merge is not 

recommended, as bicyclists will be encouraged to cross at a predetermined location, rather 

than where there is safe gap in right-turning traffic. Also, some bicyclists are apt to assume 

they have the right-of-way and may not check for right-turning motor vehicle traffic. 
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Figure 4-5. Typical bicyclist and motor vehicle movements in an intersection of two multi
lane streets with bicycle lanes. (9) 

A dashed line across the right-tum-only lane (or off-ramp) is not recommended on extremely 

long lanes. or where there are double right-tum-only lanes. For these types of intersections, 

all markings should be dropped to allow the bicyclist's judgment to prevail. 

Bike lanes crossing on-ramps do not present the same problems, as bicyclists normally 

have a good view of traffic entering the roadway and will adjust their path as necessary to 

cross ramp traffic. A"Bike Xing" sign may be used to warn motorists of the potential for 

bicyclists crossing their path. 

Where there are numerous left-turning bicyclists, a separate turning lane, as indicated 

in Part IX of the MUTCD (see Appendix B), should be considered. The design of bicycle 

lanes also should include appropriate signing at intersections to reduce the number of 

conflicts. The MUTCD also contains general guidance for pavement marking of bicycle 

lanes. 
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ON-STREET FACILITY MAINTENANCE 

Proper maintenance of on-street riding surfaces is a key factor in bicycle safety and an 

important consideration in a person' s decision to ride a bicycle. Bicycles are more sensitive 

to irregularities and road debris than cars. Roadway features that cause minor discomfort to 

motorists can cause serious problems and crashes for cyclists. Even some normal features of 

road design can cause an inconvenience or danger for cyclists. Safety features, such as large, 

closely spaced rumble strips which are designed to alert motorists whose vehicles are drifting 

off-road, create barriers and hazards for cyclists. Designing bikeways to reduce maintenance, 

giving priority to sweeping the sides of streets where bicyclists ride, and ensuring that riding 

surfaces are relatively smooth are all requisites in attracting more of the general public to 

bicycling. 

Additionally, there are a variety of regular maintenance activities that affect bicycling. 

Some maintenance activities enhance bicycling, while others are detrimental to bicycling. 

When maintenance personnel are aware of these activities, they can take actions, generally at 

low cost, to preserve or enhance bicycle mobility. The following standard maintenance 

activities can improve bicycling. 

Suface Treatments Such as Oiling or Chip Sealing 

Sometimes a surface treatment such as chip seal will cover the travelway and part of 

the shoulder area. This leaves a ragged edge or ridge in the shoulder, which has material of 

different height and texture. This makes it hazardous and rough for bicycling. It is 

recommended that the chip seal stop at the edge line, or cover the entire shoulder area with a 

well-rolled, fine-textured material. 

Patching 

Loose asphalt materials from patching operations often end up on the shoulder, where 

the larger particles adhere to the existing surface, causing a very rough surface. It is 
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recommended that fresh loose materials be swept off the shoulder before they have a chance 

to adhere to the shoulder pavement. 

Blade Patching 

Some very smooth pavement patching can be done with a road grader; however, the 

last pass of the grader sometimes leaves a rough tire track in the middle of the shoulder area. 

It is recommended that smooth grader tires be used, or the shoulder area be well-rolled after 

the last pass of the grader. If shoulder blade patching is necessary, it should cover the entire 

shoulder width. 

Roadway and Shoulder Sweeping 

Among the biggest complaints from bicyclists are bike lanes and shoulders of 

highways that are not clear of sanding materials, gravel, broken glass, and other debris. 

Because of this, they will often ride in the roadway to avoid these hazards; motorists then 

complain about bicyclists riding in the roadway. It is not always cost effective to sweep 

bikeways frequently. To prevent and remove debris from the bikeway, communities should 

pave gravel driveway approaches to eliminate loose gravel on the highway shoulders; establish 

a seasonal sweeping schedule and sweep bikeways after major winter storms in high bicycle 

use areas; and sweep bikeways whenever there is an accumulation of hazardous materials on 

the bikeway. 

Edge Line Markings 

In the 1970' s, many edge lines (pavement marking delineating the edge of the traffic 

lane) were supplemented with raised pavement markers. These presented many problems, 

especially for bicyclists. Today the Manual on Uniform Traffic Control Devices states that 

"raised markers generally should not supplement right edge lines" (Section 3B-15). 

Communities should reduce hazards to cyclists from edge markings by minimizing their use. 

4-18 



If edge line raised reflectors are needed for motorists, they should be installed on the 

motorists' side of the edge line. Similarly, strips needed for motorists should be placed so 

that they do not interfere with bicycle traffic. A path that provides adequate space for 

bicyclists to operate may be left where these devices are necessary on shoulders. 

Coordinate all recommended bicycle facility maintenance activities under a Bikeway 

Spot Improvement program. This type of program can provide quick and effective 

remediation of dangerous and inconvenient facility problems for bicycle transportation. In a 

spot improvement program, cyclists are given a routine channel for notification to the city of 

hazards and problems to be addressed by maintenance. This type of program gives local 

governments an opportunity to react quickly to problems, such as missing manhole covers, 

pavement problems, and open utility excavations. 

Finally, roadway construction should include steps to prevent added risk to cyclists 

from debris and reduced roadway space. Barricades for construction often obstruct bicycle 

travel. Steel plates over excavations are very hazardous to cyclists. Thus, maintenance crews 

and their supervisors should be trained to minimize creation of hazards to bicyclists during 

construction. Overall, implementation rests with the department responsible for roadway 

maintenance. As with the other roadway projects, special attention should be concentrated on 

signed bicycle routes and bicycle lanes. 
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CHAPTER 5: OFF-STREET MULTI-USE TRAILS 

INTRODUCTION 

There are three basic types of off-street bicycle facilities: exclusive bicycle 

paths/trails, multi-use trails, and separated parallel pathways. The first of these alternatives, 

the exclusive bicycle path, is not recommended because of the difficulty in preventing 

pedestrian and other non-motorized traffic from utilizing the pathway. In general, a pathway 

designed only for bicyclists quickly turns into an ill-designed multi-use facility. Thus, this 

chapter provides design information on two types of facilities: 

■ multi-use trails; and 

■ separated parallel pathways. 

Multi-use trails are generally located on exclusive rights-of-way and with minimal 

cross flow by motor vehicles. They can serve a variety of purposes. For example, a 

connecting trail between two cul-de-sac streets can provide commuter bicyclists with a 

shortcut through a residential neighborhood or around a barrier. 

When located in a park, a multi-use trail (MUT) can provide a wide variety of users 

with an enjoyable recreational experience. MUTs can be located along abandoned railroad 

rights-of-way, the banks of rivers, and other similar linear corridors. They also can provide 

bicycle access to areas that are otherwise served only by limited-access highways on which 

bicycles are prohibited. Appropriate locations can be identified during the planning process. 

Multi-use trails should be thought of as extensions of the highway system intended for 

the exclusive use of non-motorized users. It is important for designers to remember that the 

bicycle is a vehicle and that close attention to accepted design criteria is necessary for the 

provision of appropriate facilities. While there are many similarities between design criteria 

for MUTs and those for highways ( e.g., in determining horizontal alignment sight distance 

requirements, and signing), some criteria ( e.g. , horizontal clearance requirements, grades, and 
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pavement structure) are dictated by operating characteristics of bicycles that are substantially 

different from those of motor vehicles. The designer should always be conscious of the 

similarities and differences and how these influence the design of MUTs. The following 

sections provide guidance for designing MUTs. 

When considering the construction of an off-street route, the primary issue of concern 

is whether or not the route can provide faster travel to and from a popular destination than an 

on-street route. Many creeks, abandoned railways, and active rail lines are situated to provide 

linkages to central business districts, schools, and other common bicycle and pedestrian 

destinations. Whenever possible, explore these opportunities to provide increased bicycle and 

pedestrian mobility. 

HAZARDS ASSOCIATED WITH TRAILS ADJACENT TO HIGHWAYS 

Off-street facilities described in this manual are intended for exclusive rights-of-way 

with minimal motor vehicle crossings. Off-street facilities are an extension of the street 

system designed for the exclusive use of non-motorized transportation, just in the same way as 

freeways are intended for the exclusive or preferential use of motor vehicles. Sidewalks, 

adjacent to and part of the normal highway right-of-way, are not capable of supporting 

multiple users. Only facilities or separated rights-of-way are appropriate for the design 

described in this section. 

When two-way bicycle paths or MUTs are located immediately adjacent to a roadway, 

operational problems may occur. The following are some problems with trail locations 

immediately adjacent to roadways. 

1) Unless paired, they require one direction of bicycle traffic to ride against traffic, 

contrary to normal rules of the road. 

2) When the trail ends, bicyclists going against traffic will tend to continue to travel 

on the wrong side of the street. Likewise, bicyclists approaching a bicycle trail 

often travel on the wrong side of the street to get to the trail. Wrong-way riding is 
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a major cause of bicycle/automobile crashes and should be discouraged at every 

opportunity. 

3) At intersections, motorists entering or crossing the highway often will not notice 

bicyclists coming from their right, as they are not expecting contra-flow vehicles. 

Even bicyclists coming from the left often go unnoticed, especially when sight 

distances are poor. 

4) When trails are constructed in narrow roadway right-of-way, the shoulder is often 

sacrificed, thereby decreasing safety for motorists and bicyclists using the roadway. 

5) Many bicyclists will use the highway instead of the bicycle path because they have 

found the highway to be safer, more convenient or better maintained. Bicyclists 

using the highway are often subjected to harassment by motorists who feel that in 

all cases bicyclists should be on the path instead. 

6) Bicyclists using the trail generally are required to stop or yield at all cross streets 

and driveways, while bicyclists using the highways usually have priority over 

cross-traffic 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 trail crossing. 

8) Because of the proximity of motor vehicle traffic to opposing bicycle or other non

motorized traffic, barriers are often necessary to keep motor vehicles out of trails. 

These barriers can be a hazard to bicyclists and motorists, complicate maintenance 

of the facility, and can cause other problems as well. For these reasons, wide curb 

lanes or designated on-road bicycle lanes or routes may be the best way to 

accommodate bicycle traffic along highway corridors, depending upon traffic 

conditions. 
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Providing a sidewalk pedestrian and bicycle path adjacent and parallel to a roadway is 

unsatisfactory for a variety of reasons. Sidewalks are typically designed for pedestrian speeds 

and maneuverability. Therefore, they are not safe for higher-speed bicycle use. Conflicts are 

common between bicyclists and pedestrians traveling at low speeds, as are conflicts between 

bicyclists and fixed objects. Walkers, joggers, skateboarders, and roller skaters can, and often 

do, change their speed and direction almost instantaneously, leaving bicyclists insufficient 

time to react to avoid collisions. Similarly, pedestrians often have difficulty predicting the 

direction an oncoming bicyclist will take. At intersections, motorists are often not looking for 

fast moving bicyclists entering the crosswalk area, particularly when motorists are making a 

turn. Sight distance is often impaired by buildings, walls, property fences, and shrubs along 

sidewalks, especially at driveways. 

Bicyclists riding on sidewalks in residential areas with young children can be expected. 

With the lower bicycle speeds and lower motor vehicle speeds characteristic of residential 

areas, potential conflicts are lessened somewhat, but still exist. This type of sidewalk bicycle 

use by very young children is generally accepted, but it is inappropriate to sign a sidewalk as 

a bicycle path or bicycle route if to do so would prohibit bicyclists from using an alternate 

facility that might better serve their needs. 

It is important to recognize that the development of extremely wide sidewalks does not 

necessarily add to the safety of sidewalk bicycle travel. Wide sidewalks encourage higher

speed bicycle use and can increase the potential for conflicts with motor vehicles at 

intersections, as well as with pedestrians and fixed objects. 

USER GROUPS 

There are a number of user groups to plan for when developing a multi-use trail, 

including bicyclists, pedestrians, equestrians, tricycles and baby strollers, skaters, joggers, pets, 

and others. Expect any two of these groups to have conflicts when traveling the same 

pathway; when they are mixed together, the opportunity for serious collision increases. In 

general, multi-use trails are undesirable, as bicycles and pedestrians do not mix well. 
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Whenever possible, separate bicycle and pedestrian paths should be provided. Since this is 

not always feasible, extra width, signage, and striping should be used to minimize conflicts. 

Using a path for bicycles and horses creates an unsatisfactory and possibly dangerous 

mix. Horses startle easily and may kick out suddenly if they perceive bicyclists as a danger. 

A bicycle path and a bridle path are also incompatible in their surface design requirements. 

Bicycles function best on hard surfaces; horses function best on soft surfaces. A compromise 

to accommodate both would result in a less than adequate surface for both. 

For these reasons, great caution should be used in developing a trail. Off-street 

pathways will attract a variety of users, and these users typically require different design 

criteria. This guide provides recommendations for off-street, multi-use pathways designed for 

transportation purposes. As such, it focuses on the non-motorized transportation classes most 

likely to be used for transportation--bicyclists and pedestrians. 

While multi-use trails may be undesirable due to the mixing of bicycles and 

pedestrians, in reality, most bicycle paths are multi-use to some extent. The degree of 

incompatibility between bicyclists and pedestrians is a function of density, speed, congestion, 

and the presence of crossing and turning opportunities. The design of a multi-use trail should 

reflect consideration of each of these factors. Further, the more pedestrian traffic a trail 

receives, the less suitable it will be for bicycle traffic. In most situations, a multi-use trail 

with significant pedestrian traffic should not be designated as a bicycle trail unless significant 

lateral space is available for a very wide facility. 

Linear trails through greenbelts may have lower pedestrian densities--especially away 

from entry points and significant attractors (e.g., picnic areas and playgrounds)--and may 

suffice for multi-use if sufficient width is provided and adequate sight distances and 

clearances are maintained. 

If higher pedestrian volumes are expected on a multi-use trail, as is the case in large 

urban areas, consideration should be given to providing a separate pedestrian trail adjacent to, 

but separated from, the bicycle trail. In some cases, a simple stripe between the pedestrian 

and bicycle areas may suffice. In others, providing a physical barrier and/or unpaved 

shoulder between the trails may be necessary. See Figure 5-1 for details. 
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In areas with considerable congestion and diffuse patterns of pedestrian cross-traffic a 

more appropriate design may be necessary. College campus "quads," for example, are very 

difficult situations in which to incorporate a bicycle facility. With pedestrians crossing in 

many places and at many angles, it is impossible to provide sufficient protection for the 

bicycle facility. In such situations, it may be more appropriate to direct bicycle traffic around 

the congested area and discourage fast bicycling within. 

/ 1.5 m v 0.9 m / 3m 
/ (5 ft) / (3 ft) / Yellow (1 O ft) 

center Ii~ 
E a 

Walkway Bicycle Path 

Bicycle path separated from walkway by grassy berm 

I/ 1.5 m / 3m I/ 
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(5 ft) 
/ (10 ft) 
~ White / Yellow 
~ edge line f center line 

F E n 

/ 

Walkway Bicycle Path 

Bicycle path separated from walkway by edge line 

Figure 5-1. Two approaches to separating a bicycle path from a walkway. (9) 

It also is undesirable to mix mopeds and bicycles on the same facility. Where it is 

necessary to do so, the facility should be designed to account for the higher operating speed 

of mopeds, the additional maneuvering requirements of mopeds, and the increased frequency 

of passing maneuvers. Many of the design guidelines prescribed in this chapter ( e.g., widths 

design speeds, horizontal alignments, grades, etc .) would be inadequate for facilities intended 

for moped use. Mopeds introduce a noisy, potentially hazardous element on trails constructed 

for non-motorized users. 

Using a single trail for bicycles and horses creates an unsatisfactory and potentially 

dangerous mix. Horses startle easily, and may kick suddenly if they perceive bicycles as a 
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danger. Two parallel paths within the same corridor have been found to work well, however, 

if there is a visual barrier and adequate separation between the two. 

GEOMETRIC CRITERIA 

There are two primary considerations to follow when developing multi-use trails. 

First, the design criteria should be set by the fastest average user, which is the bicyclist, and 

the operating characteristics of the vehicle, the bicycle. Second, the design criteria must 

mitigate the dangers of mixing bicycle and pedestrian traffic. These dangers are manifested in 

several studies on the subject, including the Jerrold A. Kaplan study of the League of 

American Wheelmen members (1976), which reported an accident rate of 292 accidents per 

million bicycle-miles on off-street facilities, or 260% greater the base number of accidents per 

mile than for on-road facilities. Together, these factors address the overall goals of designing 

non-motorized transportation facilities which effectively, efficiently, and safely increase 

bicycle and pedestrian mobility. 

There are many similarities between the design criteria for routes used by bicycles and 

those used by automobiles ( e.g., in determining horizontal alignment, sight distance 

requirements, signage, and markings). On the other hand, some criteria are dictated by 

operating characteristics of bicycles which are substantially different from those of motor 

vehicles ( e.g., horizontal and vertical clearance requirements, grades, and pavement structure). 

The designer should always be conscious of the similarities and the differences between 

bicycles and motor vehicles and of how these similarities and differences influence the design 

of routes used by bicycles. In the same way that roadway cross-sections are designed to 

accommodate bicycle use, multi-use trails should be designed to accommodate the pedestrian 

and other users. The failure to do so can create as many "vehicle-class" conflicts as a 

roadway which is too narrow for lane-sharing by a bicycle and an automobile. 
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Width and Clearance for Multi-use Trails 

Paved Width 

The width of multi-use facilities is determined by the effective width of those using 

the facility and the likelihood that those users will conflict over a given portion of the route. 

The minimum width for a moving pedestrian is 0.8 m (2.5 ft) . The minimum width for one 

bicyclist traveling at a normal speed is 1.0 m (2.6 ft). However, the minimum width for two 

bicyclists traveling a normal speed (30 kph or 19 mph) in an enclosed area (i.e. the room to 

maneuver is restricted by other objects. like pedestrians) is 3.0 meters (9.8 ft). Thus the 

minimum width required for two opposing bicyclists to pass and share the path with a 

pedestrian is 3.8 meters (12.5 ft). This occurrence, or a similar situation, is common on urban 

pathways which accommodate even a moderate level of use. AASHTO currently allows a 

minimum paved width of 3.6 m (12 ft) where multiple users types are expected. 

Multi-UM Pall! In_, Urban A,u on Separai.d Right-of-Way 

:l.lm(1Z.5ft..,p,ev,edwklltl 
.7m(2ft.}mln.padld 

Figure 5-2. Multi-use path in an urban area 
on separated right-of-way. (#B) 

The paved width and the operating width required for shared bicycle and pedestrian 

use are the primary design considerations for multi-use trails. Figure 5-2 depicts a multi-use 

path on a separated right-of-way. A width of 3.8 meters (12.5 ft) provides room for 
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substantial bicycle volume. shared use with joggers and other pedestrians, use by large 

maintenance vehicles. and use by emergency vehicles. 

0.9 m 
min 
(3 ft) 

100 mm (4 in) 
center line 

3m 
min 

(10 ft) 

~ 

2% cross slope 

0.6m 
min 
(2 ft) 

Typical bicycle path cross section 

Overhead obstruction 

Bicycle path with overhead and adjacent obstructions 

9C·6 Type Ill object 
marking (see MUTCD 
Part IX for details) 
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Figure 5-3. Bicycle path cross sections showing widths, clearances, cross slopes and 
center line marking. (9) 
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Horizontal Clearances 

A minimum 0.6 m (2 ft) wide graded area should be maintained adjacent to both sides of the 

pavement (see Figure 5-3). However, 0.9 m (3 ft) or more is desirable to provide clearance 

from trees, abutments, piers, poles, walls, fences, box culverts, guardrails, or other lateral 

obstructions. A wider graded area on either side of the trail can serve as a separate jogging 

path. If adequate clearance cannot be maintained between the trail and vertical barriers or 

other features causing trail constriction, a warning sign, as described in Figure 5-3, should be 

used in advance of the haz.ard with a Type I, II or III object marker at the location of the 

haz.ard (see Part 9C-6 of the MUTCD for diagrams). Use this treatment only where 

unavoidable. It is, by no means, a substitute for good design. 

A wide separation between a bicycle path or multi-use trail and canals, ditches, or 

other significant depressions is essential for safety. A minimum 1.5 m (5 ft) separation from 

the edge of the trail pavement to the top of the slope is desirable. If this is not possible, a 

physical barrier such as dense shrubbery or a chain link fence should be provided (see Figure 

5-4). 

A wide separation between a bicycle path or multi-use trail and any nearby highway is 

desirable to confirm for both the non-motorized and motorized user that the trail functions as 

an independent facility for non-motorized vehicles. When this is not possible, and the 

distance between the edge of the roadway and the bicycle path is less than 1.5 m (5 ft), then a 

suitable positive barrier should be provided. 

Such dividers serve to prevent bicyclists from making unwanted movements between 

the path and the highway shoulder, and to reinforce the concept that the trail is an 

independent facility. Where used, the divider should be a minimum of 1.35 m (54 in) high to 

prevent bicyclists from toppling over it. Such a situation should be treated as a special case, 

and appropriate roadside design and warning measures taken. Where the trail approaches 

junctions with roadways or driveways, the barrier should be modified as necessary to enhance 

visibility between bicyclists and motorists. 
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Vertical Clearances 

The vertical clearance to obstructions should be a minimum of 2.4 m (8 ft) (see Figure 

5-3). However. vertical clearance may need to be greater to permit passage of maintenance 

vehicles, and , in undercrossings and tunnels, a clearance of 3 m ( l O ft.) is desirable for 

adequate vertical shy distance. 

A multi-use trail should never be narrower than 2.5 m (8 ft) . Widths less than 3.8 

meters (12.5 ft) may be acceptable given the following circumstances: 

■ bicycle traffic is expected to be low, even on peak days or during peak hours; 

■ pedestrian use of the facility is not expected to be more than occasional · 

■ there will be good horizontal and vertical alignment providing safe and frequent 

passing opportunities; 

■ the path will not be subjected to maintenance vehicle loading conditions that would 

cause pavement edge damage; and 

■ access by maintenance or emergency vehicles is not needed. 

Design Speed 

The speed that a bicyclist travels is dependent on several factors, including the type 

and condition of the bicycle, the purpose of the trip, the condition and location of the bicycle 

path, the speed and direction of the wind, and the physical condition of the bicyclist. 

Design bicycle or multi-use trails for a selected speed that is at least as high as the 

preferred speed of the faster bicyclists. In general, a minimum design speed of 32 kph (20 

mph) should be used; however, when the grade exceeds 4 percent, or where strong prevailing 

tailwinds exist a design speed of 48 kph (30 mph) is advisable. On unpaved paths, where 

bicyclists tend to ride more slowly, a lower design speed of 24 kph (15 mph) can be used. 

Similarly, where the grades or the prevailing winds dictate, a higher design speed of 40 kph 

(25 mph) can be used. Since bicycles have a higher tendency to skid on unpaved than paved 

surfaces, horizontal curvature design should take into account lower coefficients of friction. 
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Utilize the standard design speed for the geometrics of all facilities. For specific 

curves, hills or stops, it may be necessary to utilize geometrics based on a higher design 

speed. 

Bike path 

Bike path 

Bike path 

k"" Safety 
rail 

Less than 
1.5 m (5 ft) 

k"" Safety 
rail 

Less than 
1.5 m (5 ft) 

k"" Safety 
rail 

Less than 
1.5 m (5 ft) 

E~ 
E .!: 
C\I v r-- ~ (") 

E~ 
E.!: 
C\I v r-- ~ (") 

<J)= ~ ·- V o.- 0 

e E E 
Cl "! ... 

0 

Figure 5-4. Safety rail between bicycle path and adjacent slope. (9) 
(Slope ratios shown follow English format). 
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Horizontal Alignment and Superelevation 

The minimum radius of curvature negotiable by a bicycle is a function of the 

superelevation rate of the bicycle path surface, the coefficient of friction between the bicycle 

tires and the bicycle path surface, the speed of the bicycle, and the amount of lean the 

bicyclist can handle. Leaning is an important aspect of bicycle turns; the farther over a 

bicyclist can lean in a turn, the sharper a curve he/she can negotiate a curve at the same speed 

as a more skilled rider. For this reason, a conservative approach to setting curve radius is 

important. 

The minimum design radius of curvature can be derived from the following formula: 

Equation 5-1 : R =---
min 15 (e+f) 

Where: 

Rmin= Min. radius of curvature (ft) 
V = Design speed (mph) 
e Rate of superelevation (%) 
f = Coefficient of friction 

emax 
f max 

R =-----
min e 

127 ( max + f ) 
100 max 

= Min. radius of curvature (m) 
= Design speed (km/h) 

Max. rate of superelevation (%) 
Max. Coefficient of friction 

For most bicycle path applications, the superelevation rate will vary from a minimum 

of +2% (the minimum necessary to encourage adequate drainage) to a maximum of 

approximately +5% (beyond which maneuvering difficulties by slow bicyclists and adult 

tricyclists might be expected). The minimum superelevation rate of +2% will be adequate for 

most considerations and will simplify construction. A void negative superelevations, since 

they have the same effects on bicyclists' stability as leaning farther than intended in a turn. 

The coefficient of friction depends upon bicycle speed; surface type, roughness and 

condition; tire type and condition; and whether the surface is wet or dry. Friction factors used 

for design should be selected based upon the point at which centrifugal force causes the 

bicyclist to recognize a feeling of discomfort and instinctively act to avoid higher speed. 

Extrapolating from values used in highway design, design friction factors for paved bicycle 
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paths can be assumed to vary from 0.30 at 23 km/h (15 mph) to 0.22 at 50 km/h (30 mph). 

Although there are no data available for unpaved surfaces, it is suggested that friction factors 

be reduced by 50 percent to allow a sufficient margin of safety. 

Based upon a superelevation rate ( e) of + 2%, minimum radii of curvature can be 

selected from Figure 5-5 below. 

(e= +2%) 

Design Speed -V Friction Design radius -R 
kph (mph) Factor -f m (ft) 

30 (20) 0.27 30 (95) 

40 (25) 0.25 50 (155) 

50 (30) 0.22 80 (250) 

60 (35) 0.19 120 (390) 

65 (40) 0.17 175 (565) 

Figure 5-5. Design radii for paved bicycle paths. (9) 

Occasionally, designers are tempted to add curves for the purpose of controlling 

bicyclists' speed or to provide some variation in the path alignment. While sometimes 

successful, this approach may lead bicyclists to cut corners when the resulting alignment 

appears either arbitrary or unsafe at typical approach speeds. Further, if the curve has a 

significantly lower design speed than the connecting trail, bicyclists may misjudge the 

appropriate approach speed and leave the trail. 

When substandard radius curves must be used on bicycle paths or multi-use trails 

because of insufficient right-of-way, topographical, or other considerations, standard curve 

warning signs and supplemental pavement markings - such as a solid yellow center line -

should be installed in accordance with the MUTCD. 

The negative effects of substandard curves can also be partially offset by widening the 

pavement through the curves (see Figure 5-6). The additional pavement may be added on 

either the inside or outside of the curve. 
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Grades 

Paved bicycle paths and multi-use trails generally attract less-skilled and less

knowledgeable bicyclists, so it is important to avoid steep grades in their design. Bicyclists 

not in optimal physical condition will be unable to negotiate long, steep uphill grades and, as 

Maximum 
widening = 1 ·2 m (4 ft) 

Figure 5-6. Curve widening may partially 
offset the effects of substandard curves. (9) 

a result, may dismount to walk uphill. For a bicycle path or multi-use trail to be considered 

an acceptable alternative, it should have approximately the same amount of climbing as the 

roadways serving the same destinations. If it includes significantly more difficult climbs, few 

bicyclists will use it. 

Since novice bicyclists often ride poorly-maintained bicycles and have difficulty in 

using their brakes for effective speed control, long downgrades can cause problems. For this 

reason, it is especially important to carefully consider design speed, curve radius, sight 

distance allowances, and intersection location on the descent sections of hills. 

The maximum desirable grade rate recommended for bike paths or multi-use trails is 

five percent. It is desirable that sustained grades be limited to two percent because of the 

wide range of riders to be accommodated. 
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Grades greater than five percent are undesirable. However, where terrain dictates, 

grades over five percent and less than 150 m (500 ft) long are acceptable when a higher 

design speed is used and additional width is provided. Grades steeper than three percent may 

not be practical for bicycle paths or multi-use trails with crushed stone surfaces. 

Sight Distance 

To provide bicyclists with an opportunity to see and react to the unexpected, design a 

bicycle path or multi-use trail with adequate stopping sight distances. The distance required 

to bring a bicycle to a full, controlled stop is a function of the bicyclist's perception and the 

brake reaction time, the initial speed of the bicycle, the pavement, and the braking ability of 

the bicycle. 

Figure 5-7 (shown in the English system) indicates the minimum stopping sight 

distance for various design speeds and grades based on a total perception and brake reaction 

of 2.5 seconds and a coefficient of friction of 0.25 to account for the poor wet-weather 

braking characteristics of many bicycles. For two-way bicycle paths or multi-use trails, the 

sight distance in the descending direction, that is, where "G" is negative, will control the 

design. 

Use Figure 5-8 (shown in the English system) to select the minimum length of vertical 

curve necessary to provide minimum stopping sight distance on crests. The eye height of the 

bicyclist is assumed to be 1.35 m (4.5 ft) and the object height is assumed to be zero to 

recognize that hazards to bicycle travel exist at pavement level. 

Figure 5-9 (shown in the English system) indicates the minimum clearance that should 

be used to line-of-sight obstructions for horizontal curves. Obtain the desired lateral clearance 

by entering Figure 5-9 into the stopping sight distance from Figure 5-7 and the proposed 

horizontal radius of curvature. 
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Where: S = Stopping sight distance - ft 
V = Velocity - mph 
f = Coefficient of friction (use 0.25) 
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G = Grade - ri....,_LUU'------------------

Figure 5-7. Stopping sight distance on bicycle paths. (9) 
(formula shown in the English system) 

Bicyclists frequently ride abreast of each other on bicycle paths and multi-use trails. 

On narrow bicycle paths or multi-use trails, bicyclists have a tendency to ride near the middle 

of the path or trail. For these reasons, and because of the serious consequences of head-on 

bicycle crashes, calculate lateral clearances on horizontal curves based on the sum of the 

stopping sight distances for bicyclists traveling in opposite directions around the curve. 

Where this is not possible or feasible, give consideration to widening the path through the 

curve, installing a yellow center stripe, installing a curve-ahead warning sign in accordance 

with the MUTCD, or some combination of these alternatives. 

Intersections 

Intersections are among the most important considerations in bicycle path and multi

use trail design. If alternative locations for a bicycle path are available, the route that should 

be selected is the one with the fewest intersections, the most favorable intersection conditions, 

and the one which crosses the quietest cross-streets. 
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Figure 5-8. Sight distances for crest vertical curves on bicycle paths. (9) 
(formula shown in the English system) 

For freeway crossings, a grade-separated structure is the only possible or practical 

treatment. When crossing other highways, providing for turning movements must be 

considered. In most cases, however, the cost of a grade separation will be prohibitive. 

Sign type, size, and location should be in accordance with the MUTCD. Take care to 

ensure that trail signs are in locations selected to reduce confusion by motorists and that 

highway signs are in locations selected to reduce confusion by bicyclists. If a bike path or 

multi-use trail crosses a highway, such a crossing should occur well away from the influence 
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of major intersections with other highways. Controlled vehicle movements at independent 

intersections are more easily and more safely accomplished through the application of 

standard traffic control devices and normal rules of the road. Where signals are not 

warranted, consider providing a median refuge area for crossing trail users. In this way. 

bicyclists and other trail users can cross one direction of travel at a time. 

Where physical constraints or high motor vehicle traffic vo lumes make crossing at 

such independent intersections difficult the trail ma) be extended to a nearby signalized 

intersection and the crossing made at or adjacent to the pedestrian crossing. Rights-of-way 
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S = Sight distance in meters (feet) 
R = Radius of C inside lane in meters (feet) 
X = Distance from C inside lane in meters ( eel) 
V = Design speed for S 1n km/h (mph) 

Angle is expressed in degrees 

S R [ -1 ( R - X )] 
= 28.65S cos --R-

Formula applies only when S is 
equal to or less than length of curve. 

30m 60m 90m 
(300ft) (100ft) (200ft) 

Sight distance (S) - m (ft) 

Figure 5-9. Lateral clearance on horizontal curves on bicycle paths. (9) 
(formula shown in the English system) 
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should be assigned and adequate sight distance should be provided so as to minimize the 

potential for conflict resulting from unconventional turning movements. It may be necessary 

to prohibit right-on-red turns for the adjacent roadway and to provide a separate demand-

actuated phase for the trail users. Trail intersections and approaches should be on relatively 

flat grades. Stopping sight distances at intersections should be checked and adequate 

warnings should be given to permit bicyclists to stop before reaching the intersection, 

especially on the downgrades. 

Curb cuts at intersections should be the same width as the trails. Curb cuts and ramps 

should provide a smooth transition between the trails and the roadway. 

Restriction of Motor Vehicle Traffic 

Bicycle or multi-use trails often need some form of physical barrier at highway 

intersections to prevent unauthorized motor vehicles from using the facility. At the same 

time, the barrier should be designed to minimize the danger it poses for the bicyclists, and to 

allow the passage of emergency or maintenance vehicles. For this reason, proper materials, 

adequate design, good visibility, and appropriate location are critical. While it is possible to 

restrict automobile and truck access, eliminating motorcycle access is very difficult. Barriers 

~ 1 .5 m (min) J/ ]✓ 1.5 m (min) 
/ ,1--r -~~(5'-'-t~,i -"'--'-'-----11~-----'-'-'~(5'-'-ft"'"')"-'-"--

Cross section Marking plan 

Figure 5-10. Reflectorized post barrier used to keep motor vehicles off bicycle paths and 
marking plan. (9) 
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that can keep motorcycles out may make bicycle access difficult and potentially dangerous as 

well. At entrances to private driveways, motor vehicle barriers are less important than they 

are at highways. However, if a particular driveway is found to be a significant entry point for 

motorists, barriers should be considered there as well. 

Lockable, removable posts at path entrances will allow entry to authorized vehicles. 

Posts should be at least 0.9 m (3 ft) high, permanently reflectorized for nighttime visibility, 

and painted a bright color for improved daytime visibility. Their surfaces should be smooth 

and free of protrusions to prevent snagging a bicyclist's clothing or equipment. 

To allow appropriate clearances, use a 1.5 m (5 ft) spacing between posts (see Figure 

5-10). Wider spacing can allow entry to motor vehicles, while narrower spacing might 

prevent entry by adult tricycles and bicycles with trailers or present hazard for less proficient 

bicyclists. On a 3 m (10 ft) path, the paving should be flared slightly, with one post located 

near either edge and one post in the middle. A wider path will require more posts, again 

spaced at 1.5 m (5 ft). 

The barrier should be installed in a highly visible location with adequate sight distance 

from either direction. Lighting may be considered if the location has inadequate street 

lighting to illuminate the barrier. Marking an envelope around the barrier is recommended 

(see Figure 5-10). If sight distance is limited, provide special advance warning signs or 

painted pavement markings. It is best to locate the barrier 9 m (30 ft) from the intersection to 

allow bicyclists to pay full attention to traffic once they reach the crossing and to remove the 

barrier from the roadway clear recovery zone. 

An alternative method of restricting entry of motor vehicles is to split the entry way 

for the last 3 m to 9 m (10 ft to 30 ft) before the intersection into two 1.5 m (5 ft) sections. 

Bike Path and Multi-Use Trail Signage and Marking 

Adequate signage and marking are essential on bike paths and multi-use trails to alert 

bicyclists to potential hazards and to convey regulatory messages to both trail users and 

motorists at highway intersections. In addition, use guide signing to indicate direction, 

destinations, distance, route numbers, and names of crossing streets in the same manner as 
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they are used on the highway. In general, 

uniform application of traffic control devices 

will tend to encourage proper trail behavior. 

When deciding whether install a sign, the 

designer should ask whether he or she would 

install on a roadway with a similar situation. 

Further, using standard rather then unique 

signs should reduce sign theft. 

The MUTCD provides general 

guidance on signage and marking. Part IX of 

the MUTCD (reproduced in Appendix B), 

refers specifically to traffic controls for 

bicycle facilities. 

In order to keep signs from becoming hazards 

themselves, they should be offset horizontally 

from the edge of the bicycle path or multi-use 

trail as shown in Figure 5-3. 

A dashed 100 mm to 150 mm (4 in to 6 in) 

wide yellow center line should be used to 

separate opposite directions of trail travel. A 

solid double yellow center line should be used 

on curves, especially those with restricted 

sight distance. White edge lines 100 mm to 

Stop 
sign 

Bicycle path 
3 m (10ft) 

Approx. 

Note: See MUTCD 
Part IX Figures 9-2 
and 9-6 for more 
advice on signing and 
marking bicycle 
path/roadway 
intersections. 

- ~"--- 'I.. s...-1_.S_m___,'-1=.5'-"m"-'-_1.....c.S_m'---J' 
-¼- (5ft) (5ft) (5ft) 

3.6 m (12ft) 
minimum 

d0.18 -
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I Stop bar approx. 1.2 m I 
I (4 ft) from intersection I 

-----~ \ ~--------STOP 

Stop 
sign 

Figure 5-11. Alternative approach to bike 
path/roadway intersection. (9) 

150 mm (4 in to 6 in) also can be beneficial where significant night-time bicycle traffic is 

expected (e.g., near a university campus). 

If an exclusive pedestrian area is to be designated, it should be separated from the 

bicycle path by at least 100 mm to 150 mm ( 4 in to 6 in) solid white line. Regulatory signs 

(see sign R9-7 in MUTCD) also should be used. However, if space allows, a physical 

separation such as a bicycle-safe barrier in the form of a 0.9 mm (3 ft) grassy berm is 

preferred (Figure 5-12) 
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Bicycle path separated from walkway by edge line 

Figure 5-12. Two approaches to separating a bicycle path from a walkway. (9) 

In areas where pavement markings are found to be cost-effective, consideration should 

be given to using them in conjunction with warning signs, especially at critical locations. 

Otherwise. theft of warning or regulatory signs may result in trail users ' not being aware of 

serious hazards or their legal duties in a particular situation. Care should be exercised in the 

choice of pavement marking material. Thermoplastic and preformed tape, for example, are 

slippery when wet and should be avoided in favor of more skid-resistant materials like traffic 

paint. 

Whenever construction work is conducted on bicycle paths or multi-use trails, it is 

important to sign, mark, and, if necessary, barricade the construction zone with care as shown 

in the MUTCD, Part VI. If a detour is provided, it should be signed appropriately. 

Pavement Structure 

Designing and selecting pavement sections for trails is in many ways similar to 

designing and selecting highway pavement sections. Conduct a soil investigation to determine 

the load carrying capabilities of the native soil and the need for any special provisions. The 
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investigation need not be elaborate, but should be done by, or under supervision of, a 

qualified engineer. 

In addition, several basic principles should be followed to recognize some basic 

differences between the operating characteristics of bicycles and those of motor vehicles. 

While loads on bicycle paths will be substantially less that highway loads, paths should be 

designed to sustain - without damage - wheel loads of occasional emergency, patrol, 

maintenance, and other motor vehicles that are expected to use or cross the path. 

Special consideration should be given to the location of motor vehicle wheel loads on 

the trail. When motor vehicles are driven on bicycle paths, their wheels will usually be at or 

very near the edges of the trail. Since this can cause damage that, in turn, will result in 

lowering of the effective operating width of the trail, adequate edge support should be 

provided. Edge support can be either in the form of stabilized shoulders or in constructing 

additional pavement width. Constructing a typical pavement width of 3.6 m (12ft), where 

right-of-way and other conditions permit, eliminates the edge raveling problems and offers 

two additional advantages over shoulder construction. First, it allows additional maneuvering 

space for trail users, and second, cost can be less than for constructing shoulders because the 

separate construction operation is eliminated. 

It is important to construct and maintain a smooth pavement surface on bicycle paths 

and multi-use trails. Bicycle path and trail pavements should be machine-laid. Soil sterilants 

should be used where necessary to prevent vegetation from erupting through the pavement. 

And, on portland cement concrete pavements, transverse joints necessary to control cracking 

should be saw cut to provide a smooth ride. Do not sacrifice skid resistance qualities, 

however, for the sake of smoothness. Broom finish or burlap-drag concrete surfaces are 

preferred over trowel finishes. In areas where climates are extreme, the effects of freeze-thaw 

cycles should be anticipated. Geotextiles and other similar materials should be considered 

where subsurface conditions warrant. 

At unpaved highways or driveway crossings of bicycle paths or multi-use trails, the 

highway or driveway should be paved as far as practical on either side of the crossing to 

reduce the amount of gravel scattered along the path by motor vehicles. 
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The pavement structure at the crossing 

should be adequate to sustain the expected 

loading at that location. 

Good quality pavement structures can 

be constructed of asphaltic or portland cement 

concrete. Because of wide variations in soils, 

loads, materials, and construction practices, it 

is not practical to present specific or 

recommend typical structural sections. Local 

standards for construction, preparation of sub

base and soil sterilization for a low-volume 

road should, in most cases, produce an 

adequate cross-section for a trail. For 

illustrative purposes, however, Figure 5-13 

shows some typical pavement structural 

sections. 
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Figure 5-13. Typical pavement structural 
sections for bicycle paths. (9) 

Attention to the local governing conditions and to the principles outlined above is 

needed. Experience in highway pavement design, together with sound engineering judgment, 

can assist in the selection and design of a proper bicycle path or multi-use trail pavement 

structure. 

Hard all-weather pavement surfaces are usually preferred over those of crushed 

aggregate, sand, clay, or stabilized earth since these materials provide a much lower level of 

service. However, with the growth in popularity of mountain bikes, non-paved surfaces are 

being considered more frequently. With their wider lower-pressure tires, mountain bikes can 

easily handle surfaces that would prove unstable for thin-tired bikes. Further, an unpaved 

path will have a lower design speed, reducing the potential for conflicts between higher-speed 

bicycles and lower-speed pedestrians. The best surfaces for unpaved paths are crushed stone, 

stabilized earth, or limestone screenings, depending upon local availability. 
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Utility covers and drainage grates 

should be flush with the pavement 

surface, and drainage grates should be 

designed to allow the crossing of bicycles 

from all angles. See Chapter 3 for more 

details on grate designs. 

Railroad crossings should be 

smooth and should occur as close to 90 

degrees to the direction of travel as 

possible in order to minimize the danger 

of falls (Figure 5-14). Special rubberized 

crossings and flangeway fillers, as 

described in Chapter 3, should be 

considered. 

Multi-Use Trail Structures 

45' minimum angle. 
If less, a stop sign 
should be placed. 

Bike Path 

Figure 5-14. Bicycle path railroad crossing. 
(9) 

When a bicycle path or multi-use trail meets a barrier--such as a railroad, a river or an 

interstate highway--some sort of grade-separated crossing may be necessary to provide 

continuity. This crossing may take the form of a bridge, an underpass, or a facility on a 

highway bridge. On new bicycle structures, the minimum clear width should be the same as 

the approach paved bicycle path; and the desirable clear width should include the minimum 

0.6 m (2 ft) wide clear areas on either side. Carrying the clear areas across the structures has 

two advantages: first, it provides a minimum horizontal shy distance from the railing or 

barrier, and second, it provides needed maneuvering space to avoid conflicts with pedestrians 

and other bicyclists who are stopped on the bridge. 

When establishing the design clearances of structures on bicycle paths and multi-use 

trails, consider access by emergency, patrol , and maintenance vehicles. Similarly, vertical 

clearance also may be dictated by occasional motor vehicles using the path. Where practical, 
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a vertical clearance of 3 m (10 ft) is desirable for adequate vertical clearance and shy 

distance. 

Independent Bicycle Bridges 

Railings, fences, or barriers on both sides 

of a bridge on a bicycle path or multi-use trail 

should be a minimum of 1372 mm (54 in) high 

(Figure 5-15). Smooth 250 mm ( 10 in) tall rub 

rails may be attached to the barriers at the 

handlebar height of 1.1 m (3.5 ft). Ends of 

railings should be offset away from the adjoining 

path to minimize the danger of cyclists running 

into them (Figure 5-15). If this is not possible, 

Type II or Type III object markers, as described 

in the MUTCD Part IX, should be used. 

Bridges designed for bicycle and/or 

pedestrian traffic shall be designed in accordance 

with AASHTO provisions for a live load of 4070 

Pa (85 psf) . On concrete decks, care should be 

taken to ensure that bicycle-safe expansion joints 

are used. Broom finish or burlap-drag surfaces 

are preferred over trowel finishes. 

Railing-.-

3 m (10 ft) min. 
4.2 m (14 ft) pref. 

Bridge cross section 

t,,':i· .... i -~0 Direction of travel 

Bridge 
4.2 m (14 ft) 

Path 
3m(10ft) 

- - Shoulders -
0.6 m (2 ft) 

Plan of bridge end 

· 11 planKing used, it must be laid at least 45 ' to 
direction of travel. 

Figure 5-15. Bridge widths and 
clearances. (9) 

If planking is used for decking, the joints between boards should be smooth and at 

least 45 degrees to the direction of travel to prevent their diverting bicycle wheels. In 

addition, place boards grains in such a way as to warp in a downward rather than upward 

direction. 
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Bridges 

If it is impossible to provide an independent bicycle bridge, one option is to retrofit a 

bicycle path or multi-use trail onto one side of an existing highway bridge. This should be 

done where 

■ The bridge facility will connect to a bicycle path at both ends; 

■ Sufficient width exists on one side of the bridge or can be obtained by either 

widening or restriping lanes; 

■ Provisions are made to physically 

separate bicycle traffic from motor 

vehicle traffic ; and 

■ Any crossing difficulties with 

roadway turn ramps at either end 

can be overcome. 

Mounting a bicycle facility on an 

existing bridge requires that the bridge have 

sufficient strength to hold such a structure. An 

engineering study must be done to determine 

the safety of the proposed addition. 

Merging a bicycle path or multi-use 

trail onto the roadway at either end of the 

bridge through the use of either bicycle lanes 

I Recessed vandal-
j resistant light fixtures 

' 7 ~ Light well in 

' ~, 
~i 
C: ' 

c3 I 
' 
I 

1.2 m (4 ft) j 
from Ct. , 

street median l_ __ 

I. 1.5 m (min) 1,-: 1.5 m (min) L 
✓,f-r--(5_,;ft..,._) --'-----,!;1'-----=(5~ft,--) -L---,1'1 

Figure 5-16. Bicycle path underpass. (9) 

or wide curb lanes generally is not recommended because of the likelihood that bicyclists will 

stay on that side of the bridge regardless of their direction of travel. 
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Sidewalks 

Using existing sidewalks as two-way multi-use facilities is generally inadvisable. 

Because of the large number of variables involved in retrofitting bicycle facilities onto 

existing bridges, compromises in desirable design criteria are often inevitable. Therefore, the 

width to be provided is best determined by the designer, on a case-by-case basis, after 

thoroughly considering all the variables. 

Underpasses and Tunnels 

In some cases, an underpass will be the best way to carry a bicycle path or multi-use 

trail under a highway. Figure 5-16 shows a typical underpass cross section for bicycle paths. 

Additional width should be provided on multi-use trail underpasses. Lighting, grades, 

approaching curve design, visibility, and maintenance should be carefully considered. 

Drainage 

The recommended minimum pavement cross-slope of two percent adequately provides 

for drainage. Sloping in one direction instead of crowning is preferred, and usually simplifies 

the drainage and surface construction. On curves, the cross-slope should be towards the 

inside of the curve. 

A smooth surface is essential to prevent water ponding and ice formation. Where a 

bicycle path or multi-use trail is constructed on the side of a hill, a ditch of suitable 

dimensions should be placed on the uphill side to intercept the hillside drainage. Ditches and 

drainage structures should be designed so that they do not create hazards for bicyclists and 

should be offset from the edge of the path. If drainage structures cannot be offset 

sufficiently, object markers should be used to warn bicyclists and other trail users of their 

presence. 

Where necessary, provide catch basins with drains to carry the intercepted water under 

the path. Locate drainage grates and manhole covers outside of the travel path of trail users. 
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To assist in draining the area adjacent to the trail, the design should include considerations for 

preserving the natural ground cover. Include seeding, mulching, and sodding of adjacent 

slopes, swales, and other erodible areas in the design plans. 

Lighting 

Fixed-source lighting reduces conflicts along trails and at intersections. In addition, 

lighting allows the trail users to see the trail direction, surface conditions, and obstacles. 

Provide lighting for trails where considerable riding is expected at night, such as on trails 

serving college students or commuters, where there is insufficient available light from the 

surrounding area, and at highway intersections, especially if there are post barriers that the 

bicyclists must avoid. While the Texas vehicle laws require bicycles to have headlights after 

dark, the low level of lighting required by law will not necessarily light up a bicyclist's path 

sufficiently to see and avoid obstacles. 

Each lighting situation is unique and must be dealt with on a case-by-case basis; 

however, average maintained horizontal illumination levels of 5 lux (0.5 foot-candles) to 22 

lux (2 foot-candles) should be considered. Where special security problems exist, higher 

illumination levels may be considered. Light poles should be 3.6 m to 4.5 m (12 ft to 15 ft) 

high and must meet recommended horizontal clearances. Luminaries and poles should be at a 

scale appropriate for a pedestrian or bicycle facility. 

Underpasses and tunnels may need additional lighting, even in the daytime, for both 

visibility and security ( except where there is a completely open view into the tunnel from the 

surrounding area). On bright, sunny days, bicyclists entering a dark underpass may be 

momentarily blinded and unable to see potential hazards; for this reason, they may need 

lighting to navigate safely. 

Because lighting is important for trail users' safety and security, vandal-resistant 

lighting fixtures are recommended in all locations. 
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SEP ARA TED PARALLEL PATHWAYS 

Separated paths provide a useful alternative to multi-use paths by separating classes of 

users. The common method/usage is to provide one pathway designed to meet at least the 

AASHTO minimum standard (2.4 meters or 8 ft) for bicycle-only paths, a pathway for 

equestrians, and a pathway for pedestrians and/or other users. By separating user groups, each 

group is able to travel in a manner and at a speed more appropriate to their means of 

transportation. In high traffic areas, separated paths can increase the volume and speed of 

traffic by reducing conflicts between users. Properly applied, this can enhance mobility, 

safety, and the recreational experience. 

The primary design issues surrounding separated paths include the following: clearly 

marking and enforcing the intended user of each pathway; ensuring intersection safety; and 

maintaining an adequate separation width. Appropriate signage is essential in delineating 

facilities for each user group. Because of the need to acquire greater right-of-way and build 

more pathway surfaces, separated paths can be more expensive to build than single multi-use 

pathways. In general, separated pathways are not appropriate when there are a large number 

of at-grade roadway intersections or where there are frequent intersections with other off

street pathways. 

Design separate facilities to actually separate bicycle and pedestrian traffic. A one 

meter (3.3 ft) minimum separation is recommended. If one of the pathways is an equestrian 

route, a more substantial vegetative buffer is appropriate to avoid conflicts between horses and 

bicyclists. Any separated path system must account for pathway access for all users. If one 

of the paths is intended to funnel user groups to and from the separated pathway system, then 

it is a multi-use facility and must be designed as such. 
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CHAPTER 6: PEDESTRIAN FACILITIES 

INTRODUCTION 

With the advent of the Americans with Disabilities Act (ADA), Clean Air Act 

Amendments (CAAA), and the lntermodal Surface Transportation Efficiency Act (ISTEA), 

the pedestrian arena is of increasing concern to state officials. It is estimated that 7.2 percent 

of all trips are made by walking14 • Both a national personal transportation survey and the 

1990 census showed walking to be a frequent component of multi-modal trips 14· 15• A 

distribution of these pedestrian trips shows one-third were for social or recreational purposes, 

while 4.5 million people (4.0 percent of all workers) commuted to work by walking15• 

Figures 6-1 and 6-2 provide a more detailed breakdown of the pedestrian trip distributions1• 

The Federal Highway Administration' s The National Bicycling and Walking Study estimates 

that 13.7 percent of all trips are less than 0.8 km (.5 mi), suggesting that the number of trips 

that could conceivably be completed by walking is far greater 1• Statistics showing 5,797 

pedestrian deaths and 10,000 pedestrian injuries from motor vehicle crashes16 in 1991 , when 

coupled with the increasing numbers who choose to walk for personal transportation, 

demonstrate the need for effective pedestrian facility planning and design. Pedestrian 

facilities should be considered in planning, new construction, and retrofit projects, as well as 

in routine maintenance. 

Pedestrian travel may comprise an entire trip, such as to the neighborhood grocery store, 

or may link different transportation modes, such as a trip to the bus stop. The average 

pedestrian trip ranges from one block to 1.6 km (one mile). According to the Nationwide 

Personal Transportation Study, the average pedestrian trip length is 0.97 m (0.6 mi)14 • 

Connectivity is a primary concern. If connectivity is convenient and the route considered 

safe, pedestrians will choose to walk these short trips. If connectivity is poor, a traveler will 

select a more convenient travel mode. 
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An effective pedestrian system can increase transit use and air quality and decrease fuel 

consumption. A well-designed pedestrian system will positively impact the health and 

quality of life of all area residents. Demonstrated societal benefits include reduction in crime 

in some areas and a sense of community. Making short trips by walking, reduces congestion, 

fuel consumption, and emissions. Pedestrian networks provide an encouraging environment 

for transit use, which can further reduce congestion as well as the fuel consumption and 

emissions of longer trips. The health benefits associated with walking, such as reduction of 

heart disease, body weight, and improved cardiovascular circulation are notable. Providing an 

effective pedestrian network decreases the risk of significant costs associated with tort liability 

for not providing adequate pedestrian facilities to accommodate the traveling public. 

Most states considered successful in accommodating pedestrians are successful for the 

simple fact that they do consider pedestrian mobility during the planning, construction, 

operation, and maintenance components of their transportation system. 

While this document focuses on the engineering, or geometric aspects of pedestrian 

facilities, it is important to acknowledge that no nonmotorized transportation system is 

complete without equal attention to the three other "E's": education, enforcement, and 

encouragement. Implementing one without the other three may result in an underutilized or 

hazardous facility. 

Cooperation and coordination with agencies responsible for these elements are essential. 

Education is paramount. With adequate education, a significant portion of injuries and 

fatalities, particularly those involving children, could be prevented. Motorized and non

motorized users of the transportation system must operate correctly within the system for it to 

operate as intended. 

If traffic laws are not obeyed by all users of the system, the system will not operate as 

intended. For example, a large percentage of pedestrian crashes result from right-turning 

vehicles colliding with crossing pedestrians17• This may be considered an enforcement issue, 

as vehicles on the roadway (cars and bikes) must yield right-of-way to the crossing 

pedestrians in crosswalks. Design features such as right-tum islands may help reduce these 

conflicts, but will not eliminate them. 
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The Law Enforcement Pedestrian Safety Program by the USDOT and the National Highway 

Traffic Safety Administration is one example of an effective enforcement program 16• Texas 

information is found in the latest edition of Texas Traffic Laws, seciton 33C of article 6701D. 

Encouragement is needed to motivate users of the existing transportation system to 

consider nonmotorized modes. A history of neglect towards nonmotorized transportation has 

produced three generations of potential users who generally fail to consider walking as a 

transportation option. Use of the pedestrian system validates the system and demonstrates the 

need for its expansion. 

Engineering includes the planning, selection, and design of transportation facilities. It also 

includes operation and maintenance of the transportation system. This involves all aspects of 

how the different modes of transportation interact, as well as the design features of the 

facilities, and types of materials used. Discussion of the engineering aspect begins below. 

PEDESTRIAN PLANNING CONSIDERATIONS 

Overall planning is essential. The planning process revolves around the issues of access, 

mobility, and connectivity and, in transportation planning, interactions among different modes. 

Agencies must work together and with the public to formulate a detailed pedestrian plan for 

community interconnectivity. Connective routes and supportive ordinances should be in place 

to provide a seamless network of pedestrian facilities. Referring to the local plan prior to 

right-of-way acquisition will ensure sufficient space is purchased for the appropriate facility . 

Chapter 1 presents a detailed planning model in the form of an eight-step process. This 

planning model, with minor modifications, may be used for either pedestrian or bicycle 

planning efforts. Public input should be sought at each stage of the process to ensure an 

optimal end product. 

Transportation planning for nonmotorized users is a relatively new requirement for 

transportation engineers. Most of the traditional motorized planning concepts apply to all 

modes of transportation, such as the significance of attractors and generators, land use, and 

connectivity. Consultation with the resulting pedestrian plan will help determine where a 

facility is considered essential. All new projects, however, should provide pedestrian facilities 

where possible, whether or not the plan calls for them. The planner or engineer should 
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consider changes in the area since the pedestrian plan was developed. As cities are dynamic, 

new schools. parks, commercial development, and other attractors and generators may have 

materialized since the pedestrian plan was developed. 

Base selection and design of pedestrian facilities on expected pedestrian types, pedestrian 

volume, roadway classification, and land use. 

Different types of sidewalks are required for different roadway functional classes and land 

uses. While a sidewalk 1.5 m (5 ft) wide may be adequate for a residential collector, it would 

not likely be suitable for an arterial in the Central Business District (CBD) with high 

pedestrian peak flows. It is expected that major generators require larger pedestrian facilities 

than do minor generators. 

The characteristics of a pedestrian facility also vary by adjacent land use. Shopping 

districts may have street trees, benches, and trash receptacles, for example, while the CBD 

might have parking meters, news racks, and bus stops. Although land uses and the associated 

pedestrian facility may differ, the space required for each type of pedestrian facility is often 

the same. For example, in a shopping environment, sidewalk space might be used for street 

trees 1.2 m (4 ft) , unobstructed walking space 1.8 m (6 ft) , and opening of doors 1.5 m (5 

ft). In the CBD, sidewalk space might be used for parking meters, opening car doors, and 

news racks 0.9 m (3 ft) , unobstructed walking space 3 m (10 ft) , and shy distance from 

buildings 0.6 m (2 ft). In both cases, 4.6 m (15 ft) of ROW is used, but the capacity of these 

two facilities differs. 

The following information is essential to the planning/design process, and must be 

collected for site-specific planning to take place: 

■ Overall planning knowledge of the community. 
■ Comprehensive pedestrian plan, bike plan, and thoroughfare plan. 
■ Knowledge of the local ordinances. What is required? Who is required to build and 

maintain the facilities? 
■ Site visit and analysis. What type of pedestrian facility exists on-site? Is the facility 

adequate? 
■ Area changes since the plan was constructed. Are there new attractors and generators 

in the area? How will a proposed facility interface with the different modes 
(pedestrian, bike, transit, motor vehicle)? 

■ Local public input. 

Other considerations in the planning/design process: 
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■ ROW availability; 
■ Utility placement; 
■ Light rail interface; 
■ Illumination; 
■ Transit pullouts· 
■ Transit structures; 
■ Signage placement; and 
■ Short-tem1 bike racks. 

The failure to address the interrelationships between these items, if present or pertinent, 

and the pedestrian facility may have undesirable and possibly hazardous results. 

Urban and Rural Pedestrian Facilities 

Urban Facilities 

"Urban areas'· are composed of populations of 5,000 to 49,999, while "urbanized areas" 

are composed of populations greater than 50,000 11• The formal pedestrian system generally 

consists of sidewalks and, on occasion, multi-use trails. Multi-use trails, found in parks or 

recreational areas, accommodate a variety of nonmotorized users such as bicyclists, skaters, 

and pedestrians. Chapter 5 discusses multi-use trails. The informal pedestrian system consists 

of roadway shoulders or level walking surfaces along the roadway. Both the formal and 

informal pedestrian facilities are vital for the mobility and safety of the traveling public 11 • 

Pedestrian volumes tend to be higher in the denser, more compact land uses such as 

commercial and CBD areas. The higher densities equate to shorter trips for most services 

such as shopping, entertainment, and work. 

For urban areas, AASHTO' s Policy on Geometric Design of Highways and Streets, commonly 

referred to as the "green book," states: 

Sidewalks used for pedestrian access to schools, parks, shopping areas, and transit stops 

and placed along all streets in commercial areas should be provided along both sides of 

the street. In residential areas, sidewalks are desirable on both sides of the street but 
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should be provided on at least one side of all local streets. Sidewalks should be located as 

far as practical from the traffic lanes and usually are close to the ROW lines. 

Sidewalks should be provided along both sides of urban collector streets that are used for 

pedestrian access to schools, parks, shopping areas, and transit stops and along all 

collectors in commercial areas ... sidewalks are desirable on both sides of the street, but 

should be provided on at least one side of all collector streets. The sidewalk should be 

situated as far as practical from the traffic lanes, usually close to the ROW line. Clear 

sidewalk width should be at least 1.2 m ( 4 ft) in residential areas and range from 1.2 to 

2.4 meters (4 to 8 feet) in commercial areas. Note: See ADA requirements. 

On arterial roadways that traverse relatively undeveloped areas, the number of pedestrians 

will be so small that sidewalks are not needed immediately. Because these areas will 

usually be developed in the future, the design should allow for the ultimate installation of 

sidewalks. However, as a general practice, sidewalks should be constructed initially along 

all arterial streets that are not provided with shoulders, even though pedestrian traffic may 

be light. 11 

AASHTO indicates sidewalks are needed on all streets with functional classification below 

the arterial level, or, more clearly, any facility which is not a freeway. While AASHTO 

provides guidance on where sidewalks should be constructed based on the functional class of 

the roadway, further guidance on desirable sidewalk widths based on land use and functional 

classification for new facilities is needed. Table 6-4 provides guidance regarding desirable 

sidewalk widths for different functional classification and land uses. Buffer zones and utility 

strips require additional ROW. There is potential to use this space later for amenities and 

some additional capacity, but it is not recommended. 

If existing facilities are being rebuilt or rehabilitated, a site visit is important to determine 

the current and potential levels of pedestrian use of the facility. Pedestrian volume can be 

estimated, and, using Chapter 13 of the HCM, the actual unobstructed sidewalk width can be 

determined 5
• 
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Rural Facilities 

Pedestrian movement in rural areas is less prevalent due to smaller populations and longer 

trip lengths. Pedestrians are still found, however, and should be accommodated. Pedestrian 

movement commonly observed in rural areas includes circulation in small town centers 

children traveling to and from school, and vehicle operators after making emergency stops on 

roadway shoulders. 

Design a sidewalk system for a small town similarly to one in an urban area. In some 

respects, planning for pedestrian facilities in small towns is greatly simplified due to the 

reduced number of attractors and generators. As with urban areas, both a site visit and 

community input is essential in planning and designing an appropriate pedestrian facility . 

Along roadways with a rural cross-section, a wide shoulder is usually adequate for use as 

a pedestrian facility. A shoulder offers other benefits to roadways and transportation agencies 

by increasing roadway life, facilitating right-tum acceleration and deceleration, and by 

reducing maintenance and its associated costs. Shoulders also provide room for emergency 

stops by vehicles traveling the roadway. 

PEDESTRIAN FACILITY PLANNING 

The planning, selection, and design of a facility require the planner/engineer to consider a 

variety of issues and elements. All the factors discussed below should be considered when 

planning, selecting and designing a pedestrian facility. 

There are many things to consider when designing a new pedestrian facility, a facility for 

a roadway nearing construction, or a roadway retrofit facility. Further definitions of these 

categories are provided in Figure 6-3. Some items to consider under all these cases are listed 

below. 

■ Type of pedestrian (skill level, distance traveled, time of travel, travel options) 
■ Area (urban or rural) 
■ Land use (retail, neighborhood, CBD, etc.) 
■ Pedestrian volume 
■ Roadway functional classification 

■ Vehicular volume 
■ Vehicular speed 
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■ Street parking availability/frequency 
■ Pedestrian facilities in the area 

Determining Need 

Pedestrian facilities should be considered in every aspect of roadway design, construction, 

and maintenance. In an environment of funding constraints, however, a planner/engineer is 

required to prioritize locations where facilities are needed most. Determining where 

pedestrian facilities are needed requires assessment of surrounding land use as well as a site 

visit. Beaten paths indicate a substantial number of pedestrians in the area are not being 

accommodated appropriately. Other items to assess are schools, recreation areas, and the 

close proximity of housing or other attractors and generators. The location of transit stops in 

the area is another generator for pedestrian demand. Presence of these factors should give the 

area a higher priority for pedestrian facility improvement or maintenance, or, at the very least, 

reason for further study. These issues and their impact on planning and design are considered 

in more detail in the following sections, as they play an important role in how the pedestrian 

system operates and how it is used. 

Consider pedestrian facilities on all construction projects. The size and type of facility 

should be selected based on factors such as the type of pedestrian, expected or existing 

pedestrian volume, land use, and type and size of adjacent facilities. Differences in pedestrian 

facilities are often based on pedestrian type, land use, and roadway traffic characteristics. For 

example, a wide buffer area would be warranted to accommodate children (pedestrian type) 

walking in an urban school area (area/land use) immediately adjacent to a roadway of high 

motor vehicle traffic volume and speed (traffic characteristics). In contrast, a relatively small 

buffer would be required for adults (pedestrian type) in a rural downtown (area/land use) with 

sidewalks on both sides, relatively low motor vehicle volume and speed (traffic 

characteristics), and with on-street parking. 

As with roadways, pedestrian facilities should be selected and designed based on 

pedestrian volume, the corridor' s functional classification, and adjacent land use. Pedestrian 

volume should be accommodated using the HCM' s discussion of pedestrian level of service 
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(PLOS) in Chapter 135• More discussion on corridor functional classification and land use 

follows. 

Roadway Construction Phases, Related Considerations, and Actions Recommended for Pedestrian 
Accommodations 

Retrofit = Reconstruction 
Built or under construction 

Considerations: 
ls there money available? 
Is there space within the existing ROW? 
Is there need? 

Action: Add sidewalks to existing roadway 

Pre-Retrofit= Retrofit Needed Before Construction Begins 
Planned but not yet built within the existing ROW. 

Considerations: 
Is there money available ? 
ls there space within the existing ROW? 
ls there need? 

Action: Add sidewalks to planned roadway 

New Design = Post-1995 Design or Redesign with Additional ROW 
Undeveloped land or major reconstruction involving additional ROW 

Action: Design with ' desired" sidewalks 

Figure 6-3. Definitions of Construction Phases in Pedestrian Accommodation 

Special use facilities, such as bridges, tunnels, and ferries, are relatively uncommon, but 

are essential in some areas for a connected pedestrian system Due to the high cost of 

construction and the long life span of these special use facilities, pedestrian usage should be 

generously estimated. 

Pedestrian User Groups 

Types of pedestrians can be classified by age and skill level. Different users desire or feel 

comfortable on different types of facilities. The factors that influence pedestrian facility 

usage are primarily the distance traveled and time required. Pedestrian categories include the 

following: 
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Children 

Adolescent 

Adult 

Seniors 

Disabled 

Grade school children have a range of pedestrian skills, from nonexistent to 

very basic comprehension. 

Generally, these pre-teens and teens have a basic knowledge of pedestrian and 

some traffic understanding. 

This group consists of the people of driving age to seniors. These users 

generally have both pedestrian and motor vehicle knowledge and experience. 

Most seniors show slowed reaction times and decreased speed and agility. 

Many are no longer driving. 

Special requirements are required to better accommodate this group of 

pedestrians, which include those using wheelchairs or who are sight or hearing 

impaired. 

Pedestrian facilities are generally designed for the most demanding user reasonably 

expected. 

Common Pedestrian Crash Types 

Safety, in terms of minimizing conflict between pedestrians and roadway users, is the 

primary engineering goal, although security (freedom from crime) can also be enhanced by 

good design. To minimize conflicts, it is important the designer understands the different 

types of pedestrian accidents. Figure 6-4 illustrates the thirteen accident types which account 

for 65 percent of the annual pedestrian crashes17 
• While there are suggested countermeasures 

to prevent these types of accidents, these strategies may not be applicable in all situations. 

Table 6-1 lists educational programs used as countermeasures for specific accident types. 

Table 6-2. lists engineering countermeasures used to reduce pedestrian/ vehicular collisions17
• 

Note that although the crash and fatality numbers are high, an even larger number of non-fatal 

accidents go unreported. 
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SELECTING THE APPROPRIATE PEDESTRIAN FACILITY CHARACTERISTICS 

The size of the pedestrian facility should be based on the above three issues: land use, 

functional class, and pedestrian level of service. 

Land Use 

Land use has a significant impact on the type and volume of pedestrians that might use 

the facility and can be used to estimate the population density and traffic generators. Land 

use, in concert with functional classification, can be used to determine the expected or 

existing level of pedestrian activity. The following definitions and descriptions of land use 

types present some of their associated characteristics. 

■ Residential Residential land use consists of single-family and multi-family 

dwellings. Residential areas have low pedestrian volume, low 

turbulence and, moderate mobility. 

■ Commercial Commercial land use consists of strip centers or local stores selling 

groceries, clothes, or hardware, for example. These land uses tend to 

have low to high pedestrian volume, moderate to high turbulence, and 

low to moderate mobility. 

■ Retail 

■ Industrial 

■ CBD 

Retail land use consists of "main street" shops. Retail areas generally 

have high pedestrian volumes and any range of turbulence and mobility, 

depending on design. 

Industrial land use consists of small industrial shops and garages with 

higher truck volume. These areas often have low pedestrian volume 

and, therefore, virtually no turbulence. 

High-rise development and compact land use, which are classified as 

central business districts, typically have high pedestrian volumes with a 

high degree of turbulence. 
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Accident Type: DART OUT 

Accident Type: MULTIPLE 
THREAT 

Accident Type: BUS STOP 

Accident Type: INTERSECTION 
DASH 

Accident Type: VEHICLE 
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Accident Type: WALKING 
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Figure 6-4. Illustrations of Common Types of Pedestrian Accidents 17• 

6-13 



Table 6-2. Educational Programs by School Type and Accident Type 17 
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Table 6-3. Engineering Countermeasures by Incident Type 17 
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Turbulence refers to the relative degree a pedestrian is able determine his or her own 

speed, or the relative number of stops and starts in a pedestrian stream. Mobility is the 

inverse relationship of the degree of turbulence, or ability to move pedestrians through a given 

section. For example, if a pedestrian area has high mobility, it will have either low 

turbulence or sufficient area to cope with the level of turbulence with respect to the volume. 

In general terms, high mobility equates to high volume and efficient movement. 

Functional Classification 

Functional classification is a system designed to distinguish roadways by their hierarchical 

functions or the character of service they are intended to provide. For roadway functional 

class, there is a converse relationship between mobility and access. As access is reduced, the 

mobility increases. As access is increased, the mobility decreases. 

■ Interstate 

■ Freeway 

■ Major Arterial 

■ Minor Arterial 

■ Collector 

■ Local Street 

Restricted access, high speed, high mobility. Long lengths connect 

state to state. 

Limited access with high speeds and high mobility. Long lengths 

connect city to city. Used for some interstate travel. 

Partial to no access control, with speed and mobility proportional to 

access. Connects major generators within a region or metropolitan 

area. 

Greater access with some reduction in mobility. Generally 

intersecting streets on a grid of 0.201 to 0.805 kilometers (1/8 to ½ 

mile). 

Provides access and residential circulation. 

Direct access to abutting land. 

As with roadways, pedestrian facilities also have a functional class and land use 

relationship. This relationship, however, is not related to the restriction of access, but to the 

effective sidewalk width. The greater the turbulence, the more pedestrians will be slowed 
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down, resulting in a decrease in mobility. For pedestrian facilities, mobility is increased by 

increasing the unobstructed width of the pedestrian facility. 

Most people choose walking routes based on the routes they typically drive, or select a 

more direct route, if available. Driving trips typically take place on roadways with higher 

roadway functional classification, as these offer fewer stops and increased speed. Route 

selection is similar for pedestrians with the exception that pedestrian trips rarely take place on 

roadways with functional classification exceeding the arterial level. 

Pedestrian Level of Service 

Pedestrian level of service (PLOS) is a concept modeled after the Highway Capacity 

Manual's motor vehicle level of service (LOS) concept5
• This concept assumes a hydraulic 

flow model and the concept of density. The more dense the flow of pedestrians or motor 

vehicles, the slower the speeds. The relationships are identical, although the units are 

different. This concept will be described in more detail below. 

CROSSING LOCATIONS 

Of particular importance are locations where pedestrian and other modes of transportation 

intersect. Problems arise due to the different operating, spatial, and structural characteristics 

associated with the different modes. 

Pedestrian activity centers areas which have high pedestrian usage and, thus, have a higher 

potential for conflicts or problems require special attention. Areas such as transit centers, the 

CBD, major employment centers, schools, and pedestrian malls are all areas which should be 

considered pedestrian activity centers. 

Intended Movements at Pedestrian Crossings 

Traffic laws are designed to create uniform and predictable movements between vehicles, 

and between vehicles and pedestrians. The designer of pedestrian facilities must be familiar 

with the intended interactions between pedestrians and vehicles in order to design appropriate 
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facilities. The following sections were adapted from the Handbook for Walkable 

Communiti es23 . 

The following is a list of illegal pedestrian street crossings: 

■ Crossing against a red light. 

■ Crossing not fully in a crosswalk or crosswalk area. 

■ Crossing mid-block between two adjacent signalized intersections. 

■ Crossing diagonally. 

■ Causing a vehicle to brake suddenly, creating an unsafe condition. 

Pedestrians should yield to vehicles under the following conditions: 

■ Every pedestrian crossing a roadway at any point other than within a marked 

crosswalk or within an unmarked crosswalk at an intersection shall yield the right-of

way to all vehicles upon the roadway. 

■ Between adjacent intersections at which traffic control signals are in operation, 

pedestrians shall not cross at any place except in a marked crosswalk. 

Pedestrians should cross and leave safety locations under the following conditions: 

■ Any pedestrian crossing a roadway at a point where a pedestrian tunnel or overhead 

pedestrian crossing has been provided shall yield the right-of-way to all vehicles upon 

the roadway. 

■ No pedestrian shall, except in a marked crosswalk, cross a roadway at any other place 

than by a route at right angles to the curb or by the shortest route to the opposite curb. 

■ No pedestrian shall cross a roadway intersection diagonally unless authorized by 

official traffic control devices. 

■ No pedestrian shall suddenly leave a curb or other place of safety and walk or run into 

the path of a vehicle which is so close that it is impossible for the driver to yield. 

The following are typical vehicular violations: 

■ Speeding. 

■ Failure to stop or yield for a traffic control device. 
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■ Failure to stop for a pedestrian in a crosswalk. 

■ Illegal right turn on red. 

■ Parking in a restricted zone. 

■ Driving under the influence of alcohol or drugs. 

The following are common motorist errors: 

■ Crossing a sidewalk or entering the roadway directly into the path of a pedestrian. 

■ Turning right across the path of a pedestrian. 

■ Turning left across the path of a pedestrian. 

■ Careless driving. 

The following text from the Handbook of Walkable Communities23 clarifies issues of right

of-way between pedestrians and vehicles. 

·' ... The driver of a vehicle shall yield the right-of-way, slowing down or stopping if need 

be to so yield, to a pedestrian crossing the roadway within a crosswalk when the 

pedestrian is upon the half of the roadway upon which the vehicle is traveling or when the 

pedestrian is approaching so closely from the opposite half of the roadway as to be in 

danger. Whenever any vehicle is stopped at a marked crosswalk or at any unmarked 

crosswalk at an intersection to permit a pedestrian to cross the roadway, the driver of a 

vehicle approaching from the rear shall not overtake and pass such a stopped vehicle. 

Every driver of a motor vehicle shall exercise due care to avoid colliding with any 

pedestrian or any person propelling a human-powered vehicle, and exercise proper 

precaution observing a child ... " 

Clear Zones 

Pedestrians at crossing locations require adequate sight distance. All motorists, bicyclists, 

and pedestrians must be able to see potential conflicts with enough time to react to the 

potential conflict. This sight distance is dependent on speed, angle, and conspicuity or sight 

capability of each pedestrian, bicyclist, or motor vehicle operator. The first two sight distance 
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dependents, speed and angle, are best explained with the aid of Figure 6-5. As the speed 

increases, the distance must also increase. As the angle decreases, the distance increases. 

Figure 6-5 assumes that the operators have a minimum sight capability (visual acuity of 20/40 

corrected vision). 

Obstructions to sight distance may include street parking, right- or left-turning vehicles, 

signs, utility and signal poles, news stands, and other sidewalk and roadway obstructions. A 

rule of thumb to determine the required sight triangle is to keep 1.5 m (5 ft) outside the 

crosswalk clear for the entire width of the sidewalk as shown in Figure 6-6. 

This increased clear area on the comer also has associated capacity benefits. As the area 

on the comer is reduced by the presence of obstructions or queued pedestrians at the 

crosswalk, capacity is decreased. If obstructions are kept out of the corner area, the result is 

an increase in capacity and safety. Items that are of concern include, for example, utility 

poles, signs, fire plugs, news stands, and queued pedestrians. 

Pedestrian Ramps 

Pedestrian ramps must meet ADA standards. Figure 6-7 illustrates the appropriate ramp 

dimensions and cross-slopes. New legislation presents additional requirements with respect to 

ramps and ramp location. As shown in Figure 6-8, a 1.5 m x 1.5 m (5 ft x 5 ft) landing pad" 

or flat area is required at the top of each ramp23 • Figure 6-9 illustrates the ramp locations. All 

new sidewalks must be connected to the street with a ramp. In addition, the legislation also 

requires that two ramps be used per corner on all new facilities 
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CURB RAMP LOCATION, MIAl'nllloled 

Permitted 
2 ft straight curb 
next to ramp and 
inside crosswalk 
ADA4.7.10 

Figure 6-9. Curb ramp location 23• 

construction 

to direct the pedestrian towards the appropriate crosswalk. Take care to limit the angle 

between the ramp and the gutter pan. Earlier roadway cross-sections and multiple 

resurfacings may cause streets to have high crowns and an exaggerated angle at the gutter 

pan. The angle can be difficult for the elderly to cross, and, in some cases, can trap a wheel

chair in the gutter pan. As illustrated in Figure 6-9, no more than a two-foot offset from the 

straight segment of curb is allowed so that visually-impaired pedestrians can use canes to 

determine curb location and clearance from the roadway. While existing ramps are not 

required to meet these new standards, all new installations are. 

Summary of Good Ramp Design Requirements: 

■ Sidewalks must connect to the street. 

■ Two ramps per comer. 

■ Landing pad 1.5 m X 1.5 m (5 ft x 5 ft) at the top of each ramp. 

■ Should be within 0.6 m (two ft) of straight segment of curb. 
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■ Ramp angles, slopes and dimensions must meet specifications. 

■ Provide tactile warning devices to alert sight-impaired pedestrians of a crossing 

location. 

■ Smooth transition from street to gutter pan to ramp. 

Roadway Signs 

Roadway signs in urban areas should be placed a minimum distance of 2.1 m (7 ft) from 

the bottom of the sign to the finished grade12•19• The horizontal placement of signs in urban 

areas should be 0.6 m (2 ft) from the face of the curb, although 0.3 m (1 ft) is permissible 

where sidewalk width is limited or existing poles are close to the curb 12· 19• Signs should be 

placed for optimal viewing for the intended user, but not at the expense of hindering another 

mode of travel. Innovative solutions are available, although the best solution is appropriate 

planning to ensure the placement of these elements does not hinder pedestrian movement. 

Intersection Crossings 

The required clear zone discussed above should ensure adequate sight distance. Other 

measures to improve sight distance and increase the visibility of pedestrians include bulbouts, 

channelization, and other design features discussed below. These features benefit pedestrian 

travel by shortening the travel distance and increasing visibility of the pedestrian to the 

roadway users. Most of the design features have beneficial effects or no effects on the 

roadway traffic. The engineering countermeasures discussed below can be used at most 

crossing locations. 

Curb Radii 

Curb radii can greatly affect the crossing distance for pedestrians. Figure 6-10 and Table 

6-3 illustrate one example of how the pedestrian crossing distance is affected by the turning 

radius23 . The use of a border area, utility strip, or turf or nature strip can also affect the 

crossing distance. Presence of a turf strip pushes the sidewalk back from the parallel street, 
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thereby pushing the crosswalk closer to the tangent of the curve, and reducing the crossing 

distance. As seen in Table 6-3 the crossing distance can be significant. 

26' 
Curb to 

Curb 

Figure 6-10. Effect of corner radii on pedestrian crossing distances 23. 

While the argument is sometimes presented that a smaller turning radius is less efficient, 

this does not generally prove to be true. For right tum lanes, efficiency is a function of 

acceptable gap. The more gaps, the more efficient for a right-turn lane. Only in the case of 

exclusive right-of-way (right-tum on green) is the turning radius a factor in the efficiency of 

the travel lane. Right-turning traffic must yield to pedestrians, so high speed turns should not 

be encouraged. The turning radii should accommodate the largest reasonable vehicle that is 

will utilize the turning movement. Note that all the receiving lanes can be used to 

accommodate the turning vehicle. It is recommended that comers be designed with a radius 

of 7.62 m (25 ft) 23 • Figure 6-8 shows the recommended design. 

Bulbouts 

The bulbout reduces the pedestrian crossing width and provides both roadway vehicles and 

the pedestrian with better visibility. Bulbouts also provide additional area for street furniture, 

landscaping, and added capacity at the comer. This treatment can be used on many 

residential streets, in school zones, and on side streets facing into a collector or minor arterial. 

Essentially, any location where street parking and pedestrian crossings are prevalent is ideal 

for bulbouts. Some items that should be considered in design are the turning radius of the 

design vehicle and maintenance of gutter drainage. The bulbouts can be used at both 

intersections and mid-block, as shown in Figures 6-12 and 6-13 . 
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Table 6-3. Crossing Distance of Different Corner Configurations 23. 

Sidewalk with turf or nature strip 

Radius Crossing Distance Increased Crossing Percent Increase 

4 .5 ( 15') 7.9 (26 ') + 0 (+0') 0% 

7.6 (25') 11 (36 ') + 3(+ 10 ') 38% 

15.2 (50 ' ) 19.8 (65') +11.9 (+39 ') 150% 

Sidewalk at back of curb 

Radius Cross ing Distance Increased Crossing Percent Increase 

4.5 ( 15') I 1.3 (3 7') + 3.3 (+ I I ' ) 42% 

7.6 (25 ' ) 15.2 (50 ') + 7.3 (+24 ') 92% 

15.2 (50 ') 27 (89") +16.1 (+53 ') 203% 

ritJtl, ::::, , _ :':.:'::: _ ,r•~r1Jr=::)1;,; 

11111111 
Figure 6-11. Intersection bulbout 23. 
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Figure 6-12. Mid-block bulbout without a 45 degree cut 7. 

Right-Tum Slip-lanes and Islands 

Right-tum islands provide pedestrians with a shorter walking distance, reduce minimum 

green time, and provide free right turns for motor vehicles. Right-turn islands offer many 

benefits if designed properly, but if not designed properly, can increase both right-turning 

traffic speed and the number and severity of pedestrian collisions. The island should meet the 

stated MUTCD requirements that island areas should be at least 6.13 square m (66 sq ft) , and 

if the island is to be used as a refuge, the area should be at least 1.829 m (6 ft) long 12
·
19

• As 

these constraints and the ADA curb-cut requirements suggest, a design as shown in Figure 6-

12 may be used. If the island is small, true ramps are not feasible, and the islands should 

have cut-throughs to allow wheel-chairs to pass through the island. Elevate the center of the 

cut-out sections slightly so that water does not pond in the center of the island. 

Right-tum slip lanes should be designed for relatively low speeds, from 22.54 to 28.98 

kph ( 14 to 18 mph). This design feature may not be suited for locations with a high volume 

of large trucks which could try to cut the corner too close and injure pedestrians on the island 

or on the corner. An angle of approximately 55 to 60 degrees is recommended to provide 

good isibility13
• This design allows the driver to see the pedestrian within the 20 degree cone 

of vision. This design also reduces the angle the driver has to scan for the presence of cross-
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traffic, usually allowing shorter gap acceptance. Figures 6-14 and 6-15 illustrate the elements 

of desirable right-tum slip lanes. 

Cut through 
for pedestrains 

◊ 

Figure 6-13. Right-turn island 23• 

Angle 55 to 
60 degrees 

14 to 18 mph, 

good visibilty 

50 to 60 degrees 

Bicycle lane 

Recommended 

Figure 6-14. Recommended Right-turn slip lane design 23• 
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AASHTO 

\V 
LJ 

High Speed, low visibility 

head further 

Figure 15. AASHTO Right-turn slip lane design 
23 

Center Medians 

Use center medians for all streets wider than four lanes, including turning lanes. Medians 

provide a refuge for crossing pedestrians, shelter for left turns, and areas for landscaping. 

Other benefits associated with center medians are reduced points of conflict, reduced crash 

probability, and, for landscaped medians, reduced water run-off. 

Pedestrian actuation buttons should be placed in center medians so as not to trap 

pedestrians in the median. When a crosswalk crosses a center median, the crosswalk should 

be protected from vehicular traffic with a nose cone as illustrated in the left portion of Figure 

6-13. 

The following countermeasures have a variety of benefits for pedestrian convenience and 

safety. Some of the countermeasures have benefits for vehicular travel as well. 

■ Painted intersection crosswalks. 

■ Intersection lighting. 
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■ Pedestrian signals. 

■ Pedestrian push buttons. 

■ Signage. 

■ Pavement markings for pedestrians and motorists (to signal potential for turning 

vehicles). 

■ Nose cone to protect the crosswalk area. 

Mid-block Crossings 

Many of the design features and countermeasures that are applicable to intersection 

crossings have equal value at mid-block crossings. The following sections lists these features. 

Mid-block crossings on a roadway with a center median should be designed with a 45 degree 

cut-through, forcing pedestrians to look for oncoming cars as shown in Figure 6-1623 . If the 

roadway allows for street parking, bulbouts are a good alternative, as shown in Figure 6-12. 

00 Raised 
Median 

Figure 6-16. Mid-block median crossing with a 45 degree angle 23. 

Crosswalks 

Crosswalks should be located such that pedestrians travel the shortest direct distance 

between curbs. Two parallel lines 15.2-60.9 mm (6 in-24 in) wide and 1.5 m (5 ft) or more 

apart, should be placed across the full width of pavement. Street lights should be placed 

directly overhead or to one side of the crosswalk to provide added visibility for night-time 
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crossings. All crosswalk locations must have ramps. On skewed or offset streets, the 

crosswalk must connect the two nearest corners, and should never terminate into a driveway 

or turn. The following is a list of items that should be considered for crosswalks as well as 

for mid-block and intersection crossings. 

■ Clear zones 

■ Bulbouts 

■ Center medians 

■ Painted crosswalks 

■ Crosswalk lighting 

■ Pedestrian signals 

■ Pedestrian push buttons 

■ Signage 

■ Pavement markings for pedestrians and roadway users 

Signal Timing 

Signal timing should allow for the safe movement of pedestrians. Several items should be 

considered to determine minimum crossing time. Four to seven seconds of "walk" time is 

required 12
·
19

• A pedestrian walking speed of 1.2 mps (4 fps) or slower should be used for 

determining the minimum crossing time. The specified distance to be crossed is all traffic 

lanes, and not, as in the past, to the midpoint of the farthest lane. The clearance interval, or 

yellow and all-red, can be used as part of the crossing time. 

Consider the following items in timing traffic signals. Most pedestrians will not wait 

more than 30 seconds for a walk signal. To keep roadway and pedestrian travel safe and 

efficient, cycle lengths should be kept short to promote '·snappy" movement. Consideration of 

the expected pedestrian user groups is imperative in establishing signal timing. In locations 

having large populations of elderly or disabled pedestrians, extra time to navigate curbs and 

ramps should be provided in the ·'walk" time. Also, for these locations, walking speeds as 

slow as 0.9 mps (3 fps) should be used. The sight limitations of older and visually- impaired 
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pedestrians may require audible signals or location of signals in the center median when the 

crossing distance is greater than 18.3 m (60 ft) 23 • 

PEDESTRIAN AND STREETSCAPE AMENITIES 

Pedestrian amenities make use of the pedestrian facility more enjoyable, and may lead to 

increased use of the facility. Pedestrian amenities include elements such as benches, trash 

cans, and street trees, for example. Other features found on pedestrian facilities that serve 

different modes of transportation may include transit shelters, parking meters, roadway signs, 

and street lights. 

All these items have benefits if placed and maintained properly. If improperly placed, 

these items can obstruct travel and become hazardous. The following is a list of common 

pedestrian facility and streetscape amenities. 

ATM Machines 

Benches 

Bicycle Racks 

Curb Cuts/Driveways 

Phone Booths 

Maps 

News Racks 

Pedestrian Facility Size 

Parking Meters 

Planters 

Scaffolding/Construction Barriers 

Sidewalk Widening 

Street Lights 

Street Trees 

The optimal methods to determine the appropriate size of a pedestrian facility are the 

HCM's PLOS and time-space methods. The data collected should be in accordance with the 

procedures described in the Institute for Transportation Engineers' Manual of Transportation 

Engineering Studies2 1• Calculations include design hourly volume, procedures to determine 

the required design life capacity, and the PLOS of the pedestrian facility. Recommended 

sidewalk widths are presented in Table 6-4 if the PLOS is unable to be conducted. 
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Table 6-4. Desired Sidewalk Widths by Roadway Functional Classification and Land Use 

Functional Land Use/Street Configuration 
Classification 

(Urban) 

# of Through Lanes CBD Commercial/Retai I Residential School/Recreationa 

Principal Arterial Unobstructed Sidewalk Width in Meters (Feet) 

2 5 to PLOS 1.524 (5) 1.524 (5) 1.524-2.438 (5-8) 

4 6 to PLOS 1.829 (6) 1.524 (5) 1.524-2.438 (5-8) 

6 7 to PLOS 2.134 (7) 1.524 (5) 1.524-2.438 (5-8) 

Minor Arterial 

2 5 to PLOS 1.524 (5) 1.524 (5) 1.524-2.438 (5-8) 

4 6 to PLOS 1.524 (5) 1.524 (5) 1.524-2.438 (5-8) 

6 7 to PLOS 1.829 (6) 1.524 (5) 1.524-2.438 (5-8) 

8 8 to PLOS 1.829 (6) 1.524 (5) 1.524-2.438 (5-8) 

Collector 

2 5 to PLOS 1.524 (5) 1.524 (5) 1.524 (5) 

4 6 to PLOS 1.829 (6) 1.524 (5) 1.524 (5) 

6 7 to PLOS 1.829 (6) 1.524 (5) 1.524 (5) 

Local 

2 5 to PLOS 1.524 (5) Local Code 1.524 (5) 

4 6 to PLOS 1.524 (5) Local Code 1.524 (5) 

6 7 to PLOS 1.524 (5) Local Code 1.524 (5) 

Minimum sidewalk width requirements by ADA: Minimum of 1.524 meters (5 feet) unobstructed width (12). 
Pedestrian facilities should be separated from the roadway by a buffer zone(l 3). This buffer zone can take the 
form of either a utility strip or on-street parking. The width of the buffer zone will vary based on traffic 
volume, speed and vehicle mix. 
General Rules: 

■ Pedestrian facilities should be placed as far as possible from the traveling roadway(8). 
■ 2 to 4 lanes of traffic - use 0.914 to 1.219 meter (3 to 4 foot) utility stripe if no on-street parking. 
■ 5 to 8 lanes of traffic - use 1.219 to 2.438 meter (4 to 8 foot) utility stripe if no on-street parking. 

► Sidewalks should be installed on both sides of roadway if there is existing or expected development on both 
sides of roadway. Adequate ROW should be obtained even though no pedestrian facility is constructed (8) . 

► If development exists only on one side, or if there is no existing development, sidewalks should still be 
considered for both sides to maintain optimal system connectivity (8). 
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At a minimum, the ADA requires 1.5 m (5 ft) of unobstructed sidewalk width 20• While 

undesirable a narrower sidewalk width of 0.914 m (3 ft) is acceptable if a passing area of 1.5 

by 1.5 m (5 ft x 5 ft) is provided every 60.96 m (200 ft )2°, as seen in Figure 6-17. As most 

city blocks are over 60.96 m (200 ft) long, however, it is clear that this alternative is not 

desirable. 

Another ADA standard requires that the cross-slope of the sidewalk not exceed 1 :50 to 

minimize the potential for wheelchair occupants to drift towards, and potentially into, the 

street. An additional problem area is at the location of a driveway. The recommended design 

is to offset the sidewalk with a utility strip, providing a continuous walk line as shown in 

Figure 6-18 23 . If ROW is restricted, an apron may be used instead of the nature strip. 

Aprons do not offer the benefits of the nature strip however, such as 

■ Continuous walk line; 

■ Increased pedestrian visibility; 

■ Landscaping opportunities; and 

■ Increased separation from roadway traffic. 

Pedestrian Level of Service 

The Pedestrian Level of Service concept illustrated in the HCM 5 comprises the basis of 

walkway and corner design. The concept variables include volume, density, and effective 

ADA Sidewalk Widths 

Although ADA/ADAAG permits a 4.0' sidewalk, the 
walk would need to be widened out each 200 feet, so 
the practical minimum width is 5.0' 

1 s feet 

200feetmax 

4 feet 

Crossfall 1 :50 

Figure 6-17. ADA sidewalk width requirements 23• (Shown in English Units) 
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5 ft sidewalk 

Driveway 

Curb 
t nature-strip 

36 in apron 

1:50 

ft sidewalk Driveway 

Figure 6-18. ADA slope requirements and driveway example 23. 

walkway width. Pedestrian volume and densities are related to a level of service, or relative 

ease in Selecting a desired walking speed; 

■ Passing slower pedestrians; 
■ Crossing a pedestrian traffic stream; 
■ Walking in reverse direction of major pedestrian traffic flow; and 
■ Maneuvering without conflicts and changes in walking speed or gait5• 

The underlying assumption of the walkway PLOS concept is that pedestrian movement 

must be continuous and relatively uniform to conform with the basic hydraulic flow model. If 

the pedestrian environment does not conform to this assumption. another method such as the 

time-space method may be more useful 18• This method, described later in this chapter, is 

similar to the corner analysis described in Chapter 13 of the HCM. With both concepts, the 

premise is that capacity is reduced by obstructions and the influence these obstructions have 

on pedestrian movement. Effective width is equal to the sidewalk width minus space reduced 

by various obstructions including parking meters, street trees, light poles, and mail boxes. for 

example. Equation 6-1, Tables 6-5 and 6-6, and Figure 6-19 illustrate the effecti ·e sidewalk 

width concept. 

W Effective = W Total - W Obstructions Equation 6-1 
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Table 6-5. Pedestrian Level of Service on Walkways* 5 

Expected Flows and Speeds 
Level 

of Space Average Speed, S Flow Rate , v Volume/Capacity Ratio, 
Service (Square Feet/Pedestrian) (Feet/Minute) (Pedestrian/Minute/Feet) vie 

A ::: 130 ::: 260 .'.:: 2 .'.:: 0.08 
B ::: 40 ::: 250 .'.:: 7 .'.:: 0.28 
C ::: 24 ::: 240 .'.:: 10 .'.:: 0.40 
D ::: 15 ::: 225 .'.:: 15 .'.:: 0.60 
E ::: 6 ::: 150 .'.:: 25 .'.:: 1.00 

F < 6 < 150 ---- Variable --

"Average conditions for 15 minutes. 

The procedure to determine optimal sidewalk width is as follows: 

1. Estimate the future pedestrian volume (in pedestrians per minute). 

2. Set a goal PLOS and select the appropriate flow rate from Table 6-5. 

3. Divide the pedestrian volume by the flow rate to determine the effective sidewalk width. 

4. Construct the sidewalk wide enough to accommodate the effective width plus any 

clearance distance from walls, trees, parking meters, and so on. 

To determine the PLOS of an existing facility: 

1. Determine the existing pedestrian traffic (in pedestrians per minute) and the effective 

sidewalk width (in meters). 

2. Divide the effective width into the pedestrian volume to determine the flow rate. 

3. Use Table 5-5 to identify the PLOS. 

Groups within a traffic stream with densities exceeding the average density of the 

pedestrian traffic stream, or platoons, result from one of several actions such as accumulation 

of pedestrians at the corner during a red cycle, at transit facilities due to rapid loading and 

unloading, or in high-rise buildings, theaters, and stadiums. 

Evaluate platoon flow using the HCM model and its prescribed procedures. Platoons 

should be investigated by evaluating not only the 15-minute interval but smaller time 

increments. The HCM estimates an additional 4 persons per square foot width of walkway 
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per minute (pfm) to the average (IS-minute) pedestrian volume for flows greater than 0.5 pfm 

of effective sidewalk width5
• 

Irregular Pedestrian Flow 

Situations that do not follow the HCM assumptions of hydraulic flow can be modeled by 

the time-space (TS) method, which characterizes a section of a pedestrian facility by 

calculating area and estimating the time pedestrians spend in that area. The TS method is 

better suited for pedestrian environments that involve both standing and movement, crossing 

movements, or other non-uniform and continuous flow conditions. HCM uses the TS method 

for comer analysis. 

Unique ROW Situations 

Many areas have unique ROW, geographic, or topographic characteristics which make 

designing and constructing a pedestrian facility more difficult or expensive. A less-than-ideal 

border width (area between the curb and ROW line) of 2.438 m (8 ft) , for example, could be 

mitigated by reducing the buffer area or by purchasing more ROW. Sound engineering 

judgment should be used in these situations, considering all aspects of the improvement such 

as the location of signing and utilities and their possible effects on the pedestrian facility. 

Dramatic topography, for example, may reduce the pedestrian demand or increase the cost 

of building a pedestrian facility. A hilly area, with a significant change in elevation from the 

curb to the ROW line, requires consideration of options such as regrading the area or 

constructing a retaining wall, depending on soil type, available funding, and ROW constraints. 

In some cases, an existing pedestrian facility is several cm or m (in to ft) higher or lower 

than an adjoining facility to be constructed. Can a 1: 12 ramp conforming to ADA standards 

be used in this location? For a new roadway or reconstruction, the grading or alignments 

could be altered to allow for the elevation change. In some cases, a solution with a higher 

cost may be the only answer. In each case, the cost of the pedestrian facility must be 

weighed against the benefits of the completed facility. Many benefits are difficult or 

impossible to quantify, but are important components of the equation nevertheless. 
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Figure 6-19. Preemption of walkway width 5 (Shown in English Units). 

Special Circumstances 

i 
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Some circumstances which may be present and tightly constrained by the geometrics of 

the adjoining roadway are horizontal and vertical curvature. While horizontal curvature is 

rarely a problem, severe vertical curvature may cause difficulties. For example, someone 

using a walker or wheel-chair would have a difficult time ascending a ten percent grade, and 

descending the grade could be hazardous. Fortunately, such cases are not common in most 

areas. Designers must keep in mind that a facility which does not meet ADA standards may 

still be considered, on occasion, in order to provide access to others. 

6-38 
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Table 6-6. Fixed Obstacle Width Adjustment Factors for Walkways* 5 

OBSTACLE APPROX. WIDTH PREEMPTED (FT)" 

STREET FURNITURE 

Light Poles 2.5-3.5 
Traffic Signal Poles and Boxes 3.0-4.0 
Fire Alann Boxes 2.5-3.5 
Fire Hydrants 2.5-3 .0 
Traffic Signs 2.0-2.5 
Parking Meters 2.0 
Mail Boxes (1.7 ft by 1.7 ft) 3.2-2.7 
Telephone Booths (2.7 ft by 2.7 ft) 4.0 
Waste Baskets 3.0 
Benches 5.0 

PUBLIC UNDERGROUND ACCESS 

Subway Stairs 5.5-7.0 
Subway Ventilation Gratings (raised) 6.0+ 
Transformer Vault Ventilation Gratings (raised) 5.0+ 

LANDSCAPING 

Trees 2.0-4.0 
Planting Boxes 5.0 

COMMERCIAL USES 

Newsstands 4.0-13 .0 
Vending Stands variable 
Advertising Displays variable 
Store Displays variable 
Sidewalk Cafes (two rows of tables) variable, try 7.0 

BUILDING PROTRUSIONS 

Columns 2.5-3.0 
Stoops 2.0-6.0 
Cellar Doors 5.0-7.0 
Standpipe Connections 1.0 
Awning Poles 2.5 
Truck Docks (trucks protruding) variable 
Garage Entrance/Exit variable 
Driveways variable 

To account for the avoidance distance normally occurring between pedestrians and obstacles, an additional 
1.0 to 1.5 ft must be added to the preemption width for individual obstacles. 
Curb to edge of object or building face to edge of object. 
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Maintenance 

Maintenance plays an important role in the operation of a pedestrian system. Proper 

maintenance can increase effectiveness, service life, degree of use, and community image, 

while reducing liability. Repair of apparent structural problems in a timely fashion will 

maintain the facility for a longer life. Vandalism in the form of stolen or defaced signs, 

graffiti, and broken lighting fixtures provides a poor impression to users if not quickly 

corrected. Perceptions of a lack of security and fear for personal safety may result, 

ultimately causing a decrease in facility usage along with a possible increase in pedestrian 

accidents due to the use of alternative, less effective routes7• 

The public can report maintenance needs, recorded in periodic assessments by agency 

personnel, or by using a combination of the two. Another alternative is to solicit help from 

utility companies to aid in identification of problems. Water and electric meter readers walk 

the streets once a month in many communities in the course of their duties. A simple and 

consistent form ( work order) used by all the operators (city, county, and state) of the 

pedestrian network could be used to record the problems. A central location may be set up to 

receive the work orders and distribute them to responsible agencies. A list of common 

concerns and maintenance activities is shown in Table 6-7. 

Table 6-7. Pedestrian Problem Identification and Maintenance Activities 7 

Pedestrian Facility Concern Maintenance Activity 
-

Sideways and Walkways Tree roots cracking and heaving Remove failed sidewalks, cut roots and install 
the sidewalk. new sidewalk. A local arborist should be 

contacted prior to removing large roots. 

Section pop-up of vertical height Replace defective section or provide temporary 
greater than 12 mm (1/2 in). asphalt shim. 

Cracked or spalling surface and Replace defective sections. 
poor temporary patches. 

Snow and ice buildup. Enact and enforce local regulations requiring 
abutting land users to perform timely clearance 
activity. Hire private contractor to clear 
sidewalk and assess cost to abutting land uses. 
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Table 6-7. Pedestrian Problem Identification and Maintenance Activities 7 

Pedestrian Facility Concern Maintenance Activity 

Separation of expansion and Fill joint with hardening expansion compound. 
construction joints so that space 
between adjoining sections are 
greater than l /2 inch. 

Trash, loose sand, oil and grease Serve notice to abutting land owners to clean 
on walkways. and maintain sidewalks. 

Material, signs, vending Require responsible parties to remove 
machines, etc. restricting obstructions. 
effective sidewalk width. 

Low hanging tree limbs, bushes, Enact and enforce local regulations requiring 
weeds and other foliage growing abutting land users to perform timely clearance 
into sidewalks and/or posing activity. Hire private contractor to clear 
obstructions and sight sidewalk and assess cost to abutting land users. 
restrictions. 

Crosswalks and Curb Curb ramp surface is worn into Replace curb ramp. Texturize surface with 
Ramps a glazed and slippery surface. shallow, transverse grooves. 

Poor drainage causing water Clean gutter and catch basin area. 
retention in gutter area. 

Street rutting causing water Resurface street or crosswalk area. 
ponding in crosswalk. 

Stress repaving resulting in step Repaving contract specifications should specify 
or transition problem at bottom a maximum of 6 mm (1 /4 in) vertical edge 
of curb ramp. between new pavement and gutter or curb 

ramp. 

Slippery manhole covers in When manholes must be located in crosswalk 
crosswalk. they should have slip resistant cover design 

and be flush with the surface and visible. 

Snow and ice buildup. A maintenance program should be developed 
to ensure snow and ice removal. 

Stop bar and crosswalk- Identify high volume locations that require 
pavement markings. additional refurbishing activities. 

Separation of expansion and Fill joint with hardening expansion compound. 
construction joints. 

Pedestrians do not have time to Review pedestrian clearance/timing plan and 
clear roadway prior to signal design. 
change. 

Overpasses and Falling objects from overpass. Enclose overpass with chain-link fencing. 
Underpasses 
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Table 6-7. Pedestrian Problem Identification and Maintenance Activities 7 

Pedestrian Facility Concern Maintenance Activity 

Sparse pedestrian use of Underpass should be well lighted to provide a 
underpasses. feeling of personal security. Underpass should 

be free of water, dirt and debris. Increase 
security patrols. 

Worn step or ramp surfaces. Overlay, replace or texturize to create a slip-
free and unbroken surface. 

Section pop-up of vertical height Replace defective section or provide temporary 
greater than 12 mm (1/2 in). asphalt shim. 

Work Zones Temporary pathways at work The pathway surface should be frequently 
zones are typically constructed inspected. Pathway surface materials 
of relatively inexpensive, short constructed of wood should be treated with no-
life materials. slip strips or texturized surface treatment. 

Surface materials with holes, cracks or abrupt 
changes in elevation should be replaced. 

Overpasses and Detour pedestrian paths place The detour pathway should be checked 
Underpasses greater volumes on detour periodically for: Adequacy of pedestrian and 

roadway. vehicular signal timing. Proper pedestrian 
detour signing. Pedestrian traffic hazards. 
Proper motorist information. 

Construction material, debris in Require the contractor to maintain a clear 
pathways. pathway. 

Changing pedestrian Perform periodic inspection to ensure 
accommodation needs due to pedestrian information keeps pace with 
dynamic construction activities. construction activities. 

Damaged traffic barriers. Damaged traffic barriers should be replaced 
and their adequacy reevaluated to ensure 
pedestrian safety. 

Traffic Control Devices Signs must be readily visible to Inspect the signs from the vantage point of the 
pedestrians. pedestrian who is expected to read it. The 

signs should not be obscured by other signs or 
foliage. 

Pedestrian signs must be at a If the sign extends into an accessible route 
mounting height that can be read they must be mounted in accord with the 
by all pedestrians. MUTCD to permit safe passage under the sign. 

Signs mounted on a wall should be mounted at 
a height between 1,370 mm and 1,675 mm (54 
in and 66 in). 
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Table 6-7. Pedestrian Problem Identification and Maintenance Activities 7 

Pedestrian Facility Concern Maintenance Activity 

Pedestrian signals must be Pedestrian signals should be periodically: 
maintained. Inspected for damage due to turning vehicles. 

If damaged, consider back bracketing the 
pedestrian assembly. Refurbish, including lens 
cleaning and bulb replacement. 
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PEDESTRIAN AND BICYCLE TRAFFIC LAWS AND SAFETY 

The following information is reprinted from the Drivers Handbook, May 1994, by the 

Department of Public Safety. 

Bicycle Traffic Law 

1. "Bicycle" means every device propelled by human power upon which 

any person may ride, having two tandem wheels either of which is more 

than 14 inches in diameter. 

2. Vehicle means every device, in, upon, or by which any person or 

property is or may be transported or drawn upon a highway, 

excepting devices used exclusively upon stationary rails or 

tracks. 

3. A bicycle is a vehicle and any person riding a bicycle has all of the 

rights and responsibilities as a driver of a vehicle. 

4. A bicyclist should always obey all traffic laws, signs, and signals. 

Never ride opposite the flow of traffic. Stop at all stop signs and stop 

at (red) lights. 

5. Bicyclists are required to ride as far right in the lane as possible only 

when the lane can be safely shared by a car and a bicycle, side by side. 

Even then, there are certain conditions that allow a bicyclist to take the 

full lane, such as: 

a. The person is overtaking and passing another 

vehicle proceeding in the same direction. 
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b. The person is preparing for a left turn at an 

intersection or onto a private road or driveway. 

c. There are unsafe conditions in the roadway such 

as fixed or moving objects, parked or moving 

vehicles, pedestrians, animals, potholes, or debris. 

d. The lane is of substandard width making it unsafe 

for a car and a bicycle to safely share the lane 

side by side. When this is the case, it is best for 

the cyclist to take the full lane whether riding 

single file or two abreast. 

6. A person operating a bicycle on a one-way roadway with two or more 

marked traffic lanes may ride as near as practicable to the left curb or 

edge of the roadway. 

7. Persons riding two abreast shall not impede then normal and reasonable flow of 

traffic on the roadway. Persons riding two abreast on a laned roadway must 

ride in a single lane. 

8. A person riding a bicycle shall not ride other than upon or astride a permanent 

and regular seat. 

9. No bicycle shall be used to carry more persons at one time than the number for 

which it is designed or equipped. 

I 0. No person riding a bicycle shall attach the same or himself to any streetcar or 

vehicle upon a roadway. 
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11. No person operating a bicycle shall carry any package, bundle, or article which 

prevents the driver from keeping at least one hand upon the handlebars. 

12. Bicyclists may ride on shoulders. 

13. Bicyclists may signal a right-hand tum using either the left arm pointing 

up or the right arm pointed horizontally. 

14. Every bicycle shall be equipped with a brake which will enable the operator to 

make the braked wheels skid on dry, level, clean pavement. 

15. Every bicycle in use at nighttime shall be equipped with the following: 

a. A lamp on the front which shall emit a white light visible at a distance 

of at least 500 feet to the front. 

b. A red reflector on the rear of a type approved by the Department of 

Public Safety which shall be visible from all distances up to 300 feet. 

A red light on the rear visible from a distance of 500 feet in addition to 

the red reflector may also be used in addition to the red reflector. 

16. Hearing-impaired bicycle riders may display a safety flag. 

Bicycle Safety Guidelines 

1. Although not required by law, it is highly suggested that bicycle riders 

wear an approved bicycle helmet. 

2. When riding on pedestrian facilities, reduce speed and exercise caution. 
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3. Do not weave in and out of parked cars. 

4. Move off the street to stop, park, or make repairs to your bicycle. 

5. A bicyclist should select a route according to the person' s own 

bicycling skill and experience. 

6. It is not required by law, but bicycles should be equipped with a mirror. 

Wet Weather Riding 

The visibility of motorists is greatly decreased. Wear highly visible clothing when 

riding on a bicycle. Water makes certain surfaces slick. Be aware of manhole covers and 

painted stripes on the road. Water obscures some hazards. Watch for potholes filled with 

water. 

Common Motorist Mistakes that Bicycle Riders Should Know 

1. The most common motorist-caused car-bicycle collision is a 

motorist turning left in the face of oncoming bicycle traffic. 

Oncoming bicycle traffic is often overlooked or its speed 

misjudged. 

2. The second most common motorist- caused car-bicycle collision 

is a motorist turning right across the path of the bicycle traffic. 

The motorist should slow and merge with the bicycle traffic for 

a safe right-hand tum. 

3. The third most common motorist-caused car-bicycle collision is a 

motorist pulling away from a stop sign, failing to yield right-of-way to 
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bicycle cross traffic. At intersections, right-of-way rules apply equally 

to motor vehicles and bicycles. 

Pedestrian Safety 

• Obey all traffic and pedestrian control signals. 

• Do not cross the street between two intersections. It is dangerous to cross in 

the middle of the block. 

• Use sidewalks when available, and do not walk in the street. 

• Walk on the left side of the road if there are no sidewalks. Step off the 

pavement when a car approaches. 

• If crossing a street at any point other than within a crosswalk at an intersection, 

the pedestrian must yield the right-of-way to all vehicles. 

• When crossing at a crosswalk, keep right. 

• Blind, partially blind, or disabled persons may carry a white cane while 

walking. Others must not display such a cane on any public street or highway. 

• No person may stand in the roadway for the purpose of soliciting a ride, 

contributions, or business. 

• Do not suddenly walk or run into the street. This may make it impossible for 

an oncoming driver to yield. 

A-5 



• Wait on the curb, not in the street, until the traffic signals change to green or 

read "Walk". 

• Always wear white or light colored clothing, or carry a light or reflector when 

walking at night. 

• Look both ways before crossing the street and before stepping from behind 

parked cars. 

• Be extra careful when getting off a streetcar or bus. 

• Get in and out of cars on the curb side of the road. 

• Do not walk on a roadway when drinking. Many drinking pedestrians become 

traffic victims. 

• Watch for blind or handicapped persons crossing the street. Texas law states: 

"The driver of a vehicle approaching an intersection or crosswalk where a 

pedestrian guided by a guide dog or carrying a white cane is crossing or 

attempting to cross shall take necessary precautions to avoid injuring or 

endangering the pedestrian. The driver shall bring the vehicle to a full stop if 

injury or danger can be avoided only by that action." Remember, the white can 

indicates the person may be blind, partially blind, or disabled. Others must not 

display such a cane on any public street or highway. If you see a blind person, 

slow down, use your horn if necessary, and be prepared to stop. Watch 

especially for blind persons at bus stops, intersections, business areas, and near 

schools for the blind. 
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APPENDIX B: SIGNAGE FOR BICYCLE FACILITIES 

GENERAL 

Requirements for Bicyclist Traffic Control Devices 

Traffic control devices, whether they are intended for motorists or bicyclists, must 

adhere to five basic requirements to be able to perform their intended function. They must: 

1) Fulfill a need; 

2) Command attention; 

3) Convey a clear simple meaning; 

4) Command respect of road users; and 

5) Give adequate time for proper response. 

The design, placement, operation, maintenance, and uniformity of traffic control 

devices must be considered to meet the above requirements. Design is a critical feature to 

permit the device to fulfill a need and to command respect of road users. The placement -

lateral, vertical and longitudinal - plays and important part in making the device effective and 

in giving adequate time for proper response. The operation of traffic in response to the 

device is, of course, the critical test of the device' s effectiveness and a check on all five of 

the basic requirements. 

Uniformity, achieved by following the recommendations and standards of this manual, 

greatly enhances the ability of a device to convey a clear, simple meaning to the user. 

Whenever devices are installed, they should be warranted and based on a prior 

engineering study. Where the guidance provided by this part of the manual does not fully 

define where particular devices should be used, qualified traffic engineers should determine 

the application of devices on any bicycle facility before installation is made. It is intended 
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that this manual define the standards for traffic control devices, but shall not be a legal 

requirement for their installation. 

Scope 

This part covers bicycle-use related signs, pavement markings, and signals which may 

be used on highways or bikeways. 

The following terms are used throughout the Manual of Uniform Traffic Devices 

(MUTCD), Part IX. The term "Manual" refers to the MUTCD: 

1) Bikeway: Any road, street, path, or way which in some manner is 

specifically designated as being open to bicycle travel, regardless of 

whether such facilities are designated for the exclusive use of bicycles 

or are to be shared with other transportation modes. 

2) Bicycle Trail: A separate trail or path from which motor vehicles are 

prohibited and which is for the exclusive use of bicycles. Where such 

trail or path forms a part of a highway, it is separated from the 

roadways for motor vehicle traffic by an open space or barrier. 

3) Designated Bicycle Lane: A portion of a roadway or shoulder which 

has been designated for use by bicyclists. It is distinguished from the 

portion of the roadway for motor vehicle traffic by a paint stripe or 

other similar device. 

4) Shared Roadway: A roadway which is officially designated and 

marked as a bicycle route, but which is open to motor vehicle travel and 

upon which no bicycle lane is designated. 

5) Bicycle Route: A system of bikeways designated by appropriate route 

markers, and by the jurisdiction having authority. 
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Standardization of Devices 

Standards for basic design elements and devices using these standards are given in this 

Manual. These standard devices generally will serve most applications. Where particular 

conditions require the use of a device that is not included in this Manual, the general 

principles in the Manual as to color, size, and shape should be followed wherever practical. 

Such devices should also follow the design, installation and application concepts contained in 

the Manual. 

Maintenance 

Bicycle signs and markings should be properly maintained to command respect from 

both the motorists and the bicyclist. When installing signs and marking on bicycle facilities, 

care should be taken to have an agency designated to maintain these devices. 

Legal Authority 

Traffic control devices shall be placed only by authority of a public body or official 

having jurisdiction, for the purpose of regulating, warning, or guiding traffic. No traffic 

control device or its support shall bear any advertising or commercial message, or any other 

message that is not essential to traffic control. 

All regulatory devices, if they are to be enforced, need to be backed by applicable 

laws, ordinances, or regulations. 

In this part as in other parts of the Manual, the works "shall", "should", and "may" are 

used to describe specific conditions concerning traffic control devices. To clarify the 

meanings intended by the use of these words, the following definitions are provided: 
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1) Shall: A "mandatory condition. Where certain requirements in the design or 

application of the device are described with the "shall" stipulation, it is 

mandatory that these requirements be met. 

2) Should: An "advisory" condition. Where the word "should" is used, it is 

considered to be advisable usage, recommended but not mandatory. 

3) May: A "permissive" condition. No requirement for application is intended. If 

a particular device is used under a "may" condition, however, its design shall 

follow the prescribed format. 

Relation to Other Documents 

The Uniform Vehicle Code and Model Traffic Ordinance, published by the National 

Committee on Uniform Traffic Laws and Ordinances, have provisions for bicycles and are 

used as the legal basis for the control devices included herein. Under the Uniform Vehicle 

Code, bicycles are generally considered to be vehicles, so the bicyclists have the same 

privileges and obligations as other drivers. 

Informational documents used during the development of the signing and markings 

recommendations in this part of the Manual include the following: 

1) Guide for Bicycles, American Association of State Highway and Transportation 

Officials, 1974. 

2) Bikeways, State of the Art, Federal Highway Administration, 1974. 

3) Bicycle Facility Location Criteria, Federal Highway Administration, 1976. 

4) Bicycle Facility Design Criteria, Federal Highway Administration, 1976. 

5) State and municipal design guides. 
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Colors 

The use of colors for bicycle facility traffic control devices should conform to the 

color code specified for signs and markings. This in part is as follows: 

SIGNS 

Yellow - General warning 

Red - Stop or prohibition 

Blue - Service guidance 

Brown - Public recreation and scenic guidance 

Orange - Construction and maintenance warning 

Black - Regulation 

White - Regulation 

Application of Signs 

Bicycle-use related signs on highways and bikeways serve three basic purposes: 

regulating bicycle usage, directing bicyclists along pre-established routes, and warning of 

unexpected conditions. Care should be taken not to install too many signs. A conservative 

use of regulatory and warning signs is recommended as these signs, if used to excess, tend to 

lose their effectiveness. The frequent display of guide signs, however, aids in keeping the 

bicyclist on the designated route and does not lessen their value. Some signs for the bicyclist 

can also serve the motorist and the pedestrian. 

Location and Position 

Where signs are to serve both bicyclists and motorists, mounting heights and lateral 

placement shall be as specified in Part II, Signs. Figure B-1 illustrates typical signing 

placement for bicycle trails. Overhead sign clearance on bicycle trails shall be a minimum of 

8 feet. The clearance provided should also be adequate for the typical maintenance vehicles 
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~ Nominal widtr of bike path ►I 
Figure B-1. Bicycle sign placement on a trail. (#A) 

used on the bikeway. Where signs are for the exclusive use of bicyclists, care should be 

taken that they are located so that motorists are not confused by them. 

Design 

The design of signs for bicycle facilities should, whenever possible, be identical to that 

specified in this manual for motor vehicle travel. Uniformity in design includes shape, color, 

symbols, wording, lettering, and illumination or reflectorization. Detailed drawings of the 

standard signs illustrated in this Manual are available to State and local highway and traffic 

authorities, sign manufacturers, and similar interested agencies. Standardization of these signs 

does not preclude further improvement by minor changes in the proportion of symbols, stroke 

width, and height of letters, or width of borders. However, a11 shapes and colors shall be as 

indicated; all symbols shall be as indicated; all symbols shall be unmistakably similar to those 

shown and (where a word message is applicable) the wording shall be as provided herein. 

The sign dimensions shown in this part of the Manual shall be considered standard for 

application on all types of bicycle facilities. Where signs shown in other parts of this Manual 

are intended for exclusive bicycle use, smaller sign sizes from that specified may be used. 

Incremental increases in special bicycle facility signs are also desirable to make the sizes 

compatible with signs for motor vehicles, where both motorists and bicycles benefit by a 

particular sign. 
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The sign lettering shall be in upper-case letters of the type shown in the Standard 

Alphabets for Highways Signs and Pavement Markings. 

All signs should be reflectorized for bicycle trails as well as for shared roadways and 

designated bic_ cle lane facilities. 

Regulatory Signs 

Regulatory signs are to inform bicycl ists. pedestrians. and motorists of traffic laws or 

regulations and indicated the applicability of legal requirements that would not otherwise be 

apparent. 

Regulatory signs normally shall be erected at the point where the regulations apply. 

The sign message shall clearly indicate the requirements imposed by the regulations and shall 

be easily visible and legible to bicyclists and. where appropriate, 

motorists and pedestrians. 

Bicycle Prohibition Sign (RS-6) 

This sign is intended for use at the entrance to facilities, such as 

freeways, where bicycling is prohibited. Where pedestrians and motor

driven cycles are also prohibited from using these facilities. it may be 

more desirable to use the RS-1 Oa word message sign (sec. 2B-28). 

In reduced signs (1 8 x 18 inches), this sign may be used on 

sidewalks where bicycle riding is prohibited. 

Motor Vehicle Prohibition Sign (RS-3) 

This sign is intended for use at the entrance to a bicycle trail. 
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Bicycle Restriction Signs (R9-5 & 6) 

This series of signs is intended for use 

where pedestrian facilities are being used for 

bicycle travel. They should be erected off the 

edge of the sidewalk near the crossing location, 

where bicyclists are expected to dismount and 

walk with pedestrians while crossing the street. 

~ 
USE 
PED 

SIGNAL 

R9-5 
12" X 18" 

~ 
YIELD 

TO 
PEDS 

R9-6 
12" X 18" 

The R9-5 sign may be used where bicycles can cross the street only on the pedestrian 

walk signal indication. 

The R9-6 sign may be used where bicycles are required to cross or share a facility 

used by pedestrians and are required to yield to the pedestrians. 

Designated Lane Signs (R3-16 & R3-17) 

The R3-16 sign should be used in advance 

of the beginning of a marked designated bicycle 

lane to call attention to the lane and to the 

possible presence of bicyclists. The R3-16 and 

R3- l 7 signs should be used only in conjunction 

with the Preferential Lane Symbol pavement 

marking and erected at periodic intervals along 

the designated bicycle lane and in the vicinity of 

~ 
LANE 

◊ 
AHEAD 
R3-16 

24" X 30" 

locations where the preferential lane symbol is used (sec. 9C-4) . 

◊ RIGHT 
LANE 

~ 
ONLY 

R3-17 
24" X 30" 

Where appropriate, the messages ENDS may be substituted for AHEAD on the R3- l 6 

sign and LEFT of CURB can be substituted for RIGHT on the R3-17 sign. 
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Travel path Restriction Signs (R9-7) 

The R9-7 sign is intended for use on facilities which are to be shared by 

pedestrians and bicycles and on which a designated area is provided for each 

(sec. 9C-3). Two of these signs may be erected back-to-back with the symbols 

reversed for the opposite direction. 

Stop and Yield Signs (Rl-1,2) 

STOP 

KEEP 
LEFT RIGH 

~~ 
R9-7 

12" X 18" 

R1-2 

STOP signs are intended for use on bicycle 

facilities where bicyclist are required to stop. 

Where conditions require bicyclists and not 

motorists to stop, care should be taken to place the 

sign so it is not readily visible to the motorist. 
RH 

18" X 18" 24" X 24" X 24" 

YIELD signs are intended for use where the bicyclist can be seen approaching traffic 

and where the bicyclist must yield the right of way to that traffic. The visibility of 

approaching traffic must be adequate to permit the bicyclist to stop or to take other measures 

to avoid that traffic. 

For added emphasis, STOP and YIELD signs in regular 30 x 30 inch and 36 x 36 x 

36 inch sizes may be used. 

The smaller signs shown below are intended for use on bicycle trails where bicyclists 

are required to stop or yield the right of way. If the sign applies to motorist and bicyclists, 

then the size should be as shown in Part 11-B. 
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No Parking Signs (R7-9, & 9A) 

Where it is necessary to restrict parking, 

standing, or stopping in a designated bicycle lane, 

appropriate signs as described in sections 2B-31 

through 2B-33 may be used, or signs R7-9 or R7-9a 

shall be used. 

Lane Use Control Signs (R3-7, R4-4) 

Where right-turning motor vehicles must merge 

with bicycle traffic on designated bike lanes, the R3-7 

and R4-4 signs may be used. The R4-4 sign is intended 

to inform both the motorist and the bicyclist of this 

merging maneuver. Where a designated bicycle lane is 

provided near the stop line, an R3-7 sign may be used 

to prevent motorists from crossing back over the bike lane. 

Warning Signs 

BIKE 
LANE 

R7-9 
12" X 18" 

RIGHT LANE 

MUST 
TURN RIGHT 

R3-7 
30" X 30" 

® 
BIKE 
LANE 

R7-9a 
12" X 18" 

BEGIN 
RIGHT TURN LANE 

M 
YIELD TO BIKES 

R4-4 
36" X 30" 

Warning signs are used when it is deemed necessary to warn bicyclists or motorists of 

existing or potentially hazardous conditions on or adjacent to the highway or trail. The use of 

warning signs should be kept to a minimum because the unnecessary use of them to warn of 

conditions which are apparent tends to bring disrespect for all signs. 

Warning signs specified herein cover most conditions that are likely to be met. If 

other warnings are needed, the signs shall be of standard shape and color for warning signs, 

and the legends shall be brief and easily understood. 
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Bicycle Crossing Sign (Wll-1) 

The Bicycle Crossing sign is intended for use on highways in 

advance of a point where a bikeway crosses the roadway. It should be 

erected about 750 feet in advance of the crossing location in rural areas 

where speeds are high, and at a distance of about 250 feet in urban 

residential or business areas, where speeds are low. 
W11-1 

30" X 30" 

If the approach to an intersection is controlled by a traffic control signal, stop sign or 

yield sign. the W 11-1 sign may not be needed. 

Hazardous Conditions Sign (W8-10) 

The Hazardous Condition sign is intended for use where roadway or 

bicycle trail conditions are likely to cause a bicyclist to lose control of his 

bicycle. These conditions could include slippery pavement, slick bridge, 

decking, rough or grooved pavement, or water or ice on the roadway. The 

W8-10 sign may be used with a supplemental plaque describing the 

particular roadway or bicycle trail feature which might be of danger to the 

bicyclist such as SLIPPERY WHEN WET, STEEL DECK, ROUGH 

PAVEMENT, BRIDGE JOIN, or FORD. 

Turn and Curve Signs (Wl-1, 2, 4, 5, 6, 7) 

W8-10 

On bicycle trails where it is necessary to warn bicyclists of unexpected changes in path 

direction, appropriate run or curve signs should be used. They should normally be installed 

no less than 50 feet in advance of the beginning of the change of alignment. 
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W1 -1 
18" X 18" 

W1 -4 
18" X 18" 

W1 -2 
8" X 18" 

W1 -5 
18"x1 8" 

Intersection Signs (W2-1, 2, 3, 4, 5) 

[I 

I 
W1 -6 

24" X 12" 

W1 -7 
24" X 12" 

Intersection signs are intended for use as appropriate to fit the prevailing geometric 

pattern on bike trails where connecting routes join, and where no STOP or YIELD signs are 

required. They should be used wherever sight distance at the intersection is severel) limited, 

and may be used for supplemental warning at intersections where STOP and YIELD signs are 

erected. 

W2-1 
18" X 18" 

W2-4 
18" X 18" 

W2-2 
18" X 18" 
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Other Warning Signs 

Other warning signs may be required on bicycle facilities to warn riders of unexpected 

conditions. The intended use of these signs generally is self-explanatory. They should 

normally be installed no less than 50 feet in advance of the beginning of hazards. 

Where construction or maintenance activity is present on bicycle trails, appropriate 

signs from Part VI of the Manual should be used. 

Guide Signs 

On highways where a bicyclist is sharing a lane with motor vehicles or is using an 

adjacent bikeway, the regular guide signing as described in Part II of the Manual will serve 

both modes of travel. Where a designated bikeway exists, special bicycle route signing 

should be provided at decision points, including signs to inform cyclists of bicycle route 

direction changes and confirmatory signs to ensure that route direction has been accurately 

comprehended. 

Figure B-2 shows an example of the signing for the junction of a bicycle trail with a 

highway. Figure B-3 shows the signing and marking for the beginning and ending of 

designated bikeways. Guide signing should be repeated at regular intervals to ensure that 

bicyclists approaching from side streets know they are traveling on an officially designated 

bikeway. Similar guide signing should be used for shared lane bikeways with intermediate 

signs placed frequently enough to ensure that cyclists already on the bikeway do not stray 

from it and lose their way. 

Bicycle Route Sign (D11-1) 

This sign is intended for use where no unique designation of routes is 

desired. It should be placed at intervals frequent enough to keep bicyclists 

0/0 
BIKE ROUTE 

011-1 
24" X 18" 

informed of changes in route direction and to remind motorists of the presence of bicyclists. 
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• \ .. 

~ ?50 feet rural ►, 
"'\_ 250 feet urban 1--

~ ~I 
Figure B-2. T ypical signinu for beu· . e emnmu and e d. e n mg of bicycle trail. (#A) 

B-14 



. u of designated . . g and endmb . . u for begmnm . B-3. Typical s1gnmb Figure #A) 
bicycle lane. ( 
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Bicycle Route Markers (Ml-8, Ml-9) 

Where it is desired to establish a unique identification 

(route designation) for a State or local bicycle route the 

standard Bike Route Marker (Ml -8) should be used. The 

route marker (M 1-8) shall contain a numerical designation 

and shall have a green background with a reflectorized white M1 -8 
12" X 18" 

legend and border. 
M1-9 

18" X 24" 

Where a bicycle route extends for long distances in two or more States. it is desirable 

to establish a unique numerical destination for that route. A coordinated submittal by the 

affected States for assignment of route number designations should be sent to the American 

Association of State Highway and Transportation Officials, 444 North Capital Street N.W., 

Suite 225 , Washington, DC 20001. The route marker (Ml-9) shall contain the assigned 

numerical designation and have a black legend and border with a reflectorized white 

background. 

Bike Route Markers are intended for use on both shared facilities and on designated 

bike ways, as required, to provide guidance for bicyclists. 

Supplemental Plaques for Route Signs and Markers 

Where desired, supplemental plaques can be used with the D 11-1 and M 1-8 signs to 

furnish additional information, such as directional changes in the route, and intermediate range 

distance and destination information. 

The M4- l l through M4- l 3 signs may be mounted above the appropriate Route Signs 

or Route Marker. Supplemental plaques D 1-1 b and c are intended for use with the D 11-1 

Bicycle Route Sign. The appropriate arrow sign (M7-1 through M7-7), if used, should be 

placed below the Route Sign or Route Marker. These signs shall have a white arrow on a 

green background. 
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M4-11 
24" x 6" or 12" x 4" 

M4-12 
24" x 6" or 12" x 4" 

M4-13 
24" x 6" or 12" x 4" 

+- SALEM 6 

D1-1b(L) 
24" X 6" 

SALEM 6 ~ 

D1-1b(R) 
24" X 6" 

D1-1(c) 
24" X 6" 

momm 
M?-1 M?-2 M?-3 M?-4 

mem 
M?-5 M?-6 

M?-1 through M?-7 
12" X 9" 

Bicycle Parking Area Sign (D4-3) 

M?-7 

The Bicycle Parking Area sign may be used where it is desired to 

show the direction to a designated bicycle parking area within a parking 

faci li ty or at other locations. The sign shall be a vertical rectangle of a 

standard size of 12 by 8 inches. It shall carry a standard bicycle symbol, the 

work PARKING, and an arrow. The legend and border shall be green on a 

reflectorized white background. 
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MARKINGS 

Functions and Limitations of Markings 

Markings are important on roadways that have a designated bicycle lane. Markings 

indicate the separation of the lanes for motor vehicles and bicycles, assist the bicyclist by 

indicating assigned travel paths, and can provide advance information for turning and crossing 

maneuvers. 

General Principles 

Although bicycles are generally not equipped with strong lighting equipment, the 

added visibility of reflectorized pavement markings is desirable even where there is exclusive 

use by bicycles. 

Markings shall be reflectorized on bicycle trails and on facilities used by both motor 

vehicles and bicycles. 

Recognized bikeway design guides should be used when layout out markings for a 

bicycle lane on a highway facility (sec. 9A-8). 

The frequent use of symbols and word messages stenciled in the bike lanes is a 

desirable method of supplementing sign messages. Figures B-4 through B-6 show acceptable 

examples of the application of lines, word messages, and symbols on designated bikeways 

with and without parking for motor vehicles. 

If a specific path for a bicyclist crossing an intersection is to be designated, a dotted 

line may be used to define such a path. 
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Optional doted line 
through intersection 

Figure B-4. Typical pavement markings - designated 
bicycle lane, two-way traffic with parking and low right 
turn volume. 
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Q) 
2 

RIGHT LANE I ~ 
MUST , ~ 

TUAN RIGHT 1 £ 
CJ) 
CJ) 

.9! 
0 z 

BEGIN 
RIGHT TURN LANE • YIELD TO BIKES 

Figure B-5. Interseciton pavement markings - designated bicycle 
lane with left turn area, heavy turn volumes, parking, one-way 
traffic or divided roadway. (#A) 
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Figure B-6. Word and symbol pavement markings for 
bicycle facilities. (#A) 

Marking Patterns and Colors 

: 

LL.I =--= cii:i -

The color and type of lines used for marking bicycle facilities shall be as defined in 

section 3A-7. Normally, center lines would not be required on bicycle paths. Where 

conditions make it desirable to separate two directions of travel at particular locations, a 
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double solid yellow line should be used to indicate no passing or no traveling to the left of 

the line. 

Where bicycle paths are of sufficient width to designate two minimum width lanes, a 

broken yellow line may be used to separate the two directions of travel. 

Broken lines used on bicycle paths should have the normal 1 to 3 segment-to-gap 

ratio. To avoid having gaps excessively long, a nominal 3-foot segment with a 9-foot gap is 

recommended. 

Where bicycles and pedestrians use a common facility, it may be desired to separate 

the two traffic flows. A solid white line should be used to mark this separation of path use. 

The R9-7 sign may be used to supplement the pavement marking (sec. 9B-9). 

Marking of Designated Bikeways 

The diamond-shaped Preferential Lane Symbol is intended for use on highway 

facilities where lanes are reserved for exclusive use by a particular class of vehicle. 

Designated bikeways are considered as this type of lane and shall include use of the 

Preferential Lane Symbol as a pavement marking and on appropriate signing (sec. 9B-8). The 

symbols as a pavement marking shall be white and shall be used immediately after an 

intersection to inform turning motorists of the restricted nature of the lane. If the Preferential 

Lane Symbol is used in conjunction with other work or symbol messages, it shall precede 

them. A supplemental lane symbol or word may be used following as shown in Figures B-4 

through B-6. 

Word Messages and Symbols Applied to the Pavement 

Where messages are to be applied on the pavement, smaller size letters can be used on 

exclusive bike lanes than are used on regular highways. Where arrows are needed, half-size 

layouts of the arrows can be used (sec. 3B-17). Optional work and symbol markings 
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considered appropriate for use with the Preferential Lane Symbol marking are shown in 

Figure B-6. Standard pa ement marking alphabets and symbols ha e been prepared and are 

available from the Federal Highway Administration (HT020) Washington. D.C. 20590. 

Object Markings on Bicycle Trails 

There ma be hazardous objects located adjacent to bicycle trails which. if visible to 

the rider, can be avoided with little difficulty. Such objects can be marked with highly visible 

markings to make their identification by approaching riders more certain. Care should be 

taken to avoid having object markers become hazardous objects. Corners of the object 

markers as well as signs should be rounded to prevent their becoming a hazard. 

All objects markers should be designed using reflective materials or coatings. Where 

practical, markers such as those described in section 3C-l of this Manual should be used. 

Where a storm drain hazard cannot be eliminated, it may be made more visible to 

bicyclist by defining with a white marking, applied as shown in Figure B-7. 

20' 
Curb 

~ 
6 ~ 

tr,ivc l 

Figure B-7. Typical marking in advance of 
drainage hazzard. (#A) 

B-23 



SIGNALS 

Application 

It is rare when a traffic signal is installed solely for bicycles; however, at some 

locations there may be a need to install signal devices to facilitate bicycle travel through the 

intersections. For warrants and other requirements relating to signal installation, see part IV 

of this Manual. Warrants used for motor vehicles are considered appropriate for use in 

determining the need for signals to serve bicyclists. Warrant Four for school crossings is 

considered to be appropriate for bicyclists also. 

Visibility Requirements 

At installations where programmed signals are used, special attention should be given 

to adjusting the signals so bicyclist on the regular bicycle lanes or travel paths can see the 

signals. If programmed signals cannot be aimed to serve the bicyclist, then separate signals 

shall be provided. 

Signal Operation for Bicycles 

Bicycles generally can cross intersections under the same signal timing arrangement as 

motor vehicles. Where bicycle use is expected, extremely short change intervals should not 

be used and an all red clearance interval may be necessary. 

Chapter X included general comments on placing traffic control devices on bicycle 

routes, lanes, and paths. The reader should refer to the appropriate sections for suggested 

applications of traffic control devices. However, specific applications of traffic control 

devices on bikeways must be in accordance with the MUTCD. 
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SPECIAL SIGNS DEVELOPED IN NORTH CAROLINA 

The following signs were created by the North Carolina Department of Transportation 

Office of Bicycle and Pedestrian Transportation and are specific to North Carolina. These 

signs are presented below to illustrate examples of custom signs being developed in many 

states. 

Warning Signs 

Share the Road (W28- l) 

This subplate, when combined with the Wl 1-1 

warning sign, is intended to increase bicyclists' visibility 

without designating that signed roadway as a preferred route. 

It is intended for use on roadways with high levels of bicycle 

traffic, but relatively hazardous conditions for bicyclists. Its 

intention is not to encourage inexperienced bicyclists to ride 

on the roadway as a preferred route. 

W11-1 
30" X 30" 

W28-1 
24" X 18" 

This sign is especially useful in cities and towns where there are large numbers of 

bicyclists riding on streets which are unsuitable for designation as preferred bicycle routes due 

to factors such as narrow lanes, high speed traffic, and/or high traffic volumes. 

Bicyclist Hazard (SP-537) 

This subplate, when combined with WB-10 warning 

sign, is intended to warn bicyclists of the presence of a surface 

condition that could cause them to lose control. 
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HAZARD 

W8-10 
30" X 30" 

SP-537 
18" X 9" 



Information Signs 

Overnight Bicycle Parking (D4-4B) 

This is a special purpose sign intended to identify 

bicycle parking that may be used overnight. 

Bicycle Parking (D4-4 and D4-4A) 

These signs are special purpose signs intended to show 

bicyclists how to use a Ribbon Rack-type parking device. 

They should be used at such installations where the probability 

of confusion is high, particularly those where new users who 

may never have seen such a device are common. 
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BICYCLE 
PARKING 

BICYCLE 
PARKING 

04-48 
18" X 12" 

D4-4 
18" X 12" 

D4-4A 
18" X 9" 
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