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Introduction

Bicycling and walking are basic, fundamental forms of transportation that are sometimes overlooked in this age of high-
tech motorized travel. Yet these human-powered transportation modes are important to the success of the transportation
system as a whole. All travelers are pedestrians at some point during their trip—even if it is between their parking space
and their office building. According to the 1990 Nationwide Personal Transportation Survey, one in ten households do
not own a vehicle and therefore must rely on alternative forms of transpottatdrio this the number of people who

are either too old or too young to drive, and one realizes that for quite a sizable number of U.S. citizens, the ability to
walk or bicycle to a destination is critical to their freedom of mobility. Transportation planners and engineers therefore
have the same level of responsibility to provide for the safety of bicyclists and pedestrians as they do for motorists.

There are growing efforts throughout the United States to improve conditions for bicycling and walking. Congress
recognized this need in 1991 when it passed the Intermodal Surface Transportation Efficiency Act (ISTEA)—a spending
package that increased the responsibilities of local and state governments to plan and implement bicycle and pedestrian
facilities. The funding infusion provided by ISTEA and continued by Transportation Efficiency Act forti@eaiury

(TEA-21) in turn fueled even stronger efforts to build trails and to renovate streets and roadways for bicycling and walking.

Goals for Bicycling and Walking

In a comprehensive, national study on bicycling and walking, the U.S. Department of Transportation (DOT) found that
“increased levels of bicycling and walking transportation would result in significant benefits in terms of health and physical
fitness, the environment, and transportation-related effects.” The U.S. DOT set the following goals as a result of this study:

» To double the percentage of total trips made by bicycling and walking in the United States—from 7.9 to 15.8 percent
of all travel trips.

» To simultaneously reduce by ten percent the number of bicyclists and pedestrians killed or injured in traffic
crasheg.

Current levels of bicycling and walking in the United States are low (7.9 percent of total trips) when compared to the
number of people who say they would bicycle or walk if there were safe facilities available. In a 1995 poll conducted

by Rodale Press, 31 percent of all Americans whose primary means of transportation is driving alone in their car
would prefer to commute and run errands using some other means of transportation. Among bicyclists who do not currently
commute, forty percent (representing over 25 million people) say they would start commuting if they had access to safe
bicycle facilities. In the noncyclist category, over one-third (22.7 million people) say they would start riding to work

if they had access to safe bike lanes on roads and highways. This represents a tremendous opportunity to reduce single
occupant vehicle trips.

1 The actual figure is probably higher than this, since low-income households have a higher nonresponse bias to surveys.

2U.S. Department of Transportation, Federal Highway Administrafibe, National Bicycling and Walking Study—Final Reffavashington,
D.C.: U.S. DOT, Federal Highway Administration, 1994), pp. VI.
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Figure 16-1 Walking and Bicycling Trips by Purpose
Source:National Bicycling and \king StudyWashington, D.C.: U.S. Departmentlofinsportation, Federal Highwagiministration, 1994.

People choose to bicycle and walk every, @éher out of convenience, necesgityfor other reason$here are nine

million daily bicycle trips and 56 million daily walk trips in the United States eachTtayy-two percent of the walk

trips are for personal and family business, and 55 percent of the daily bike trips are for social or recreationaf purposes.
(Figure 16-1.The combined number of people who bicycle and walk every day is greater than the amount of people
who use transit.

Bicyclists and Pedestrians at Risk

Bicycle and pedestrian safety is a growing concern for many communities. In 1996, 82,000 pedestrians were injured
and over 5,400 were killed in the United States. On average, a pedestrian is injurediincaasafevery six minutes

in this country Children and seniors are at great risk—one-third of pedestrian injuries and fatalities in 1996 were
children under the age of 16.

Bicycle safety is also a problem, although far fewer are killed each year than pedestrians. In 1996, 761 bicyclists were killed
and 59,000 were injured in tfiafcrashesAs with pedestrian crashes, children between the ages of 5 and 15 are at the highest
risk—nearly one-third of the bicyclists killed in tiafcrashes in 1996 were in this age rah§@ce most crashes involve

a motor vehicle, safety improvements for bicyclists and pedestrians are important for everyone on the road.

Global Perspective

The U.S. is not alone in itsfefts to encourage more bicycling and walking for transportation. In 1997, the British
Parliament approved the Roa@dhffic ReductionAct. The act requires local tifef authorities to undertake reviews of
current and future tri€ levels on local roads in their area, and to produce a report contaimjatstr reducing levels

% National Personal fanspotation Suwey(Washington, D.C.: U.S. DQFederal Highwaypdministration, 1995).
4 National HighwayTraffic SafetyAdministration,NHTSATraffic Safety Fact§Washington, D.C.: NHTSA, 1996).
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or rates of growth. In 1998, the British Government enacted measures to include bike lanes on all new roads and to require
trains to transport bicycleSheir long-term goals are to have twenty percent of all trips conducted by Bicycle.

Bicycling and walking play key roles in the transportation systems of other developed nations, including Japan, the
Netherlands, and many European countries. In Japan an estimated 15 percent of workers rely on bicycles for their commute
to work, and in Dutch cities between twenty and fifty percent of all trips are typically made by Bicycle.

Many countries are finding that tfiafcalming plays an important role in increasing the levels of bicycling and walking.
Slower trafic is a critical factor in pedestrian and bicyclistsmfort level—therefore tr&éi€ calming can often do as
much to encourage bicycling and walking along a corridor as upgraded sidewalks or designated bicycleTheilities.
choice to bicycle or walk has much to do with the quality of the environment between the origin and de&timation.
principles of trafic calming (as described in Chapter 17) should be implemented in conjunction with improvements to
the streetscape and removal of barriers to bicycling and walking.

In a growing number of communities, bicycling and walking are considered as solid indicators of a community’
livability. In cities and towns where people can regularly be seen out bicycling and walking, there is a palpable sense
that these are safe and friendly places to live and visit.

Bicycle and Pedestrian Planning Theory

Planning opportunities for enhancing the bicycle and pedestrian experience can include many avenues: urban design,
facility design, public involvement, tifed calming, trafic engineering, landscaping, funding, bicycle and pedestrian
behavior studies, and more. (Figure 16ARHough they share some similar issues, one common misconception is that

both bicycling and walking issues should be addressed under one heading. In reality they are separate and distinct modes
of transportation that should be studied individu&llyr example, pedestrian access to transit will logically require more
sidewalk connections and improvements to roadway crossings in the immediate vicinity of the station and bus stop, while
bicycle improvements might include bike lanes in a wider radius and bike parking facilities at the station itself.

Bicycling and walking are not functionally tBfent from other transportation modes: the same basic assumptions
that allow planners to predict the outcome of transport decisions for other modes can be applied to bicycling and
walking.After fifty years of evolution, very few stones have been left unturned in motor vehiéilenmatieling’ In

contrast, bicycle and pedestrian transportation planning theory is in its formative years. Even the most basic planning
theories for bicycling and walking are still evolving.

Providing Balance Among Transportation Modes

The underlying principle of bicycle and pedestrian planning is to provide a system that allows a choice in modes and
a reasonable balance in accommodations, without favoring one mode to the expense of all others. In order to achieve
this balance, bicycling and walking must become more attractive alternatives, which requires considerable retrofit in
most communities.

In many cases, creating a reasonable balance means more than simply installing sidewalks or designated bicycle facilities.
For the pedestrian, it means increased attention to factors that have—in the past—been beyond the domain of responsibility
for engineers. It means making streetscape improvements—an area in which engineers are not typically trained, but must
now become more proficient in with the assistance of planners, landscape architects, and urban designers.

5“Britain Passes Historic Legislation to Redubmffic,” Pro-Bike Newsyol. 18, no. 2 (Vshington, D.C.: Bicycle Federation Afnerica,
February 1998).

5U.S. Department ofransportation, Federal Highwadministration, The National Bicycling and &fking Study—Final Repb(Washington,
D.C.: U.S. DOT Federal Highwaydministration, 1994), pp. 130-132.

" Bruce Epperson, “Bicycl@ransportationA QualitativeApproach” (unpublished work, 1996).
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It is important to remember that, despite the lack of facilities, pedestrians and bicyclists will continue to use streets that
have no accommodations, and they are within their rights to do so. In some cases, they have no other choice in order
to get to their destination. In other cases, they may have an alternative route, but that route is circuitous and indirect.
Pedestrians and bicyclists almost always take the most direct route, because to do otherwise they must expend more of
their own time and engy.

Design imperative

e Transpotation planners should not fail to g@vide a facility because of a concern that it would encourage
walking and bicycling in a dangeus location. Pedestrian and bicycle travel will ocaegaudless, and the
burden of esponsibility is to accommodate that travel in the best way possible.

Transportation planners should not fail to implement bicycle and pedestrian improvements because of liability concerns.
National standards clearly state that, when designing bike lanes and paved shoulders for bicycle use, any additional space
for bicycles is better than non&DA also provides a clear imperative to provide facilities for the disabled within the
public right-of-way facilities that will benefit all pedestrians.

Bicycle and Pedestrian Travel Demand Simulation and LOS Analysis

While bicycle and pedestrian planning research has not yet developed to the same level as motor vehicle planning, some
sketch planning techniques do existen plannindgicycle and pedestrian facilitieis is important to remember that
current volumes usually do not reflect demand for two reasons:

1) There is an overall lack of accommodations throughout most communities, resulting in fewer numbers of
bicyclists and pedestrians.

2) Dispersedand uss create trip distances that are perceived as being too far to make on foot or by bicycle.

Travel demand modelingnd Level of Service (LOS) analysis for bicycling and walking are gingeareas of study

that are being used by more and more by transportation planning agencies to forecast areas needing improvements and
to determine what types of improvements are nedthegle are two statistically calibrated mathematical equations currently

in use that determine the relative comfort of a bicyclist given the conditions of a particular street segRieytlethe
Compatibility IndeX and theBicycle Level of Service (BLOS) modeThese equations are very similiiney measure

variables in the street cross section thigicabicycling, such as amount of motor vehiclefitafraffic speed, the amount

of separation between the bicyclist and movinditrathe percentage of heavy vehicles, presence of on-street parking,

and the condition of the pavement surface.

Pedestrian suitability modedse in a more formative stage. Early research focused primarily on quantifying walkway
space, flow characteristics, and pedestrian capacity andlyj$is.Highway Capacity Manuprovides procedures for
operational analysis of walkways, crosswalks, and intersections that illustrate the LOS for such spaces. More recent
pedestrian analysis has examined factors tfettaf pedestrias’level of comfort in a given road corriddhese models,

such as Portlang’Land UseTransportationAir Quality Connection (LUTRAQ) and others, examine quality-related
comfort, convenience, and safety factors of the pedestrian environment. Further details on travel demand modeling and
LOS analyses for the bicycle and pedestrian modes are provided later in this chapter

8 Alex Sorton, “Bicycle Stress Level asTaol to Evaluate Urban and Suburban Bicycle CompatiBiilifyanspotation Reseath Recod 1438
(Washington, D.C.Transportation Research Board, 1994).

9 BruceW. Landis, “Real-ime Human Perceptionoward a Bicycle Level of ServiceTtanspotation Reseath Recod 1578(Washington, D.C.:
Transportation Research Board, 1997).

0 John J. Fruin and G. Benz, “Pedestriame-Space Concept fénalyzing Corners and Crosswalkgfanspotation Reseath Recod 959
(Washington, D.C.Transportation Research Board, 1984).
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Education Enforcement

Figure 16-2 Bicycle and Pedestrian Planning Issues
SourceThe RBAGroup, Morristown, N.J.
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Figure 16-3 Mode of Transportation by Population Density
SourceNHTSATraffic Safety FactsVashington, D.C.: National Highwalyraffic SafetyAdministration, 1996.

Land Use

Bicycle and pedestrian trips are typically characterized by short trip distances: approximately onenjleddeme

mile for pedestrian trips and one quattdle to three miles for bicycle tripgand usepatterns therefore have a critical

effect on bicycle and pedestrian circulation. Current development trends such as suburban sprawl and decentralization
result in inconvenient linkages between residential areas and shopping and employment centers, and they create
disincentives for bicycling and walkinghe 1995National Personal inspotation Suvey” shows that levels of bicycling

and walking increase as population density increases. (Figure 16-3.)

Opportunities to provide accessible, safe, convenient, and inviting environments for walking and bicycling should
include adoption of éctive land use planning and design standards. Research has shown that land use strategies
involving mixed-use development with high densities, suitable job and housing baléeateesparking management,

and transit-oriented design can reduce auto trips by as much as 18 fFercent.

Education and Enforcement

Training and education of bicyclists, pedestrians, and motorists, and enforcement of existing laws and regulations are
essential. Dierent types of users needfdient kinds of facilities, training, and programs in order to bicycle, walk, and

drive safely and étiently, with confidence. Needs vary for each user type. For example, children, older adults,
recreational bicyclists and walkers, and commuters each h&seedifskill levels, experience, and perceptions of risks.

An understanding of these varying types of users and their needs is necessary in order to provide resources, programs,
and facilities to accommodate everydfe.

Education, safety and security needs are frequently identified by communities. Bicycle and pedestrian accidents and
injuries, hazardous trfad conditions, lack of enforcement of tfiaflaws, poor maintenance of walkways and bicycle
routes, insufcient lighting and security along facilities, and lack of bicycle and pedestrian training programs are
problems that contribute to confidence and security-related needs.

% National HighwayTraffic SafetyAdministration NHTSATraffic Safety FactéWashington, D.C.: NHTSA, 1996), p. 12.
12 FederalTransitAuthority, Planning, Developing and Implementing Community-Sensitasi (Washington, D.C.: F&, 1996).

13 JohnWilliams, Balancing Engineering, Education, Law Erdement and Encouragement—National Bicycling aatkMg Case Study Noll
(Washington, D.C.: U.S. DepartmentTohinsportation, Federal Highwayiministration, 1994.)
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Bicycle and Pedestrian Transportation Planning Studies

The rising awareness of bicycle and pedestrian issues in transportation planning has brought with it a new era of
planning for these modes. In most states and many local and regional areas, transportation agencies are becoming
more responsive to improving conditions for bicyclists and walkers. Many of these projects have started with planning
studies, whether they were small scale (such as a study to improve bicycle and pedestrian access to a neighborhood bus
stop) or lage scale (such as a statewide master plan for bicycling and walking).

While there are some common elements (such as public participation) that nearly all bicycle and pedestrian planning
projects should include, they otherwise can vary greatly depending upon the particular needs of the corhmunity
following are a variety of diérent planning studies that may be initiated by transportation planners to better meet the
needs of people on foot and bicycle, with descriptions of important issues and topics to cover in these studies.

The Statewide Bicycle and Pedestrian Master Plan

Many parts of the United States have programs to promote bicycling and walking. Getrerdthgus has been on
bicycling, with the recent addition of pedestrian prografiee more successful programs are characterized by
comprehensiveness, stable funding, development of facilities, and other compbinesgshave evolved in response

to a variety of circumstances. In Florida, accident statistics have been the spur to action. In Minnesota, the economics
of encouraging bicycle use have appealed to advocates, politicians, and agémdiketdMore recent plans and
programs, such as New Jersegnnsylvania, and Oregon are based @etarsage goals, performance measures and
implementation programs.

The following elements should be part of a statewide planning process:

» \sion—an overall statement of the statedesires for nonmotorized travel.
e Goals and objectivesdetailed steps for how the agency plans to fulfill the vision.

» Performance meases— the “report card” by which progress towards the objectives, goals, and vision can
be measured.

e Current conditios—data relating to levels of use, safety problems, the suitability of the existing on- and
off-road physical network of facilities, and policies and practices for nonmotorized travel.

e Strategies and actiorspotential and proposed bicycle- and pedestrian-related changes to the physical
environment and institutional practices.

* Implementation-identification of physical and programmatic activities that can be funded to help reach the
vision, goals, and objectiveShese may include both pilot projects and implementation tools, such as
facility design guidelines, mapping, and technical training and assistance.

» Evaluation—assessment of progress in moving towards the vision and goals, using the performance measures
as guides?®

Local Bicycle Network Plans

The first step in improving local conditions is to determine where improvements should go and what they should
consist of. In most communities, thexr@o shortage of locations that need sidewalks and bikeways, therefore decisions
must be made as to which locations should receive first priority for funding, and which improvements can be incorporated

14U.S. Department dfransportation, Federal Highwayiministration,The National Bicycling and &lking Study—Final RepbfWashington, D.C.:
U.S. DOT Federal Highwaydministration, 1994).

15U.S. Department ofransportation, Federal Highwadministration,Bicycle and Pedestrian Planning Under ISTEA, FHWA Publication No.
FHWA-HI-94-028 (Washington, D.C.: U.S. DQFHWA, 1994.)
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in other ongoing highway or development projects. Some communities develop independent bicycle and pedestrians

master plans, while others address these issues in conjunction with their overall transportation pfartning ef

A route improvement plan is a critical first step in developing a network of local and regional fasibt®sle network

plan typically identifies streets that need improvements and establishes a prioritized schedule for installing thee®w faciliti

Local bicycle network plangrimarily focus on improvements within the street cross section (“on-road” improvements),
however they may sometimes include a trail and greenwdyrfad”) element (see the following description of a trail

plan). In addition to providing a mordiefent network for bicycle transportation, planning and installing on-road bicycle
facilities can help to alleviate conflicts between bicyclists and pedestrians in areas where sidewalk bicycling is common.

There are several key issues in determining which streets should receive the highest priority for new bicycle facilities.

606

1)

2)

3)

4)

5)

Bicycle travel demandan estimate of latent demand for bicycling should be made in order to determine
locations where bicycle facilities are most needed to serve travel Asadsntioned earlier in this chapter
demand cannot be accurately measured by counting the numbers of bicyclists using streets that are currently
unimproved, since they are often in poor condition and discourage bicycleArenaie detailed description

of bicycle travel demand analysis is provided later in this chapter

Existing conditions and bicycle suitability analysia important step in determining locations that are in need

of bicycle facilities is to evaluate current conditions on candidate roadWagshould include both an overall
assessment of compatibility as well as locations with special problems for bicyclists, such as narrow bridges,
freeway interchanges, or other obstadlgsh this information, decisions can be made regarding locations
that may need only minimal improvements to serve bicyclists, versus streets that would require more
extensive improvementé more detailed description of bicycle suitability analysis is provided later in
this chapter

Public opinion and political supptirpublic opinion is important during the development of a bicycle
network plan, not only for the sake of knowing the publreferences for new facilities, but also in order

to develop a base of popular support for alternative transportation. Local community groups, bicycle
advocates, and other interested citizens should be given the opportunity to set goals and objectives for
planning eforts, and to provide meaningful ideas on locations needing improvements throughout
the community

Route continuity and dictnessa successful bicycle network includes continuous routes that provide direct
access to destinations throughout the commuhiityough during the early stages of implementation gaps

in the system are inevitable, eventually the bicycle network should enable a bicyclist to travel between
destinations and residential areas with a high level of comfort, and with few delays. Detours that route
cyclists a considerable distance away are not desirable, since bicyclists will usually continue to take the most
direct route or not ride at all. (Figure 16—4.)

Connections between the on-road network and local trails are critical, since trail entrances often attract
bicyclists from nearby residential aredbe bicycle network plan should link trails to nearby employment
centers and transit stations as well.

Cost effectivenessne of the most important factors in developing an on-road bicycle facility network is cost
effectiveness. In addition to developing special bicycle improvement projects that may involve roadway
widening, opportunities can be sought to implement facilities during regularly scheduled roadway
improvements, such as the following.

» Capacity improvements: when adding lanes and improving intersections to ease motor vehicle congestion,
additional width can be provided for bike lanes or wide curb lanes.
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Why bicyclists and
pedestrians prefer to
stay on the
thoroughfare:

* The thoroughfare provides
the most direct route for
bicyclists and pedestrians;

* There may be destinations
along the thoroughfare
that are inaccessible from
side streets;

e Less-traveled streets will
often have many stop
signs, whereas traffic on
the through street has the
right-of-way or signals that
favor through traffic; and

« Potential conflict points are
increased with rerouting,
especially for cyclists and
pedestrians who must cross
the thoroughfare (some
cyclists have the added
difficulty of additional left
turns).

Consequences of
rerouting without
providing adequate
facilities:

* Many cyclists and
pedestrians stay on the
thoroughfare, causing
possible safety problems
and reduced capacity
(bicyclists riding slowly in a
narrow travel lane can
cause traffic delays);

e Pedestrians and bicyclists
may be routed through
uncontrolled crossings of
thoroughfares;

< Circuitous route signing
that is ignored breeds
disrespect for other
signing;

e Some motorists will not
respect bicyclists or
pedestrians who are
perceived to be where
they don’t belong; and

e The importance of
bicyclists and pedestrians
in the transportation
network in diminished.

Figure 16-4 Routing of Bicyclists on Thoroughfares

SourceOregon Bicycle and Pedestrian Ple®alem, Ore.: Oregon Departmenfleénsportation, 1995.
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Traffic Data | Post. Width of Occu. |Pvmt.| A
Len.|Lanes (L)| Vol. [Pct.|Spd.| Pavement | OSP % Cond. 0 BLOS
(Ls)| Th |Conj (ADT) |{HV)| (SPp|(Wt}| (WI) | (Wps)|(OSPA)|(PRs)| Lane?[ Score | Grade
Route Name From (N or W) To(SorE) Mi) | # (vpd) | (%) | mph| (ft) | (f) | (ft) (%) 1(1..5)| (Y/N) (A..F)
Existing Conditions
] bt | e
T
Transit Road Sheridan Road Main Street 100 4 | U {15000/ 3 40| 12.0] ‘ 0 4.0 4.27 D
Alternatives Evaluation
Alternative A : | HIHHL|
Example: 14 foot curb lane 100 6 | D (17,140 3 45| 14.0 0 5.0 380 D
AtternativeB: | st | et
Example: 12 foot outside lane and 3 foot paved shoulder 1.00| 6 | D {17,140 3 45| 15,0/ 3.0 0 5.0 316| C
Alternative C : | HHHEE| #iGH
Example: 12 foot outside lane and 6 foot bike lane 100 6 | D |17,140| 3 45| 18.0| 6.0 0 50 1.90 B

Figure 16-5 BLOS Alternatives Comparison
Source: NewYork State Department @ransportationAlbany, N.Y.: 1997.

» Street resurfacingvhen resurfacing and restriping streets, roadway space can be reallocated to provide
on-road bicycle facilities without physically widening the road. Capacity analysis should be done to
insure that changes to lane configuration do not create unacceptable delays for motorists. If a bicycle
suitability analysis has been done for the roagitay also possible to calculate the resulting benefits
to bicycle LOS. (Figure 16-5.) More information on street restriping is provided later in this chapter

» Shoulder pavinga few extra feet of paved roadway shoulder can greatly benefit bicycle travel—as little
as three feet of smoothly paved shoulder to the right of the edge line can enable the bicyclist to move out
of the travel lane, given that this area does not include rumble strips, which make the shoulder impassable
for bicyclists. Paved shoulders of four to six feet in width are preferred.

Upon developing a tget network of proposed bicycle facilities, a list of short-term projects can be developed for early
implementation. Decisions about which projects should receive the highest priority are usually based on a combination
of the factors listed abov&hese projects will move forward into the funding and design development phases.

Local Pedestrian Plans

It is important for local governments to assess the current condition of the pedestrian transportation system and develop

a master plan for future pedestrian improvements. Current conditions may be measured by a variety dh&ssors.

include security and safety factors that relate to properly designed facilities, such as sidewalks and crossings; convenience
and access factors that are associated with connectivity bebmelenss, access to destinations and intermodal links;

and qualitative factors such as aesthetics, streetscape treatments, and pedestrian-scale amenities that are associated with

pedestrian comfort levels. Elements of the local pedestrian plan that provide both a qualitative and quantitative
assessment of these factors include the following.

» Sidewalk and asswalk inventgrand impovementsan inventory should be conducted to identify locations
of existing sidewalks and crossings, as well as those that are in need ofAgpair for pedestrian
improvements should be developed, with a phased implementation schedule. Municipally funded sidewalk
construction should focus on gaps in the existing sidewalk system, particularly in areas that show a high demand.
Sidewalks and safe crossings should also be installed within a one-mile radius of schools, in business
districts, and in areas where connections between existing facilities are not likely to occur through new
developmentTechniques such as “walkability audits” and tools that assess a comswitigability such
as the checklist in Figure 16—6 are readily available and easily adapted to any comfnunity

16 Dan Burden and Micha®Vallwork, Handbook for \&lkable Communities and Pedestrian Facilities Degidigh Springs, Fla.: Campaign to Make
AmericaWalkable, 1997).
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e Pedestrian LOS and travel dematrdnsportation
modeling and quantitative travel demand tool
for pedestrian planning have only recently begL ¢,
to be researched, developed, and utilizédugh |
research exists for pedestrian capacity analy:

(Highway Capacity Manualfjand travel demand

(Zupan and Pushkaré?) findings are primarily

related to very defined urban environs (e.g.-sid

walks, crosswalks, street corners) or geograpt Walkability Checklist

areasA detailed discussion of these pedestria

planning studies may be found in Chapter 5.  The goal of the pedestrian audit is to assess the quality of the walkable
environment in our chosen study areas. Facilities, safety, security, aesthetics,
pleasure, motorist behavior, and access to transit all contribute to walkability.

Furthermore, a good pedestrian environment should be useable and safe for all
including the young, the elderly and those with disabilities.

More recent dbrts in pedestrian trip generation researc
includePortlands LUTRAQ travel demanthodel*® and
a “Sketch Plan Method for Estimating Pedestfigaffic.”%° _
. . . . . Getting Started: How to use the Audit:
AlSO emeglng IS aRoadS|de Pedestrlan Cond|t|0ns m%ﬂel Go to your designated starting area. Look over ¢ Note section numbers (from map) on the audit

the checklist and the map so that you are form.

that beg'ns to quant'fy the “perce|ved Safety" Of pedestna familiar with the questions and your route. As ¢ For each section, use a check mark to indicate

you walk, check the problems you encounter for the specific problems encountered.

through utilization of a number of factors relating t0 SafEl S oo o e e, i o winge o e merts and mark problem locations

comfort, and convenience. R 0SB e o e D e auestons by Srci one aption,
Components of many of these tools include: Soct [eston | Seston [ Secion [sestion

Is there a place to walk?

H H 1.
e relationships between land use patterns ai =, sgovars —
household travel behavlor + Sidewalks are discontinuous

+ Sidewalks are blocked

« Sidewalks are in bad shape
«  Overall Rating: 1awful, 2 many problems, 3 some problems, not too bad; 4 good;  very good

» ease of street crossings,

N

. Is it possible to cross the street safely?

° S|deWal k COﬂtInUIty « No crosswalks where needed

« No ped signal on traffic light

» local street characteristics and configurations ~ « tiantnot timed adequately

« Roadfintersection too wide |

I + Overall Rating: 1awful; 2 many problems; 3 some problems, not too bad; 4 good; 5 very geod.

e topography

3. ADA access, needs of elderly and children are accommodated?

*  Curb cutsframps not availabie

e trip purpose,

Ramps lead to traffic lane rather than crosswalk

Width or condition of sidewatk inadequate

boundary is not to blind

e trip distance,

Signal actuators are not accessible

Timing of lights is inadequate for slower walkers

 weather

Overall Rating: 1 awful, 2 many problems; 3 some problems, not too bad; 4 good; 5 very good

4. Is it pleasant and convenient to walk?

° time of day and i||uminatiorﬁ2 »  Needs more grass, flowers, trees

«  Dirty, litter and trash

Not well lit

Too much traffic

.
.
+  Pedestrian access lacking to key destinations
+ Walkways do not access buildings

.

17 Transportation Research BoaHighway Capacity ManuaNational .
Research Council (#hington, D.C.TRB, 1988). L

18 Zupan and Pushkarg\Wrban Space for Pedestriarf€ambridge,
MaSS.: MITPreSS, 1975) Block crosswalk with turning movements

18 Friends of OregorMaking the Land User@nspotation Air Quality + Drive oo fast for conditions
Connection—Modeling Practicg®ortland, Ore.: 1000 Friends of ( *Backup without jooking
Oregon, 1993).

. . . 6.
#Ercolano, Olson and Spring, “Sketch Plan Method for EStimating’ , . .o, rot served oy sidewlk
Pedestriarraffic,” 1997 Pedestrian Conference ggington, D.C.: + Bus stop not close to destination
unpublished paper). « Difficut to get o bus stop

*  Bus shelter difficult to use

21 Landis, Ottenbgy andVattikuti, “The Roadside Pedestrian Environment:—- e e L y
Toward a Comprehensive Level of Service”gsHiington, D.C.: | o 1L 2 e prereme. T L
Transportation Research Board, 1999).

Overall Rating: 1awful; 2 many problems; 3 some problems, not too bad; 4 good; 5 very good

5. Do drivers behave well?

Do not yield to crossing pedestrians

Overall Rating: 1 awful; 2 many problems; 3 some problems, not too bad; 4 good; 5 very good.

Is transit access convenient?

22J.S. Department dfransportation, Federal Highwayministration, : IR :
A Compendium oAvailable Bicycle and Pedestriamify Generation Flgure 16-6 Walkablllty Checklist
Data in the U.S(Washington, D.C.: U.S. DQFHWA, 1994). Source: SuzaA. Pinsof, Evanston. IIl.

BICYCLE AND PEDESTRIAN FACILITIES 609




These methodologies may be used to:
e evaluate pedestrian facilitielsOS,
e determine pedestrian trip generation rates for various types of pedestrian activity centers.

A local pedestrian planning process is also an excellent way to bring pedestrian issues into the publit©éorum.
process should include opportunities for local citizens to voice their concerns. It is particularly important to solicit the
involvement of the less fidient portions of town: the urban poor are often pedestrians out of necéhsiyycan
provide valuable insights regarding barriers to pedestrian thapeldestrian master planning project also provides the
opportunity to discuss and implement policy changes.

State and Local Policy Plans

Some states and local governments find that in addition to making physical improvements to their transportation
infrastructure, a variety of their policiedexfting bicycle and pedestrian transportation have become outdated or do not
support alternative transportation. Policy changes can include a number of elements, such as the following.

e Goals thatemphasize alternative transpation: revisions to transportation goals and objectives that include
encouraging alternative transportation. It is helpful to establish measurable goals for increasing bicycle and
pedestrian travel and reducing crashes.

e Changes to standdroperating pocedues policies for standardizing bicycle and pedestrian improvements
through the regular activities of local, regional, and state governments. For example, some communities have
made it standard transportation policy to include bicycle and pedestrian concerns during all transportation
improvement studies, and to provide bicycle facilities and sidewalks whenever streets are constructed
or maintained.

e Revisions t@oning odinance and stet design standds revisions to zoning ordinances, subdivision
regulations, and local street design standards to encourage or require developimgoiecdind pedestrian
facilities during development projects. Examples include bicycle parking ordinances, trail development
ordinances, and residential street layout requirements that ensure continuity between adjacent developments
so that bicyclists and walkers are provided with through-routes. (Figure 2é-+7g. state level, roadway
design standards can be revised to address bicycle and pedestrian needs as well as those for motor vehicles.

e Changes tahe motor vehicle codéd is important to eliminate laws that are problematic for bicyclists and
pedestrians, such as mandatory sidepath laws (requiring bicyclists to use sidepaths if they exist), or laws that
require bicyclists to ride in bike lanes if they exist (this is a problem because bicyclists nggsinteetravel
lanes when making left turns, or when there is debris in the bike lane). Motor vehicle laws should be
designed to give pedestrians the right-of-way when crossing the street, and they should limit right-turn on
red where appropriate.

Trail and Greenway Plans

Trails and greenways are becoming increasingly important as transportation corridors that traverse all types of land uses.
In some communities, trail planningats begin with a single project, with additional trail projects coming to the surface

after the first trail is successfully completed. Other communities develop a trails and greenway master plan that
identifies a variety of potential efoad corridors that could be used for trail connections, such as river and stream
floodplains, abandoned railroad corridors, utility rights-of-waayd public or private open space lands.

Greenway and trail projects typically proceed through a feasibility study process (or pre-engineering phase) during which
a number of issues are addressed:
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e physical suitability of the proposed trail route An open grid system (like the one in the bottom diagram)
offers direct routes for bicyclists and pedestrians with

* requirements for land acquisition, minimal out-of-direction travel. Street patterns that include
cul-de-sacs and dead-end streets (see top diagram) require

+ ideas from local citizens and adjacent lana jong circuitous route to cover a short distance, increasing

owners, travel distances for what could otherwise be a fairly short

bicycle or walking trip.

e trail design features,

One solution is to include off-road paths that link cul-de-

sacs and dead-end streets, providing short cuts for bicyclists

and pedestrians.

* marketing plan and funding strategy

* maintenance and management plan,

. L asmemar | |
e action plan and phased development strateq' ——

Final products of the planning process should include
thorough inventory and analysis, a graphic map showi
the proposed location of the trail in relationship to adjace
properties, streets, built structures, and other features,
an action plan that defines how the project will mov :
forward. | | E—

ARTERIAL

Transit Access Studies

Improving bicycle and pedestrian access to transit ¢
broaden the service area for transit and provide peo
with a greater variety of travel optiorihe economic,
transportation, and environmental benefits of pedestrian ¢
bicycle-friendly transit have been well documented in bo
the United States and other countrig3ransit access ” ARTERIAL || l i
improvements are relatively low-cost strategies that bc
promote public transit and lengthen distances for a typi
bicycle or walking trip.

o= B o= 25 i (4 ken); & = C = .6 mi (95 km)

Elements of transit access studies include: -§= -
e bike-on-transit programs (Figure 16-8),
—
*  bicycle and pedestrian access route improvemer
» bicycle storage facility plans, P

e pedestrian-friendly site and station facility plans

Arterial Corridor Plans e !
) ] ) . ) Ao B = 06 md (0,1 km A O = 17 mi 27 km)
Corridorwide bicycle and pedestrian plans are designed

improve the mobility of pedestrians and bicyclists, redur Figure 16—-7 Travel Distance Savings with
traffic congestion, improve air qualitgnd enhance quality an Open Street Grid

of life. For the purposes of this chapteorridors are
defined as urban or suburban, heavilyfickéd arterials
that act as a barrier to nonmotorized travel.

Source:Oregon Bicycle and Pedestrian PlaBalem, Ore: Oregon
Department offransportation, 1995.

ZReplogle and Parcell§;he National Bicycling and &lking Study—Case Study No. 9: Linking Bicycle/Pedestrian Facilities watisit
(Washington, D.C.: U.S. DepartmentTofinsportation, Federal Highwayiministration, 1992).
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Figure 16-8 Bike-on-Transit

Source: Greenways Incorporated, CiNyC.

Primarily three types of pedestrian and bicycle travel patterns or movements occur in these corridors:

1)
2)
3)

Movements along the corridor associated with sidewalks, shoulders, and bikeways.
Movements across the corridor associated with intersections, crosswalks, underpasses, and overpasses.

Movements to destinations within the corridor associated with on- dmdaaf linkages and between
adjacent land uses. (Figure 16-9.)

Problems associated with each type of movement are design-related and opefaggnaklude:

Sprawling land uses that discourage walking and bicycling by increasing distances between origins
and destinations.

Wide, high-speed, at-grade crossings or intersections with high-spegel aneas, free right turns, double
left turn bays, and other obstacles.

Lack of sidewalks or bikeways and missing links or gaps in the netwbikyafie and pedestrian facilities

Lack of aesthetic treatments such as lighting, landscaping, and other streetscape amenities that create an
attractive, comfortable, and secure environ.

Numerous driveway openings and curb-cuts that create conflicts between pedestrians, bicyclists, and
motor vehicles.

Inadequate signal timing that does not accommodate slower pedestrians.

Marginal or inadequate facility provisions, such as narrow sidewalks with little or no separation from the
travel lane.

Pedestrian and bicycle-friendly planning and design solutions include:

Installation of striped crosswalks, medians and pedestrian signals, and adjustment of signal timing.

Traffic calming treatments such as curb extensions that shorten crossing distances and increase the visibility
of pedestrians.
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Crosswalk

Cross-Corridor Trips

Radial Trips

Figure 16-9 Bicycle and Pedestrian Corridor Travel Patterns
SourceThe RBAGroup, Morristown, N.J.: 1998.

BICYCLE AND PEDESTRIAN FACILITIES 613




e Upgrading or enhancement of miaal facilities or substandard utility treatments to provide for bicycle-friendly
drainage grates and remove poles and signs from the travelway

»  Provision of sidewalks, wide shoulders, di-@fute trails parallel to corridors.

* Improved lighting and signage at ovand undepasses.

Further research and studies documenting these issues can be foRBIR@par294A-Planning and Implementing
Pedestrian Facilities in Suburban and Developing Suburban and Rugak.

Bicycle Travel Demand Analysis

There are two methods of determining demand for bicycle facilitiemtilidve approaclversus the use of a demand
forecasting modeT he intuitive approach is less time consuming, however it does not yield precise results. For this method,
destinations throughout the study area that would attract bicyclists are shown on a base map. Routes are selected that
serve higher concentrations of destination points or that serve destinations that typically yield high numbers of bicyclists,
such as universities. Emphasis should be placed on routes that link residential communities with destinations in a
three-mile radius, since these represent a 10-15 minute bike ride for an average bicyclist.

Destinations should include colleges and universities, shopping centers, major employment centers (e.g., hospitals, business
parks, major industries and corporations), schools (public and private), parks and recreation facilities, and trailsyor greenwa
connections. Public opinion is important to the success of this method. It is particularly important to gain opinions from

a wide variety of local citizens (representingeatiént geographic areas) who represent basic adult and youth riders as

well as recreational bicycle enthusiasts.

The other method @& stimating latent bicycle travel demaado adjust conventional motor vehicle travel demand theory

so that it applies to bicycle travel. Using a gravity model to measure latent bicycle travel demand can yield results that
are more precise than the intuitive approach and compliment the type of analysis that is typically done for motor
vehicle and transit travel simulatiofihis can be particularly important in cases where bicycle improvements are
competing for similar funding mechanisms as other modes, since most transportation improvement programs make funding
decisions based upon quantifiable results.

When evaluating a system of candidate routes, a model currently existéeti@ataly measures latent bicycle travel
demandTheLatent Demand Score (LD$&as been used for a number of metropolitan bicycle network plans, including
Birmingham Alabama; Philadelphia, Pennsylvania; dathpa, Florida. (Figure 16—10.) It is a probabilistic gravity model
that estimates the relative amount of bicycle travel that would occur if conditions were ideal for bicycling. Similar to
motor vehicle travel demand models, the LDS measures latent demand for four trip types:

* home-based work trips,

e home-based shopping trips,

* home-based recreational and social trips,
» home-based school trips.

Not only can a gravity model be used to justify expenditures, it can also help to prioritize future improvements. In addition,
the LDS model can be used on trails that are proposed as part of the bicycle transportatiorfhetwork.

Bicycle Route Suitability Analysis

Much progress has been made in developing statistically accurate models that measure bicycle route Ba@sbility
equations measure the relative comfort of bicyclists given the conditions of a particular street $bgrseating method
is derived from a formula that uses variables in the street cross sectioffettiabiaf/cling, including:

24BruceW. Landis, “Bicycle System Performance Measufés Interaction Hazard and Latent Demand Score Mod@&E,Journal,vol. 66, no. 2
(Washington, D.C.: Institute dfransportation Engineers, Feb. 1996), pp. 18-26.
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4

Z(GAn x TGn)

average trip generation of attractor or generator

4 {
LDS = Y TTS, x = x| TGn Y P,
n — - n x ga

= (GA. x TGy) 2P x 92,

n = bicycle trip purpose (e.g., work, personal/business,
recreation, school)

TTS = trip purpose share of all bicycle trips
$é\ = number of generators or attractors per trip purpose

P effect of travel distance on trip interchange, expressed as a
probability

ga = number of generators or attractors within specified trave!
distance range

d

= travel distance range from generator or attractor

Figure 16-10 Latent Demand Score

Source: “Bicycle System Performance Measulése Interaction Hazard and Latent Demand Score Mod#lg,"Journal Washington, D.C.:
Institute ofTransportation Engineers, February 1996.
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Figure 16-11 Potential Bicycle Trips

SourceBicycle and Pedestriarrdnspotation Plan,Vero Beach, Fla.: Indian River County Metropolitan Planninge®ization, 1997

* amount of motor vehicle trid,

» traffic speed,

» width of the right-hand travel lane,
» percentage of heavy vehicles,

e presence of on-street parking,

e condition of the pavement surface.
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The formula for the BLOS modélis as follows:

BLOS = aln (Volig/Lp)+aSR(1+10.38HV}+as(1/PRs)?+ay(We)?+C

Where:
BLOS = Bicycle Level of Service
Volis = volume of directional trdic in 15-minute time period
Volis = (ADTXDXKg)/(4XPHF)
Where:
ADT = average daily tréit on the segment or link
D = directional factor
Ka = peakto daily factor
PHF = peak hour factor
Ln = total number of directionahroughlanes
SR = effective speed limit

SR = 1.1199 In(SR— 20)+0.8103

Where:
SR, = posted speed limit (a surrogate for average running speed)
HV = percentage of heavy vehicles (as defined in the 1994 Highway Capacity Manual)
PR5 = FHWA's five-point pavement surface condition rating
W. = average déctive width of outside through lane:
Where:
We = W,— (10 ftx% OSR) — (WyX Gn/66Ls) for cases
whereW, =0
We = WytW; (1-20x% OSR) — (WygXGn/66Ls) for cases
whereW, > 0
andW,s= 0
We = W,+W,-2(10x% OSR) — (WyXG/66Ls)  for cases
whereW,> 0
andWps> 0
and a bike
lane exists
Where:
W: = total width of outside lane (and shoulder) pavement
OSRA = percentage of segment with occupied on-street parking
W, = width of paving between the outside lane stripe and the edge of
pavement
Wps = width of pavement striped for on-street parking
W, = effective width as a function of trfat volume
Wy = average width of stormwater grates

2 BruceW. Landis, “Real-Tme Human Perception§oward a Bicycle Level of ServiceTranspotation Reseath Recod 1578(Washington
D.C.: Transportation Research Board, 1997).
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Gn = Number of stormwater grates
Ls = Length of segmentin miles
Where:
W, = W; if ADT > 4,000 veh/day
W, = W; (1-0.00025<ADT) if ADT < 4,000 veh/day
and if the street or road is
undivided and unstriped
ai: 0.507 a: 0.199 ag: 7.066 as: —0.005 C: -0.005

(au — &) are codicients established by a multivariate regression analysis
The equation defined above has a correlationficteit of R2 = 0.77.

The numerical result of the BLOS model is stratified into service categories “A, B, C, D, E, and F” according to the ranges
shown in Figure 16—1Zhis stratification was established according to a linear scale that represents the aggregate response
of bicyclists to roadway and tfaf stimuli (for more information about the research methods used for this model or the
Bicycle Compatibility Index, see the reading list at the end of this chapter).

Bicycle Facility Design

There are several sources of national design guidelines and standards that apply to bicycle Taeiltrasrican
Association of State Highway arfdansportation Gfcials’ (AASHTO's) Guide for the Development of Bicycle
Facilitiesis a comprehensive, basic guideline to bicycle facility planning and da@sigManual on Uniform faffic
Contmol Devices(MUTCD) addresses bicycle facility signage and striping, both for on-road &ndadf bicycle
facilities. The Americans with Disabilitiedct Accessibility GuidelineBADAAG) should be consulted if the particular
bicycle facility is also expected to accommodate pedestrians, such is the case with most trails.

When designing bicycle facilities, it is important to:

1. Know the operating characteristics of the bicyclist.

2. Follow design guidelines and standards that have been established in the United States for all bikeway
types.
Make certain that transition areas (where facilities begin and end) are clear for both bicyclists and motorists.

4. Address not only the need for additional operating space, but also any existing spot hazards as well as
ongoing maintenance of the facility

Bicycles are legally classified as vehicles in most states ¢ Figure 16-12 Stratified Categories for the
are therefore subject to the same rules and responsibili BLOS Model

as all other vehicles. One of the first steps in determini _

appropriate design for bicycle facilities is to determine tt
characteristics of the users. In a 1994 docunSsiecting LEVEL-OF-SERVICE BLOS Score

Roadway Designréatments té\ccommodate Bicyclists A <15

the FHWA stated that “any roadway treatments intended B >1.5and<25

accommodate bicycle use must address the needs of | C >25and <3.5

experienced and less experienced rid&3d implement D >335 and <45
. . E >45and <55

this policy the agency proposed the development of thr F Sss

different design cyclists—Groups B, and C.

26\W.C. Wilkinson and othersSelecting Roadway Desigreatments té\ccommodate Bicycl€g/ashington, D.C.: U.S. Departmenfloénsportation,
Federal HighwayAdministration, 1994), p. 1.
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BLOS A BLOS B

BLOS C BLOS D

%

BLOS F

Figure 16-13 Bicycle Levels of Service A-F
SourceThe RBAGroup, Morristown, N.J.
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e Group A—advanced adult bicyclist&roupA bicyclists are experienced riders who generally use their
bicycle as they would a motor vehicle. Research has shown that Sbicyzlists are not necessarily more
comfortable in trdfc since they have a heightened awareness of potential d@eggite this, Group
bicyclists are generally more willing to ride on roadways that have no bicycle accommoddtemnsde
for convenience and speed and want direct access to destinations with a minimum of detourTdregelay
prefer to have sfitient operating space within the street cross section to eliminate the need for either
themselves or a passing motor vehicle to shift posifiba.Bicycle Federation é&fmerica estimates that five
percent of all bicyclists fall into the Grodpcategory’

e Group B—basic adult ridersBasic or less confident adult riders may still be using their bicycles for
transportation purposes but have a relatively high aversion to interaction with Taése bicyclists have
both a wide variation in skill and strength, and gredédihces in their self-assessment of skills. For these
reasons, this category contains the broadest cross section of user profiles and operating charécteristics.

Basic riders are more comfortable riding on neighborhood streets and multi-use paths and prefer designated facilities
such as bike lanes on busier streets. If possible, they avoid roads with fast and tiwsyleas they have additional

space in which to operate. Despite their aversion tiicraasic adult riders can still be expected to use major arterials.
Many bicycle-dependent users are forced to travel on high-speed, high-volume streets in order to reach jobs or basic
needs. Further compounding this problem is the fact that many of these bicycle dependents live in central city areas and
are employed in service industries with nontraditional work hours, requiring them to make one or both commutes in the
dark. Many bicycle-dependent users have little enthusiasm or skills for bicycling, and in many cases they are not
aware that they are required to follow fiafaws 2°

e Group C—childen riders For most children, bicycle use is initially monitored by their par#¥ksle they
may not travel as far as their adult counterparts, they still require access to key destinations in their gommunity
such as schools, convenience stores, and recreational facilities. Child riders enter and exit the roadway
frequently often in crosswalks and from drivewagdter age ten, the operating characteristics of Group C
cyclists increasingly resemble those of Group B cyclists, especially for boys. By age twelve, children have
acquired most of their adult-level physical skills, but continue to show a lower level of judgmental abilities
in such tasks as gap acceptance and risk acceptaResidential streets with low vehicle speeds, linked with
multi-use paths and busier streets with well-defined separation between bicycles and motor vehicles, can
accommodate children without encouraging them to ride in the travel lane of a major arterial roadway

The FHWA proposed a set of design treatments for roadways based on a two-tier system, with one set recommended
as a minimum for alktreets and highwayshere bicyclists are permitted to operate (based on the needs ofAroup
cyclists), and a second set of treatments for routes expected to serve Group B/C Tiyelistsables can be used as

a guide for choosing design treatments (for more information, refer té\FdMMication No. FH\A-RD-92-073, Selecting
Roadway Desigifreatments té.\ccommodate Bicycles).

Choosing the Appropriate Bicycle Facility Type

When funding for new bicycle facilities is imminent and projects are ready to proceed to the design phase, the next step
in the process is to select the appropriate type of bicycle fatiisyhas been the topic of some controversy over the years,
as transportation planners in the United States have begun to learn more about bicycle travel behavior and preferences.

27 Ibid, p. 5.

2 Bruce Epperson, “Bicycl&ransportationA QualitativeApproach” (unpublished work, 1996).
2 id.

%0 bid.

S1w.C. Wilkinson and othersSelecting Roadway Desigreitments té\ccommodate Bicyclgg/ashington, D.C.: U.S. Departmentlofinsportation,
Federal Highwaydministration, 1994), pp. 16-21.
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There are basically four types of on-road bicycle facilities: bike lanes, wide curb lanes, bike routes (shared roadways), and
paved shoulders for bicycle use (definitions of each type follow). It is not appropriate to choose one facility type and apply
it to the entire bicycle network—for example, it is not recommended that communities only install wide outside lanes and
no bicycle lanes, or vice versa. Several factors should be taken into consideration in choosies faeility type.

*  What type of bicyclist is most likely to use this facility?
The Federal Highwagdministration provides guidance in choosing the appropriate facility type based on
the skills of the likely users, tiféd volumes, trdic speeds and other factorsSelecting Roadway Design
Treatments té\ccommodate Bicyclisté As a general guide, most communities choose to design their
bicycle network to meet the needs of basic adult riders and youth bicyclists.

»  What type of imarvement would work best to iease the comfolevel of bicyclists on this pisular segment?
If a bicycle suitability analysis has been performed, it is possible to shi@redif design scenarios and
their efect on the bicycle LOS for the given roadway segment. (Figure 16-5.)

* What type of facility can be installed given mmnt cost and right-of-way constraints for thsadway?
Cost constraints are an inevitable and important factor in the decision-making process

Effects of Bike Lane Striping on Comfort Level and Behavior

As recent polls have shown, méshericans are reluctant to ride bicycles in absence of designated bike lanes and separated
pathways’ In fact, more and more communities have begun installing bike lanes not only for the additional operating
space they provide for bicyclists, but also as a methahtouragemore bicycle travel. In the pagtmericans’
preference for striped bike lanes wagtdy anecdotal with no solid evidence of bike lardfgct on travel behavior

or comfort level.

Several studies in recent years have shown results that quantify the benefits of providing bikell@@estudy on
bicyclists’comfort level (as part of the BLOS model) indicates that a stripe between the travel lane and the area where
a bicyclist typically rides increases the bicyctistomfort level by more than thirty percéhfs 1996 study by the
University of North Carolina Highway Safety Research Center for Florida B&dipared motorist and bicyclist
interactions on wide curb lanes, bike lanes, and paved shoulder fadiliteestudy found several advantages to bike
lanes and paved shoulders:

1) Motorists are less likely to encroach into the adjacent lane when passing a bicyclist on facilities with paved
shoulders or bicycle lanes.

2) Motorists have less variation in their lane placement when passing a bicyclist on a paved shoulder or bicycle
lane facility

3) Bicyclists are more likely to ride further from the edge of the roadway in a bicycle lane or on a paved
shoulder than they are in a wide curb lafigs increased distance only rganally reduces the separation
distance between the bicyclists and motorists, but it significantly increases the distance to the right of the
bicyclist that can be used, if needed, to maneuver around an object or debris in the lane.

4) In general, the presence of the stripe separating bicyclists from motor vehicles results in fewer erratic
maneuvers on the part of motorists and enhances the comfort level for all roadway users.

32W.C. Wilkinson and othersSelecting Roadway Desigretments té.ccommodate Bicycl€g/ashington, D.C.: U.S. Departmenfloansportation,
Federal Highwaydministration, 1994).

%3 Rodale Press, “Pathways for People’a@hington, D.C.: Rodale Press, 1995).

34BruceW. Landis, “Real-Tme Human Perceptionoward a Bicycle Level of ServiceTtanspotation Researh Recod 1578(Washington, D.C.:
Transportation Research Board, 1997).

35 David L. Harkey and otherEvaluation of Shad-Use Facilities for Bicycles and Motaghicles(Chapel Hill, N.C.: University of North Carolina,
1996), pp. 22-23.
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These results confirmed an earlier (1985) study by the Maryland State Higlweryistration, which concluded that

a bike lane stripe has a significant and positifecébn motor vehicle and bicycle tracking. Based on the observations
made in that stugyoth vehicles appear to guidd thfe lane stripe rather than the other vehicle; and each appeared to
have more confidence in the passing maneuver since the space in which each vehicle traveled was wll-defined.

Bikeway Types

There are a variety of types of facilities or roadway treatments that can be used to accommodate bicycles, as described
in the following sectionsThis chapter gives an overview of design practices for these bikeways—for a more technical
information on facility design the reader should reference the latest veréiésbfTO’s Guide for the Development

of Bicycle Facilitiesand U.S. DOTs MUTCD.

The designer should note that lighting is an important consideration in the development of a bicycle transportation network.
Utilitarian bicyclists often have no other choice than to ride at night during certain times of tHenjigaoadways

can be very dangerous for bicyclists, who despite standard bicycle headlamps and tail-lights are still nearly invisible
to motorists until they are very close.

Shared Roadways

On shared roadways, bicyclists and motorists share the same travel lanoésrist will usually have to cross over into

the adjacent travel lane to pass a bicydiBtstreets where bicyclists are permitted to ride are technically classified as
shared roadways. Howey#nere are several treatments that can enhance shared roadways for cyclists: bike routes, wide
outside lanes, and bicycle boulevatts.

Bike Routes (Signed Shared Roadways)

Bike routes are shared roadways that meet a set of minimum design and operational criteria for bicycle compatibility
and which have been designated with bicycle route signs as connector routes within the bicycle facility network.
Criteria are defined as:

e The street should provide a reasonably good LOS to bicyclists, as measured through a suitability rating system.

e Obstacles and barriers to bicycle travel should be addressed, including hazardous drainage grates, potholes,
uneven manhole covers, angled rail-road crossings, and narrow bvdgs® certain obstacles cannot be
improved but do not pose an undue risk to bicyclists, advance warning signs (as recommended by the
MUTCD) should be used to alert bicyclists of their presence.

e The proposed bike route should be part of an interconnected system of bicycle facilities. Bicycle routes
should not abruptly end at barriers.

e Future street maintenance and construction activities should consider and plan for safe transport by bicycles
along this route.

Bicycle route signage should always include directional information such as an arrow and the name of the destination
served and, if appropriate, the distance to the destination. Some communities have developed unique bike route signs,
which is acceptable given that the design does not include an elaborate map that cyclists are unable to read without stopping.

36 Steven R. McHenry and Michael\Wallace,Evaluation of Wie Curb Lanes as Shedt Lane Bicycle Facilitie@altimore, Md.: Maryland State
HighwayAdministration, 1985), p. 55.

7 Oregon Department d@ransportationQregon Bicycle and Pedestrian Plé®alem, Ore.: Oregon DQT995).
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Figure 16-14 Shared Roadway Cross v/
Section N
Source:Oregon Bicycle and Pedestrian PlaBalem, Ore.: Oregon FA|RMOUNT

Department offransportation, 1995.
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Figure 16-15 Bike Route Sign

SourceManual on Uniform Tfaffic Contiol DevicesWashington, D.C.:
U.S. Department ofransportation, 1988.

(1-8 ft) (14-15 o)
8.4-9.0 m
(28-30 f1)

Two-lane roadway with wide lanes and parking

Figure 16-16 Wide Curb Lane Cross Section

SourceOregon Bicycle and Pedestrian Pla®alem, Ore.: Oregon DepartmenfTadinsportation, 1995.
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Wide Outside Lane

Outside lanes that are 4.3 m (14 ft) wide may be provided to allow an average size motor vehicle to pass a bicyclist without
crossing over into the adjacent laMéde outside lanes are generally considered an appropriate facility for Sroup
advanced riders on busy urban arterials.

The wide curb lane is always the furthest right-hdandughlane.There is no special “wide curb lane” sign; however

on high-volume urban arterials, the designer may choose to install “Share the Road” warning signs (standard bicycle
warning plate with a subplate stating “Share the Ro&dhere wide curb lane streets meet the minimum requirements

for bike routes, they may be designated with signage as a bike route.

For retrofit projects where wide outside lanes are to be installed, the roadway may either be physically widened or re-striped
to reduce the lane width of inner lanes and increase the width of outer lanes.

Bike Lanes

A bike lane is a portion of the roadway designated for preferential use by bicyclists, typically with a width of 1.2-1.5 m
(4-5 ft). Bicycle lanes serve the needs of all types of cyclists in urban and suburban areas, providing them with their own
travel lane on the street surfatbey are designated with signage, edge striping, and bicycle icons to call attention to their
preferential use by bicyclists. On two-way strelgitee lanesre always installed on both sidésio-way bike lanes on one

side of two-way streets create hazardous conditions for bicyclists and are not recomifileraesgs where a 1.5 m (5 ft)

cannot be achieved for a bike lane, an unmarked lane of lesser width can be installed as an interim measure.

Regular maintenance is of the utmost importance to the success of a bicyélélapee lane that has collected broken

glass and debris is rendered useless and is unsuitable for bicyclistgular schedule of maintenance should be
established for bike lanes. Some communities have developed “spot improvement” programs that enable local bicyclists
to keep maintenance agencies informed of potholes and other maintenance problems by filling out a request card.

The needs of cyclists can be accommodated by retrofitting bike lanes onto existing urban streets. In many cases this can
be accomplished without physically widening the roadveay instead by restriping the existing cross section to add

bike lanes. Significant opportunities are available in many parts of the country to do this, particularly in urban center
city areas where tri€ volumes are getting loweln areas with higher trd€ volumes, a cost-benefit analysis can be

done to determine the relative benefits to the bicyclist versus the reduction in LOS for the motorist.

parking
3-36m - p 2.1-2.4 m
(5N (10-12 i) (10-12 ft) (5 fi) (7-8 1)

Figure 16-17 Bike Lane Cross Section

SourceOregon Bicycle and Pedestrian PléBalem, Ore.: Oregon Departmenflofnsportation, 1995.

38 AmericanAssociation of State Highway arfdansportation Gicials, Guide for the Development of Bicycle Facilit@#fashington, D.C.:
AASHTO, 1991).
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In Figure 16-19 (before restriping the road), the current motor vehicle LOS is C, and the bicycle LOS is D. In
Figure16—20 (after restriping the road), the motor vehicle LOS is D, and the BLOS rises’to a B.

When bike lanes are placed adjacent to parallel parked cars, bicyclists run the risk of getting “doored” by motorists who
are getting out of their cars. Some communities have developed a bicycle lane design that uses a portion of their bike
lane space as a “deterrent strip” next to parallel parkedTdassspace is typically 0.6 m—0.7 m (2—-2.5 ft) in width, and

is distinguished by a ddrent pavement surface (such as brick pavers) or marking.

Bike lane striping and signage are addressed in the MUTCD. For more detailed solutions on lane configurations,
solutions for retrofitting urban streets to include bike lanes, and intersection layo@sdbe Bicycle and Pedestrian
Plan (1995) is a comprehensive source of information.

PORTLAND BICYCLE PROGRAM
FACILITY IMPROVEMENT REEQUEST FOHRM
The bicycle facility improvement. program s intended Lo enhance bicyele safoty and encourage bicyeling
thraugh low-cost, small scale improvements suggested by concerned bicyelists (o5, pavement maintenance
and sweaping, hazard removal, bike rnck installation, and prating repair),
Lacation:
STREET
CROSS STHEET, ADDAESRS, OR LANDMARKE
Suggestion:
Requested by:
HAME
STHEET CITY 2IP
DAY PHONE DATE
DO NOT WRITE BELOW THIS LINE—FOR OFFICE USE ONLY
Referred ta:
Investigation:
PINIT STAFF: LIST CONDITION BEFORE AND AFTEER JOB 12 COMPLETED
Signed Data _

Figure 16-18 Spot Improvement Request Form

Source: Oregon Bicycle and Pedestrian Plan, Salem, Ore.: Oregon Departfranspbrtation, 1995.

39 Baltimore Metropolitan CounciBaltimore Regional Bicycle Suitabilinalysis Repdr(Baltimore, Md.: Baltimore Metropolitan Council, 1998).
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48 | | 48 |
4 Lane Undivided — Before 4 Lane Undivided — After
ADT = 13,500 ADT = 13,500
Motor Vehicle LOS = C Motor Vehicle LOS = D
V/C Ratio = 0.40 V/C Ratio = 0.83
Bicycle LOS = D New Bicycle LOS = B

Figure 16-19 Four-Lane Undivided (Before) Figure 16-20 Four-Lane Undivided (After)

Source:Baltimore Regional Bicycle Suitabilitgnalysis Repdr  Source:Baltimore Regional Bicycle Suitabilithnalysis Repdr
Baltimore, Md.: 1998. Baltimore,Md.: 1998.

Paved Shoulders

Paved shoulders can also serve bicyclissds on streets with no curb and guéted particularly in rural areaafhile

any additional space is beneficial, a 1.2 m—1.8 m (4 ft—6 ft) shoulder is preferred. Paved shoulders should be included
on both sides of the roadwady addition to the benefits to bicyclists, paved shoulders can also serve the needs of motorists
by extending pavement life and providing a break-down Asewith bike lanes, paved shoulders should be constructed

to withstand heavy loadings (since trucks and service vehicles will occasionally use them) and should be free of surface
irregularities. Regular maintenance is essential if paved shoulders are to be useful to bicyclists.

Paved shoulders that include rumble strips can be essentially useless to bicyclists. On shoulders where the rumble strip
extends across the whole width of the shoyldieryclists typically ride in the travel lane rather than face the jarring

effect of the strip. In most cases, rumble strips are not recommended on bicycle facilities unless they can be designed
to provide bicyclists with an adequate amount of space in which to operate.
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Spot Improvements for Obstacles to Bicycling

Sudden changes in pavement conditions can have a very detrimtaiabefbicyclists, particularly when they occur

with no forewarning. Unless quick evasive actions are taken, such obstacles and irregularities can cause bicyclists to
crash. It can also be a problem when bicyclists suddenly swerve to avoid a hazardous condition, since this is an
unpredictable movement and can result in a crash with a motor véthieléollowing are some examples of bicycle
hazards (consuRASHTO’s Guide for the Development of Bicycle Facilitfes further detailed solutions).

Street Maintenance Work

Many urban streets are laid upon a maze of storm sewers and utilities. Maintenance on this vast infrastructure is
frequent, causing problems for bicyclists who must maneuver across milled pavement, over sudden pavement changes
and steel plate covers (which are slippery when wet), and through narrowed-down lanes. In general, bicycles are far more
susceptible to sudden pavement changes in construction areas than motorists, since they have no Suespéngion.

signs can help to give bicyclists advanced notice of upcoming pavement ckighgest all possible, a clear path should

be maintained through construction areas for bicycle tfdvel.

At-Grade Railroad Crossings

Rough and uneven railroad crossings and those that are set at an acute angle to the roadway and are obstacles to
bicyclists. Streets with inlaid rails (trolley streets) can also bieulifto negotiate on bike, if the rail is in the normal

operating area for bicyclists or if pavement adjacent to the rail has deteriorated and left open cracks. Rail crossings should
be made as smooth as possible. In some cases, filler material can be used to reduce the gap next to the rail. For diagonal
crossings, the bicyclist should be given the alternative to cross the rail at a ninety-degree angle, by flaring the shoulder

Bridge Crossings

Adequate space for bhicycles and pedestrians should be a standard element for all new bridges where bicycles are
permitted to operate, including both major and minor bridijesse guidelines should apply regardless of whether bicycle

lanes or sidewalks connect to the bridge at the time it is built. Minimum accommaodations for bicycles should include
bike lanes and sidewalks on each side. It is also important to provide bike lanes where roadways pass beneath bridges,
so that these areas do not present a barrier as well.

Surface conditions on bridges can also cause problems for cyclists. Steel decks are slippery when wet, and expansion
joints can create a gap that is too wide.

Manholes and Utility Covers

Manholes that are lower or higher than the surrounding pavement create an obstacle tartyskstsetimes occurs

during roadway resurfacing when a manhole is not raised to the new surface level. Local roadway engineers should develop
specific design solutions to address the need for a level pavement surface, including raising manholes to meet the same
grade as newly laid pavement.

Bicycle-Safe Drainage Grates

Some types of drainage grates can trap a bicycle wheel and cause a crash, particularly those with bars that are parallel
to the direction of travel and with wide openings between the bars. Bicycle-safe drainage grate designs have been developed
by many transportation agencies, and should be used wherever bicyclists are expected to ride. It is also important that
drainage grates be placed on an even grade with the surrounding pattfement.

40 Oregon Department dransportationDregon Bicycle and Pedestrian Plé@re.: Oregon DOT1995).
“pid.
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Multi-Use Trails

Multi-use trails are physically separated from motor vehic /
traffic (except at crossings with streets) by an open sp:
or barrier They are usually built either within an| 60 bikeway crossing with
independent right-of-way (such as a utility or railroa ?géggc)rgas‘g'r‘ézw‘;isat 0.
right-of-way), or along easements across private lan
Trails accommodate a variety of users for both recreati
and transportation purposes. User groups can inclu i —
. . . . . ; 1.2m (4') tangent section
pedestrians, joggers, skaters, bicyclists, horseback rid rovided both sides of rail to
and people in wheelchairs. Multi-use paths can provideallow bike to cross tracks with
linkage through corridors not well served by the stre POth Wheels straight.
system, and they are particularly helpful to bicyclists
they provide a direct, traé-free route linking origin and 9.0m (30")
destination points. radius minimum

National guidelines for the design of multi-use trails a
provided byAASHTO's Guide for the Development of Bicycle
Facilities (1999). Nearly one-third of the guide is devoted

trail design, and the requirements are quite detailed. 4.8m

(167

The minimum width for two-directional trails is 3 m (10 ft),
however 3.7 m—4.3 m (12-14 ft) widths are preferre
where heavy or mixed tra€ is expected. Due to the
popularity of of-road trails, centerline stripes should b
considered for paths that generate substantial amount
pedestrian trdic. Trail etiquette signage should clearly
state that bicycles should give an audible warning befc Figure 16-21 Bike Lane at Railroad Crossing
passing other trail users, since they often travel considere
faster than other users.

<—— normal edge
of pavement

travel lane

Source:Oregon Bicycle and Pedestrian PlaBalem, Ore.: Oregon
Department offransportation, 1995.
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Figure 16-22 Bicycle-Safe Drainage Grate

SourcePennsylvania Bicycle Facility Design Guidelinelgrrisbug, Pa.: Pennsylvania Departmenflednsportation, 1996.
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3 . min

clear distance 2 ft. min
graded shoulder
. 10 ft. minimum 4 /}L
canter line

[optional} ™,
2% cross slope

—_—

Typical bicycle path cross section

Figure 16-23 Multi-Use Trail Cross Section

SourceThe RBAGroup, Morristown, N.J.

In the past, bicycle sidepaths (bikeways immediately adjacent to roadways) were developed with the concept of
separating cyclists from roadways in order to reduce opportunities for conflict. It is now widely accepted that bicycle
paths immediately adjacent to roads or on sidewalks actually cause greater conflicts. For this reason, they are not
recommende

Trail and roadway intersections can become areas of conflict if not carefully designed. For at-grade intersections,
there are usually several objectives.

1.

Site the apssing aea at a logical and visible locatioWhen at all possible, trails should be designed to meet
roadways at existing intersections. If alternate locations for a bicycle path are available, the one with the most
favorable intersection conditions should be selected. Midblock crossings should not be sited in close proximity
to major intersections with other highways.

Warn motorists and trail users of the upcomingssing Warning signage and pavement markings that
alert motorists and trail users of the upcoming trail crossing should be used in accordance with the MUTCD.
Consistency in the use of this type of signage can help to alert bicyclists in advance of intersections.

Maintain visibility between trail users and motorisfegetation, highway signage, and other objects in the
right-of-way should be removed or relocated so that trail users can obsdivedraditions, and motorists

can see approaching trail users. Evefgreshould be made to locate midblock crossings on straight sections
of roadway rather than near curves where sight distance is limited.

Intersections and appaches should be oelatively flat gradesBicyclists should not be required to stop
at the bottom of a hill. Crossings should be made at a ninety-degree angle, in order to lessen the amount of
exposure time for trail users.

Wide intersections should be-designed to pwvide adequate ossing time for trail usersg~or wider
crossings, a gap analysis should be done to determine the appropriate design treatment at intersections. If trail
crossings are expected to be frequent (such as on the weekends), it may be necessary to pfioviignaltraf

that responds to bicycles or can be pedestrian-activated. Gerigttadiyntersection is more than 22.5 m (75 ft)

42 AmericanAssociation of State Highway aridansportation Gicials, Guide for the Development of Bicycle Faciliti@ashington, D.C.:
AASHTO, 1991).
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from curb to curb, it is preferable to provide a center median refuge area for trail useBAg&mericans
with DisabilitiesAct) or ANSI (American National Standards Institute) standards.

6. Intersections should be evaluated to determine if it would be eqmpopriate to give trail users the
right-of-way and equire motor vehicles to stop or yielarticularly in rural areas, trails sometimes cross
roadways with extremely low volumes of fiiaf In some cases, it is more appropriate to require motor
vehicle trafic to stop or yield.

For high-speed, multilane arterials and freeways, the only viable solution may be a grade-separated crossing. Overpasses
can be extremely expensive and giaally successful if users are expected to climb long entrance ramps. Underpasses
should be of adequate width and should be well-lit with vandal-resistant fixapm®ach ramps for grade-separated
crossings must meADA or ANSI standards.

Bicycle Storage and Parking

Bicycle parking is an important investment to improve and encourage bicycle travel in urbamteeais a severe
shortage of bicycle parking in most parts of the couAppropriate locations for bicycle parking facilities should be
considered on a case-by-case basis, with an analysis of the specific design constraints at eachHedatlowing
general location criteria are recommended:

e Parking facilities should be located within 15 m (50 ft) of building entrances (where bicyclists would
naturally transition into pedestrian mode).

» Parking facilities should be installed in a public area within easy viewing distance from a main pedestrian
walkway, usually on a wide sidewalk with five or more feet of clear sidewalk space remaining. In general,
sidewalks that are narrower than 3.7 m (12 ft) in width cannot accommodate bike racks.

e For bike parking facilities placed near walls or buildings, a minimum of 0.6 m (2 ft) clear space is needed
between the bicycle rack and a parallel wall, and 0.8 m (2.5 ft) from a perpendicular wall.

» Bike racks should be placed on hard surfaces rather than in grassy medians or unpaved areas.

e Racks should be placed to avoid conflicts with pedestrirey are usually installed near the curb and at
a reasonable distance from building entranthsy should not be placed in a manner that interferes with
pedestrian trdic exiting crosswalks.

e Bicycle rack placement within the right-of-way should not block access or obstruct movement. In general, bike
racks should not be placed in front of doors (including cellar doors in urban downtowns) or in close proximity
to fire hydrants, bus stop shelters, telephones, mailboxes, benches, newsstands, or subway exits. On streets with
metered parking, racks placed between meter poles should be as close to mid-way aé3possible.

Bicycle Parking Types

It is important to choose a bicycle rack design that is simple to operate. Bicycle racks should be designed to allow use
of a variety of lock types. It may be fidult initially to determine the number of bicycle parking spaces needed:
bicycle racks should be situated on-site so that more racks can be added if bicycle usage Tihaenassthree general

types of bicycle parking facilitieIhe following provides information on each stffe.

43 Philadelphia Department of Stred®hjladelphia Bicycle Facility Design Guidelinghiladelphia, Pa.: Philadelphia Department of Streets, 1998).
44Bicycle Parking,”Pro-Bike NewgApril 1996).
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0.8-0.9 m* 2.8 m (9.5') minimum

(2.5-3")
[\ {
=
W g—
parking * A minimum of 0.9 m (3') is preferred in locations
where free-flowing motor vehicle traffic is adjacent
to the curb.

Figure 16-24 Bicycle Rack in the Right-of-Way
SourcePhiladelphia Bicycle Facility Design Guideline®hiladelphia, Pa.: Philadelphia Department of Streets, 1988.

» Class | bicycle parkingThis category includes bike lockers or locked and guarded storage areas that provide
high-security protection.

— Advantages-High-security storage and ideal for long-term storage.
— Disadvantages-Expensive.

» Class Il bicycle parkingThis category includes racks that secure both wheels and bicycle frame, which usually
have moving parts and provide medium security with a-siggplied lock.

— Advantages-Medium security and great when coupled with covered protection from the elements.
— Disadvantages-Moving parts, complex design, and may not work with the common U-lock.
* Class Il bicycle parkingThe most common type of Class Il rack are inverted “U’s.

— Advantages-Simple design, &rdable, can be manufactured by a local weldied supports frame as
well as wheel.

— Disadvantages-Offers low-security for long-term parking.

Pedestrian Facility Design

There are a number of information sources for design guidelines that apply to pedestrian feisitigsand Safety

of Pedestrian Facilitiegpublished by the Institute dransportation Engineers, contains recommended practices for
pedestrian improvement§he MUTCD andADAAG also address a range of pedestrian facility design standards.
However many of these national resources have been written to deal primarily with motor vehicle design and contain
limited pedestrian-related material, sSuUCMASHTO’s A Policy on the Geometric Design of&idts and Highway@lso

known as thé&reen Book At the local level, it is often more common to find examples of comprehensive design practices
that recognize pedestrian needs.
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Pedestrian Characteristics

There are basic definitions of concepts and characteristics of pedestrian movement, their relationship to various land
use contexts, and common pedestrian crash types to be considered when planning for pedestrian Mossenent.
characteristics can be found in "&SHTO’s Green BookandHighway Capacity Manuaind include information on:

e Average pedestrian dimensions (the average pedestrian occupies a space of460Grmm or 18 X 24").
e Walking speeds.

e Capacities for pedestrian-related facilities.

Where pedestrian movement is very dense, such as on pedestrian bridges or tunnels, at intermodal connections, outside
stadiums, or in the middle of downtown, then pedestrian capacity analysis may be needed. Research has developed a
LOS concept for pedestrians that relates flow rate to spacing and walking speed.

An average walking speed of 1.2 m per sec. (4 ft per sec.) has been used for mafihgeaisa growing tendency
to use 1.1 meters per second (3.5 ft per sec.) as a general value and 0.9 or 1.0 meters per second (3.0 or 3.25 ft per sec.)
for specific applications such as facilities used by the elderly or handicapped.

Design consideration must also take into account characteristics of pedestrians with physical, visual, or mental
disabilities. For example, average pedestrian dimensions increase for individuals using canes, walkers, wheelchairs,
shopping carts, or baby carriadé®edestrians with ambulatory fiilties are sensitive to walking surfaces. Persons

with hearing or visual impairments or learning disabilities may be less able to process typical sensory information, such
as colors or signintf.

Pedestrian trip generation rates have been defined feraif land usedVhere roads abut such uses, either existing
or proposed, these numbers provide an indication of potential trip making aGhatyter 7 of this handbook provides
a summary of capacity; and tHeghway Capacity Manuadrovides procedures for the operational analysis of walkways,
crosswalks and street corners.

Specific crash classification types have been developed for pedestrian cdfliSimshies often occur because of deficient
roadway designs or tifaf control measures, or they may result from improper behavior on the part of motorists and
pedestrians. Examples of some of the more common types of pedestrian crashes and their likelihood of occurrence are shown
in Figure 16-25.

Guidelines on the design of a range of spepiidestrian faciliigancluding sidewalks, shoulders, medians, crosswalks,
curb ramps, and so forth are provided in this chapter

Pedestrian Facilities

An individual's decision to walk is as much a factor of secusiifety and convenience as it is therceived quality
of the experience. Pedestrian facilities should be designed with the following factors in mind:

e Sufficient widthsidewalks should accommodate anticipated volumes based on adjacent land uses, and they
should at a minimum allow for two adults to walk abreast. Greater detail on sidewalk dimensions is provided
later in this chapter

e Protection fom traffic: high-volume or high-speed (>56 km/h or 35 mph) motor vehiclkctcaéates dangerous
and uncomfortable conditions for pedestrians. Physical (and perceptual) separation can be achieved through a

45 nstitute ofTransportation Engineer®esign and Safety of Pedestrian Facilitf#¢ashington, D.C.: ITE, 1998).
“®1bid, pp. 20-27.

47U.S. Department ofransportation, Federal Highwagministration,Pedestrian Crashypes:A 19905 Information GuideFHWA Report No.
FHWA-RD-96-163 (Washington, D.C.: U.S. DQTFHWA, 1997).
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combination of methods: a grassy planting striF=—==
with street trees, a raised plankecycle lanes, on- [=-
street parallel parking, and others. Intersectic
design should facilitate both vehicular ant #'hi =

pedestrian movement with geometric dimensior ad — 1‘ "N
that reduce pedestrian crossing distances a —— : —' -. i,
provision of median refuge islands. i e

. Steet tees:street trees are an essential elemef o -
in a high quality pedestrian environment. Nc Midblock Dash
only do they provide shade, they also give a ser Frequency: 442 cases; 8.7% of all crashes

of enclosure to the sidewalk environment, whic  seyerity: 3794 resulted in serious or fatal injuries.
enhances the pedestrian's sense of walking il

protected environment.

» Pedestrian-scale desigfarge highway-scale
signage reinforces the general notion th:
pedestrians are out of place. Signage should | _
designed to be seen by the pedestrian. Strt|
lighting should likewise be scaled to the level c|
the pedestrian, instead of providing light poles th
are more appropriate on high-speed freeway |-
Components such as street furniture, vistas, al=
landmarks should be incorporated into designs *~ Vehicle Turn/Merge

help make walking routes interesting. Frequency: 497 cases; 9.8% of all crashes
Severity: 18% resulted in serious or fatal injuries.

e Continuity: pedestrian facilities are often dis
continuous, particularly when private develop Figure 1625 Common Types of
ers are not encouraged to link on-site pedestri Pedestrian Crashes
facilities to adjacent developments and neart

sidewalks or street corners. New deve|0pmen80urce:Pedestrian Crashypes:A 19905 Informational Guide,
should be designed to encourage pedestriWashington, D.C.: U.S. Departmentioansportation, Federal Highway

. ~ Administration, 1997.
access from nearby streets. Existing gapsint

system should be placed on a prioritized list for new sidewalk construction.

e Clearancesvertical clearance above sidewalks for landscaping, trees, signs, and similar obstructions should
be at least 2.4 m (8 ft). In commercial areas and Central Business Districts (CBDs), the vertical clearance for
awnings should be 2.7 m (9 fijhe vertical clearance for building overhangs that cover the majority of the
sidewalk should be 3.6 m (12 ft).

» Conformance with National Standkr all pedestrian facilities should be consistent withericans with
DisabilitiesActrequirements. Specific guidance is providedAbghitectural andransportation Barriers
Compliance Board’Americans with Disabilitiesct Accessibility Guidelines.

Sidewalk Design Overview

Sidewalks not only encourage walking, but they also improve the safety of pedeSh@safety benefits of sidewalks

are well-documented: one study found that streets without sidewalks had 2.6 times more pedestrian and automobile
collisions than expected on the basis of exposure, while streets with sidewalks on only one side had 1.2 times more
pedestrian crashé¥in the United States 5,412 pedestrians were killed and 82,000 were injured in 1996. Most pedestrian
fatalities in 1996 occurred in urban areas (71 perégnt).

“8Richard L. Knoblauch, et. al., “Investigation of Exposure Based Pedeisteas: Crosswalks, Sidewalks, Local Streets and Materials,” FHWA
Report No. FHVX-RD-88-038 (Washington, D.C.: U.S. DQFHWA, 1988).

4° National HighwayTraffic SafetyAdministration NHTSATraffic Safety Fact§Washington, D.C.: NHTSA, 1996).
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All roadways should have some type of walking facility out of the traveledAsgparate walkway is often preferable,
but a roadway shoulder will also provide a safer pedestrian accommodation than walking in the travel lane.

Direct pedestrian connections should be provided between residences and activity areas. It is ustialljt hotdifertain
where connections between residential areas and activity centers will be required during the early stages of development.

Development density can be used as a surrogate for pedestrian usage in determining the need for sidewalks. Local
residential streets, especially cul-de-sacs, can accommodate extensive pedestrian activity on the street because there is
little vehicular activity Collector streets are normally used by pedestrians to access bus stops and commercial
developments on the arterial to which they feed.

Sidewalks should be provided on all streets within a 0.4 kilometers (one guaefeof a transit station. Sidewalks
should also be provided along developed frontages of arterial streets in zones of commercigCabiéeityr and arterial
streets in the vicinity of schools should be provided with sidewalks to increase school trif’safety

Sidewalk Obstacles

Street furniture and utility poles create obstacles to pedestrian travel when located directly on the Sidibeal&ry

minimum there should be 0.9 m (3 ft) of sidewalk width to allow wheelchairs to\wasse possible, utilities should

be relocated so as not to block the sidewalk. Benches should not be sited directly on the sidewalk, but set back at least
0.9 m (3 ft).

The design of new intersections or re-design of existing intersections presents an opportunity to improve pedestrian
circulation. Street furniture located near intersections can block sight lines. In general, the designer should consider the
effect on sight distance for all features located in the vicinity of roadway intersections.

Sidewalk Pavement Design

Sidewalks and roadside pathways should be constructed of a solid, debris-free surface. Regardless of the type of
surface chosen, it must be designed to withstand adequate load requirements. Standard depth of pavement should
consider site-specific soil conditions and is therefore left to local discretion. Brick and concrete pavers are poputar materia
for more decorative sidewalks. (Figure 16—Z6i¢ use of stylized surfaces is encouraged, howiasr must be installed

properly or they will deteriorate over time.

Pedestrian Facility Maintenance

Maintenance is an important aspect of creating adequate and comfortable facilities for pedastriam&ling
sidewalk is not only an eyesore but also a hazard to the pedestrian and a barrier to the disabled. Regular maintenance
protects public investment and reduces liability risk.

A periodic inspection schedule for pedestrian facilities should be adopted by local jurisdictions. Crosswalks will need
re-striping A general maintenance budget should be allocated by each local government for use on a yearly basis, perhaps
combined with a maintenance budget for bicycle facilities.

Sidewalk Width and Setback Guidelines

The following are recommended guidelines for sidewalk width and setback for a typical comihigityportant to
note that there are some areas that warrant wider sidewalks than the minimum. For example, sidewalks in and around
local universities and colleges must accommodate a much higher volume of pedestrians, and therefore they warrant

0 Transportation Research BoaRanning and Implementing Pedestrian Facilities in Suburban and Ruzak, TRB Report No. 294AWashington,
D.C.:TRB, 1987).
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Figure 16-26 Decorative Sidewalk Treatments

SourceThe RBAGroup, Morristown, N.J., Greenways Incorporated, Cr¢.

additional width.The recommendations below are based on ITEA®DMA guidelines and common practices used by
other pedestrian-friendly communities in the United States.

» Sidewalks in CBDsSidewalk widths in CBDs are, for the most part, already determined by building setback
and street width. Should a reconstruction project warrant further study of sidewalk width in a CBD, service
standards have been setAdSHTO’s Green Book.

» Arterial and collector steets in commeral and esidential aeas Sidewalks on arterial and collector streets
in commercial and residential areas should be a minimum of 1.5 m (5 ft)Awitieimum of a 0.6 m (2 ft)
wide planting strip should be provided. If no planting strip is possible, the minimum width of the sidewalk
should be 2.1 m (7 ft).

» Sidewalks on local stets in esidential aeas.On local streets in residential areas, sidewalk width may be based
on the number of units per acre. For multifamily developments and single-family homes with densities that
exceed 4 units per acre, the sidewalk should be a minimum of 1.5 m (5 ft) wide with a minimum setback of
0.6 m (2 ft). For densities up to 4 dwelling units per acre, the sidewalk should be a minimum of 1.2 m (4 ft)
wide with a 0.6 m (2ft) setback.

» Sidewalks on stets with no curb and guttérhe setback requirements in this section are based on roadway
cross sections that include curb and gugetewalks located adjacent to “ribbon pavement” (pavement with
no curb and gutter) are not recommended. Howéwer other solution is possible, sidewalks adjacent to ribbon
pavement should have a much greater setback requirement, depending on roadway conditions. Engineers
should consulhASHTO’s Policy on Geometric Design of Highways ane8tsfor more specific guidelines.

e Sidewalks inural areas In most rural areas, the low volume of pedestrians does not warrant sidewalk
construction. In most cases, 1.2 m (4 ft) wide paved shoulders can provide an adequate area for pedestrians
to walk on rural roadways, while also serving the needs of bicyclists. Exceptions should be made in areas where
isolated developments such as schools, ballparks, or housing communities create more pedestrian use. For
example, motorists might regularly park along a rural road to access a nearby balidekvalk may be
warranted in this circumstance so that pedestrians can walk separately ffioorSiddwalks in rural areas
should be provided at a width based on the anticipated or real volume of pedestrians, with 1.5 m (5 ft) being
the minimum width.
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Continuity in Construction Zones

Work zone areas can disrupt pedestrian and bicycle circulation, and they often create total barriers for pedestrians. Just
as trafic is re-routed during roadway construction, pedestrians and bicyclists should be provided a safe alternative through
the work zone. If a safe alternative is not provided, they will often try to make their way across the site unprotected.

Pedestrians and bicyclists should be re-routed well in advance of the construction barriers, since most are unlikely to
retrace their steps to get around the work zo6he.MUTCD provides appropriate signage for these situations, and it
provides limited guidance for pedestrian detours in Section 6C-9. If a path is to be provided within the work zone, it
should be constructed of a smooth and even surface, with no gaps. Pedestrians should be protected from construction
vehicle trafic, roadway trdic, and falling debris.

Construction sites are particularlyfditilt to traverse for disabled pedestriahs.alternate accessible route should always
be provided when the main accessible route is interrupted by construction activities.

Intersection Design and Pedestrian Crossings

Intersection design is extremely important for the safety of pedestrians. No single feature creates a safe intersection for
pedestrians—the design elements described in the next sections should be combined as site conditions warrant.

Crosswalks

Marked crosswalks should be provided at intersections that carry significant pedestrian volumes, or where newly installed
sidewalks are likely to generate more pedestriafidraf

Crosswalks can serve to channel pedestriafigrifrough an intersection, as well as heighten the awareness of
motorists of possible pedestrian crossing movements. It is important to note that, although crosswalks are an important
element in intersection design, a crosswalk alone does not insure the safety of a pelimstiden, crosswalks are

the sole provision for pedestrians at intersections when other safety measures are also needed.

Paragraph 3B-18 of the MUTCD provides guidance on crosswalk design. High visibility designs are recommended.
(Figure 16-27.) Crosswalk lines should be 0.3-0.6 m (1-2 ft) in width and spaced be 0.3-0.6 m (1-2\ft)cayskit],
long-life striping material is the preferable marking material for bicycle and pedestrian facilities.

The optimum width of crosswalks is 3 m (10 ft) wide, with a minimum width (as set by the MUTCD) of 1.8 m (6 ft) wide.
Wider crosswalks should be installed at locations with higher pedestrian volursigealized intersections with stop bars,

a minimum separation of 1.2 m (4 ft) is necessary between the stop bar and edge of the chbssighlick locations

stop or yield bars should be placed to allow motorists adequate stopping time, particularly on multilane sections. Criteria
for installing crosswalks is shown in Figure 16—28.

Curb Ramps

A deciding factor in the location and design of crosswalks is the placement of curb ramps at street corners. Curb ramps
should always be placed so to lead the pedestrian directly into a striped crosswalk area. Corners should either include
two curb ramps or one broad ramp that serves both crosswalks. Curb ramps should always be provided with a matching
ramp on the opposite side of the road, as well as ramps at pedestrian refuge islands.

ADA provides federal guidance for curb ramp installation, and use of either guideline is acceptableAQArstsmdards

state that the slope of curb ramps cannot exceed 1:12, with a maximum rise of 0.76 m (30 in). If the curb ramp is located
in an area where pedestrians might typically walk, it must have flared sides that do not exceed a slope of 1:10. Itis also
extremely important that the bottom of the curb ramp be even with the street shiri@ised lip at the street edge can

cause a wheelchair to tip oyewen if it is only 6 mm (0.25 in) high.
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Traffic Signals

Pedestrian safety at intersections depends in part
minimizing the length of time that the pedestrian is expos
in the street. One way of minimizing conflict and exposu
at intersections is to improve the phasing ofitaignals.
Traffic signal improvements for pedestrians may incluc
the following provisions:

e Improvements to timing options and turr
phasing.

»  Elimination of right-turn-on-red movements.

* Elimination of free-right turning movements
(with yield signs).

e Addition of pedestrian signals (walk and don'
walk).

e Push-button signals that can be tripped t Crosswalk marking with longitudinal lines for added visibility
pedestrians.

« Reduced corner radii to shorten the distancet Figure 16-27 High Visibility Crosswalk
pedestrian must cross, therefore also shorteni Patterns

the S|gnal ntervd. SourceManual on Uniform Taffic Contol DevicesWashington, D.C.:

. . . US.D ion, 1988.
. Construction of curb extensions to reduce “jr!:S- Department dfransportation, 1988

street” walking distance.
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Criteria for Installing Crosswalks

Basic Criteria
—— Location with predominantly
young, elderly or handicapped 1. Speed limit of 5 mph.

Pedestrians. Adequate stopping sight distance.

For mid block preferred block lengths > .
Crosswalk adequately illuminated.
Minimal conflicting attention demands.

— Other locations

o s wN

Figure 16-28 Criteria for Installing Crosswalks

Source:Manual on Uniform Taffic Contol DevicesWashington, D.C.: U.S. DepartmentTohnsportation, 1988.

636 TRANSPORTATION PLANNING HANDBOOK




Extensive guidelines for triat signalization to accommodate pedestrian crossings are provided in the MUEEGD.
engineering analysis is necessary on a case-by-case basis in order to determine the best signal option. Signalized
intersection design and audible signals should be given special consideration in areas with higher numbers of senior citizens,
school-age children, and disabled persons.

On-Street Parking

The presence of parked cars near intersections have been cited as a contributing factor in many pedestrian crashes in
urban areas. Parked cars block visual access to oncomfitg s@that both pedestrians and motor vehicles cannot see
each otherConsideration should be given to removing parking in the immediate vicinity of crosswalks.

Corner Curb Radius

One aspect of intersection design that is often overlooked is the turning radii of @owidesturning radius can increase

crossing distance, as well as increase the speed of turnfitg tafvever a turning radius that is too small can cause long
vehicles (such as flatbed trucks or buses) to jump the curb edge and eventually cause the curb to crumble, hit pedestrians
waiting to cross, or hit and demolish street furniture (especially signal and lighting pbleg)ptimum design is a
compromise between the two.

Curb Extensions

Curb extensions or “bulb-outs” are extensions of the
sidewalk and curb into the street on both sides of'—'E

pedestrian crosswalk. Curb extensions have seve
advantages for the pedestridie primary benefit is a
shorter crossing distance at an intersection. (Figure 16—2——
Shortening this distance decreases the amount of time: # & =
pedestrian is exposed to frafBy narrowing the trdic lane = = |
and creating a smaller corner radius, curb extensions ¢

reduce trdfc speeds at the intersection. Curb extensiol
increase visibility for the pedestrian in areas with on-stre I
parking by ofering an unimpeded view of oncoming fiaf

(and allowing on-coming tr&€ to also see approaching |t
pedestrians). Lastlgurb extensions can provide additionz
space for landscaping to improve the visual quality of tl
street.

i
et S L Rt e P B b T el F I FETLT
tir i i

Medians and Refuge Areas

In general, pedestrians are better accommodated wi
roadway width at intersections is narroytbereby making
medians unnecessaBedestrian refuge areas can be essen
for large, multilane, urban and suburban intersectiimsse
islands serve several purpos€key allow a resting area
for slower pedestrians who cannot make it across t
intersection within the time allotted. In wider urbai
intersections, refuge areas allow pedestrians to cross
direction of trafic at a time, and they provide a place to wait
for the next pedestrian cycle. In this case, they also redi ~ Figure 16-29 Curb Extension Reduced

the overall delay to motor vehicles that would otherwis Crossing Distance

have to stop for aninterval in Prder to QIIOW a pedeStrIanSource:Oregon Bicycle and Pedestrian PlaBalem, Ore.: Oregon
cross the entire length of the intersection. Department offransportation, 1995.

i
le—fdm —rl=ddm=i=1de=htr 1 iml
ne iy L ]
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Medians and refuge areas can be particularly important for urban intersections with center turn lanes and left turn signals.
Traffic signals that serve these intersections often do not allow adequate time for the pedestrian to traverse the length
of the intersectioniThe center median therefore provides a refuge for pedestrians who must wait through several cycles
to complete a crossing.

A pedestrian refuge should be provided at intersections with crossing distances that cannot be made within the time allotted
by the signal phasing (assuming a standard rate of travel at 1 m/3.5 ft per sec). Refuge areas should also be installed at
intersections with crossing distances that exceed 227 iit), or with a high volume of elderly or disabled pedestrians.

The preferred width for medians is 1.8 m (6 ft), with 1.2 m (4 ft) being the minimum Wigthength of the island should
be based in part on the geometric design of the approachfingdras, but it should not be less than 6 m (20t design
of the island should meADA standards, with curb cuts provided. (Figure 16—30.)

Midblock Crossings

In situations where a midblock crossing formalizes a pedestrian activity that is already occurring on a frequent basis,
midblock crossing provisions can be used to improve the visibility of the pedestrian. Midblock crossings are most appropriate
in locations where a high pedestrianftcafienerator is located directly across the street from a significant source of
pedestrians. Examples would include a commercial area with fast food restaurants across the street from,auaiversity
shopping center across from a high school. Howelerto the increased safety risk of a pedestrian crossing in midstream
traffic, midblock crossings should be generally discouraged unless one or more of the following conditions apply:

e The location is already a source of a substantial number of midblock crossings, or it is atticjeatechte midblock
crossings (for a new development).

» The land use is such that a pedestrian is highly unlikely to cross the street at an adjacent intersection, and when
midblock crossings would be frequent.

* The safety and capacity of adjacent intersections creates a situation where it is dangerous to cross the street, except
at a designated midblock location.

e Spacing between adjacent signals exceeds 600 feet.

»  Other lesser measures to encourage pedestrians to cross at adjacent intersections have been unsuccessful.

Figure 16-30 Median Refuge Island
SourceThe RBAGroup, Morristown, N.J.
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On-street parking can reduce sight distances at midblc
crossings. In areas with on-street parking, midbloc
crossings should include highly visible crosswalk marking
and a flared-out curb extension. (Figure 16—-31.)

Another measure to improve motorist awareness of t
midblock crossing is to erect overhead pedestrian cross
signs on span wires or mast arms above the street. In ci
of extremely high pedestrian volume during certain tims
of the daya signalized intersection with pedestrian pusl
buttons should be considered.

Grade-Separated Crossings

Convenience is essential in designing overpasses i
underpasses. Studies have shown that pedestrians
rarely be convinced to use a poorly located crossing—a
will almost never use an overpass if it takes fifty perce
longer to cross than an at-grade crossing. Grade-separ
crossings should be provided within the normal path
pedestrians wherever possible. Even for the most id
overpass location, it may still be necessary to blos
pedestrian access to the at-grade crossing with fenciny

A 1988 study concluded that state and local governme
usually consider grade-separated crossings in the follow
situations:

Where there is moderate to high pedestrie

HALF-CORMER FLARE

WID-BLOCE FLARE

Figure 16-31 Midblock Flare

demand to cross a freeway or expressway SourcePlanning and Implementing Pedestrian Facilities in Suburban and

(i.e., particularly near schools) who must regular!
cross a high-speed or high-volume roadway

e On streets having high vehicle volumes, high

. . Developing Rurahreas,TRB Report 294A \&shington, D.CTransportation
*  Where there is a lge number of young children research Board, 1987.

pedestrian crossing volumes, and where there is an extreme hazard for pedestrians (e.g., on wide streets with

high-speed trdit and poor sight distance).

Where one or more of the conditions stated above exists in conjunction with a well-defined pedestrian
origin and destination (e.g., a residential neighborhood across a busy street from a school, a parking structure

affiliated with a universityor apartment complex near a shopping niall).

It is important to provide adequate lighting of the crossing to prevent crime and vandalism. Underpasses often need lighting
24 hours a dayfopography should be a major consideration in determining whether an underpass or overpass is more
appropriateThese facilities are regulated APA standards, therefore extensive ramping is usually necessary to meet

the grade requirements.

Expressway Ramps

Pedestrian safety is often jeopardized in areas where expressway ramps intersect with arterial, axodldotal
streets. For new roadways and roadway widening projects, a pedestrian circulation plan should be developed for
interchange exit and entrance ramp locations, particularly for areas with the following characteristics:

51C.V. Zegeer and S.Eegeer“Pedestrians antraffic Control Measures” (\shington, D.C Transportation Research Board, 1988).
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» Areas with substantial pedestrian volume or nearby pedestrian attractors.
»  Where existing sidewalks are located in the vicinity of expressway exits and entrances.

*  Where new sidewalks are planned for the vicinity of expressway exits and entrances.

Several measures can increase the awareness of motorists and improve conditions for pedestrians at interchanges.
Ramp width should be minimized to reduce the crossing distance for pedegtaansg signs should be posted on

exit ramps to warn motorists of upcoming pedestrian crossings. Motorists should be encouraged to quickly reduce their
vehicle speed after exiting the highwawpth through signage at@ffic calmingmethods.

It should be noted that it is @idult to correct all of the problems associated with expressway entrance and exit ramps on
local streets. In some cases, these areas will always be unfriendly for pedestrians due to the limiting factors of high speed
exiting trafic and poor sight distance. Extra care should be taken to improve these areas for pedestrians wherever possible.

Traffic Calming

Traffic calming is a relatively new and very fdifent approach to managing the roadway environmeaffic calming

seeks to reduce the negativéeefs of motor vehicles. It employs a variety of physical measures or techniques to
reduce vehicle speeds, alter driver behadnd improve conditions for nonmotorized street u¥eBy. their nature,
therefore, “trafic calmed” roadways are more conducive to bicycling and walking. For a more detailed discussion of
traffic calming practices, see Chapter 17 of this handbook.

Pedestrian Linkages

When a grid or other dense street network is not available, pedestrian linkages should be provided to maintain walking
continuity. Cul-de-sacs, loop roads, and similar treatments that disrupt pedestrian continuity should incorporate
pedestrian linkages such as “cut-throughs” to adjoining developments. (Figures 16—-32 and iés&3hortcuts enable
pedestrians to travel by the most direct route between destinations. In most cases, routes will have fewer vehicular conflicts
since the pedestrian does not have to use an arterial to get from one local street to another

Similarly, large lot commercial developments, such dgefuildings or shopping centers, should provide numerous
linkages with surrounding residential areas to permit nearby residents to walk to the site. Linkages should also be provided
between adjoining commercial, residential, anficefuses; for example, walkways connecting dicefbuilding

parking area with an adjacent restaurant. It is not necessary to demonstrate that there is a latent demand for walking.
The linkage is required to service even the single trip if it is generated.

Policy for linkages can be defined in the land use element
of municipal master plans, in the circulation element 1 = -r'—| C —
municipal master plans, and on th&aél map. h"'x N, T\ Il' 1 |3 I |I J|'r t’ll’ ’fﬁj‘

Summary and Conclusions =

L]

The mandates of ISTEAEA-21, and other transportation-
related and legislative measures, such as the Bleéwat
Amendments of 1990, provide planners with both flexibilit
and funding to implement a comprehensive plannir~
approach that will result in a transportation infrastructu
that is capable of accommodating the transportation eSogrce'Accommodating the Pedestridsew York, N.Y.: Van Nostrand
recreation needs of both bicyclists and pedestrians.  Reinhold Co., 1984.

Figure 16-32 Pedestrian Linkages

52]an Lockwood, “ITETraffic Calming Definition”,ITE Journal,vol. 67, no. 7 (\shington, D.C. Institute @ransportation Engineers, July 1997) p. 22.

640 TRANSPORTATION PLANNING HANDBOOK




As described in this chaptestate-of-the-practice tools and
guidelines relating to facilities design and the planning a
maintenance of bicycle and pedestrian facilities have be
developed and tested in a number of states, regions,
communitiesThough these tools and guidelines exis
transportation policy changes at the state and local levels
also required to fully integrate bicycle and pedestrian conce
into the transportation planning process and move bicy
and pedestrian design beyond justgirea improvements.

It is important that bicycling and walking become a routir
part of the transportation system rather than being trea
as modes separate from other transportation systems. Ir
long term it would be preferable for bicycle and pedestrii
facilities to be incorporated directlipased on their own
merits, in all transportation plans, projects, and progran
Similarly, separate, dedicated funding for bicycle an
pedestrian facilities, which may currently be needed to ass
that improvements will be constructed, should over tin
cease to be needed as the merit of funding these improven
becomes generally accepted. It is necessary to address
bicycle and pedestrian transportation issues in a me
systematic manner
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Figure 16-33 Cul-de-sac Connections
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Washington, D.C.: ITE, 1997.

John J. Fruin and G. Benz. “Pedestifame-Space Concept fénalyzing Corners and Crosswalk3yanspotation
Reseach Recod 959.Washington, D.C.Transportation Research Board, 1984.

Oregon Department d@fransportationOregon Bicycle and Pedestrian PlgBalem, Ore.: Oregon DOQT995.

Pedestrian Design Guidelines Notebo&krtland, OR, Gifce of Transportation Engineering and Development,
Pedestrian Program, 1997.

Pedestrian Facilities Guidebook: Incorporating Pedestrians Irashvigtors Transpotation Systemi/ashington State
Department ofransportation, Puget Sound Regional CouAsisociation ofVashington Cities, and County Road
Administration Board, September 1997.

Rails-to-Trails Conservancyirails for the 2% Century. Washington, D.C.: Rails-tof&ils Conservangyl995.

U.S. Department ofransportation, Federal Highwayliministration.National Bicycling and \alking Study—~Ainal
Repot. Washington, D.C.: U.S. DQFHWA, and associated case studies, 1994.

Transportation Research BoaBicycle Condition IndexWashington, D.C.TRB, 1998.

Transportation Research Boaranning and Implementing Pedestrian Facilities in Suburban and Developing Suburban
and RuralAreas.TRB Report No. 294AWashington, D.CTRB, 1987.
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