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Chapter I
INTRODUCTION

PURPOSE

This manual provides individuals and agencies in the State of Arizona with
location, selection, and design information for bicycle facilities. The
information presented in this manual reflects the state-of-the-art practice
and is in agreement with proposed Federal guidelines.

The manual has been prepared by the Arizona Bicycle Task Force for the use of
jurisdictions throughout the State of Arizona. The use of this manual will
help to establish uniform bicycle facilities in conformance with Federal High
way Administration guidelines.

It is important to note that this manual reflects suggested planning and
design guidelines. These guidelines are not to be construed as adopted design
criteria.

PHILOSOPHY

The underlying philosophy of this manual is summarized in the following four
points:

•

•

•

•

•

•

1.

2.

Official Recognition of the Bicycle as a Vehicle

The Uniform Vehicle Code (UVC) recognizes the bicycle as a vehicle
and, therefore, the bicycle is entitled to share the roadway with
other vehicles except where expressly prohibited. In addition, the
Urban Transportation Division Executive Committee of the American
Society of Civil Engineers adopted in the 1976 the following state
ment as part of its official policy:

The bicycle is recognized as a significant mode of transportation
system as indicated by the history of its development as a personal
transportation mode and its potential benefits for conserving
energy, reducing pollution, and enhancing physical fitness.

Selection of Appropriate Facilities

Bicycle facilities (i.e., bicycle routes, bicycle lanes, wide curb
lanes, and separate paths) should not be viewed as a hierarchy of
facilities, but rather as various alternatives, each of which may be
most appropriate depending on the circumstances.
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3.

4.

Desirability of Shared Roadway Facilities

Shared roadway facilities (bike lanes, wide curb-lanes), if properly
designed and located, can afford the bicyclist with facilities
equally as safe separate facilities. The most significant advan
tages result from increased visibility and maneuverability, greater
system directness and continuity, and lower cost (as compared to a
totally separate system).

The urban and rural bicycling population consists of people of all
ages who use the bicycle for exercise, efficient transportation,
recreation, and an alternative to motorized transportation. A very
significant percentage of the bicycling population includes young
sters and adults who have no other means of transporting them
selves. In urban areas, special attention should be given to pro
viding safe bicycle facilities in school zones and residential areas.

•

•

e

e

•

•

ORGANIZATION OF THIS MANUAL

The remaining portion of the manual is organized into three major chapters.
Chapter 2 discusses general location and selection criteria for bicycle facil
ities. Chapter 3 presents specific design guidelines for bicycle facility
design. The Appendix includes information on bicycle storage facilities. A
glossary of bicycle related terms and a selected bibliography is also included.

•
(4793K) -2-
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Chapter 2
LOCATION AND SELECTION CRITERIA

The factors to be considered in choosing the proper location for bicycle
facilities vary depending on the situation. The most important variables
usually include those discussed in this chapter.

LOCATION CRITERIA FOR INCREASING ACCESSIBILITY

Potential Use

The facility should be located along a route where use can be maximized. The
following factors should be examined to identify origins and destinations of
trips:

1. Household distribution (single-family and multifamily)

• 2. Location of employment centers

3. Location of major commercial areas and shopping centers

4. Enrollment and location of educational institutions

6. Location of major parks and recreational areas

•

•

5.

1.

Access

Location of multi-modal interface points (e.g .• end points of the
transit system. major transfer points)

Fast food and convenience stores

•

e

•

•

In locating a bikeway. consideration. should be given to
provision of adequate access points. The more frequent and
convenient the access points. the more the facility will be
used. This is important for bikeways serving utility trips
as well as recreational trips. Adequate access for emer
gency and service vehicles should also be provided. [2]

Directness

The bikeway should serve activity centers along a direct
course. If a bikeway is not located between the trip ori
gin and desired destination points (desire lines). it will
be inconvenient and w~ll not be used by most bicycle
riders. Along recreational routes. this factor is not as
important. [2]

•
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The bicycle is considered to be a legitimate mode of transportation; accor
dingly, access is required from all major origins to all destinations.
Ideally, all origin and destination pairs should be made accessible.

Existing Barriers

In some areas, there are major physical barriers to bicycle
travel, caused by topographical features, freeways, railroad
tracks, or other impediments. In such cases, development of
a bicycle facility crossing a barrier can provide new oppor
tunities for bicyclists. [2] This would better optimize
the available land and facilities.

Delays

Bicycle travel is inherently a slower mode of travel, par
ticularly for longer trips. If bicyclists are required to
make frequent stops, they will generally avoid the route.
[2]

For this reason, when a bikeway is established on a minor street, considera
tion should be given to orienting stop signs to restrict cross traffic at most
intersections, rather than on the bike route.

This does not apply to major crossings, such as arterials and collectors,
where stopping the traffic in favor of the bike route would disrupt the hier
archy of the street systems. However, it should be pointed out that this
measure might also permit motorized vehicles traveling on these minor streets
to increase their speed, thus attracting more traffic to this particular
roadway.

LOCATION CRITERIA FOR PROMOTING BICYCLE SAFETY

Use Conflicts

Different types of facilities introduce different types of
conflicts. Facilities on the roadway can involve conflicts
between bicyclists and motor vehicles. Bike paths usually
involve conflicts with other bicyclists, with pedestrians
on the path, and with motor vehicles at street intersec
tions, curb cuts, and driveways. Sidewalk facilities can
increase conflicts with pedestrians, with motor vehicles at
highway and driveway intersections, and with fixed objects
such as utility poles and guy wires. [2] .

In accordance with this criterion, the following are recommended:

1. Roadway facilities should be provided only if the design criteria-
intended to reduce bicycle/motor vehicle conflicts--are met.

•
(4793K) -4-
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2. Wherever possible, bike paths and pedestrian paths should be separate

from each other.

• 3. The location of two-way bike paths immediately adjacent to a roadway
should be discouraged.
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4. Sidewalk facilities should be used by youthful bicyclists and only
under very special conditions should they become part of the adult
bikeway system.

Accidents

Reducing the number of bicycle accidents (i.e., bicycle/
motor vehicle, bicycle/bicycle, bicycle/pedestrian, and
single-bicycle accidents) along routes is obviously impor
tant. The potential for alleviating accident problems
through the improvement of a facility should be assessed,
as should the potential for introducing new accident prob
lems. [3]

When locating bicycle facilities, the following guidelines should be followed
in order to reduce the potential for accidents:

1. In general, the location of bike facilities should be governed by the
principle that the facility should not encourage or require bicy
clists or motorists to operate in a manner inconsistent with the nor
mal rules of the road.

•

•

2.

3.

Two-way bike facilities within the right-of-way of a roadway should
be strongly discouraged because they encourage bicycling against the
flow of traffic.

Except for use by youthful bicyclists, and under very special circum
stances (see Design Criteria, Chapter 3), sidewalk bikeway facilities
should not be considered the optimimum alternative.

•

•

•

Traffic Volumes and Speeds

For facilities on the roadway, traffic volumes and speeds
must be considered along with the roadway width, frequency
of intersections, number of driveways, and signs. Commut
ing bicyclists frequently use arterial streets because they
minimize delay and offer continuity for trips of several
miles. If adequate width for all vehicles is available on
more heavily traveled streets, improving heavily traveled
streets can be more desirable than improving adjacent
streets. When this is not possible, a nearby parallel
street may be improved for bicyclists, provided that stops
are minimal and the route conditions are adequate. [3]

• (4793K) -5-
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Truck and Bus Traffic

Because of their aerodynamic effect and width, high-speed
trucks, buses, motor homes, and trailers can cause special
safety problems for bicyclists. [3]

Thus, if there is a choice between comparable routes, the route with the lower
traffic volume would be preferable. As a general guide, shared bikeways
should be placed on roadways that carry truck/bus volumes of less than five
percent of average daily traffic (ADT) , and bike lanes may be accommodated on
roadways with a combined truck/bus volume greater than five percent.

Pavement Surface Quality

Facilities located on roadways must have smooth pavement.
The need for a bikeway surface as smooth. if not smoother
than the normal road surface is predicated on the fact that
most bicycles have high-pressure tires that transmit every
bump and do not have a suspension system to absorb these
bumps. (However, care should be taken so that pavement
surfaces used by other vehicles are not so smooth as to be
slick and, thus, hazardous.) Utility covers and drainage
grates should be flush with the pavement surface, and drain
age grates should be designed to allow the crossing of
bicycles without causing a fall. Grates should have a
checkerboard pattern, or have slats oriented perpendicular
to the flow of traffic. Approaches to railroad crossings
should be improved as necessary to provide for safe bicycle
crossings. [3]

The criteria for pavement surface quality are discussed in subsequent sections.

Maintenance

Ease of maintenance is important when locating facilities.
Inadequately maintained facilities may prove to be poor
investments. [3]

Proper maintenance can correct some unsafe conditions for bicycling; however,
the cost of additional maintenance should also be considered.

On-Street Parking

The turnover and density of on-street parking can affect
the safety of bicyclists (e.g., opening car doors and cars
entering or leaving angle parking spaces). [3]

•
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LOCATION CRITERIA FOR IMPROVING SECURITY

Providing bicycle parking facilities is an essential element in an overall
effort to promote bicycling and improve security. People are discouraged from
bicycling unless sufficient and secure parking is available. Bicycle parking
devices should be provided at both the trip origin and the destination and
should offer protection from theft and damage.

The wide variety of bicycle parking devices fall into two categories of user
needs: commuter or long-term parking, and convenience or short-term parking .
The minimum needs for each differ with respect to placement and protection.

Long-term parking is needed at locations such as employment centers, schools"
transit stations, and multifamily dwellings. Facilities should be provided
which support the bicycle by the frame, secure both wheels and accessories,
and offer protection from the weather. Bike lockers and attendant-operated
storage areas are good examples of long-term parking facilities.

Short-term parking is needed at locations such as shopping centers, conveni
ence and fast food stores, libraries, recreation areas, and post offices.
Facilities should be very convenient and should be near building entrances or
other highly visible areas which are largely self-policing, and should support
the bicycle by the frame. Where bicycle parking is not properly designed and'
located, bicyclists often use trees, railings, parking meters, and other fixed
objects which can both cause damage to the object and create a hazard for
pedestrians.

Several factors should be considered when planning and pro
viding bicycle parking facilities. The facilities should
protect bicycles from damage by automobiles and should not
interfere with the normal pedestrian flow. Also, facili
ties should be adequately spaced so that persons parking
their bicycles will not disturb other parked bicycles.
Facilities should be able to accommodate a wide range of
bicycle shapes and sizes. Finally, facilities should be
simple to operate. If possible, signs depicting how to
operate the facility should be posted. [3J

A wide variety of bicycle parking facilities are on the market today, ranging
from simple racks, to racks complete with cable or locking devices, to
lockers. Racks that rely on either of the wheels to support the bicycle can
cause problems resulting in bent wheels, toppled over bicycles, and insuffi
cient protection against theft. The best facilities do not rely on either
wheel for support, yet provide secure locking. Parts theft can best be con
trolled by locating parking facilities in highly visible areas, or by provid
ing for lockers or attendant-operated storage. Good design of bicycle parking
facilities can help to make them attractive as well as convenient and secure.

•
(4793K) -7-
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LOCATION CRITERIA FOR IMPROVING THE RIDING ENVIRONMENT

Air Quality

The proximity to concentrations of air pollution should be
considered for its possible effect on the health of
bicyclists. [3J

Roadways with heavy, slow traffic are potential offenders, although a recent
study by the U.S. DOT study has shown that bicyclists do not develop higher
bloodstream levels of carbon monoxide than do motorists traveling in the same
corridor. Known air quality problem areas, or "hot spots," whether related to
stationary or mobile pollutant sources, should be avoided if possible.

Attractiveness

The scenic value is particularly important along a bikeway
intended to serve a recreational purpose. [3]

Grades

Steep grades on bikeways should be avoided if possible.
Most bicyclists cannot negotiate steep uphill grades
greater than 10 percent; so these can be a severe deterrent
to use of the facility. Also, riding downhill can be
risky, particularly for unskilled bicyclists or for bicy
clists with faulty equipment. [2]

INTRODUCTION TO SELECTION CRITERIA

The selection process should be governed by the principle that facilities
should not encourage bicycle or motor vehicle use in a manner contrary to the
normal rules of the road. Adherence to this principle enhances both user
safety and convenience.

One important consideration in selecting the type of facility is continuity.
Alternating segments of bike paths and bike lanes (or bike routes) along a
route are generally incompatible, as street crossings by bicyclists are
required when the route changes character. Also, wrong way bicycle travel
will occur on the street beyond the ends of bike paths because of the incon
venience of having to cross the street.

BICYCLE FACILITY TYPE AND ROADWAY FUNCTION

Once the bikeway options have been identified, each bicycle facility/roadway
function combination must be further evaluated in terms of a number of loca
tion and design criteria such as traffic volumes and speeds, truck and bus
traffic, street widths, on-street parking, etc.

•
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Selection of the appropriate facility type to meet the bicycle need is depen
dent on many factors. The following paragraphs describe the most common uses
for each facility type.

Bicycle Paths

Generally, bike paths should be used to serve corridors not
served by streets and highways or where wide rights-of-way
exist permitting such facilities to be constructed away
from the influence of parallel streets. Bike paths should
offer opportunities not provided by the road system. They
can either provide a recreational opportunity or, in some
instances, can serve as direct high-speed commuter routes
if crossflow by motor vehicles can be minimized. The most
common uses are along rivers, lake shores, canals, utility
rights-of-way, abandoned railroad rights-of-way, within
college campuses, or within and between parks. There may
also be situations where such facilities can be provided as
part of planned developments. Another common application
is to eliminate impediments to bicycle travel caused by
construction of freeways, or because of the existence of
natural barriers. [2]

In some cases, bike paths could also be accommodated within the interstate
rights-of-way, assuming that applicable laws permit and that criteria for
bicycle and motorized traffic separation and compliance with the normal rules
of the road are met. Right-of-way widths would have to be such that adequate
room exists for the separated facilities.

Bicycle Lanes

Bicycle lanes are a portion of the roadway which has been designated for the
preferential or exclusive use of bicyclists. This designation includes
striped bike lanes, paved shoulders, and lanes for joint use by bicycles and
disabled motor vehicles.

Bike lanes are established along streets in corridors where there is signifi
cant bicycle demand, and where there are distinct needs that can be served by
them. The purpose should be to improve conditions for bicyclists in the cor
ridors and to better accommodate bicyclists through corridors with insuffi
cient room for safe bicycling on existing streets. Other corridors that may
warrant bike lanes include:

1. Corridors with heavy bicycle traffic, where bicyclists must
frequently pass each other traveling in the same direction.

•

•

•

2.

(4793K)

Insufficiently lighted corridors on which frequent nighttime usage is
expected, e.g., those with a nighttime entertainment/shopping/educa
tional/recreational center 'as a common destination.
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3. Corridors on which lane designation is not complicated by frequent
residential or commercial driveways or roadway intersections.

Additional measures that might not be possible on all streets must be imple
mented on bike lane streets to improve the situation for bicyclists, (e.g.,
pavement surface improvements, stronger sweeping programs, special signal
facilities, etc.). Special efforts should be made to ensure that high levels
of service are provided with these lanes (i.e., bicycle-sensitive signal actu
ators, pavement markings, etc.), if bicycle travel is to be regulated by
delineation. Additional night lighting of extensively traveled bicycle corri
dors also increases safety and comfort .

Bicycle lanes can be provided by widening existing roadways, paving shoulder
areas, eliminating parking, or using emergency lanes for disabled vehicles.

Wide Curb-Lanes

Like bike lanes, wide curb-lanes are placed along streets in corridors where
there is significant bicycle demand. Unlike bicycle lanes, however, wide
curb-lanes are ·for shared use by bicycle and motorized traffic. The added
lane width provides greater room for maneuvering and increases the lateral
distance between bicyclists and vehicles.

Wide curb-lanes are appropriate bicycle facilities where traffic speeds and
volumes are tolerable for shared roadway facilities.

Wide curb-lane facilities are selected when there is insuf
ficient room for a separate bike lane, yet significant
demand exists for providing a facility of some kind. To
many experienced riders, wide curb-lanes are a preferred
facility type because it integrates bicycle and vehicular
traffic, and forces recognition and awareness on the part
of the motorist. Some studies have indicated that on-road
facilities have a higher safety index than off-road (side
walk) facilities (De1euw, Cather and Co.) [5]

Wide curb-lane facilities can be created by widening roadways, by narrowing
traffic lanes, or a combination of all three. It should be noted that both
the AASHTO (American Association of State Highway Transportation Officials)
and the National Advisory Committee on Uniform Traffic Control Devices have
commented in favor of reducing vehicle lanes from 12 feet to 11 feet for the
purpose of widening the right-most curb-lane for bicycle use.

Bicycle Routes

Bike routes are shared facilities which serve either to:
(1) provide continuity to other bicycle facilities (usually
bike lanes); or (2) designate preferred routes through
high-demand corridors. As with-bike lanes, designation of
bike routes should indicate to bicyclists that there are

•
(4793K) -10-
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particular advantages to using these routes as compared
with alternative routes. This means that responsible agen
cies have taken actions to ensure that these routes are
suitable as shared routes and will be maintained in a
manner consistent with the needs of bicyclists. Normally,
bike routes are shared with motor vehicles. (2)

Shared Roadway (No Bikeway Designation)

Most bicycle travel now occurs on streets and highways
without bikeway designations. This will probably be true
in the future as well. In some instances, entire street
systems may be fully adequate for safe and efficient
bicycle travel, and signing and striping for bicycle use
may be unnecessary. In other cases, a street may be inher
ently unsafe for bicycle travel and it would be inappropri
ate to encourage additional bicycle travel by designating
the street as a bikeway.

Many rural highways are used by touring and recreational
bicyclists for intercity travel. In most cases, it would
be inappropriate to designate the highways as bikeways
because of the limited use and the lack of continuity with
other bike routes. (2)

The following additional bikeway type is intended for use primarily by inex
perienced adult and youthful bicyclists.

Sidewalk With Ramps

In general, bicycling on sidewalks is unsafe and is not a
recommended alternative. However, the youthful inexperi
enced bicyclist can be accommodated adequately through the
provision of sidewalks with smooth curb ramps at intersec
tions, primarily in those areas near elementary schools,
middle schools, and public parks. The standard wheelchair
ramp also works for bicycles. (4)

It should be noted that the hazards of sidewalk riding (see the section
entitled "Design Criteria Related to Sidewalks with Ramps" in Chapter 3) also
apply to youthful and inexperienced adult riders.

Such provisions for the youthful bicyclist should be in
addition to, rather than instead of, the provisions for the
adult bicyclist. In'addition, bike paths on their own
right-of-way can also accommodate the youthful bicyclist.
(4)

• (4793K) -11-
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Some Arizona communities have a considerable number of senior citizens who
ride tricycles. For planning purposes these tricyclists have been identified
as inexperienced adult riders. As such, they should ride on sidewalks where
allowed by law with ramps and bike paths. In such communities, special
studies on the use and accommodation of tricycles may be needed •

•
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Chapter 3
DESIGN CRITERIA

DEFINITIONS

AASHTO

American Association of State Highway and Transportation Officials

A.R.S .

Arizona Revised Statutes

Bicycle

Every device propelled by human power upon which any person
may ride, having two tandem wheels either of which is more
than 16" in diameter or having three wheels in contact with
the ground any of which is more than 16" in diameter.
(A.R.S. 28-101)

Bicycle Facilities

A general term denoting improvements and prov~s~ons made by
public agencies to accommodate or encourage bicycling,
including parking facilities, maps, all bikeways, and
shared roadways not specifically designated for bicycle use.

Bicycle Path (Class I Facility)

A bikeway physically separated from motorized vehicular
traffic by an open space or barrier and either within the
highway right-of-way or within an independent right-of-way.

Bicycle Lane (Class III Facility)

A portion of a roadway which has been designated by strip
ing, signing and pavement markings for the preferential or
exclusive use of bicyclists.

Bicycle Route (Class II Facility)

A segment of a system of bikeways designated by the juris
diction having authority with appropriate directional and
informational markers~ with or without a specific bicycle
route number.

• (4793K) -13-
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Bikeway

Any road, path, or way which in some manner is specifically
designated as being open to bicycle travel, regardless or
whether such facilities are designated for the exclusive
use of bicycles or are to be shared with other transporta
tion modes.

Highway

A general term denoting a public way for purposes of vehi
cular travel, including the entire area within the right
of-way.

MUTeD

Manual of Uniform Traffic Control Devices. State law
(A.R.S. 28-641) requires the adoption of a uniform system
of traffic control devices which ••• shall correlate with
and so far as possible conform to the system set forth in
the most recent edition of the manual a uniform traffic
control device for streets and highways prepared by the
National Joint Committee on Uniform Traffic Control
Devices.

Right-of-Way

A general term denoting land, property, or interest
therein, usually in a strip, acquired for or devoted to
transportation purposes, but with other associated uses
such as utilities, water and sewage lines, bus benches and
buffer zones.

Right of Way

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

Roadway

The portion of the highway, including shoulders,- for
vehicle use.

Shared Roadway

Any roadway upon which a bicycle lane is not designated and
which may be legally used by bi~ycles regardless of whether
such facility is specifically designated as a bikeway.

• (4793K) -14-
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Sidewalk

The portion of a highway designed for preferential or
exclusive use by pedestrians.

INTRODUCTION

There is a wide range of facility improvements which can enhance transporta
tion. Improvements can be simple and involve minimal design consideration
(e.g., changing drainage grate inlets) or they can involve a detailed design
(e.g., providing a bicycle path). The controlling feature of the design of
every bicycle facility is its location (i.e., whether it is on the roadway or
on an independent alignment). Roadway ..improvements such as bicycle lanes
depend on the roadway's design. On the other hand, bicycle paths are located
on independent alignments; consequently, their design depends on many factors,
including the performance capabilities of the bicyclist and the bicycle.

Improvements for motor vehicles through appropriate planning and design can
enhance bicycle travel and in any event should avoid adverse impacts on bicy
cling. A community's overall goals for transportation improvements should,
whenever possible, include the enhancement of bicycling. Public involvement
in the form of public meetings or hearings or bicycle advisory groups is
desirable during the planning and design process.

Guidelines are presented in this chapter to help design and construct both
roadway improvements and separate paths that accommodate the operating charac
teristics of "bicycles" as defined in this guide. Modifications to facilities
(e.g., widths, curve radii, super elevations, etc.) that are necessary to .
accommodate adult tricycles, bicycle trailers, and other special purpose human
powered vehicles and accessories should be made in accordance wit~ expected
use, using sound engineering judgment. Minimum standards should be strictly
adhered to.

-" -~~..--'... _...~-~

ROADWAY IMPROVEMENTS

To varying extents, bicycles will be ridden on all highways where they are
permitted. All new highways, except those where bicyclists will be legally
prohibited, should be designed and constructed under the assumption that they
will be used by bicyclists. Bicycle-safe design practices, as described in
this guide, should be followed to avoid the necessity for costly subsequent
improvements. Because most highways have not been designed with bicycle
travel in mind, there are often many ways in which roadways should be improved
to more safely accommodate bicycle traffic. Roadway conditions should be
examined and, where necessary, safe drainage grates and railroad crossings,
smooth pavements, and signals responsive to bicycles should be provided. In
addition, the desirability of adding facilities such as bicycle lanes, bicycle
routes, shoulder improvements, and wide curb lanes should be considered.
Information on each of the differen~ roadway improvements is contained in this
section.

• (4793K) -15-
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Drainage Grates

Drainage grate inlets and utility covers are potential problems to bicy
clists. When a new roadway is designed, all such grates and covers should be
kept out of bicyclists expected path. On new construction where bicyclists
will be permitted, curb inlets should be used wherever possible to completely
eliminate exposure of bicyclists to grate inlets. It is important that grates
and utility covers be adjusted flush with the surface, including after a road
way is resurfaced.

Parallel bar drainage grate inlets can trap the front wheel of a bicycle caus
ing loss of steering control and, often, the bar spacing is such that they
allow narrow bicycle wheels to drop into the grates, resulting in serious dam
age to the bicycle wheel and frame and/or injury to the bicyclist. These
grates should be replaced with bicycle-safe and hydraulically efficient ones.
When this is not immediately possible, weld steel cross straps or bars perpen
dicular to the parallel bars to provide a maximum safe opening between
straps. This should be considered a temporary correction.

While identifying a grate with a pavement markings, the treatment indicated in
the MUTeD, (see Chapter 4, Appendix A) would be acceptable in most situations,
parallel bar grate inlets deserve special attention. Because of the serious
consequences of a bicyclist missing the pavement marking in the dark or being
forced over such a grate inlet by other traffic, these grates should be physi
cally corrected, as described above, as soon as practicable after they are
identified.

Railroad Crossings

Railroad highway grade crossings should ideally be at a right angle to the
rails. The greater the crossing deviates from this ideal crossing angle, the
greater is the potential for a bicyclist's front wheel to be trapped in the
flangeway causing loss of steering control. It is also important that the
roadway approach be at the same elevation as the rails.

Consideration should be given to the materials of the crossing surface and to
the flangeway depth and width. If the crossing angle is less than approxi
mately 45 degrees, consideration should be given to widening the outside lane,
shoulder, or bicycle lane to allow bicyclists adequate room to cross the
tracks at a right angle (see Figure 1). Where this is not possible, commer
cially available compressible flangeway fillers can enhance bicyclist safety.
In some cases, abandoned track~ can be removed. Warning signs and pavement
markings should be installed in accordance with the MUTCD.

Pavements

Pavement surface irregularities can do more than cause an unpleasant ride.
Gaps between pavement slabs or drop-offs at overlays parallel to the direction
of travel can trap a bicycle wheel and cause loss of control; holes and bumps
can cause bicyclists to swerve into the path of motor vehicle traffic. Thus,
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to the extent practicable, pavement surfaces should be free of irregularities
and the edge of the pavement should be uniform in width. On older pavements
it may be necessary to fill joints, adjust utility covers or, in extreme
cases, overlay the pavement to make it suitable for bicycling.

Traffic Control Devices

At intersections where bicycle facilities are in place, bicycles should be
considered in the timing of the traffic signal cycle, as well as the traffic
detection device. Normally, a bicyclist can cross an intersection under the
same signal phasing arrangement as motor vehicles; however, on multi-lane
streets special consideration should be given to ensure that short clearance
intervals are not used. If necessary, an all-red clearance interval may be
used.

To check the clearance interval, a bicyclist's speed of 10 mph (16km/h) and a
perception/reaction/braking time of 2.5 seconds should be used. Detectors for
traffic-actuated signals should be sensitive to bicycles and should be located
in the bicyclist's expected path, including left turn lanes. Where programmed
visibility signal heads are used, they should be checked to insure that they
are visible to bicyclists who are properly positioned on the road.

The MUTCD should be consulted for requirements on signs and pavement mark
ings. Where bicyclists are expected to use different routings than motorists,
directional signing should be used to confirm to bicyclists that the special
routing leads to their destination. For additional information refer to
Appendix A.

Shoulders

Wide curb lanes and bicycle lanes are usually preferred over shoulders for use
by bicyclists. Shoulders are typically rough and contain much debris such as
glass and obstacles. Therefore, they are usually a safety hazard. However,
if it is intended that bicyclists ride on shoulders, smooth paved shoulder
surfaces should be provided and maintained in a clean and safe condition.
Pavement edge lines supplement surface texture in delineating the shoulder
from the motor vehicle lanes. Rumble strips can be a deterrent to bicycling
on shoulders and their benefits should be weighed against the probability that
bicyclists will ride in the motor vehicle lanes to avoid them.

Shoulder width should be a minimum of 4 feet (1.2m) when intended to accommo
date bicycle travel. Roads with shoulders less than 4 feet (1.2m) wide nor
mally should not be signed as bikeways. If motor vehicle speeds exceed 35 mph
(55km/h), if the percent~ge of trucks, buses, and recreational vehicles is
high, or if static obstructions exist at the right side, then additional
width is recommended.
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Adding or improving shoulders can often be the best way to accommodate bicy
clists in rural areas, and they are also a benefit to motor vehicle traffic.
Where funding is limited, adding or improving shoulders on uphill sections
first will give slow moving bicyclists needed maneuvering space and decrease
conflicts with faster moving motor vehicle traffic.

Wide Curb Lanes

On highway sections without bicycle lanes, a right lane wider than 12 feet
(3.7m) can better accommodate both bicycles and motor vehicles in the same
lane and thus is beneficial to both bicyclists and motorists. In many cases
where there is a wide curb lane, motorists will not need to change lanes to
pass a bicyclist.

Also, more maneuvering room is provided when drivers are exiting from drive
ways or in areas with limited sight distance. In general, a lane width of
14 feet (4.3m) of usable pavement width is desired. Drainage grates, parking
and longitudinal ridges between pavement and gutter sections are not con
sidered usable pavement.

Widths greater than these can encourage the undesirable operation of two motor
vehicles in one lane, especially in urban areas. When widths exceed 14 feet
of usable pavement surface, a pavement edge line should be striped to discour
age the undesirable operation of two motor vehicles in one lane. For example,
if 15 feet of usable pavement surface exists, 11 feet could be striped for the
motor vehicle lane, whereby, the minimum desirable 4 feet of remaining width
adjacent to the motor vehicle lane would be provided for the cyclist. [3]

Figure 2 (a) shows a typical u~ban roadway with wide curb lane.

When a right-turn onl~ lane exists at an intersection the additional width
should be placed in the right-most through lane (see Figure 3).

Restriping to provide wide curb lanes can be accomplished on most existing
multi-lane facilities by making the remaining travel lanes and left-turn lanes
narrower. This should be performed after careful review of traffic character
istics along the corridor.

BICYCLE ROUTES

It may be advantageous to sign some urban and rural roadways as bicycle
routes. When providing continuity to other bicycle facilities, such as
commuting facilities, a bicycle route can be relatively short. However, a
bicycle touring route can be quite long. For long bicycle routes, a standard
bicycle route marker with,a numerical designation can be used in place of a
bicycle route sign. Refer to Appendix A, (MUTCD Page 9B-lO, Figure Ml-8).

It is often desirable to use supplemental plaques with bicycle route signs or
markers to furnish additional information, such as direction changes in the
route, and intermediate range distance and destination information. [3]

•
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Overall, the decision whether to provide a bicycle route should be based on
the advisability of encouraging bicycle use on a particular road, instead of
on parallel and adjacent highways. The roadway width, along with factors such
as the volume, speed, and type of traffic, parking conditions, grade, and
sight distance should be considered when determining the feasibility of a
bicycle route. Generally, bicycle traffic cannot be diverted to a less direct
alternate route unless the favorable factors outweigh the inconvenience to the
bicyclist. Roadway improvements, such as safe drainage grates, railroad
crossings, smooth pavements,maintenance schedules, and signals responsive to
bicycles, should always be considered before a roadway is identified as a
bicycle route.

Further guidance on signing bicycle routes is provided in the MUTCD.

BICYCLE LANES

Bicycle lanes can be considered when it is desirable to delineate the rights
of-way assigned to bicyclists and motorists and to provide for more predicta
ble movements by each. Bicycle lanes may include striped lanes on the road
way, use of emergency parking lanes, or use of paved shoulders. Passing
motorists are less likely to swerve into the bicycle lane, since the two have
separate lanes. Bicycle lane markings can increase bicyclists' confidence in
motorists not straying into their path of travel. Likewise, passing motorists
are less likely to avoid bicyclists on their right. Raised pavement markings
and raised barriers present a hazard to bicyclists and should not be used to
delineate bicycle lanes. The use of paint or thermoplastic markings to deli
neate bike lanes are generally preferred. [3] Thermoplastic markings may be
slick when wet.

Presently, State design directives require use of thermoplastic markings for
most State contracted roadway improvements. One potential compromise may be
to permit painted markings along shoulders or to delineate bicycle lanes, stop
bars, or crosswalks in a bicycle lane, or other areas where encounters with
bicycles are likely.

Bicycle lanes should always be one-way facilities and flow in the same direc
tion as adjacent motor vehicle traffic. Two-way bicycle lanes on each side of
the roadway are undesirable because they promote riding against the flow of
traffic. Wrong way riding is a major cause of bicycle accidents and violates
the Rules of the Road stated in the Arizona Statutes.

Bicycle Lane Widths

Under ideal conditions, the m1n1mum desirable bicycle lane width is 4 feet
(1.2m). However, certain edge conditions dictate additional desirable bicycle
lane width. To examine the width requirements for bicycle lanes, Figure 2
shows three usual locations for such facilities in relation to the roadway.
Figure 2b depicts bicycle lanes on an urban curbed street where a parking lane
is provided. The recommended bicycle lane width for this location is 5 feet

•
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(1.5m). Bicycle lanes should always be placed between the parking lane and
the motor vehicle lanes. Bicycle lanes between curb and the parking lane cre
ate hazards for bicyclists from opening doors and poor visibility at inter
sections and driveways, and they prohibit bicyclists from making left turns;
therefore, this placement shall never be considered.

Where parking is permitted but a parking lane is not provided, the combination
lane, intended for both motor vehicle parking and bicycle use, should be a
minimum of 12 feet (3.7m) wide. However, if it is likely the combination lane
will be used as an additional motor vehicle lane, it is preferable to desig
nate separate parking and bicycle lanes as shown in Figure 2b. In both
instances, if parking volume is substantial or turnover is high, an additional
1 or 2 feet (0.3 or 0.6m) of width is desirable for safe bicycle operation.

Figure 2c depicts bicycle lanes along the outer portions of an urban curbed
street where parking is prohibited. Bicyclists do not generally ride near a
curb because of the possibility of debris, of hitting a pedal on the curb, of
an uneven longitudinal joint, or of a steeper cross slope.

Bicycle lanes in this location should have a minimum width of 5 feet (1.5m)
from the curb face. If the longitudinal joint between the gutter pan and the
roadway surface is uneven and falls within 5 feet (1.5m) of the curb face, a
minimum of 4 feet (1.2m) shall be provided between the joint and the motor
vehicle lanes.

Figure 2d depicts bicycle lanes on a highway without curb or gutter. Bicycle
lanes shall be located between the motor vehicle lanes and the roadway shoul
ders. Bicycle lanes may have a minimum width of 4 feet (1.2m) where the
shoulder can provide additional maneuvering width if paved. A width of 5 feet
(1.5m) or greater is preferable; additional widths are desirable where sub
stantial truck traffic is present, where prevailing winds are a factor, or
where motor vehicle speeds exceed 35mph (55km/h), or if the shoulder is not
paved.

The typical width for a motor vehicle lane adjacent to a bike lane is 12 feet
(3.6m). There are situations where it may be necessary to reduce the width of
motor vehicle lanes in order to stripe bike lanes. In determining the appro
priateness of narrower motor vehicle lanes, consideration should be given to
factors such as motor vehicle speeds, truck volumes, alignment, and sight dis
tance. Where favorable conditions exist, more narrow motor vehicle lanes may
be feasible.

Bike Lanes on One-Way Streets

If the bike lanes are to be located on one-way streets, the following guide
lines should be kept in mind:

•

•

•

1.

(4793K)

It is preferable to have lanes on the right side of the one-way
street.

-23-



•

•

•

•

•

•

•

•

2. Bicycle lanes on the left side may be desirable if they reduce
conflicts that may occur with heavy bus traffic.

Intersections With Bike Lanes

Bicycle lanes tend to complicate both bicycle and motor vehicle turning move
ments at intersections. Because they encourage bicyclists to keep to the
right and motorists to keep to the left, both operators are somewhat discour
aged from merging in advance of turns. Thus, some bicyclists will begin left
turns from the right-side bicycle lane and some motorists will begin right
turns from the left of the bicycle lane. Both maneuvers are contrary to
established Rules of the Road and result in conflicts. Common movements of
motorists and bicyclists are shown in Figure 4.

At intersections, bicyclists proceeding through and motorists turning right
must cross paths. Striping and signing configurations which encourage these
crossings in advance of the intersection, in a merging fashion, are generally
preferable to those that force the crossing in the immediate vicinity of the
intersection. To a lesser extent, the same is true for left turning bicy
clists; however, in this maneuver, vehicle codes allow the bicyclist the
option of making either a "vehicle style" left turn (where the bicyclist
merges leftward to the same lane used for motor vehicle left turns) or a
"pedestrian style" left turn (where the bicyclist proceeds straight through
the intersection, turns left at the far side, then proceeds across the inter
section on the cross street).

When confronted with such intersections, bicyclists have to merge with right
turning motorists. Since bicyclists are typically traveling at lower speeds
than motorists, they should signal and merge where there is a sufficient gap
in right-turning traffic, rather than at any predetermined location. For this
reason, it is recommended that either all delineation be dropped at the
approach of the right-turn lane (or off-ramp) or that a single, dashed bike
lane line be used to aid smooth transition across the right-turn lane (see
Figure 3). A pair of parallel lines (delineating a bike lane crossing) to
channel the bike merge is not recommended, as bicyclists will be encouraged to
cross at a predetermined location, rather than when there is a safe gap in
right-turning traffic. Also, some bicyclists are apt to assume they have the
right-of-way, and may not check for right-turning motor vehicle traffic.

A dashed line across the right-tum-only lane (or off-ramp) is not recommended
on extremely long lanes, or where there are double right-turn-only lanes. For
these types of intersections, all striping should be dropped to allow the
bicyclist's judgment to prevail. Bike lanes crossing on-ramps do not present
the same problems, as bicyclists normally have a good view of traffic entering
the roadway, and will adjust their path as necessary to cross ramp traffic. A
"Bike Xing" sign may be used to warn motorists of the potential for bicyclists
crossing their path. [2]
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Figures 3 and 5 present examples of details on pavement markings for bicycle
lanes, approaching motorists right turn only lanes and for on and off ramps.
Where there are numerous left-turning bicyclists, a separate turning lane, as
indicated in Part IX of the MUTeD (see Appendix A) should be considered. The
design of bicycle lanes should also include appropriate signing at intersec
tions to reduce the number of conflicts. General guidance for pavement mark
ings for bicycle lanes is contained in the MUTCD.

Signal Design for Bicycle Lanes

At intersections where there are bike lanes and traffic signals, installation
of bicycle-sensitive loop detectors within the bike lane is desirable. This
is particularly important where signals are traffic-actuated, and will not
change for a bicyclist unless a motor vehicle is present, or unless the
bicyclist leaves the bike lane to trip the signal within the traffic lane.
Generally, push button actuators are unsatisfactory at intersections; if the
actuator is not properly located near the curb, bicyclists may have to
dismount to reach it on the sidewalk. Often button activators are located
4 feet from the face of the curb. It is also important that loop detectors in
left-turn lanes be sensitive enough to detect bicycles. Where significant
bicycle use is anticipated on any street with traffic-actuated signals, it is
recommended to install loop detectors that are sensitive enough to detect
bicycles. [2) An example of such a loop detector is included in Appendix C.

Striping and Signing Bicycle Lanes

General requirements for striping and signing of bike lanes are contained in
the MUTCD (see Appendix A and Figures 3 and 5). These guidelines are appro
priate for Arizona and should always be consulted and followed.

Raised barriers (e.g., raised traffic bars and asphalt concrete dikes) or
raised pavement markers should not be used to delineate bike lanes. Raised
barriers and pavement markers prevent motorists from merging into bike lanes
before making right turns, as required by the UVC (Uniform Vehicle Code), and
restrict the movement of bicyclists desiring to enter or exit bike lanes. In
addition, they can impede routine maintenance activities.

Adequate pavement surface, bicycle-safe grate inlets, and safe railroad cross
ings should always be provided on roadways where bicycle lanes are being
designated. [2)

Where funding is limited, adding or improving bike lanes on uphill sections
first will give slower moving bicyclists needed maneuvering space and decrease
conflicts with faster moving motor vehicle traffic.

BICYCLE PATHS

Bicycle paths are facilities on excl~sive rights-of-way and with minimal cross
flow by motor vehicles. Bicycle paths can serve a variety of purposes. They
can provide a commuting bicyclist with a shortcut through a residential neigh
borhood (e.g., a connection between two cul-de-sac streets). Located in a
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park, they can provide an enjoyable recreational opportunity. Bicycle paths
can be located along abandoned railroad rights-of-way, the banks of rivers and
canals, and other similar areas. Bicycle paths can also provide bicycle
access to areas that are otherwise served only by limited access highways
closed to bicycles. Appropriate locations can be identified during the plan
ning process.

Bicycle paths should be thought of as extensions of the highway system that
are intended for the exclusive or preferential use of bicycles in much the
same way as freeways are intended for the exclusive or preferential use of
motor vehicles. There are many similarities between design criteria for
bicycle paths and those for highways (e.g., in determining horizontal align
ment, sight distance requirements, signing, and markings). On the other hand,
some criteria (e.g., horizontal and vertical clearance requirements, grades,
and pavement structure) are dictated by operating characteristics of bicycles
that are substantially different from those of motor vehicles. The designer
should always be conscious of the similarities and the differences between
bicycles and motor vehicles and of how these similarities and differences
influence the design of bicycle paths. The following sections provide
guidance for designing a safe and functional bicycle path.

separation Between Bike Paths and Highways

Bike paths should not be considered a substitute for the street because many
bicyclists will find it less convenient to ride on these types of facilities
as compared with the streets, particularly for utility trips. Some problems
with bike paths located immediately adjacent to roadways are as follows:

•

•

•

•

•

•

•

1.

2.

3.

4.

(4793K)

Unless paired they require one direction of bicycle traffic to ride
against automobile traffic, contrary to normal rules of the road.

When the bike path ends, bicyclists going against traffic will tend
to continue to travel on the wrong side of the street. Likewise,
bicyclists approaching a bike path often travel on the wrong side of
the street in getting to the path. Wrong way travel by bicyclists
is a major cause of bicycle/automobile accidents and should be
discouraged at every opportunity.

At intersections, motorists entering or crossing the highway often
will not notice bicyclists coming from their right, as they are not
expecting contra-flow vehicles. Even bicyclists coming from the
left often go unnoticed, especially when sight distances are often
poor.

When constructed in narrow roadway right-of-way, the shoulder is
often sacrificed, thereby decreasing safety for motorists and bicy
clists using the roadway.
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5. Many bicyclists will use the highway instead of the bike path
because they have found the highway to be safer, more convenient or
better maintained. Bicyclists using the highway are often subjected
to harassment by motorists, who feel that in all cases bicyclists
should be on the path instead.

6. Bicyclists using the bike path generally are required to stop or
yield at all cross streets and driveways, while bicyclists using the
highway usually have priority over cross traffic, because they have
the same right-of-way as motorists •

••

•

7.

8.

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

Because of the closeness of motor vehicle traffic to opposing
bicycle traffic, barriers are often necessary to keep motor vehicles
out of bike paths and bicyclists out of traffic lanes. These bar
riers can be a hazard to bicyclists and motorists, can complicate
maintenance of the facility, and can cause other problems as well.

•

•

•

•

•

•

For the above reasons, bike lanes, wide curb-lanes or bike routes (shared use)
may be the best way to accommodate bicycle traffic along highway corridors
depending upon traffic conditions. [2]

Width and Clearance for Bicycle Paths

The paved width and the operating width required for a bicycle path are pri
mary design considerations. Figure 6 depicts a bicycle path on a separated
right-of-way. Under most conditions, a desirable minimum all-paved width for
a two-directional bicycle path is 10 feet (3m). In some instances, however, a
minimum of 8 feet (2.4m) can be adequate. This minimum should be used only
where the following conditions prevail: (1) bicycle traffic is expected to be
low, even on peak days or during peak" hours, (2) pedestrian use of the
facility is not expected to be more than occasional, (3) there will be good
horizontal and vertical alignment, providing safe and frequent passing oppor
tunities, and (4) the path will not be subjected to maintenance vehicle load
ing conditions that would cause pavement edge damage.

Under certain conditions, it may be necessary or desirable to increase the
width of a bicycle path to 12 feet (3.7m); i.e., a substantial bicycle volume,
probable shared use with joggers and other pedestrians, use by large mainte
nance vehicles, steep grades, and where bicyclists will likely to ride two
abreast.

The minimum width of a one-directional bicycle path should be 5 feet (1.5m).
It should be recognized, however, that one-way bicycle paths often will be
used as two way facilities unless effective measures are taken to assure
one-way operation. Without such enforcement, it should be assumed that
bicycle paths will be used as two-way facilities and designed accordingly.

•
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A m1n1mum 2-foot (O.6m) width graded area should be maintained adjacent to
both sides of the pavement; however, 3 feet (O.9m) or more is desirable to
provide clearance from trees, poles, walls, fences. guardrails, or their
lateral obstructions. A wider graded area on either side of the bicycle path
can serve as a separate jogging path.

A wide separation between a bicycle path and canals, ditches or other signifi
cant depressions is essential for safety. A minimum 5 foot separation from
the edge of the bike path pavement to the top of the slope is desirable. If
this is not possible, a positive barrier such as dense shrubbery or a chain
link fence should be provided. (See Figure 7.)

A wide separation between a bicycle path and an adjacent highway is desirable
to confirm to both the bicyclist and the motorist that the bicycle path func
tions as an independent highway for bicycles. When this is not possible and
the distance between the edge of the roadway and the bicycle path is less than
5 feet (1.5m). a suitable physical divider. such as a fence. dense shrubs or
other barrier should be included in the design. Such dividers serve both to
prevent bicyclists from making unwanted movements between the path and the
highway shoulder and to reinforce the concept that the bicycle path is an
independent facility. Where used. the divider should be a minimum of 4.5 feet
(1.4m) high, to prevent bicyclists from toppling over it, and it should be
designed so that it does not become a hazard in itself.

The vertical clearance to obstructions should be a minimum of 8 feet (2.4m).
However, vertical clearance may need to be greater to permit passage of main
tenance vehicles and, in undercrossings and tunnels, a clearance of 10 feet
(3m) is desirable for adequate vertical shy distance.

Bicycle Path Design Speed

The speed that ·a bicyclist travels is dependent on several factors, including
the type and condition of the bicycle, the purpose of the trip, the condition
and location of the bicycle path, the speed and direction of the wind, and the
physical condition of the bicyclist. Bicycle paths should be designed for
selected speed that is at least as high as the preferred speed of the faster
bicyclists. In general, a minimum design speed of 20 mph (32km/h) should be
used, however, when the grade exceeds 4 percent,or where strong prevailing
tailwinds exist. a ,design speed of 30 mph (48km/h) is advisable.

On unpaved paths, where bicyclists tend to ride slower, a lower design speed
of 15 mph (24km/h) can be used. Similarly, where the grades of the prevailing
winds dictate, a higher design speed of 25 mph (40km/h) can be used. Since
bicycles have higher tendency to skid on unpaved surfaces, horizontal curva
ture design should take into account lower coefficients of friction.

"Speed bumps" or similar surface obstructions, intended to slow down bicy
clists in advance of intersections, ,.should not be used.
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Bicycle Path Horizontal Alignment and Superelevation

The minimum radius of curvature negotiable by a bicycle is a function of the
super elevation rate at a bicycle path surface, the coefficient of friction
between the bicycle tires and the bicycle path surface, and the speed of the
bicycle. The minimum design radius of curvature can be derived from the
following formula.

V2
15 (e + f)

Where R = Minimum radius of curvature (ft.),
V = Design speed (mph ),
e = Rate of super elevation,
f = coefficient of friction,

For most bicycle path applications, the super elevation rate will vary from a
minimum of 2 percent (the minimum necessary to encourage adequate drainage) to
a maximum of approximately 5 percent (beyond which maneuvering difficulties by
slow bicyclists and adult tricyclists might be expected). The minimum super
elevation rate of 2 percent will be adequate for most conditions and will
simplify construction.

The coefficient of friction depends upon speed; surface type, roughness, and
condition; tire type and condition; and whether the surface is wet or dry.
Friction factors used for design should be selected based upon the point at
which centrifugal force causes the bicyclist to recognize a feeling of
discomfort and instinctively act to avoid higher speed. Extrapolating from
values used in highway design, design friction factors for paved bicycle paths
can be assumed to vary from 0.30 at 15 mph (24km/h), to 0.22 at 30 mph
(48km/h). Although there are no data available for unpaved surfaces, it is
suggested that friction factors be reduced by 50 percent to allow a sufficient
margin of safety.

Based upon a superelevation rate (e) of 2 percent, minimum radii of curvature
can be selected from Table 1.

•
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Design Speed - V
(mph)

(1 mph = 1/6km/hr)

20
25
30
35
40

DESIGN RADII FOR PAVED BICYCLE PATHS

(e = 2 percent)
Friction Factor - f

0.27
0.25
0.22
0.19
0.17

Design Radius
(Feet)

(1 ft. = 0.3m)

95
155
250
390
565

•

•

•

•

•

•

•

When substandard radius curves must be used on bicycle paths because of
right-of-way, topographical or other considerations, standard curve warning
signs and supplemental pavement markings shall be installed in accordance with
the MUTeD. The negative effects of substandard curves can also be partially
offset by widening the pavement through the curves.

Grades on Bicycle Paths

Grades on bicycle paths should be kept to a minimum, especially on long
inclines. Grades greater than 5 percent are undesirable because the ascents
are difficult for many bicyclists to climb and the descents cause some bicy
clists to exceed the speeds at which they are competent. Where terrain dic
tates, grades over 5 percent and less than 500 feet (150m) long are acceptable
when a higher design speed' is used and additional width is provided.

Bicycle Path Sight Distance

To provide bicyclists with an opportunity to see and react to the unexpected,
a bicycle path should be designed with adequate stopping distances. The dis
tance required to bring a bicycle to a full controlled stop is a function of
the bicyclist's perception and brake reaction time, the initial speed of the
bicycle, the coefficient of friction between the tires and the pavement, and
the braking ability of the bicycle. [3]

Figure 8 indicates the minimum stopping sight distance for various design
speeds and grades based on a total perception and brake reaction time of 2.5
seconds and a coefficient of friction of 0.25 to account for the poor wet
weather braking characteristics of many bicycles. For two-way bicycle paths,
the sight distance in th~descending direction, that is, where "G" is nega
tive, will control the design.
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Figure 9 is used to select the minimum length of vertical curve necessary to
provide minimum stopping sight distance at various speeds on crests. The eye
height of the bicyclist is assumed to be 4.5 feet (1.4m) and the object height
is assumed to be zero to recognize that hazards to bicycle travel exist at
pavement level.

Figure 10 indicates the m1n1mum clearance that should be used to line-of-sight
obstructions for horizontal curves. The desired lateral clearance is obtained
by entering Figure 10 with the stopping sight distance from Figure 8 and the
proposed horizontal radius of curvature.

Bicyclists frequently ride abreast of each other bn bicycle paths and, on
narrow bicycle paths, bicyclists have a tendency to ride near the middle of
the path. For these reasons, and because of the serious consequences of a
head-on bicycle accident, lateral clearances on horizontal curves should be
calculated based on the sum of the stopping sight distances for bicyclists
traveling in opposite directions around the curve. Where this is not possible
or feasible, consideration should be given to widening the path through the
curve, installing a yellow center stripe, installing a "curve ahead" warning
sign, in accordance with the MUTCD, or some combination of these alternatives.

Intersections with Bicycle Paths

Intersections are an important consideration in bicycle path design. If
alternate locations for a bike path are available, the one with the most
favorable intersection conditions should be selected. The ideal intersection
design isa grade separation, but in many cases its cost is prohibitive. Some
recommended intersection treatments are shown in Figures 11 through 15.

When intersections occur at grade, a major consideration is the establishment
of right-of-way. The type of traffic control to be used (signal, stop or
yield sign, etc.) and location should be in accordance with the MUTCD. Care
should be taken to ensure that bike path signs are located so that motorists
are not confused by them, and that highway signs are placed so that cyclists
are not confused by them. At crossings with infrequent automobile traffic
such as residential or commercial driveways, bicycles should be given prior
ity. In any event adequate sight distance and proper signing must be provided.

It is preferable that the crossing of a bicycle path and a highway be at a
location away from the influence of intersections with other highways. Con
trolling vehicle movements at such intersections is more easily and safely
accomplished through the application of standard traffic control devices and
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normal Rules of the Road. Where physical constraints prohibit such indepen
dent intersections, the crossings may be at or adjacent to the pedestrian
crossing, rights of way should be assigned and sight distance should be pro
vided so as to minimize the potential for conflict resulting from unconven
tional turning movements. At crossings of high-volume multilane arterial
highways where signals are not warranted, consideration should be given to
providing a median refuge area for crossing bicyclists.

Bicycle path intersections and approaches should be on flat grades (to allow
for starting and stopping and adequate line-of-sight requirements). Stopping
sight distances at intersections must be checked and adequate warning be pro
vided to permit bicyclists to stop before reaching the intersection, especi
ally on downgrades.

The maximum grade of the approaches should be 5 percent. Consideration should
be given to a flat approach preceded by a short, steep, vertical section, in
areas where slopes are unavoidable.

Curb-cuts at intersections should be the same width as the bicycle paths.
Curb-cuts and ramps should provide a smooth transition between the bicycle
path along the roadway. [3]

Signing and Marking Bicycle Paths

Adequate signing and marking are essential on bicycle paths, especially to
alert bicyclists to potential hazards and to convey regulatory messages to
both bicyclists and motorists at highway intersections. In addition, guide
signing, such as to indicate directions, destinations, distances, route
numbers, and names of crossing streets, should be used in the same manner as
they are used on highways. In general, uniform application of traffic control
devices, as described in the MUTCD, will tend to encourage proper bicyclist
behavior.

Care should be exercised in the choice of pavement marking materials. Some
marking materials, for example, are slippery when wet and should be avoided in
favor of more skid resistant materials. Paint is preferred.

General guidance on signing and marking is provided in the MUTCD. Part IX of
the MUTCD refers specifically to traffic controls for bicycle facilities.
(See Appendix A). Also see Figures 2 and 3.

Pavement Structure for Bicycle Paths

Designing and selecting pavement sections for bicycle paths is in many ways
similar to designing and ,selecting highway pavement sections. A soils inves
tigation should be conducted to determine the load carrying capabilities of
the native soil and the need for any special provisions. The investigation
need not be elaborate, but should be done by, or under the supervision of, a
qualified engineer.

•
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In addition, there are several basic principles that should be followed to
recognize some basic differences between the operating characteristics of
bicycles and those of motor vehicles. While loads in bicycle paths will be
substantially less than highway loads, paths should be designed to sustain
without damage wheel loads of occasional emergency, patrol, maintenance, and
other motor vehicles that are expected to use or cross the path.

Special consideration should be given to the location of motor vehicle wheel
loads on the path. When motor vehicles are driven on bicycle paths, their
wheels will usually be at or very near the edges of the path. Since this can
cause edge damage that, in turn, will result in the lowering of the effective
operating width of the path, adequate edge support should be provided. Edge
support can be either in the form of stabilized shoulders or in constructing
additional pavement width. Construc~ing a typical pavement width of twelve
ifeet, where right-of-way and other conditions permit, eliminates the edge
raveling problem and offers two other additional advantages over shoulder
construction. First, it allows additional maneuvering space for bicyclists
and second, the additional construction cost can be less than for constructing
shoulders because the separate construction operation is eliminated.

It is important to construct and maintain a smooth riding surface on bicycle
paths. Bicycle path pavements should be machine laid; soil steri1ants should
be used where necessary to prevent vegetation from erupting through the pave
ment; and, on portland cement concrete pavements, transverse joints, necessary
to control cracking, should be saw cut to provide a smooth ride. On the other
hand, however, skid resistance qualities should not be sacrificed for the sake
of smoothness. Broom finish or burlap drag concrete surfaces are preferred
over trowel finishes, for example.

At unpaved highway or driveway crossings of bicycle paths, the highway or
driveway should be paved a minimum of 10 feet on either side of the crossing
to reduce the amount of gravel being scattered along the path by motor vehi
cles. The pavement structure at the crossing should be adequate to sustain
the expected loading at that location.

Hard, all weather pavement surfaces are usually preferred over those of
crushed aggregate, sand, clay, or stabilized earth since these materials
provide a much lower level of service.

Good quality pavement structures can be constructed with asphaltic or portland
cement concrete. Because of wide variations in soils, loads, materials and
construction practices, it is not practical to present specific or recommended
typical structural sections that will be applicable statewide. Attention to
the local governing conditions and to the principles outlined above is
needed. Experience in highway pavement, together with sound engineering judg
ment, can assist in the selection and design of a proper bicycle path pavement
structure and may identify energy conserving practices, such as the use of
sulfur-extended asphalt, asphalt emulsions, and fused waste.
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There are several combinations of the above mentioned materials possible in
designing the full structural section. One design that has been found satis
factory makes use of full-depth, hot mix asphalt pavement laid directly on the
subgrade, (Figure 6a), with soil sterilization. The total thickness may vary
from 3 to 6 inches (80 rom to 150 rom), depending on the quality of the sub
grade. With this design, regular highway mixes can be used, provided they are
dense graded, i.e., not more than 10 percent air voids. A fine-graded aggre
gate should be used in the surface course to provide a smooth texture.

Another desirable structural section consists of a 3-inch thick (80 rom) to
4-inch (100 mm) base of stabilized limerock with a l-1/2-inch (40 mm) to
2-inch (50 rom) asphalt surface course (Figure 6b). This pavement structure is
usually preferable to the full-depth, hot-mix type, because it is more econom
ical than the full-depth course.

Portland cement concrete may also be used for bicycle paths. As mentioned
previously on Portland cement concrete pavements, transverse joints necessary
to control cracking must be saw cut to provide a smooth ride; however, skid
resistant qualities should not be sacrificed for the sake of smoothness. A
structural section of the type normally used for pedestrian walks is adequate
for bicycle traffic, but a heavier section is necessary where vehicles use or
cross the path. A typical Portland cement concrete structural section is
shown on Figure/6(c).

Structures on Bicycle Paths

An overpass, small bridge or facility on a highway bridge may be necessary to
provide continuity to a bicycle path. On new structures, the minimum clear
width should be the same as the approach paved bicycle path, and the desirable
clear width shall include the minimum 2-foot (0.6m) wide clear areas. Carry
ing the clear areas across the structures has two advantages. First, it pro
vides a minimum horizontal shy distance from the railing or barrier, and
second, it provides needed maneuvering space to avoid conflicts with pedes
trians and other bicyclists who are stopped on the bridge. Access by emer
gency, patrol, and maintenance vehicles should be considered in establishing
the design clearances of structures on bicycle paths. Similarly, vertical
clearance also may be dictated by occasional motor vehicles using the path.
However, where practical, a vertical clearance of 10 feet (3M) is desirable
for adequate vertical shy distance.

Figure 17 shows a suggested bike overpass crossing a major street or express
way. Figure 18 shows a suggested bike bridge for crossing a canal or wash.

Railings, fences, or barriers on both sides of a bicycle path bridge should be
a minimum of 4.5 feet (1.4m) high. Smooth rub rails should be attached to the
barriers at a handlebar height of 3.5 feet (l.lm).

•
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Bridges designed exclusively for bicycle traffic may be designed for pedes
trian live loadings. On all bridge decks, special care should be taken to
ensure that bicycle-safe expansion joints are used.

Where it is necessary to continue a bicycle path onto a highway bridge,
several alternatives should be considered in light of what the geometries of
the bridge will allow. (See Figure 19 for both new and retrofit conditions.)

One option is to carry the bicycle path across the bridge on one side. This
should be done where: (1) the bridge facility will connect to a bicycle path
at both ends, (2) sufficient width exists on the side of the bridge or can be
obtained by widening or restriping lanes, and (3) provisions are made to
physically separate bicycle traffic from motor vehicle traffic as discussed
above.

A second option is to provide either wide curb lanes or bicycle lanes over the
bridge. This may be advisable where (1) a one-way bicycle path becomes bicy
cle lanes at one end of the bridge which will allow the cyclist to cross in
the same-direction as motor vehicle flow, and (2) sufficient width exists or
can be obtained by widening or restriping.

A third option is to use existing sidewalks as one-way or two-way facilities.
This may be advisable where (1) conflicts between bicyclists and pedestrians
will not exceed tolerable limits, and (2) the existing sidewalks are ade
quately wide.

Figures 20 and 21 illustrate ways to continue a bicycle path under a new or
existing bridge.

Because of the large number of parameters involved in retrofitting bicycle
facilities onto existing bridges, compromises in desirable design criteria are
often inevitable. Therefore, the width to be provided is best determined by
the designer, on a case by case basis, after thoroughly considering all the
parameters.

In some cases, an underpass will be the best way to carry a bicycle path under
a highway. Figure 22 shows alternate underpass cross-sections for bicycle
paths.

Drainage for Bicycle Paths

The recommended minimum pavement cross slope of 2 percent adequately provides
for drainage. Sloping in one of the directions instead of crowning is prefer
red and usually simplifies the drainage and surface construction. A smooth
surface is essential to prevent water ponding and potential ice formation in
certain areas. Where a bicycle path is constructed on the side of the hill, a
ditch of suitable dimensions should be placed on the uphill side to intercept
the hillside drainage. Such ditches .. should not create hazards for bicy
clists. Where necessary, catch basins with drains should be provided to carry
the intercepted water under the pa~h. Drainage grates and manhole covers
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should be located outside of the travel path of bicyclists. To assist in
draining the area adjacent to the bicycle path, the design should include
considerations for preserving the natural ground cover. Seeding, mulching,
and sodding of adjacent slopes, swales, and other erodible areas shall be
included in the design plans.
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MULTI-USE BICYCLE PATHS

In general, multi~use paths are undesirable, bicycles and pedestrians do not
mix well. Whenever possible, separate bicycle and pedestrian paths should be
provided. If this is not feasible, additional width, signing and striping
should be used to minimize conflicts.

Sidewalks

Providing a sidewalk bicycle path is unsatisfactory for a variety of reasons.
Sidewalks are typically designed for pedestrian speeds and are not safe for
higher speed use. Conflicts are common between pedestrians traveling at low
speeds (or exiting stores, parked cars, etc.) and bicyclists, as are conflicts
with fixed objects (e.g., parking meters, utility poles, sign posts, bus
benches, trees, fire hydrants, mailboxes, etc.). Walkers, joggers, and roller
skaters can, and often do change their speed and direction almost instantane
ously, leaving bicyclists insufficient time to react and avoid collisions.

Lighting for Bicycle Paths

Fixed-source lighting reduces conflicts along paths and at intersections. In
addition, lighting allows the bicyclist to see the bicycle path direction,
surface conditions, and obstacles. Lighting for bicycle paths is important
and should be considered where cyclists riding at night are expected, such as
bicycle paths serving college students or commuters, and at highway intersec
tions. Lighting should also be considered through underpasses of tunnels, and
when nighttime security could be a problem. Depending on the locatio~,

average maintained horizontal illumination levels of 0.5 foot-candle (5 lux)
to 2-foot candles (22 lux) should be considered. Where speci~l security prob
lems exist, higher illumination levels may be considered. Light standards
(poles) should meet the recommended horizontal and vertical clearances.
Luminaires and standards should be at a scale appropriate for a pedestrian or
bicycle path. .

Restriction of Motor Vehicle Traffic on Bicycle Paths

Bicycle paths often need some form of physical barrier at highway intersec
tions to prevent unauthorized motor vehicles from using the facilities. Pro
visions can be made for a lockable, removable post to permit entrance by
authorized vehicles. The post should be permanently reflectorized for night
time visibility and painted a bright color for improved daytime visibility.
When more than one post is used, a 5-foot (1.5m) spacing is desirable. Wider
spacing might prevent entry by adult tricycles and bicycles with trailers.

An alternative method of 'restricting entry of motor vehicles is to split the
entry way into two 5-feet (1.5m) sections separated by low landscaping. Emer
gency vehicles can still enter if necessary by straddling the landscaping.
The higher maintenance costs associated with landscaping should be acknowl
edged, however, before this alternative method is selected.
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Similarly, pedestrians often have difficulty predicting the direction an
oncoming bicyclist will take. At intersections, motorists are often not look
ing for bicyclists (who are traveling at higher speeds than pedestrians)
entering the crosswalk area. particularly when motorists are making a turn.
Sight distance is often impaired by buildings, walls. property fences, and
shrubs along sidewalks. especially at driveways. In addition. use of side
walks can encourage wrong way bicycling.

Sidewalk bikeways should be considered only under the following special cir
cumstances:

It is important to recognize that the development of extremely wide sidewalks
does not necessarily add to the safety of sidewalk bicycle travel. Wide side
walks encourage higher-speed bicycle use and can increase potential for con
flicts with motor vehicles at intersections. as well as with pedestrians and
fixed objects. (2)
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3.
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To accommodate the youthful bicyclist and inexperienced adult bicy
clists (including tricyclists). In residential area. sidewalk rid
ing by young children too inexperienced to ride in the street is
common. With lower bicycle speeds and lower auto speeds, potential
conflicts, though somewhat lessened, still exist. This type of
sidewalk bicycle use is accepted, but it is inappropriate to sign
sidewalks as bike paths. (2) Provision of sidewalk facilities for
the youthful bicyclist and inexperienced adult bicyclist should
always be in addition to, rather than instead of, the provision is
for the adult bicyclist.

To provide bikeway continuity along high-speed or heavily traveled
roadways which have inadequate space for bicyclists and are uninter
rupted by driveways and intersections for long distances; and on
long narrow bridges. In such areas, ramps should be installed at
the sidewalk approaches. If approach bikeways are two-way, sidewalk
facilities should be two-way. (2)

Whenever sidewalk bikeways are established a special effort shall be
made to remove obstacles that will be hazardous to bicycle travel.
Whenever bicyclists are not subjected to the hazards of a vertical
lip crossed at a flat angle. Also, curb cuts at each intersection
are necessary. Curb cuts should be wide enough to accommodate adult
tricycles and two-wheel bicycle trailers. (2)

Moreover, curb cuts should offer a smooth transition between the
pavement surface and the sidewalk and the place directly in the path
of the bicyclist's line of travel(see ADOT Detail "Curb Cut Ramps,
Physically HaMicapped fl

).

A single ramp at the center of the curb radii directing the cyclist
at a 45° angle from either sidewalk should not be considered. Such
treatment directs the cy~list into traffic.
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While sidewalks are generally not accepted for bicycling, in a few
limited situations, sidewalk improvements can be beneficial. Resi
dential areas or areas near elementary schools where young, inexper
ienced children are the primary riders may particularly benefit from
curb ramps, removal of obstacles, etc. Other sidewalk locations
that should be evaluated for bicycle safety and comfort include long
or narrow bridges and rural areas where little, if any, pedestrian
traffic on the sidewalks occur.

Mopeds

It is also undesirable to mix mopeds and bicycles on the same facility. Where
it is necessary to do so, the facility should be designed to account for the
higher operating speeds of mopeds, the additional maneuvering requirements of
mopeds, and the increased frequency of passing maneuvers. Many of the design
guidelines prescribed within the "Bicycle Paths" section (e.g., widths, design
speeds, horizontal alignments, grades, etc.) would be inadequate for facili
ties intended for moped use. Mopeds also contribute to a lessening of the
quiet, relaxing experience most bicyclists desire on bicycle paths.

Bicycle/Bridle Path

Using a path for bicycles and horses creates an unsatisfactory and possibly
dangerous mix. Horses startle easily and may kick out suddenly if they per
ceive bicyclists as danger. A bicycle path and a bridle path are also incom
patible in their surface design requirements. Bicycles function best on·hard
surfaces, horses function best on soft surfaces. A compromise to accommodate
both would result in less than adequate surface .for both.

SUPPLEMENTAL BICYCLE FACILITIES

Providing bicycle parking facilities is an essential element in an overall
effort to promote bicycling. People are discouraged from bicycling unless
adequate parking is available. Bicycle parking facilities should be provided
at both the trip origin and the trip destination and should offer protection
from theft and damage. (See the Appendix for example bicycle parking
facilities.)

The wide variety of bicycle parking devices fall into two categories of user
needs; commuter or long-term parking, and convenience or short-term parking.
The minimum needs for each differ in their placement and protection. Long
term parking is needed at locations such as employment centers, transit or
subway stations, and multifamily dwellings. Facilities should be provided
which secure the frame, both wheels, and accessories and which offer protec
tion from the weather. Bicycle lockers and attended storage areas are good
examples of long-term parking facilities. Short-term parking is needed at
locations such as shopping centers, libraries, recreation areas, and post
offices. Facilities should be very convenient and be near building entrances
or other highly visible areas which ,pre self policing. The facility should be
designed so that it will not damage bicycles (bent rims are common with racks

•
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that only support one wheel). If bicycle parking is not properly designed and
located, bicyclists will use trees, railings, and other appurtenances. This
practice can damage the appurtenances and create a hazard for pedestrians.

Several factors should be considered when planning and providing bicycle park
ing facilities. Care should be given in selecting the location to ensure that
bicycles will not be damaged by motor vehicles. Parking facilities should not
interfere with the normal pedestrian flow. Also, facilities should be
designed so that persons parking their bicycles will not disturb other parked
bicycles. The amount of security needed to prevent theft needs to be evalu
ated for each area.

Facilities should be able to accommodate a wide range of bicycle shapes and
sizes including tricycles and trailers, if used locally. Finally, facilities
should be simple to operate. If possible, signs depicting how to operate the
facility should be posted.

In addition to bicycle parking facilities, there are several other improve
ments that complement bicycle paths and roadway improvements. Provisions
should be considered for interfacing bicycle travel with public transit, such
as racks on buses, buses converted to carry bicycles aboard, or allowing bicy
cles on rapid rail facilities. Printing and distributing bicycle route maps
is a high-benefit, low-cost project that is easily accomplished. Maps can
help bicyclists locate bikeways, parking facilities, and identify the relative
suitability of different segments of the road system. Also, maps can help
bicyclists avoid narrow, high-speed, or high-volume roads, one-way streets,
barriers and other problems to bicyclists. In addition, maps can provide
information on Rules of the Road, bicycle safety tips, and interfacing with
mass transit.

OPERATION AND MAINTENANCE OF BICYCLE FACILITIES

The agency responsible for the control, maintenance, and policing of bicycle
facilities should be established prior to construction. The costs involved
with the operation and maintenance should be considered and budgeted for when
planning a facility. Neglected maintenance will render bicycle facilities
unrideable, and the facilities will become a liability to the State or commu
nity. Bicyclists should be encouraged to report bicycle paths and roadways
needing maintenance. A central contact person with authority to authorize
maintenance work should be designated to receive such reports.

Bikeways, and roadways with bicycle traffic are often susceptible to having
debris, such as glass or sand, accumulate in the area where bicyclists ride,
therefore, regular sweeping is necessary. A smooth surface, free of potholes
and debris, should be provided. The pavement edges should be uniform. Signs
and pavement markings should be inspected regularly and kept in good condi
tion. Highways with bicycle traffic may require a more frequent and higher
level of maintenance than other hig~~ays.
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For bicycle paths, attention should be given to maintaining the full paved
width and not allowing the edges to ravel. Trees, shrubs and other vegetation
should be controlled to provide adequate clearances and sight distances.
Trash receptacles should be placed and maintained at convenient locations.
Seeded and sodded areas in the vicinity of bicycle paths should have regular
schedule of mowing. Also enforcement is usually necessary to prevent unautho
rized motor vehicles from using the bicycle path.

The routine maintenance of roadways provides an excellent opportunity to
improve the bicycle travel on those roads. Several bicycle facilities
described in this manual can be implemented during routine maintenance activi
ties. When lane markings for four or six lane streets are restriped, con
sideration can be given to adjusting the lane widths and providing a wide curb
lane for bicycles. Addition of edge lines can better delineate a shoulder,
especially at night. When shoulders are resurfaced, a smooth surface suitable
for bicycle riding should be considered.

•
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GLOSSARY OF BICYCLE AND OTHER TRANSPORTATION-RELATED TERMS

ADT

Average Daily Traffic volume.

Amenity Factor

Any design feature of a bicycle, over and above what is deemed a basic
ally safe design, which promote bicycle usage. Examples: weather-pro
tected parking and scenic overlooks.

Attainment

A level of service to be achieved for the purpose of evaluating the
degree to which goals and objectives are met.

Bicycle Facilities

A general term denoting improvements and prov1s1ons made by public agen
cies to accommodate or encourage bicycling, including parking facilities,
maps, all bikeways, and shared use of roadways not specifically designed
for bicycle use.'

Bicycle Lane

A portion of a roadway which has been designated for a preferential or
exclusive use of bicycles, with through travel by motorists and pedes
trians prohibited, but with crossflows by pedestrians and motorists per
mitted. This designation includes striped bike lanes, paved shoulders,
and lanes for joint use by disabled vehicles and bicycles. [2]

Bicycle Path

A bikeway which is physically separated from motorized vehicular traffic
by an open space or barrier and which is either within the highway
right-of-way or within an independent right-of-way. Crossflows with
motorized traffic are minimized. [2]

Bicycle Route

A segment of a system of bikeways designated by the jurisdiction having
authority with appropriate directional and informational markers, with or
without a specific bicycle route number.
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Bicycle Wide Curb-Lane

A portion of roadway which has been designated for shared use by bicycles
and motorized traffic, characterized by a curb-lane which is of such
width that bicycle and motorized traffic can be accommodated in the same
lane. This lane should always be the through lane closest to the curb
(when a curb is provided) or the shoulder edge of the road when a curb is
not provided.

Bikeway

Any road, path, or way which in some manner is specifically designated as
being open to bicycle travel, regardless of whether such facilities are
designated for the exclusive use of bicycles or are to be shared with
other transportation modes.

Capacity

Maximum number of bicycles which have a reasonable expectation of passing
through a given bikeway section during a given time period under existing
facility conditions.

Clearance

Lateral width required for safe passage of a bicycle as measured in a
horizontal plane.

Climatological Elements

Weather as it affects bicycling in either a positive of negative manner.
This includes temperature, precipitation, wind, etc.

Design Speed

A speed determined for design and correlation of the physical features of
a bikeway that influence bicycle operation. It is the maximums safe
speed that can be maintained over a specified section of bikeway when
conditions allow the design features of the bikeway to govern usage.

Determinants

Data and facts which govern the location and design of a bikeway.

Experienced Bicyclists

All bicyclists not considered youthful (under 13) or inexperienced adult
bicyclists. These riders are assumed to have the physical and judgmental
skills needed to safely and comfortably maneuver their bicycles in a
variety of traffic situations."
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Groove

A narrow slot in the surface that could catch a bicycle wheel, such as a
gap between two concrete slabs.

Highway

A general term denoting a public way for purposes of vehicular travel,
including the entire area within the right-of-way.

Inexperienced Adult Bicyclists

Those bicyclists 13 years of age or older who may have the judgmental and
physical maturity necessary to maneuver their bicycles in a variety of
traffic situations, but typically do not feel secure or comfortable rid
ing in all situations.

In-Street Bicycle Fa~ility

Any bicycle facility (bicycle route, lane, or wide curb-lane) on which
bicycle traffic shares the roadway with motor vehicles.

Intermodal Transfer Point

Any location at which a person or persons change from one transportation
mode to another.

Legend

Words, phrases, or numbers appearing on all or part of a traffic control
device.

Location Criteria

Relative predetermined standards used in selecting and weighing bikeway
corridors.

Longitudinal Patterns

Stripes or markings placed parallel to the flow of traffic.

Minimum Energy Path

The route between two given points requiring the least amount of energy
for a bicyclist to transverse.

MPO

Metropolitan Planning Organization.
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MIPO

Metropolitan Transportation Planning Organization.

Origin--Destination Study (0 & D Study)

A survey of facility users designed to determine trip frequency and ter
mini; use in determining bikeway needs.

Parameter

A system component whose value determines the characteristics or
behaviors of a system.

Pavement Marking

Painting or applied lineCs) or legend placed on any bikeway surface to
regulate, guide, or warn traffic.

Pedestrian

A person whose mode of transportation is on foot, including a person
"walking a bicycle."

Planning Area

A geographic district or region selected for planning objectives.

Planning Sub-Area

The smallest geographic unit for which trip behavior is calculated and
analyzed in transportation importance.

Representative Sampling

A planning technique designed record (to a specified level of accuracy)
public opinions and attitudes regarding community issues, typically using
interviews with or mailers to a segment of the population. Sampling
which does not meet the specified level of accuracy is referred to as
"non-representative sampling."

Right-of-Way

A general term denoting land, property, or interest therein, usually in a
strip, acquired for 'or devoted to transportation purposes.

Right-of-Way Corridor Width

The width between the furthest 'edges of the right-of-way property on
which the roadway is located; may include the roadway, shoulder area and
lawn area, and sidewalk.
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Roadway

The portion of the highway, including shoulders, for vehicle use.

Secondary Bicycle Facility

Bicycle facilities designed primarily for youthful and inexperienced
adult bicyclists.

Service

In bikeway operation, a qualitative measure for indicating the effect of
factors such as speed, travel time, safety, travel interruptions, and
maneuverability.

Shared Roadway

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

Shy Distance

The distance between the bikeway's edge and any fixed object capable of
injuring a bicyclist using the facility.

Sidewalk

The portion of a highway designed for preferential or exclusive use by
pedestrians.

Sidewalk designed to provide smooth transition between grades by the use
of slanted ramps; such facilities are typically wider than ordinary side
walks, so that handicapped individuals can be accommodated.

Sight Distance

A measurement of the bicyclist's visibility, unobstructed by traffic,
along the normal travel path to the furthest point of the roadway surface.

Shoulder

The portion of the roadway outside the edges of the traveled way (or back
of curb) and extending to the top of front slopes. The shoulders may be
paved or unpaved.
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A ridge in the pavement, such as that which might exist between the pave
ment and a concrete gutter or manhole cover; or that might exist between
two pavement blankets where the top level does not extend to the edge of
the roadway.

Stopping Sight Distance

The total distance traveled from the instance a bicycle operator sights
an object which requires him/her to stop to the point at which the vehi
cle stops. Perception plus reaction and braking distance equals stopping
sight distance.

Superelevation

Raised outside edge of a roadway curve designed to overcome the force
causing a vehicle to skid when maintaining speed; often referred to as a
''banked curved."

Termini

The two ends of the travelway, i.e., the trips beginning and its end
location.

Traffic Control Devices

Signs, signals or other fixtures, whether permanent or temporary, placed
on or adjacent to a travelway by authority of a public body having juris
diction to regulate, warn, or guide traffic.

Traffic Flow Patterns

Graphic presentation of vehicular or pedestrian movement at a given time
on given streets.

Transportation Corridor

A strip of land between two terDdni within which traffic, topography,
environment, and other factors are evaluated for transportation purposes.

Transverse Patterns

Pavement markings perpendicular to, or at an angle to, the flow of traf
fic, such as stop b~rs, crossover stripes, and median delineations.

Travel Generators

Particular areas or locations which represent trip destination points t
the utilitarian bicyclist; for example, libraries, schools, recreation
areas, and work centers.

•
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Travelway

Any way, path, road, or other travel facility used for any and all forms
of transportation.

Tributary Areas

Geographic locations which act as feeders to major transportation corri
dors.

Trip Attractors

Potential trip destinations, such as schools, recreation areas, shopping
areas, and employment centers (essentially synonymous with "Travel Gener
ators.")

;

Trip Producers

Residential areas (trip origins).

Utilitarian Bicyclist

An individual who uses a bicycle primarily to reach a particular destina
tion.

Vehicle

Every device in, upon, or by which any person or property is or may be
transported or drawn upon a travelway, excepting devices used exclusively
upon stationary rails or tracks.

Volume

The number of vehicles which pass a given point for a given amount of
time (e.g., hour, day, year).

Warrant

A minimum requirement for justifying the authorization of a traffic con
trol device; for example, traffic volumes, accident statistics, and exis
ting design.

Youthful Bicyclist

For the purpose of determining appropriate bicycle facilities, any person
under 15 years of age.
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Chapter 3 included general comments on placing traffic control devices on
bicycle routes, lanes, and paths. The reader should refer to the appropriate
sections for suggested applications of traffic control devices. However,
specific applications of traffic control devices on bikeways must be in accor
dance with the MUTCD. For convenience, the section of the MUTCD "Part IX
Traffic Controls For Bicycle Eacilities" has been included in this Appendix .
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I .. Part IX. TRAFFIC CONTROLS FOR BICYCLE

FACIUnES

A. GENERAL

n

1

~.

9A-I Requirement. lor Blcyc:llat Trame Control Device.

Tramc control device... whether they are Intended for motorlata or
blcydl8la, muat adhere to live baelc requlrement.e to be able to perConn

• their Intended function. They mU8t:

I. Fullin a need."
2. Command attention.
8. Convey a clear, IIlmple meaning.
4. Command reaped of road users.
6. Give adequate time Cor proper responlle.

The delllgn, placement, operation; maintenance, and untrormlty of
tralnc control devices mUlti be con81dered to meet the above require
menta. Design Is a critical feature to permit the device to fulfill a need
and to comlnand reapect of road users. The placement-lateral, vertical,
and longitudinal-plays an Important part In making the device effec·
tlve and In giving adequate time for proper response. The operation of
traffic In reeponse to the device 18, of course, the critical teat of the
devlce'a effectlvenese and a check on all live of the basic requlrement.e.

Unlfonnlty, achieved by lollowlng the recommendatlon8 and 8tan
danls of this Manual, greatly enhance8 the ability of a device to convey
a clear, aimpie meaning to the user.
. Whenever devlce8 are InBtalled, they 8hould be warranted and bued
on a prior engineering study. Where the guidance provided by this part
oC the Manual does not fully define where particular devices IIhould be
used, qualified tralnc engineers ehould determine the application of
devlcee on any bicycle facility before In8tallaUon Is made. It Is Intended
that thle Manual define the Btandards for traffic control devlce8, but
8hall not be a legal requirement for their Inlltallation.

9A-2 Scope

0.
. This Part covers blcycle-uee related algna, pavement marklnp and
algnala which may be used on highways or bikeways.

9A-l



9A-5 Maintenance

Bicycle signs and markings should be properly maintained to com
mand res~eet from both the motorist and th~ bicyclist. When Installing
siKhR and markings on bicycle facilities, care should be taken to have an
agency designated to maintain these devices.

9A-4 Standardization of Devices

. Standards for basic design elements and devices using these stan
danls are given In this Manual. These standard devices generally will
Rerve most applications. Where particular conditions require the use of
a device that Is not Included In this Manual, the general principles In this
Manual as to color, size, and shape should be followed wherever practi
cal. Such devices should also follow the design, Installation and applica
tion concepts contained in the Manual.

9A-3 Udlnitlona Relatlnr to DI~,clea

The following terms are used throughout Part IX:
I. Bikeway-Any road, street, path, or way which In some manner Is I

specifically designated as being open to bicycle travel, reganlless of
whether such facilities are designated for the exclusive use of bicycles
or are to be shared with other transportaUon modes. .

2. BIcycle Trall-A separate trail or path from which motor vehicles
are prohibited and which Is for the exclusive use of bicycles or the '
8hared use of bicycles and pedestrians. Where such trail or path forms
a part of a highway, It Is separated from the roadways for motor vehicle
traffic by an open space or barrier.

:t Designated Bicycle Lane-A portion ot a roadway or shoulder
which has been designated for use by bicyclists. It Is distinguished from
the portion of the roadway for motor vehicle traCfic by a paint stripe,
curb, or other similar device.

-I. Shared Roadway-A roadway w.hlch Is oCficially designated and
marked 8S a bicycle route, but which Is open to motor vehicle travel and
upon which no bicycle lane is designated.

5. Bicycle Route-A Rystem of bikeways designated by appropriate
route markers, and by the jurisdiction having authority.

•••"••

tA-8 RelaUon to Other Document.

The UnlConn Vehicle Code and Model Trafnc Ordinance published by
the National Committee on Uniform Traffic Laws and Onllnances, have
provisions for bicycles and are used as the legal basis for the eontrol
devices Included herein. Under the Uniform Vehicle Code, bicycles are
generally considered to be vehicles, so the bicyclists have the same
privileges and obllptlons as other driven.

Informational documents used during the development of the .Ignlna
and markings recommendations In this part of the Manual Include the
following:

I. Guide tor Bicycles, American A88oclatlon of State ItIghway and
Transportation Officials, 1974.

2. Bikeways, State of the Art, Federal Highway Administration,
1974.

3. Bicycle Facility Location Criteria, Federal Highway Administra
tion, 1916.·

4. Bicycle Facility Design Criteria, Federal Highway Administra
tion, 1976

6. State and municipal design guides.

Other documents which relate to the application or traffic control
devices In general, are listed In section IA-7 of this Manual.

tA-t . Colora

The use of colora for bicycle facility traffic control devices should
confonn to the color code specified In section lA-8 for signs and mark
Ings. This In part Is as follows:

YELLOW-General warning
REO-Stop or prohibition
BLUE-Service guidance

9A-1 Meanlnr. of "Shall," "Should," Bnd "May"

In this Part as in other part8 of the Manual, the wonls "shall,"
"should," and "may" are used to describe flpeclfic conditions ~oncemlnK
traffic control devices. To clarify the meanlnKs Intended by use of these
words, the following definitions are provided:

I. SHALL-A mandatory condition. Where certain requirements In
the design or application of the device are described with the "shall"

.stipulation, It Is mandatory that these requirements be met.
2. SHOULD-An adviaory condition. Where the won! "should" Is

used, It Is considered to be advisable usage, recommended but not man
datory.

3. MAY-A pen"haive condition. No requirement for application 18
Intended. If a particular device Is used under a "may" condition, how
ever, Its design shan Collow the prescribed format.

•
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GRE E N - Indicated movements pennltted, dlN!ctlon guidance
BROWN-Public recreation and scenic guidance
ORANGE-Construction and maintenance warning
RLACK-Regulation
WHITE-Regulation

•

r 98-1 AppllcaUon of Signs

Blcycle.use related signs on highways and bikeways serve three basic
• purposes: regulating bicycle usage, directing bicyclists along

preestablished routes, and warning of unexpected condilions. Care
should be taken not to Install too many signs. A conservative use of
regulatory and warning signs Is recommended as these signs, If used to
excess, tend to lose their eHectiveness. The frequent display of guide
signs, however, aids In keeping the bicyclist on the designated route lind
does not lessen their value. Some signs for the bicyclist can also serve the
motorist and the pedestrian.

• • .. • •
I

In
I

• • •
B. SIGNS

•" • •

~
'-1

i
I

(i\
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98-2 location and Position

Where signs are to serve both bicyclists and motorists, mounting
heights and lateral placement shall be lU specified In Part fI, Signs.
Figure 9-1 Illustrates typical signing placement for bicycle trails.
Overhead sign clearance on bicycle trails shall be a minimum of~
feet. The clearance provided should also be adequate for the typical
maintenance vehicles used on the bikeway. Where signs are for the
exclusive use of bicyclists, care should be taken that they are located so
that motorists are not confused by them.

• ''"'"'' '"<Mill>"''''hi:1,
II Nom..... width 01 blcyc:lt ...11
I

"Iou,. '-f. 'lc:re" "lIn pl.eHl.nl on • I,.H.

98-3 Design

The design of signs for bicycle facilities should, whenever possible, be
Identical to that specified In this Manual for motor vehicle travel. Unl-

9A-4
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IB-1 Bicycle Re.trtctlon 81~. (R9-1 a I)

ThIB nne. or IIlgnll I. Intended ror un when! pedelltn.n r.cllltiell .n!
being ulled ror bicycle travel. They IIhould be erected orr the edge or the
IIldew.lk, near the cro8Blng loc.tlon, where blcycllBlB are expected to
"Iamount and w.lk with pedestri8na while croB81ng the atreeL

The R9-6 algn may be used where bicycles can crosa the atreet only
on the pedestrian walk llignal Indication.

The R9-6 algn may be uaed where bicycles are required to CroS8 or
llhare a facility uBed by pedestrianB and are required to yield to the
pedeatriana.

I'nrmlty In flllllllOllncludll!J IIhRpfl, flPlQr, lIymbolR, wordlnlf, letLerinlf, and
Illumination or reneclorlzation. Detailed drawings of the standard BlgnB
lIIul\lrated in this Manual are available to Slate and local highway and
trllffic authorities, Blgn manufacturerB, and Rlmilar IntereBted agencies.• i
Standardization of theBe Bigns does not preclulle further Improvement '
by minor changes In the proportion of lIymbol~, lllroke width, and height
of lellerB, or width of borders. However, all !lhapes and colors Bhall be
as Imllcated, all symbols Bhnll be unmistakably Rlmilar to those shown
and (where a word meBsage is applicable) the wording Bhall be 8l!I pro
vhlpd herein.

The Rign dimensionBllhown in this part of the Manuaillhall be consid
ered standard for application on all typeR of bicycle facilities. Where
signR Rhown in other parts of this Manual are Intended for exclusive
bicycle URe, Rmaller Rlgn sizes from that Rpedried may be used. Incre
mental increaseR In Bpedal bicycle facility Blgns are aillo deRlrable to
make the Rizes compatible wilh 8ignB for' motor vehicles, where both
motorists and bicycli818 benefit by a particular Rign.

The 8ign lettering Bhall be In upper~aBe letters of the type Bhown In
the Standard AlphabelB for Highway Signs and Pavement Marklngll.

All RlgnB 8hould be renectorized for bicycle trails a8 well a8 for 8hared
roadway and deBlgnBted blcycle:lane facllllle8.

98-·1 Regulatory Signs

Itegulalory Rign8 are to Inform blcycll8t!l, pedestrians and motori8lB
of traffic laws or reRIJlations and Indicate the applicability of legal re
quirements lhal would nol otherwi8e be apparent.

Hegulatory !ligns normally Rhall be erected at the point where the
regulation!! apply. The RiR"" message 8hall clearly indicate the require
menls imposed by the reRIJlations and shall he easily visible and legible
to bicyclisls and where appropriate, motorisls and pedestrians.

9B-a nicycle Prohibition Sign (RS-6)

Thl!! sign is Intended for URe at the enlrance to facl Iitiea, auch as
freeWAyS. where bicycling lB prohibited. Where pedeRtrlan8 and mo
lar-driven cycleR are alRo prohlblled from using theRe facllllleB, It may
be morc desirahle lo UBe the R5-IOa word message 81gn (sec. 20-28).

In reduced size (18 x 18 inches), thlB aign may be used on aidewalka
where bicycle riding ia prohibiled.

9B-1i Motor Vehicle Prohihitlon Sign (RS-3)

This sign is inlended for use al the enlrance lo a bicycle trail.

• A,.l1.t.'I> rrr.m Ih" r ..1Irrellll.h..·.r AI1rnlnl.'ntl~UITO.!"I) W••hln"'f1". h.C. tnr.,,"
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9D-M 1Jt!!lll'natt!d Lane Slrn! (1t3-;;i & )./) ..

'"The 1l3-:Jfr "i~n 8hould be u8ed In advance of the beRlnnlng of a
marked deflignaled bicycle lane to call alteulion to theJane and to the r:
pO!lllihle preRcnce of bicycllst8. The R3-JAl' and R3~~iR"ll 8hould be
used only In conjunction with the Preferential Lane Symbol pavement
murkinK anll erected at perlocllc Interval8 along the designated bicycle
lane anll In the vicinity of locallon8 where the preferenllallane 8ymbol
18 u!led (sec. 9C-4).

Where appropriatewthe me88age ENDS may be Ilubstltuted for
AHEAD on the R3-MJ sign and LEFT or CURB can be 8ubslltuted for
RIGHT on the R3-;t elgn.

n

••

.1-2
24" X24" x 24"

•"

.1-1
1I"x1."

• • •
98-10 STOP and YIELD Sirna (Ill-I, 2)

STOP elgna are Intended for U8e on bicycle facilltlell where bicyclillts
are required to stop. When! condltlona require blcycll818 and not motor
le18 to stop, care ehould be taken to place the sign eo It Is not readily
vl81ble to the motorist.

YIELD signs are Intended for use where the bicyclist can 8ee ap
proaching traffic and where bicycll8t mU8t yield the right of way to that
traffic. The vl81blilty of approaching traffic mU8t be adequate to permit
the blcycll8t to 8tOP or to take other me_8ures to avoid that trarne.

For added emph_llis STOP and YIELD 81gn81n regular 30 x 30-lnch
and 36 x 36 x 36-lnch llizes may be used.

The smaller signs shown below are Intended for U8e on bicycle tralla
when hlcyell818 are required to Iltop or yield the right of way. If the
alJf11 appllee to motoriate and bleyclll!ltll, then the aln IIhould be a_ .hown
In Part 11-8.

r

n13-J' l"\
24" x 30"

c#0
ONLY

A RIGHT
.V 'LANE

<#0
LAN E

13....... I~

24" X 30"

98-9 Travelpalh RutrlcUon Sirna (R9-7)

The R9-7 8ign 18 Intended for ulle on facllitle8 which are to be ehared
by pelle!ltrlan!l and blcyclell and on which a de81gnated ares II! provided
for each (sec. 9C-3). Two of these 81gn8 may be erected back-to-back
wllh the symbols reversed for the opposite direction.

'8-11 No Parkin. 81,,,a (R7-9, &: 9a)

When It la necessary to l'elltrict parkIng, 8landlng, or 8topplng In a
delllgnated bicycle lane, appropriate 81gnll LlI dellcribed In aectlonll
28-31 through 2B-33 may be used, or eigne R7-9 or R7-9a ehall be ueed.

I -- _._. ==--

KEEP I , PARKING ®LEfTGH' I BIKEI BIKE~~ I LANEI LANE
- ._-_ ....

"-7
117-' ll7-h12"x II"

1'''xll'' 12"x 11"

n
911-4 98-5
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911-12 "'Rne-Use Control Sirns (R3-7, R4-0

Where right turning motor vehicles mUllt merge w'lth bicycle trarnc
on f1eliigl1ated hike lanell, the R3-7 and R4-4 81gns may be ulled. The r
R4-·1 lIign Is Intetllied to inform both the motorist and the bicyclist or .
lhlfl mel'JtlnR maneuver. Where a deslgnaled bicycle lane ill provhled
near the lilop line, an R3-7 81gn may be used lo prevent motorl!ltll Crom
cros~in~ back oVer the bike lane.

decking, rough or grooved pavement, or water or lee on the roadway.
The W8-10 1I1gn may be used with a llupplemenlal plaque describing the
particular roadway or bicycle trail fealure which might be of danger lo
the bicyclist lIuch all SLIPPERY WHEN WET, STEEL DECK,
ROUGH PAVEMENT, BRIDGE JOINT, or FORD.

WI-IO
IIcyde , sa.,..

.."Xl •
12" x 9"

[~

•......,sa.,..
30" X 30"
2."x I...•

WII-'.·x.'

r,

.......
""x)O"

BEGIN
RIGHT. LANE

YIELD 10 BIKES

u·,
)()" x 30"

RIGHT LANE

MUST
TURN RIGHT

91)-1,1 nte}'cle Crosslhlf SI~h (W II-I)

Th,! 'Hcycle CroMlng 1I1RllI1l Intended fot Ulle on highwaY81n advanee
of a !,oint where a bikeway croSllC8 the roadway. 118hould be erected
aboul 7fiO feel in advance of the cro!lt'llng location In rural at"eM where
81U!('(I!\ are hi~h. llnd at a dlllLance or about 21>0 feet In urban residential
or bu~irleR~ areM, where lIpeed8 bre low.

If the ltl1prollch to 8n Intersection III conlrolled by II traNic (:ontl'ol
1Ilgnal. !'top ~ign or yield Rign, the W It-I lIl~n moy not be needed.

9n-l!i IIn7.nrdtnls Condition Sljfh (W8~ to)

TilP 11:l7.Anlou!\ Condition Rlgn is Intended for U8e whel"t! roadway or I

h1Cydf~ trail conditl()h9 are likely to cause a blcyclistlo IOlle conlrol or hl8 I
I

blcycl,~. The~e comlitions rould include ellppery pOl1etnenl, Blick bri{lge ~ .f'
9~~6

98-16 Tum and Cu"e Slgnll (WI-I, 2, 4, 5, 6, 7)

On bicycle trallll where It III "necessary to warn bicyclllllll or unex
pected changellin path direction, appropriate turn or curve elgnllllhould

(", be ueed. They lIhould normally be installed no leBs than 60 feet In ad
vance of the beginning of the change of alignment.

WI-2
.."x ....

WI-!
""x .."

9B-7

Wi ....
.."Xl •

WI-'
1...·xlr

n

11
...;
I

91)- t:l Wnrnlnk SI~ns

Warning llignR are used when It II deemefl necelll8ry to WArn blcy
cll8ls or motori!\ls of exl~ting or potentially hazardous conditione on or
• <Uac~nt to II highway or trail. The use of warning elgnll should be kept
to a minimum beCll\.Ise the unnece8sary Ufle ot them to WAt"n of condl
Uonll which are apparent tends to breed dl8respecL for 911 slgnll.

Warning p;IRns apeclned herein cover most condltlol1!l lhat are likely
to be mf'l. If other wnnlngll ne needed, the Blgne shall be of slandard
shape and color for worning signs, and the legends shAll be brier and
easily umlerRlood.
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0B-18 Other Wamlng Sign,

Other warning ,Ign! may be required on bicycle fllcillties to warn
rlden of unexpected conditions. The Intended use of these signs generally
Is self-explanatory. They should normally be Installed no less than 50
feet In advance of the beginning of hazards.

Where construction or maintenance activity Is present on bicycle
trails, appropriate signs from Part VI of the Manual should be used .

W12-1
11". II"

W5-4
IS' • 11"

W11A-2
11'11 tl"

WS-'
11'11 II"

WS-1
II" II II'

W7-1
11". II'

. 0B-19 Guide Signs

On highways when! a bicyclist Is sharln~ a lane with motor vehicles or
I, using lin adjacent bikeway, the regular guide signing as described In
Part II of this Manual will serve both modes of travel. Where a
designated bikeway exists, special bicycle route signing should be

nf1
'i

)

W2-2
11")( II"

WI-7
24"x 12"

WI-6
24"x 12"

W2-1
11" x II"

98- 17 Inter1lectlon BIKnl <W2-I, 2,3, .t. 5)

Intereectlon eigne are Intended ror uee ae appropriate to fit the pre
vailing geometric pattern on bike tralle where connecting routell join
and where no STOP or Y IE LD eigne are required. They ehould be used
wherever eight dlelance at the Intersection Ie severely limited, and may
be used ror supplemental warning at Inter1lectlonll where STOP and
YIELD eigne are erected.

W2-4
U"x II"

W2-3
11")( II"

W2-S
11" x II"
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l.; I' . I ~ I • ,

WIO-1
IS' Of8m81er

98-1
98-9 Rn.121"
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M1-1
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IIB-10

Mt-I
12' • 11·

011-1
24" • 1.·

provided at decIsion points along the bllteway, Including signs to Inform
cyclists of bicycle route direction changes and conrlrmatory 'Igns to
ensure that route dIrection has been accurately comprehended.

FIJ!ure 9--2 shows an example o( the signIng for the juncUon of a bicycle
trail with a highway. Figure 9-3 shows the signing and marking for the
beginning and ending of designated bikeways. Guide signing should be
repeated at regular Intervals to ensure that bicyclists approaching from
side streets know they are traveling on an officially designated bikeway.
Similar guide signing should be used (or shared lane bikeways with
Intermediate slglls placed frequently enough to ensure that cyclists
already on the bikeway do 1I0t stray (rom It and lose their way.

98-20 Bicycle Route Sign (011-1)

This sign is intended for use where no unique designation of routes Is
desired. It should be placed at Intervals frequent enough to keep
bicyclists Informed of changes In route direction and to remind motorists
of the presence of bicyclists.

98-21 Bicycle RQute Marken (MI-8. MI-9)

Where It is desired to establish a unique Identification (route deslgna.
tlon) for a State or local b!cycle route, the standard Dike Route Marker
(MI-R) should be used. The route marker (MI-8) shall contain a
numerical designation and shall have a green background with a
renectorlzed white legend and border.

Where a bicycle route extends for long distances In two or more
States, it Is desirable to establish a unique numerical designation for that
route. A coordinated submIttal by the affected States for assignment of
route numller designations should be sent to the American Association of
State Ilighway and Transportation Officials, 444 North Capitol Street
NW., Suite 225, Washington. D.C. 20001. The route marker (MI-9)
shall contain the assigned numerical designation and have a black
legend and border with a rertcctorlzed white background.

Bike HOllte Markers are Intended for use on both shored facilities Rnd
on desi~nated hikeways, as required, to provide guidance (or bicyclists.
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98-11 Supplemental Plaqua for Route Slgnll and Route Marken

Where desired, supplemental plaques can be used with the 011-1 and
MI-8 signs to furnish additional information, such as directional changes
In the route, and intermediate range distance and destination information.
The M4-11 through M4-1J signs may be mounted above the appropriate
Route Signs or Route Marker. Supplemental plaques Ol-Ib and care in- ,
tended for use with the 011-1 Bicycle Route Sign. The appropriate arrow
sign (M7- 1 through M7-7). if used, should be placed below the Route Sign
or Route Marker. These signs shall have a white arrow on a green
background.
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9C-I Functions and Limitations of Markln~s

Muklnp are Important on roadways that have a dellignated bicycle
lane. Marklnplndicale the separation of the lanell for motor vehicle and
blcyclell, assist the bicyclist by indicaling assigned travel pathll, and can
provide advance Information for turning and cros!;ing maneuvers.

98-23 Bicycle Parklnl Aru Slln (D4-3)
The Bicycle Parking Area sign may be used where It Is desired to show

the direction to a designated bicycle parking area within a parking facility
or 81 other local ions. The sign shall be a vertical rectangle of a standard
size of 12 by 18 inches. It shall carry a slandard bicycle symbol, the word
PARKING, and an arrow. The legend and border shall be green on a

reneclorized while background.
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9C-2 General Prlndplee

Although bicycles are ~nerally not equipped with Iltrong lighting
equipment, the added visibility of renedorized pavement markings 18
delltrable even where there Is exclusive ulle by bicyclls18.

Markingto shall be renectorlU!d on bicycle trsllll and on faclllllell ulled
by both motor vehiclell and blcyclell.

Recognized bikeway design guides lIhould be ulled when laying out
markingll for a bicycle lane on a highway facility (sec. 9A-8).

The frequent use of lIymbols and word mellsages IItenclled In the bike
lanell, III a dellirable method of lIupplementlng Ilign me88agell. Figures
9-4 through 9-6, lIhow acceptable examplell of the application of linell,

(1\ word mesllagell and lIymbolll on dellignated bikeways with and without
parking for motor vehicles.

If a specific path for a bicylillt crosBing an Intersection III to be desig
nated, a dott.ed line may be used to define lIuch a path.

9C-S Marklnll Patternll and Colon

The color and type of lines used for muklng bicycle facllltiell IIhall be
all denned In lIection 3A-7. Nonnally, center IInell would not be required
on bicycle pathll. Where condltlonll make It dellirable to lIep.rate two
dlrectlonll of travel at particular locatlonll, a double Ilolld yellow line
IIhould be ulled to Indicate no pUlling or no traveling to the left of the
line.

Where blcy~le pathll are or sufficient width to dellignate two mini
mum width lanell, a broken yellow line may be u8ed to lIeparate the two
directlonll of travel.

Broken lines used on bicycle pathll should have the normal I to 3
,lIegment-to-gap ratio. To avoid having gapll excesllively long, a nominal
3-foot lIegment with a 9-foot gap la recommended.

Where bicyclea and pedestrians use a common facility, It may be
dealred to aeparate the two traffic nOW8. A Bolld white line should be
uaed ~o mark thla aeparatlon of path use. The R9-7 Bign may be u8ed ton supplement the pavement marking (sec. 9D-9).

R.f.12(83 18-14

",
I 9C-l
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9C-4 Markin, or I)elll,n.led IllkewaYI

The dlamond-Bhaped Preferential Lane Symbol I" Intenrlerl for u"e onr· highway facilities where lanell are re!lervel1 for exclullive use by a par
ticular clasll of vehicle. Dellignated bikewaYll are conllirlered as lhlll type
of lane and 8hall Include Ulle of the Preferential Lane Symbol u a
pavement marking and on appropriate signing (llec. 9B-8). The lIymbols

",. all a pavement marking shall be while anrl shall be u"ell Immediately
· I' an.er an InterBection to Infonn motorlstB turning of the relltrlcted na-

.' .. : '. ture of the lane. if the Preferential Lane Symbol 18 u8ed In conjunction
,:/;,: t.: ~lt~ oU'i~r:word 'or Bymbol mesBages, Itllhall precede them. A llupple

: ,).~'" {;' mehtall.~~ lIytnbol or word may he used followlnR all llhown In ngurell
I' 9 ~ th ., h 9 6 I ' ,.' . . '.

.. ; '.. -'I . fOug . - • . ; . '.~ . . ..... I
. I .. ,. ,;; . '. ': I", ~ , , : .!_.. t... ',. ,. I .

.';: ~. !;~" DC-Ii: Word Me_sa,u and Symbolll Applied to the Pavement

':,I;; r .: Whereim~~sagell are to be applied on the pavement, llmaller BIU!
· I .:: letlerB can be uBed on exclusive bike laneB than are Ulled on regular

.. ~: •.~ ~: hlghwaYB. Whl!~ IltroWB are needed, half-BI~e layoutB of the arrows can
be used (Bee.. 3B-17), Optional word and lIymbol marklnKlI eonllidererl
appropriate for t.se with the Preferential Lane Symbol marking are
Bhown In: ngure 9-6. Standard pavement marking alphabetll and sym
bols have' been; prepared.·. :' .

: ~. : .;: I • ~ .' I I'

I DC-I ~ ObJec:t M~rklnKI on Blc:yc:le Trail.

o There ~ay be haurdouB objects located aetjacent to bicycle trail"
I'" I which, If :vlsible to the rider, can be avoided with little dirncully. Such

objectB elin be marked with highly visible marklngR to make their Iden
;'. UficatlonlbY,approachlng rlrlers more certain. Care "hould be taken to

avoid having object markers become hazardous obJectll. Come", of ob-. I
jed marl(erB. all well all signs should be rounrled to prevent their becom-
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Ing n hllzard. All object markerB Bhould be de81gned using reneellve
mall!rllllB or coallngs. Where practical, marken such as thoBe described
In lIt'clion 3C-l or this Mllnual should be u8ed.

Where a Blonn drain hazard cannot be eliminated, It may be made
more visible lo bicycli81f1 by dennlng wllh a white marking applied as
Ihown In rlgure 9-7.
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D. SIGNALS

9D-l Application

: It I, rare when a trafne IIgnal II Inlulled IOI"ly tor bleyelllla: how
ever, at lome locations there may be a need to Inslallllignal devlcell to
tacllltate blcyele travel through th" Inlenectlon. For warranla and oth
er requlrementa relating to slgnlllnlllalllUonll, lIee Part IV or thll Man
ual. Warrantl Ulled for molor vehicles are conslde~ appropriate for
Ulle In detennlnlng the need for signals to Berve blcycllsla. Warrant
Four ror Ichool ero••lng. I. conllidered to be appropriate (or blcyclillUl
.Iso.

9b-2 Visibility Requlremenla

IAt InsullaUona where programmed Ilgnalll are used, spedalaUentlon
Illouid be given to alijusllng the Ilgnals so blcycllsL8 on the regular
bicycle lanes or travel paths can Bee the Ilgnalll. If programmed Ilgnais
cannot be aimed to Berve the bicyclist, then lIeparate signals Ihall be
provided.

9D-3 Blrnal Operation (or Blcyclel

.Bicycles generally can croSIl Inlene<:Llons under the lIame signal Um
Ing arrangement as motor vehicles. Where bicycle use Is expecl.ed, ex
t.remely short change Intervalll .hould not be Ulled and an all red clear
ance Interval may be nece88ary.
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The Bicycle Parking Link
A timely look at bicycle parking ordinances and facilities.

By John J. Protopappas .and Joseph Anderson

•

•

•

• -. "1/ bicycles could be ,"me securely
porkec.i. the" use L<...ould incrt'osc as a
mpons 01 commuting. especially In can·
nectlon with mas! cronSII. .. ",

The ava,!"billIY o( s~cure bK\..c1e
slorage IS a prereQu',,'h: 10 ;"Illy urb"n b"
cycle lrrp ..yel th\!re IS oJ ddll"lI'. perv,,·
S'W dd,"("l("V 111 1h.. ,itT''' '" nl ,,"<1 'or
!'rnmlv o( I", y, I,· 1"It klllli tol' ,hlll~"

Ihr",,!:!I.""1 urb.lI1 .,fl....," Botlt Ilw "''''1,,1.
('(unum,c ilnd emllfonmentoll o":"If,lb,hly
o( bKychng and lilt! publlc's inler",sl In

bICycling are appolrcnl It IS a slatec
policy or gUdl ,n r"c1ny COmmUf1llle" 'h,,'
"bICycling snould 0.. cncOl,r"ged" To
tnls end. m"ny InlprltvelHCnlS 10 bendit

Joh.. P'CJ:o:>oppos huld, 0 mOSier's
dl"fJ'fJEt In (Ill." unc! 'f."'9"IIuJI plt,'l1l1tl!1 II.' I~ U

Sr~1fnr L-pnr..l.lluru (n, th,· f-.fl\r ,,,Jd'HIIf'4!ltrll

B. .!'"t': an.t IUlsrci "' Crr"I'''' ..... 1"""1"""11/10. hc'
,:0"),' l'lIt""~/f':i'" hI( \.\.",,'1 ,n II~III '.. Ill .. ,,' J I.'

(/",.-rIO('l4'rl unci ,mp/"ntt''''''c/ II" J"III. "

GM'!)f' COt/'''v, MOl rio,,, 1',,,, f IU,,)I\,'U'.(/I' I'c"J.~

p'09'om

JU~..·"ll A"dr, ... 'HI ,~ (I p""t· ..."CHll'l En
",,.r, lL'It'" 0 'run",..".""." ,,/(111'11"., {/f"t,,,,,,

(',,"rruh' r~ P'lnl',pnl ,',u,,-.'f '1:"'''11'' Llrld

d'''f·Uo'O\. Coo,rl,nutor lor Munlf'J1Hnp,\., CUll"

,'-. /Of.,rl."iotlc! A"d""~on d"t'~'/I""'d (J (fllHUv

...·KJf' "'111''''0\1 "Ion /C>, M"n'~,"H'rv COllnty.
~

bICycling have been studied i'lnd some
have been implemented. Many bicycle
patns and lanes nave r.een constructed.
bUI Illtle iltlenl'on nas'N>l'n paid to "lnci·
denlolls" sucn as bICycle pilrkmg BICycle
polrklng IS "Il ('ssential hnk in tne cnaln o(
improvements that must be made to
serve f!XiSllllg and potenlial bicycle
lIs,\.'rs

Why h,.\ bIcycle p;uking. rt:l,.tivf!Jy
l'.""I\, ,mel m"'l<!X'ns,,'cly impll'rnenred.
(i1rcd so poorly 1111 ne "chdm" o( improve·
nWlllS:> Most ofhClal public allention nas
(ocused on hlCycle rrd,,,~ Bicyclisr\ have
~cn comp~llIIg lor ro"d sp"ce for years,
r<lI~lIIg In" lies 01 rnolorislS. preCipitalmg
reporll'u ;'CC,dl'nl st"lIslics ilnd el<press·
Ing 01 c,'rlilln "mount of o,ssalls(dcllon

·....lIlh tn~ IneVlrilblc traff,c mil<. Pressure
has l'tOen brougnl (rom motorists and
b,cycllsls ahke (or blk('way. education
"nd enforcement programs. Bicycle
p,lfk,ng, on Ine otner h.1nd, 's a (>rrsol1ol
pr, ,hie-tn. one wnlCn I",ses lillie puhllC
~,,·nMllvlly.

A" sll~ht ii's lhe publ,c pressure (or
h,cv, I" polr~,ng molY be,.tnc problem o(
!'o('culmg .. I"cycle (rom theft IS real and
'" ~h,1, ..d by every md,vldu,,1 bICyclist.
TIII~ nl'l'd c.1n be' mel b\' public ,Il I,on

iJl)d h,,, Ihe polrntlal of helny i'I ~ubstan·

11,11 0.'11<'111 ilncJ ~ncour/l!:!emenl to the
b,cvdlng commurllly.

An example of tne magnitude of the
problem was cited recf!ntly in a survey
in the City o( Baltimorf!.7 Basf!d on sur·
vey data. 25 percent of tne bicyclists nad
t>een victims o( a bicycle tneft and of
tnese, 20 percent had given up bicycling.
These (acts are indicative o( tne problem
wnicn is commonly known in most
American cities. The vulnerability and
value of bicycles have made them altrac
tive targets (or theft. As tne value and
demand for bicycles have increased, tne
total number of bicycle thefts has also
gone up.

A well tnought·out and effectively
executed bicycle parking program wnich
appeals 10 both the implemf!ntors and
the users is the answer to reducing bi·
cycle theft and is a positivf! (actor in
encouraging bicycle use. In addition to
implementing a program to provide ade·
Qual~, secure bicycle parking, serious
allen:lon should be given to a bicyclf!
rf!glstraliun program lind uter f!ducll'
lion. These arf! complimentary f!lements.
Mandatory registration is a logical means
(or identi(ylng and returning stolen bi·
cycles, (or limiting rnale potenllal, for
prOVIding a rf!cord o( tnf! magnitude o(
bicycle ownersnip and lor di$Couraging
Ineft from the outset. Education, as an
Instructive tool as well liS a marketing eie·
men!, should proVIde informallon on the

DICYCL! FOfl.UM
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In cie~lg""'!l .1 p..rkln!l progr.:lm, t...
<tl,tles must be s('leclec1lo meet the n~"d

01 blcvchsts who arl'o 111 many case$. "01

In\'oIVl'd In lhe d('C!slon m.:lk,ng process
Three fl'alureS must he conSldl'rl'd
(1) Incorpor.:lllOn 01 blcycll' parking poh·
c.' requirements InlO pM king or zoning
ordinances and local building codes. thus
:Ylng l.:lcilihes Into Ihl' publ:c and private
developmenl process:
(2) developing design standards to insure
proper locllllon, weather protection.
eqUIpment integrlly and degree 01 secun
I.': and
(3) budge!lng funds for Implementing
pubhc b:cycle parking taclhlles, Each
program must be tailored to local needs
and resources Where II may not be pos,
sible to successfully budget pubhc funds
to construct parking. it ma,' be poSSIble
to require private developers 10 prOVIde
adequate faCIlities in conJunCtion with
new development.

Bicycle Parking Ordinances
and Codes

In order to insure that there i~ ade·
quate space allocated for bIcycle parking
on an on·going basis. a bicycle parkln!l
ordinance may be formulated for incor·
poration into local loning regulations.
This is much like the typical regulations
which require automobile parking
spaces based on Ihe SQuare footage of
building development.

A number of forward· looking com·
munitles have bicycle parking ordi·
nan.:es and a number 01 others have
ordinances under consideration. One of

Ihl' n"tlt' 1"11.,111(, til rt·Il· .... · l~. P,lln I\l!o.

C ... hlr",,,;, III Ih,s uty. OI'Vl'h'I~'rs .1T~

r~qlllll'd, hv 11lI1I"y U"I".,,,,,,,,, 10 d"d"
C.1I" 5.... p,'r ...!nl of Ih.· IllI,,1 rl!l!'llTl'd
p..uklll!l ~",\lC 10 Sl'C-UTl' oll'y.. "· ,I<" ...g"
f,ll'llollI'~ Th" ",clin.,ncl' not ..nly dCI.1I1s
whal !,,-'rn'nl"!ll' (If ~rJC.> mu,t l~ dl'd,·
I:ated to olcyd~ p.:lrk,ng. hUI it goes on tel
d~line whal IvpC 0/ slorll9" fac lioly (el.lss
J. II or !Ill 111""1 be pTlJvlll('d.;

Anlllht'r JlIflSd,cllon. Ml1ntgom('ry
County. M...r.,I.lnd. updatt:d olf,slreel
parking snilce reqult emcnts In the Zon·
109 Ordtnanc(' to tnrorporatel:ompilCi
CM. bicycle. hJnc1icap. allCi motorc'yc-Il'
space~. Thl' o,olnanre ~tlpulales that illl
ownl'rs of p.uktng fac-ilitles cont.:ltnlng
morl' than 40 p<lrktng spaces must pro·
vide I bIcycle parking sp.:lce or locker for
(,1Ich 20 automobile parktng spaces. NOl
mor~ th.,n 20 bICycle parking stalls or
lock~r~ ar~ rl'quirl'd on i1ny one lot. It
furth ...r stille~. "Bicycle parking (aciliti~s

shall be so locilted as to be safe from
motor vehicle trallic anc1 secure from
theft. Interior ~Ioraye and lockers i1r~

encouragl'd. They shall bE' properly r~·

paired and mi\intalnC'rl. Fi'lcihltes that are
used lor overl1lght parking mU~1 be pro·
tect ...d from tl'll' w~alher when they ar~

part of .:In elKlosed parking facilIty."
Owners 01 extsting parking f.:lcililles who
take advantag€ 01 the spac-e savings 01
compact car layout muSl also abIde b..
the requirem~nl for bICycle parking facili·
lies. This nrdill.1nce reVISIon reduces the
amounl 01 l.:lnd necC'ssilry fOI Plllkll1g
faciltlles, maktng more elf'Clent use 01
existing space. Other JurisdIctions, such
as Arlington County. Vtrg''''lia, have reo
written guidelines for $ubciivision and

lIllIld,"y pl'n'''1 ,lpprov;,1 lu tIlrlude Ihe
p'ovl~lon of bll ycle SlnrJ!l\' fJClhtles

Olh..r policy c'onslderMlons mi'ly bl'
In(orporatl!d ""u codes and regul.:lllOns
10 hC'neht bIcycle secunty. For exampll'.
pruv,slons for .:lllo\,\,/Ing blcycl~s on pubhc
tr ..nSI! "eh'cles or 10 the pubhc arl'<l~ of
bui1dll19s and pflvate offices can Improve
the olcyd'Sl s· mobility and/or aVOId
hilvlng to leav~ lhe bIcycle unartended
The AC TranSIt and BART systems ,n
Siln FranCISco, the San D,ego Trans"
COlporatlon and the New Jersey·Npw
York PATH systl?m have all Insliluted
Iurms of bicycle "c.:lTry·on- service.

Bicycle Storage Facility
Types and Design

Tne facers 01 deSIgn must be con
SIdered In prOVIding bicycle parking .:lr\'a

1) Degree of security /lnd safety (rom
vandalism and theft:

2) Location - convenience of park·
ing relatIve 10 destination;

3) Weather protection (sun and rain).
Each (/letor elieirs certain cnteria which
must be considered in determining what
Iype 01 parking facility is best lor the
situation at hand. Bicycle storage needs
rna.' be differentiated between long.t,erm
parking and short·term or convenience
parking. The distinction IS SImilar to that
for automobiles. -The most Importanl
cnterion lor short·term!convenlence
parking (shopping centers, libraries. post
olkes. etc.) is for thE' bICycle storagE'
facility 10 be located ImmC'd'QIE'ly con
ftnguous to the building entrance. For
long·term/commuter parking (places 01
employment, apartment buildings.
schools, transit stations, etc.) s~CUrtty

from Iheft 15 the most critical consid~ra·

-

lion.

•

•

•

•
San Francisco Bay Area BART Station Bicycle Lockers.
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Localion
The closer b,ke parking 15 to a bi·

cyclis"s destination, the rnore hkely It
(and the bicyclel is 10 be used. "Many
bikers, partlculiuly those WIth more ex·
pen~,ve machines. have such a case or
theft parilnOla (a not unreasonabl~ at·
lectaltonl that they prefer not to be
separated from then bikes at all and
would bltthel\-' wheel Into ~leV.:llorS, den·
tist's Of!ICt'S, b.. nk lobbies and Ice cre"m
parlul~ If .,lInwed 10'" M.:lny peopll'
m... k(' II " pr.~,·tlc-e to IIsk for space for
th"" 1""\,,'1(' Ivhl'1l 1"'51 .:lcc\,pllng .' nO'",:
lob so Ilw,,' Mc' no mlsunc1t'rstand"'gs
wlwn :hl'\; arrl"l' .:ll .. new oHK'(, wllh a 10
!'p<'l'C

Tnt' IlCUllllcltxlII11 lUIl\.'C'l\ll'nCl' ttl

htr.·.·I(' Ir.l\,!"I,s ""eil!rmll1l'tJ ",h.. " !l ... rk
mq I< 1,,, ,'Il'd III thl' f...r corrwr or .1 par;'
"',ll", I: ·,1"." ,,,IO(.lIC"'I'.lrklllgfolclhly
.,~ n(',n tl b\.lIldll'~ ('ntf"HKC' to'S possl!:'l('

,lIId (In I"yh l'ISlbl"I, M".I~ I within thl'
slghl·hnC's of passE'rsby The locatIon
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should be suffiCIently rt'moved or pro·
teClt'd from the possibility of .:ollision
WIth aUlomobiles or mlt'derence .....·;lh
pedestrian traffic. It IS most aO,·anta·
geous to specify loc allon dunng I ht' inlilill
planning of bUildings . .:lssoclOlled :lccess·
wa...·s .:lnd parkln9 filuhtoes Revlsl.'oloC31
ordinances lire purtoculOldy helpful In
succeeding IAllth Ihls c1pproach

Weather Protection
Protecting the blcycI" from thc

f'1l!'mC'nts - sun lind rilln _. is p.lrtleu
Llrly Inlpurl.lnl f"r IOllg I('rmll IIfnmul,'r
pmkln!l. For triPS 1A"11l .I sh"rll'r pilrkll1~

dur.Jllon. such .IS shopping ,1nd oth"r
personal business. open illr parkin!) m:ly
t-e acceptable. These triPS art' general'y
more f1t'loble In scht'dulE' and may be
dt'layed 10 a better lime or day. It is besr.
how!.'ver. under .Jrw Clrcumstanccs. II)

UIlItZ(' a Iocallon th.lt alreiloy provlacs
weather protection. If otht'rwlst' sUllable.
For long·term p..rkmg In particular, can·
Slderallon muSI 1)<> given 10 proteclll.m
Ity .:awrullgs. (".l"{JI'I\'~. Irl11 t nor sp.\CC~ (If '

It .. k('r~ (..,tIt·,.· ..,... I.ml,·d fllr 11",11 Ilrn
h.'t lIun)

S.·l;UrllV & S,I'I'IV

Pr,,;cc lion fr"nI Ihell IS tIw Indivi
oual's prrm..r,· co",('rll wh... r. i,· ... , '"g Ihe
hlcycl(' undlt('ndl'd Procuring Ih(' l:ltl'
"",II' ~"eurny p,lrklnU d('v"" h"s hE',-n
II", rc-ll'nll,'ss pu, ~llll of m,1nv mM":
1,llllH('rs $"1>.".11(' ,Ill('mplS hy b"r:l
BART ,n S...n Fr"ncN 0 Olnd METRO 1'1

W,lshlnglon. D C :0 speCify cu'"orr
n1Jde bICycle luck('rs lolliI'd 10 prunuc,·
cost E'ffeCllve ...qulprnC'III n"lh <'lg('nc,~,

h,we sance returnl'Olo slock Hems whu"h
Ja .

yield satisfi'lclor,' results. A good variety
of locking ilnd parking devices currently
eXists bUI careful sclecllon IS still neces·
r.ary. ThrE'e eill('gones of bicycle parking
deVICE'S ;)ccordinq 10 degree of security.
Mve been suggest.-d:·'

Clau 1 - I.lxkprs ur rontro//t'd
uu:es5o arL'aS wh~r~ bi·
n,,'/t'5o nlay bE' stored.
"m/l'cted from :heft.
WI 'lll I II'r. anrll.alldalism.

Cl,,!ts 11,· [)"l"l"'~ willen Jock ,Il('
h .. vel.' frame and
u·n"I'/'. SCUlled from
tll<'l' 01 th(' unit Tne
ind'lllduu! may hauc to
proVIdE' a padlock.

Class III - Bir.vele racks or fixed ob·
wets to whicn u blcyele
mu',' he st'rured by the
ind/l'IIlllO/'5o own lodcmg
dC'vlCP

Cl,.,,~ 111 '" "Il" yell' r.lCk" MP Ihe
It,ultlu'll,,1 ,1Ill.l '·lllr"II,lv I'lc-ciomlnunt

f,.. ,I"v fllr h'l ycl,' ".11 klll~ Ii 1.. 1l'l1 to the
hll y, I,~,., III ~hlllllcki II,,' f('spon~illll'ly

f,,, prolC'l'11I1!!lheu IIWl'slml'nl by buying
dlld """'9 iOck S~ls Unlortunill(':y. thc
v,1lue ,1no th('1t expellC'nrc of tod"y's hi·
"ve!l' h.,., lllllmoo"d th,s applo,\ch.

Ind","'I""'''l ' .. sts conducted
,\I J(.,:,~ ,ill' rUl1nl",; (\nftrrn th..H Iht'rc

ilre no I(',\I!,. ~"l'llr(' I,,;"e lock hardware
s,'sl.::ms ". Ih'., I.\s~ Somp luck, e;)rned
h,' (yCiISIS .If(' f>('!IC'r Ih~n ornl'rs. bUI In a
hl']h enlllt' s,·ll,ng. r.l,nt' 1A""Jld l.lsi Ion·
90'1 Ih.1I1 10 mll'Ules: In Iii" mOSI wilig/ve

way In under two minutes, accordIng 10

Ihe Consumer Rrport' Anolher lesl,ng
repcrl conllrms IhDI no lock w,lIlasl Ion
ger than two mlnules.' In Ihe \4'olds t){

one lock manufacturer, a bicycle iock wdl
del", a th,ef momentarily. hul" If some
bod,' sees a S150 bicycle and plans :0 g('1

il. It IS hl5. BaSically what you're c;rOleCI·
109 against is the chance Ihlef or OOpOr
tunlSI ."!' Though sUllable for shorl lerm
convenience parking, long·term pdrk,ng
reQuires mOT(' than a system \4'hlcn pro
"Ides onl,' a moral delerren:

Class 11 :'Icycie park:ng dE"'lces are
deSigned 10 secure Ihe blC,'cle frame and
wneels In an upflght pOsition. tYPically
by a post and chain constrUCtion Ac·
ces!oory P,HIS of t~e bicycle. such as the
seal. air pump. tooi kits. are nOI prOlec
ted Weather prOlectlon may be pro·
vlded by a speCial structure or by select
109 a locatIon under an eXlstIOg o,'er·
hang Differenl locking mechanisms are
available: coin operated. kt'y·operalea or
the blcychst's OIoIIn padlock. The locking
mechanism is an important consldera·
tion. Key· or coin·operated eQuipment
costs tVolice as much initially. requires
more maintenance, and necessitates a
user charge.

Generally, the padlock systems are
most popular. The added costs of the
other systems cannot be justifIed unless
it is imperative that revenue be collected
or tourisl5 without padlocks are the anti·
cipated users. Transit systems which
have utilized the Class" devices include:
MARTA in Atlanta, Seattle's Transit Sys·
tem, BART in San Francisco, PATH in
New York· New Jersey. PATCOin Penn·
sylvania·New Jersey. Many universi: .. ·o;

have also installed these parking devices,
report109 mixed user acceptance and
security from theft.

Table A lists tht' various manufac·
turers of 5ecure parking devices. (Class
J and II) including products and approxi·
mate prices. The pr~ces range from S25
to S250 per parked bicycle. Class 1I de·
vices have been tested by two indepen·
dent investigators. The Bicycle and
Pedestri"n Research Center. Philadel·
phlllllnd the Univerllly of Maryland. Col·
Ifoge P.1rk. Maryland.

Th(' U"iversllY of Maryland Plan·
nmg Department made an in·use study of
eight of the Class I and" bicycle racks
available today' Table B summaTlzes
lest results. As these results indicate. no
rack is peTfeel. Each rack has its pros
and cons. The use intended. site loca·
lion. and economics will define which
rack will serve a particular silualion
better than another. The Universtly of
Maryland set up tne following crlrena
and then made Ihelr choice aflE'r lesllng
elghl racks over a year's time.

Drcyw FORUM
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TABLE A - AVAILABLE BICYCLE STORAGE FACILITY TYPES

•
Name ot Drllee MenufeclurH - Clly, Slele Cle.. Model Price Nol~.

,. Reck III Rack III, 17'~ Sloclon SI. II Key $120.00 eech Used al meny locallons throughout U.S.
San FrancISco. Ca. 94133 Com-Op $120.00 each Each reck hOlds one bIcycle

Padlock $ ~1.75 eech.,
2. Rally Reek Rally Enlerpnses. Inc. II FlR-,oo $ 22.00 eech fac/'l rae I< holds on. b,cycle

Box 299. Sonoma. Ca. 95~76 Used by PA TH sysl.m INY·NJ) at Journal
So. Transportation Cenler

1/ RR-2oo $ 25.00 each Used by WMATA (DC) at present .nd
(Minimum Order 6) lulura Slal,ons

1/ RR·3OO $ 55.00 each PA TCO (PA.JNI InSl.II,ng 171 RR-3OO's
1/ RR~oo $160.00 ,ach Key-COin operaled

• 3. Cycl...."lry .-Sentec Indu.trle. II Galvanized $ 36.00 eech E.ch racl< holds one b,cycl,
P.O.Bo,,~ ,.atnted $ 39.00 .ach

,San Franci.eo. Ca. \).4110

4. Bike Sate Palle"on-WllIlaml II 1615-2 $'00.00 each Holds twO bicycles
P.O. Boll 4040 1615·5 $210.00 each .Holds live bicycles

Santa Clara. Ca. 95054 J

• 5. Bal.-8yk Bala-8yk-lok·Rak II Pedlock $ 31.SO each Inslall.d al U. of Maryland

Lok·Rak eel Parkvl_ Clfele Coin-op $ 65.SO each E.c/'l ,ack flOlds on, bIcycle.
Pacifica. Ca. 940044

I. Bike Lock Up Howard Enterprises II Slandard $ 3UX) each E,c/'l ,ack /'Iolds on, bicycle.
1250 Wilson Way Deluxe $ 35.00 each Inslalled U. of Marylam;
Slockton. Ca. 95205

T. Pertl·A-Blke Park·"·Blk, Sy'tem, II $ 25.00 10 HOlds on. bicycle

• 180 Coor SI .. Suit, 111 S 75.00 each Inslall.d U of Marylend
.Denver. Col. 80206 ---"

.\ ..
•. U-Lok Sunshine Recntlllion Co. II Securily S 45.00 eech Holds Iwo bicycles; inSla/led ar veflous

22713 Venture Blvd.. Sulle flo. 'land cOfleges. spec,,1 lock opt,on.
Woodland. Ca. 913&4

I. Bike 11'001 Th' Bike Root Co. II $ 28.50 eech Holds one '"cycle.
Bike Rack .3' ~ MI. Vernon SI.• Charlestown. Mess. 02129

'0. Blk. Lokr Bike locke" Pedlock $320.00 eech 2 b'cyc/9S per locl<er; installed by BART,

P.O. BOll 978 Com·Opt $320.00 each EPA. Metro Md.

.North Highlands, Ca. 95660 Key-Op
_..

". Bike St.tlle Bike Stable Co. -. Key-Op $2 1~ 00 each Holds one bicycfe. No untrs /'Illve been
P.O. Box 1402 sold up 10 thiS dille .

• . • South Bend. Indiana 46624

11. Wee Crete SMR Fabrications Padlock $194.00 each One bicycle per lock.r
V.un P.O. Box 610 Com-Op $250.00 each On(' b,cycle per locker

Tocea. Ga. 30577

•

•

•

University or Maryland
Planning Department
Bicycle Rack Criteria

e The rack must secure both wheels
and lhe bicycle (rame.

• Securing lhe bicycle in Ihe rack is
10 M a simple operalion.

e ThE' rack is 10 accommodal~ a
wide range o( bic y'c1e Iypes and
loc king m.cha.·,'.ms.

• S..curing the bike mUll be ponible

FAU. 197&

wilh only a us~,·supplied lock.
e Allhough dala is nol available on

durability, rarks should be select
ed lor their apparent qualily. Mem
bers and joints should be rustproof
and designf'd 10 minimize or eli
minate struClural and mechanical
failures.

• ThE' appearance of Ihe rack i!> to he
"aeslhf'licalh,: "Ieuing

OO

,,·jlhin the
(inancial llnd lunctional para
meler'\.

• Th" rack dE'sign is to allow (or
f1('"ibility in sile developmE'nl.

e V.'hill' racks musl be capable o(
being s ..curE'ly anchored. th..
ability' 10 relocale Ihem is an
option 10 be considered.

The (inal Universily o( Mar\,,·land re
pori stales Ihal. ....Research has
delrrmined Ihal Ihe Rally Rack
Modl'l~ RR-200 and RR·300 are
sup('rior 10 all other manufacturers
in meeting the ~stablisl1E'd criteria."

J9
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TAIlLE Il - UNIVER61TY 0' MARYLAND RACK COMPARIION

• Secures bolh wheels and. Disadvantages are iden-
frlme with I Single lock lical to those listed lor t"'e

ella Byk-Lok Rak

Cost II more thin Iwlce
thll of Ihe Rilly Rack
RR-2OO

....

Secures bicyCles wll,., a
p;vot,no thre...pronged
device - th,s movIng pin
mlY prov. troublesome

DISAOVANT AGES

• Does not secure the front
wheel

Poorly constructed 
welds br.ak with normal
un

• Not easy to use - reQuires
four .Ieps 10 ..cure bike

• Does not provide arrlng&
ment fleXibility

• Vilually clutteB the
environment - hiS no
aesthetic IPpe11

• Rusts OVllr lime

Visually clulters t"'e
environment - has no
aesthetic appell

• Cable which .eCures bot,.,
wheels may be vulnerable
to bolt or wire cutlers

• • Provides the 'elst security
..' of III raeIt: Iyslema,

,'! requiring In unusually
long chain or cable '
supplied by the usar to

• ..cur. both wheels and
.. frlme of I bike mak,"g it
.i! vulMrabfe to bolt or wire

eulteB
• Bikes parked in these

Bcks Ire eaaily damaged
• Rick deSign encourlges

inefflcienl and clutlered
parking Irrlngement

ADVANTAGES

• Secures rear wheel Ind
frame wit,., I single lock

• Rack consists 01 a s,ngle
post and "'as no moving
parts

• Rack is very easy 10 use
• Rack "'as aest"'ellc appeal

by vinul of Its goOd deSign

• Rick ha. ''''e advantages • Cable is vulnerable to bolt
of Ihe RR-1OO wit,., the or wire cutte"
addilion of a cable
Ittached to the post whiCh
M(;uret the fronl wheel

• Rlcll has the advantlges •
of the RR-100 with the
addition of a formed llee'
pllte which preventa

, removil of 11'1. front wh"l

• Le..t expenlivl 01 III
racll 'yllems

• Secu~s bolh wheels and •
frame wilh I single lock

• All lOCkIng components
Ire conslructed ot steel

• Secures both wheels and.
frame wit,., a single lock

• Relillvely elly 10 use

• Secures both wheels and.
frame with 3 s,nol. lock

• All locklno compon.nl~

are conSlructed of sl~1

Rilly Reclt: RR·l00

TllADE NAME

Rilly Reck RR-200

SLandlrd Alclt:

Rilly RKIt AA·300

811a 8yk-Lok Aak

Howlrd Bike Lockup

Rick III

Tlu' Hh V, I,· _nul ''t-d,''''ll'-''' r't·
",,',.,c."h C"flh·l ...•...h·d II".,., C'l.,~~ II
d... ·\h, l'" •·... I~n"·'".!1 !'lot'lUfHy. ,'.'S.' o(

"I",r,11""'. v...r~II,I,,~' fin ,Kll~pl Io<:ksl.
,lIId ,'(',lh"lIcs All ",,,dc'ls ""E'fl' rc't>Orll'c!

'UI"'r",, III Ir,1dltICIII.,ll"kl· r,1. k loc:k Sl't

wLurllV wh('n ,ul-,...C1ed 10 mO~1 nWlh

oc:s of ,111ilCk. ThrE'e high SeruClly lock·

Illg dC'",rC's ""C'T!' tt'sll'd lor compJtlb,i"y
....rh e,Kh pMk'lle,j d,'vll'e Resulls <'Ill'
summ,1r:zl'd Oil T,)"lc' C. Economll'S
"','re nOI a ronsld...r,)I'un III Ihe r,1nkln~.

lilt' lop r<'lled R.:Irk III ullll COSIS SIO to
SIS more than olhl'r IInlls. a small differ·

ence reldl"'''' 10 Ih" ;wC'rolge r>erson,,1
I/lveSlment In .\ bll yclt' ,n

Class I, b,ke Iot:k"rs or slorage
SP~I'('S, are il slglllhc.:lTll, ,mporlanl Slep
'onward In prolec:ln9 bicycles. They af
fmel v,rllloll!y complele prot",ctlon from
Ih,'fl, \'Mld,\lIsm ilnd ",..."llwr There dre
I"''' ilppro,Kh,'s: 01 kx:ker unll slnlllM 10

b,l!l!l.:l!!" slorage lorkl.'rs .:Ind cunlllll":d
slma9'" .:Ireas whICh ar", attended or ac
cC'ss,l-le only by keys held by a limited
num~r or tndlvlduals or responsible
attenddnts.

In urban ilre<'lS WIth allended park·

109 garages or 1015. areas can be ildapled
10 store bICycles wllh relative ease. al·
though WIthout mandales or enforced

ordinances. gi'lrages are reluctant 10 do
so. In Wdshing.on. D.C.. where some of
the private p.:lrklllg golr,Iges inslillied bike

rilcks. thc' Solme fees ~s chilrgE'd 10 dUIO·
mobiics were leVIed "golanSI the Lychsts.
ThiS parking progrilm was nOI well reo
ce",t'd by blcycil~t~. A good example or

coni rolled slor"g(' ilre" '5 found an Union
5'.1llon. thC' Amlr.1ck & rOmmul('r r<lll
l('rmll',11 In \I,i,'sh'llqlclll. D.C. A 1"'~lC'ci

.11,',' lor Ill. yel(' ~ICl"'~I" 15 pl<wld,'ci 10

s,d,' IhC' sl .. I"lIl. "d""n'sl('rcci ,lOci m,lIn
lilonC'd by Ihe 1",11"10..1P.:Irk St'rvlct'. ror
il sm.111 initl.:lIIOn fee, blcychsls obtaan a
key to the siuragl? are,1. MoSI uf thE' blkei
rail commulers use Ihe sIorOlge lor over·
night p.:lrkmg, us109 Ihl'lr h'Lycies (or Ih...
lolIork Irtp C'nd of Ihf'lr commutc.

Stilnd ..lrd bicycle locker~ lire cur·
rC'ntly ilvOlllable from three manufOlC'
turt'rs fT.:Ible Al r,1nglng in PClCC from

<'If-<'" I 5160 lu 5250 Pl'r IHeydC' slored.
Conslr"CIIO:l'~(',I her Sll"" or "Iumlllum
,mel ltl",~bo.,rcl .,nd "II "'"1' "1<' WI'O!:j('

~h.I,,,·rl. ,':;OW"'tl ,I V,IrI<'1~' of I"yell" 1'.11
h'r", CICl"ul.H ,1"d re, t,Il'y"l"r (h"ck·
10 b"C' k l. AlthClu~h hlll,' d... lil IS "v.III,lule.
0",' sour"e noll'S Ih,lI no sucrC'ssl,,1
tlwlts h,IV" O<ClIl rf'd ,I' "Ilhl'r B/IRT or
SOIlII",r" C"hl,.,,,,,, H"I',d T, "",11 I h~·
Ifh'l 1f,~t.~11.1I1()1l!\•

•

•

..

•

•

•

•

.,
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TABLE C - TEST RESULT5

(Blcycl~ and P~d..lrlan Trensportatlon R~narch C~nl~r)

.-..~

,~",ZILm

Juseph Andl!rson
Tri:lnSPOrlaiIOn Planner
Maryland National Capital Park .:llld
Plilnnlng Comm'~sion

8787 Georgli:l Avenue
SilvE'r Sprtng. Md. 20907
Tl!I£,phonl?: (30Il 56.5·7394

Ellen Fletcher. Council Pl'rson
CII~' of Palo Ahe
3.'11\3 Gr!'~r Rd
".,1,) Allo. C,lhlorma 94303
1'('/.."ho,,('· (415) 494·7605

r or mo,l' i~fo,mation on Bicycle
Parking Ordinances contact:

Units are wedge-shaped al
lowing a uariety of layouts.

torst

8ala Byk·lok.~..k

thord

second

thord

second

third

second

Rally Rack 200

" Set> Fede,al Funds lor a,eye-/t's. Ihi< ,ssu('

The Future
Therl! arl! milny ~1~IlS Ihill Ihe lutu!!'

looks bright lor the h,cycle commuter
The Federal governmenl allows federal
h,ghwIJ~' mOnlcs (J"d trunSl1 curlllIJI
funds to be Sp~f\l on bicycle fi)cllitle~ In

eluding p.3rking." Local governmenlS In·

cluding thc traffic engineers. archilects.
and plilnners are recogmZlng the needs
of the cyclists. With the proper amount
or interest and forelhoughl by thes!'
~or>ll' we c.•n hnpo: 10 sce ,) conllnll,1l'llll
of the Irt'lld loward onSI.,llll'~ hrst d<1~s

b;"'ycll' parking f'Kdlt'cs. Tht' fllsl Slcfl is
establishing the need for parking and
making a speclric proposal. BIke park·
Ing is easy. sImple. and InexpenSIve 10

Implemellt reJallvl! to many other 1m·
provements be,ng consldl'red to en·
hance bicycling With imtlallve, care alld
thought. very high quality parking can be
providl'd to the benefit 01 user and com·
munlty alike. nF

R"/crences

Traffic Englneerong, Vol. 47. No.3,
Morch 1977.
Boillmore Coun/~' B.ke-u:o~'~ To~k

Force. ··B,c·.vdlllg Porklng, 0 DeSIgn
Monual "JClIlIlJ'!J 1976.
City of r"lu Alln, "ZOl1lng R,·gu/llt,"'"."
udopll!J Mu"h 20, l Q 78 S<'lllor,S
18.83 040 through 18.8.1.070
Skrohck, Darryl. "B,k('l.uw." B,cy, 111I9
Mogaz",,', Mur,'h 1975
Boltlmo~(' B'c\'t /"l~ Pc" klnq Mell'"ul
"BIle" LOlk SCI s", Cuns"",..r R,'''''' I,.
N,)t'em/tpr 1975
"Most /)/(:ycl,' loc'ks VIl'/J '0 ,h",vI" In
s,>(',mci~ ", Tht' M",n'>IIf)o/ls 5101, Au
gusl 5. 1974.
Thc M,nncapobs Slor, August 5. 1974.
"UMCP BICycle Porklng . SIlI~j('

Two". Dcpurtm"nt 0/ Phrslcol Plont,
O/Joce of P/OIIS, Pr<J!Jrums and Cumpus
DeL'eIOr>mcnl UIlIVt'rSlly of Mordond.
Aprol 14. /976

IU • "BIcycle Pork,n'l Tes'~ of Porklng
Rocks". Boevcle- 0",1 P..d"~/"on Trw,s
porlnl,on Rr<,'o" ernie'. Ph,/oJ,·1
"h,o, f'r"n 1'171,

" Sk'o/_·k. D"ro vi. "[j'''t· l.uu"·. n.
cvdln!J Mu~uz",,'. Murch 197.S

Rack Reck III

SeC\,lrlly second

Ee.. 01 O~rellon lirst

V.ruWlly fi~t

Ae.th.tic Ouailly forst

Lockers can be com operatcd.
locked by separale pildlock. or .:l cychst
can be Issued a key on a leasc baSIS The
laner system is used In Wilshlngton.
D.C and San FranCISco where lockns
h3';f tx!rn Ins.alled at several of tht' npw
rail transit stations.

The first ten lockers installed al
METRO's Silver Spring Station were or·
1(,~l?d ,O~ :""~,, lor \"'Hillble period rates 10

$70 per year. All lockers were leased lor a
rull year prior to Ihe stillion's opemng dilY
(wIthout Ii'll' beneht 01 advertiSing). AI·
though the $70 per year tee Wi)S rt'gardl?d
as hIgh. Ihe publlc's response indicates a
hIgh demand for this type of (acility
Based on an install"d cost of $320 per
doubll? locker unit. the METRO locker
rentals will cover the capital Investml"l1f
in two and onl?·hall years. Since all the
lockers were leased (or a full year the hrst
day otlerl?d. almost hall 01 the capital
cost was covl?red immediatl?ly aftl?r In·
stallal;C\l"' W"'; dc;-nonstratl?d high
demand. 16 morl' lockers have been
ordered for the Silver Spring Stalion and
the D,stnct of Columbli!l has 250 on order
to be installed at stalions throughout the
City.

The BART system in San Francisco
has a relatively long· standing l?xpent'nce
with lockers. BART planners indica Ie
that the initial installation of 60 lockers
throughout Ihe system would haVl? been
rel:ommended for increasl? i( based on
current expenenCes. It is believed thilt
Ii'll' Inlllllily inadequate supply or bikc
racks and lockers t\as been a deterrent
to many pol"ntlal bicycle users. In rc·
sponse to d~mand. 648 additional lock·
ers are in the process 01 being in5lalled.
Al first BART oHered lockers at 25C per
day or on a lease basis (or S5 per month.
Daily COin rental has since been aban·
doned in favor olawholly leased system
MLeaslng IS preferred among regular bIke
commuters because il guarantees a
place tn a locker. which are avatlable in
lim.ted numbers". As stated earher, both
BART and METRO also includt' Class II
parkIng devices In the,r parkIng pro
grams which are free of charg(' ilnd well
ulIltzed.
fALL 191e
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APPENDIX C

Bicycle Loop Detector
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, DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADf,1INISTRATlON

~n: Bicycle Detection

~: Director, Office of Traffic Operations
Washington. D.C. 20590

To: Regional Federal Highway Administrators
Regions 1, 3-10

UNITED STATES GOVE RNMENT

.memorandum
.JUL z5 tsao

~Y1O
Ant\., of: HTO-22
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We have had several inquiries regarding the ability of loop detectors to
detect the presence of bicycles, particularly in the street where a
bicycle lane is used. Reliable detection is possible through the use
of a 8quadrapole n loop w1·th some loop detector amplifiers. A drawing of
this loop IS used in california is attached.

The loop detector amplifier~ capable of sensitivities required to detect
bicycles are manufactured by three companies:

Sarasota Engineering Company
Sarasota, Florida 33580
Hodel 1222

.Detector Systems
Los Alamedos, California 90720
Models 1810. 1823. 1840, 1222

Canoga Controls Corporation
Canoga Park, California 91304
Models P4021. P404

We suggest this information be relayed to' your respective C1vls;ons and
through them to the States so that the bicycle detector problem may, be
minimized.

Marshall

Attachment
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SAWCUT DETAIL.

WINDING DETAIL.

TYPE 0 LOOP DETECTOR DETAILS
(Ust onl~ when lpecifled or shown on ftl. pIons)
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SYMBOL
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WINDING DETAIL
(ONE TURN)

TYPE C LOOP DETECTOR CONFIGURATION
( Use only when specified or shown on the plona )


