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Chapter 1
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 comnstrued as adopted design
criteria.

PHILOSOPHY

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

1. Qfficial 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.

2. 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. )




3. 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).

4, 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.

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.
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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

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

6. Location of major parks and recreational areas
7. Fast food and convenience stores
Access

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 will 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-

0. tunities for bicyclists. [2] This would better optimize
the available land and facilities.

N Delays

Bicycle travel is inherently a slower mode of travel, par-
e 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

o 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-
o tions, curb cuts, and driveways. Sidewalk facilities can
increase conflicts with pedestrians, with motor vehicles at
M 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.
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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.

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. 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.

3. 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 altermnative.

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]
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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. [3]

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.
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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. [3]

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. 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 (Deleuw, 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
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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. 1In 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. [&]

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.

o (4]
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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 liuman 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 provisions 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 physiéally 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.

e 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.
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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.

MUTCD

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 bicycles regardless of whether
such facility is specifically designated as a bikeway.
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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 elevatioms, etc.) that are necessary to °
accommodate adult tricycles, bicycle trailers, and other special purpose human
powered vehicles and accessories should be made in accordance with 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 different roadway improvements is contained in this
section.
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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 rocad-
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 MUTCD, (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 tracks 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 percentage 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 urban roadway with wide curb lane.

When a right-turn only 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, (MUTICD Page 9B-10, Figure M1-8).

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 minimum 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 turms;
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 35Smph (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. It is preferable to have lanes on the right side of the one-way
street. =
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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 imn 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 bicyelist the
option of making either a "vehicle style' left turn (where the bicyclist
merges leftward to the same lane used for motor vehicle left turms) 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-turn-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 MUTCD (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. 1In
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 exclusive 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. Unless paired they require one direction of bicycle traffic to ride
against automobile traffic, contrary to normal rules of the road.

2. 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.

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

poor.

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

8. Because of the closeness of motor vehicle traffic to opposing
bicycle traffic, barriers are often necessary to keep motor vehicles
out of 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 minimum 2-foot (0.6m) width graded area should be maintained adjacent to
both sides of the pavement; however, 3 feet (0.9m) 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. 1If
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 a2 minimum of 4.5 feet
(l.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 frictionm.

"Speed bumps'. or similar surface obstructions, intended to slow down bicy-
clists in advance of intersections, should not be used. '
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Bicvcle 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.

R = v2
15 (e + £)

Where R

Minimum radius of curvature (ft.),
Design speed (mph),

Rate of super elevation,
coefficient of frictionm,

o <
#otuwon

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,

(4793K) -33-




TABLE 1

DESIGN RADII FOR PAVED BICYCLE PATHS

Design Speed - V Design Radius
(mph) (e = 2 percent) (Feet)
(1 mph = 1/6km/hr) Friction Factor - f (1 ft. = 0.3m)
20 0.27 95
25 0.25 155
30 0.22 250
35 0.19 390
40 0.17 565

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 MUTCD. 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 the 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 (l.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 minimum 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 on 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 MUTICD, 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 is a 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. 1In 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, Vvertical 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 biecyclists 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 déscribed 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. Constructing a typical pavement width of twelve
teet, 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 sterilants 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 mm to 150 mm), 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 comsists of a 3-inch thick (80 mm) to
4-inch (100 mm) base of stabilized limerock with a 1-1/2-inch (40 mm) to
2-inch (50 mm) 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.1lm).
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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 altermatives should be considered in light of what the geometrics 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 path. 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 location,
average maintained horizontal illumination levels of 0.5 foot-candle (5 lux)
to 2-foot candles (22 lux) should be considered. Where special 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 wvisibility.
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 altermative 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.

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)

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

1. 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.

2. 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)

3. 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 Handicapped").

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 cyclist 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

i 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
Ii' 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 are 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 tramsit, 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 highways.
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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 suitabl
for bicycle riding should be considered. : ’
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GLOSSARY OF BICYCLE AND OTHER TRANSPORTATION-RELATED TERMS

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.

Bieyele Facilities

A general term denoting improvements and provisions 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 situatioms.
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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 Facility

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 Organizafibn.
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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 line(s) 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 with Ramps

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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Step

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 termini 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 bars, 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 Bicyelist

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 Facilities" has been included in this Appendix.
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_ Part IX. TRAFFIC CONTROLS FOR BICYCLE
FACILITIES

A. GENERAL

Y

9A-1 Requirements for Blcyclist Traffic Control Devices

Traffic control devices, whether they are intended for motorists or
bleyclists, must adhere to five basic requirements to be able to perform
thelr intended function. They must:

. 1. Fulfill a need. ~
' 2. Command sattention.
. 8. Convey a clear, simple meaning.

! 4. Command respect of road users.

. 8. Give adequate time for proper response.

.

The design, placement, operstion, maintenance, and uniformity of
m traffic control devices must be considered to meet the above require-
ments. Design is a critical feature to permit the device to fulfill a need
and to cominand respect of road users. The placement—lateral, vertical,
and longitudinal—plays an important part in making the device effec-
tive and In giving adequate time for proper response. The operation of
traffic In response to the device is, of course, the critical test of the
_ _ _ device's effectiveness and a check on all five of the basic requirements.
o o Uniformity, achieved by following the recommendations and stan-
dards of this Manual, greatly enhances the ability of a device to convey

a clear, simple meaning to the user.

Whenever devices are installed, they should be warranted and based
on a prior engineering study. Where the guidance provided by this part
of the Manual does not fully define where particular devices should be

N used, qualified traffic engineers should determine the application of
i ) devices on any bicycle facility before installation is made. It is intended
) that this Manual define the standards for traffic control devices, but

shall not be a legal requirement for their installation.

9A-2 Scope

This Part covers bicycle-use related signs, pavement marklnka and
( -\ signals which may be used on highways or bikewnys.

9A-1
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9A-3 Delinitions Relaling to Bicycles

The following terms are used throughout Part 1X:

1. Bikeway.—Any road, street, path, or way which in some manner is
specifically cesignated as being open to bicycle travel, regardless of

whether such facilities are designated for the exclusive use of bicycles :

or are to be shared with other transportation modes.

2. Bicycle Trail— A separate trail or path from which motor vehicles
are prohibited and which is for the exclusive use of bicycles or the
shared 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.

3. Designated Bicycle Lane—A portion of a roadway or shoulder
which has been designated for use by bicyclists. It is distinguished from
the portion of the roadway for motor vehicle traffic by a paint stripe,
curb, or other similar device.

4. Shared Roadway—A roadway which is ofﬂcinlly designated and
marked as a bicycle route, but which is open to motor vehicle travel and
upon which no bicycle lane is designated.

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

9A-4 Standardization of Devices

_Standards for basic design elements and devices using these stan-
dards are given in this Manual. These standard devices generally will

serve most applications. Where particular conditions require the use of |

a device that Is not included in this Manual, the general principles in 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-5 Maintenance

Bicycle signs and markings should be properly maintained to com-
mand respect from both the motorist and the bicyclist. When installing
signs and markings on bicycle facilities, care should be taken to have an
agency designated to maintain these devices.

9A-6 Lcgal Authorlty

Trafficvaptrol devices shall be placet] only by the authority of a publie
, for the purpose of regulating, warn-
ic control device or its support shall bear
message, or any other message that is

ing, or guiding traffic.
any advertizing or com

9A-2
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9A-7 Meanings of “Shall,” “Should,” and “May"

In this Part as in other parts of the Manual, the words “shall,”
“should,” and “may” are used to describe epecific conditions concerning
traffic control devicas. To clarify the meanings intended by use of these
words, the following definitions are provided:

1. SHALL—A mandatory condition. Where certain requirements in
the design or application of the device are described with the “shall”

_stipulation, it is mandatory that these requirements be mel.

2. SHOULD--An advisory condition. Where the word “should” Is
used, it is considered to be advisable usage, recommended but not man-
datory.

3. MAY—A perniissive condition. No requirement for application is
intended. If a particular device is used under a “may” condition, how-
ever, its design shall follow the prescribed format.

9A-8 Relation to Other Documents

The Uniform Vehicle Code and Model Traffic Ordinance published by
the National Committee on Uniform Traffic Laws and Ordinances, have
provisions for bicycles and are used as the legal basis for the control
devices included herein. Under the Uniform Vehicle Code, bicycles are
generally considered to be vehicles, so the bicyclists have the same
privileges and obligations as other drivers.

Informational documents used during the development of the signing
and markings recommendations In this part of the Manual include the
following:

1. Guide for Bicycles, American Association of State Highway and
Transportation Officials, 1974.

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

3. Bicycle Facility Location Criteria, Federal Highway Administra-
tion, 1976."

4. Blcycle Facility Design Criteria, Federal Highway Administra-
tion, 1976 :

5. State and municipal design guides.

Other documents which relate to the application of traffic control
devices in general, are listed in section 1A-7 of this Manual.

9A-9 Colors

The use of colors for bicycle facility traffic control devices should
conform to the color code specified in section 1A-8 for signs and mark-
ings. This in part is as follows:

YELLOW—General warning

RED-—Stop or prohibition

BLUE —Service guidance

PA-I
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GREEN —Indicated movements permitted, direction guidance i B. SIGNS
BROW N —Public recreation and scenie guidance
ORANGE —Construction and maintenance warning
BLACK—Regulation
WHITE — Regulation

‘ — 9B-1 Application of Signs

Bicycle-use related signs on highways and bikeways serve three basic
purposes: regulating blcycle usage, directing bicyclists along
preestablished routes, and warning of unexpected conditions. Care
should be taken not to install too many signs. A conservative use of
regulatory and warning signs Is recommended as these signs, If used to
excess, tend to lose their effectiveness. The frequent display of guide
signs, however, aids In keeping the bicyclist on the designated route and
does not lessen their value. Some signs for the bicyclist can also serve the
motorist and the pedestrian.

)

9B-2 Location and Position

Where signs are to serve both bicyclists and motorists, mounting
heights and lateral placement shall be as specified in Part II, Signs.
Figure 9-1 illustrates typical signing placement for bicycle trails.
Overhead sign clearance on bicycle trails shall be a minimum of 8%
feet. The clearance provided should also be adequate for the typical
maintenance vehicles 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.

(T

O

[*—————Nominel width of cle trall
.o blcy —-7

H Figure 9-1. Bicycle slgn placement on a (rell.

9B-3 Design

(j‘ The design of signs for bicycle facilities should, whenever possible, be
[ identical to that specified in this Manual for motor vehicle travel. Uni-

88-1 Rev. 12179
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formity in design inoludes shape, eolar, symbols, wording, lettering, and
illumination or reflectorization. Detailed drawings of the standard signs
Illustrated in this Manual are available to State and local highway and
traffic authorities, sign manufacturers, and similar interested agencies.*
Standardization of these signs does not preclude further improvement
by minor changes in the proportion of symbols, stroke width, and helght
of letters, or width of borders. However, all shapes and colors shall be
as Indicated, all symbols shall be unmistakably similar to those shown
and (where a word message is applicable) the wording shall be as pro-
vided herein.

The sign dimensions shown in this part of the Manual shall be consid-
ered standard for application on all types of bicycle facilities. Where
signs shown in other parts of this Manual are intended for exclusive
bicycle use, smaller sign sizes from that specified may be used. Incre-
mental increases in special bicycle facility signs are also desirable to
make the sizes compatible with signs for motor vehicles, where both
motorists and bicyclists benefit by a particular sign.

The sign lettering shall be in upper-case letters of the type shown in
the Standard Alphabets for Highway Signs and Pavement Markings*

All signs should be reflectorized for bicycle trails as well as for shared
roadway and designated bicycle lane facilities.

9B-1 Regulatory Signs

Regulatory signs are to inform bicyclists, pedestrians and motorists
of traffic laws or regulations and indicate the applicability of legal re-
quirements that would not otherwise be apparent.

Regulatory signs normally shall be erected at the point where the
regulations apply. The sign message shall clearly indicate the require-
ments imposed by the regulations and shall be easily visible and legible
to bicyclists and where appropriate, motorists and pedestrians.

9B-5 RBicycle Prohibition Sign (R5-6)

This sign is intended for use at the entrance to facilities, such as
freeways, where bicycling is prohibited. Where pedestrians and mo-
tor—driven cycles are also prohibited from using these facilities, it may
be more desirable to use the R6-10a word message sign (sec. 2B-28).

In reduced size (18 x 18 inches), this sign may be used on sidewalks
where bicycle riding is prohibited.

9B-6 Motor Vehicle Prohibition Sign (R5-3)

This sign is intended for use at the entrance to a bicycle trail.

¢ Asvailable from the Federsl Highway Administration (1HT0.20) Washington, D.C. 20590

L

NO

MOTOR
YEHICLES

R3-¢ "s-3
24" % 24"

9B-7 Blcycle Restriction Signs (R9-5 & @)

This series of signs is Intended for use where pedestrian facilities are
being used for bicycle travel. They should be erected off the edge of the
sidewalk, near the crossing location, where bicyclists are expected to
dismount and walk with pedestrians while crossing the street.

The R9-5 sign may be used where bicycles can cross the street only
on the pedestrian walk signal indication.

The R9-6 sign may be used where bicycles are required to cross or
share a facility used by pedestrians and are required to yield to the
pedestrians.

r )

D D

USE YIELD
PED 10

SIGNAL PEDS

A\ R— N — e —r
R9-S R9-8
127" % 18" 12" x18"
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98-8 Designated Lane Signs (R3-30 & ,rf)
b
The R:l-}‘ﬁ‘ sign should be used in advance of the beginning of a
marked designated bicycle lane to call ntte\etion to the Jane and to the

possible presence of bicyclists. The R3-}0 and R3-_ M 'digns should be
used only in conjunction with the Preferential Lane Symbol pavement

marking and erected at periodic intervals along the designated bicycle

lane and in the vicinity of locations where the preferential lane symbol
is used (sec. 9C-4).

Where appropriate uthe message ENDS may be substituted for
AHEAD on the R3-#0 sign and LEFT or CURB can be substituted for
RIGHT on the R3-M sign.

9B-9 Travelpath Restriction Signs (R9-7)

The R9-7 sign is intended for use on facilities which are to be shared
by pedestrians and bicycles and on which a designated area is provided
for each (sec. 9C-3). Two of these signs may be erected back-to-back
with the symbols reversed for the opposite direction.

KEEP

LEFTRIGHT

R loe)

R9-7
12" x 18"

9B-4
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9B-10 STOP and YIELD Signs (Rt1-1, 2)

STOP signs are intended for use on bicycle facilities where bicyclists
are required to stop. Where conditions require bicyclists and not motor-
Ists to stop, care should be taken to place the sign so it is not readily
visible to the motorist.

YIELD signs are intended for use where the bicyclist can see ap-
proaching traffic and where bicyclist must yield the right of way to that
traffic. The visibility of approaching traffic must be adequate to permit
the bicyclist to stop or to take other measures to avold that traffic.

For added emphasis STOP and YIELD signs in regular 30 x 30-inch
and 36 x 36 x 36-inch sizes may be used.

The smaller signs shown below are intended for use on bicycle trails
where hicyclists are required to stop or yleld the right of way. If the
sign applies to motorists and bicyclists, then the size should be as shown
in Part 1I-B.

Ri-1 Ri1-2
18”18 24" x 24" x 24"

9B-11 No Parking Signs (R7-9, & 9a)

Where it Is necessary to restrict parking, standing, or stopping in a
designated bicycle lane, appropriate signs as described in sections
2B-31 through 2B-83 may be used, or signs R7-9 or R7-9a shall be used.

BIKE
LANE |

R7-9 R7-%a
17’18 127" % 18"

9B-3
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9B-12 Lane-Use Control Signs (R3-7, R4-4) )

Where right turning motor vehicles must merge with bicycle traffic
on designater bike lanes, the R3-7 and R4-4 signs may be used. The
" R4-4 sign is intended to inform both the motorist and the bicyclist of
this merging maneuver. Where a designated bicycle lane is provided
near the stop line, an R3-7 sign may be used to prevent motorists from
crossing back over the bike lane.

MUST

BEGIN
RIGHT TURN LANE

TURN RIGHT YIELD T0 BIKES
Ry R4-4
30" x 30" 38" x 0"

9B-13

Warning signs are used when it is deemed necessary to warn bicy-
clists or motorists of existing or potentially hazardous conditions on or
adjacent Lo a highway or trail. The use of warning signs should be kept
to a minimum because the unnecessary use of them to warn of condi-
tions which are mpparent tends to breed disrespect for all signs.

Warning signs specified herein cover most conditions that are likely
to be met. If other warnings are needed, the signs shall be of standard
shape and color for warning signs, and the legends shall be brief and
easily understood.

Warning Signs

9B-11 Bleycle Crossing Sign (W11-1)

The Bicycle Crossing sign Is intended for use on highways in advance
of a point where a bikeway crosses the roadway. It should be erected
aboul 750 feet in advance of the crossing location in rural areas where
specds are high, and at a distance of about 250 feet in urban residential
or business areas, where speeds are low.

If the approach to an intersection ia controlled by u traffic control
slgnal, stop sign or yleld sign, the W11-1 sign may not be neetled.

9B-15 Hnznrdous Condition Sign (W8-10)

The Hazardous Condition sign is intended for use where roadway or
bicycle Lrail conditions are likely to cause a bicyclist to lose control of his
bicycle. These conditions could include slippery pavement, slick bridge

98-8

.
F

S e,

ws-10
S Reodway Signe Bicycle Trall Signe
30" % 30’ 30" X 30" 1900
24" % 18" 17 %y

decking, rough or grooved pavement, or water or ice on the roadway.
The W8-10 sign may be used with a supplemental plaque describing the
particular roadway or bicycle trail feature which might be of danger to

. the bicyclist such as SLIPPERY WHEN WET, STEEL DECK
ROUGH PAVEMENT, BRIDGE JOINT, or FORD.

9B-16 Turn and Curve Signs (W1-1, 2, 4, 56,7

On bicycle trails where it is ‘necessary to warn bicyclists of unex-

pected changes in path direction, appropriate turn or curve signs should

h. be used. They should normally be installed no less than 60 feet in ad-
vance of the beginning of the change of alignment.

wi-1 wi-2

19" %18

wi-4
197 18”

98-7



9B-17 Intersection Signs (W2-1, 2, 3, 4, 5)

Intersection signs are intended for use as appropriate to fit the pre-
vailing geometric pattern on bike trails where connecting routes join
and where no STOP or YIELD signs are required. They should be used
wherever sight distance at the intersection is severely limited, and may
be used for supplemental warning at intersections where STOP and
YIELD signs are erected.

98-8

[
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9B-18 Other Waming Signs

Other warning signs may be required on bicycle facilities to warn
riders of unexpected conditions. The intended use of these signs generally
Is self-explanatory. They should normally be installed no less than 50
feet in advance of the beginning of hazards.

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

. 9B-10 Guide Signs

On highways where a bicyclist Is sharing a lane with motor vehicles or
Is using an adjacent bikeway, the regular guide signing as described in
Part 11 of this Manual will serve both modes of travel. Where a
designated bikeway exists, special bicycle route signing should be

wr-8 WilA-2 wi12-2
18" x 18° 10" x18°

wio0-1
18° Diameter

98-9 Rev. 12/79



_——————

5 5

provided at decision points along the bikeway, including signs to inform
cyclists of bicycle route direction changes and confirmatory signs to
ensure that route direction has been accurately comprehended.

Figure 9-2 shows an example of the signing for the junction 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
repeatced at regular intervals to ensure that bicyclists approaching from
side streets know they are traveling on an officially designated bikeway.
Similar guide signing should be used for shared lane bikeways with
intermediate signs placed [requently enough to ensure that cyclists
already on the bikeway do not stray from it and lose their way.

9B-20 Bicycle Route Sign (D11-1)

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

of the presence of bicyclists.

Mi-9
18° x 24°

D11-1
24" x 18°

M-8
12° x 18°

9B-21 Bicycle Route Markers (M1-8, M1-9)

Where it is desired to establish a unique identification (route designa-
tion) for a State or local bicycle route, the standard Bike Route Marker
(M1-8) should be used. The route marker (M1-8) shall contain a
numerical designation and shall have a green background with a
reflectorized 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 number 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 (M1-9)
shall contain the assigned numerical designation and have a black
legend and border with a reflectorized white background.

Bike Route Markers are intended for use on both shared facilities and
on designated bikeways, as required, to provide guidance for bicyclists.

9B-10 Rev. 12/79
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Figure 9-2.
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) 250 feet urban '

Typlcal signing for beginning and ending of bicycle trall.
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Figure 9-3. Typlcal signing for beginning and ending of designated bicycle lane.
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9B-22 Supplemental Plaques for Route Signs and Route Markers

Where desired, supplemental plaques can be used with the D11-1 and
M1-8 signs to furnish additional information, such as directional changes
in the route, and intermediate range distance and destination information,
The M4-11 through M4-13 signs may be mounted above the appropriate
Route Signs or Route Marker, Supplemental plaques D1-1b and c are in-
tended for use with the DI 1-1 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.

M4-12 D1-1{R)
24" x 8"0or12" x 4° . 24° x 8°

M7-8

M7-1 through M7-7
12° x 9

Nav 19109

9B-13
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9B-23 Bicycle Parking Area Sign (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 at other locations. The sign shall be a vertical rectangle of a standard
size of 12 by 18 inches. It shall carry a standard bicycle symbol, the word
PARKING, and an arrow. The legend and border shall be green on a

reflectorized white background.

f

PARKING

‘Da-3
12X 18"

Rev. 12/83 9B-14
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C. MARKINGS

9C-1 Functions and Limitations of Markings

Markings are important on roadways that have a designated bicycle
lane. Markings indicate the separation of the lanes for motor vehicle and
bicycles, assist the bicyclist by indicating assigned travel paths, and can
provide advance information for turning and crossing maneuvers.

9C-2 General Principles

Although bicycles are generally not equipped with strong lighting
equipment, the added visibility of reflectorized pavement markings is
desirable even where there is exclusive use by bicyclists.

Markings shall be reflectorized on bicycle trails and on facilities used
by both motor vehicles and bicycles.

Recognized bikeway design guldes should be used when laying out
markings for a bicycle lane on a highway facility (sec. 9A-8).

The frequent use of symbols and word messages stenciled in the bike
lanes, is a desirable method of supplementing sign messages. Figures
9-4 through 9-6, show acceptable examples of the application of lines,
word messages and symbols on designated bikeways with and without
parking for motor vehicles.

If a specific path for a bicylist crossing an Intersection is to be desig-
nated, a dot'ed line may be used to define such a path.

9C-3 Marking Patterns and Colors

The color and type of lines used for marking bicycle facilities shall be
as defined in section 3A-7. Normally, center lines would not be required
on bicycle paths. Where conditions make it desirable to separate two
directions of travel at particular locations, a double solid yellow line
should be used to indicate no passing or no traveling to the left of the
line.

Where bicycle paths are of sufficient width to designate two mini-
mum width lanes, a broken yellow line may be used to separate the two
directions of travel.

Broken lines used on bicycle paths should have the normal 1 to 3
segment-to-gap ratio. To avoid having gaps excessively long, a nominal
3-foot segment with a 9-foot gap I8 recommended.

Where bicycles and pedestrians use a common facility, it may be
desired to separate the two traffic flows. A solid white line should be
used to mark this separation of path use. The R9-7 sign may be used to

('\ supplement the pavement marking (sec. 9B-9).

9C-1
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8C-4 Marking of Designated Bikeways

The diamond-shaped Preferential Lane Symbol ia intended for use on

- highway facilities where lanea are reserved for exclusive use by a par-
ticular class of vehicle. Designated bikeways are considered as this type

of lane and shall include use of the Preferential Lane Symbol as a

i - . pavement marking and on appropriate signing (sec. 9B-8). The symbols

(b 4 " i .. as a pavement marking shall be white and shall be used immediately
P ; b after an Intersection to inform motorists turning of the restricted na-
i i e ' ture of the lane. If the Preferential Lane Symbol is used In conjunction
it i '""- L with othér word 'or symbol messages, it shall precede them. A supple-
H L 4177 ¥ mbntal lané byfbol or word mny be used following as shown In figures
N T2 T ”!j. 9—4through9 6' 7 I M
2 r !'! g 9C 5 Word Meuans and Symbols Applied to the anement
S lens B
(; f Mm';;n e A ! Wherelmeungen are to be applied on the pavement, smaller size
kY ; ' I' " letters can be used on exclusive bike lanes than are used on regular
)/\\u B UL i 4, highways. Where gfrows are needed, half-size layouts of the arrows can
Lo o be used (sec. 3B- 17), Optional word and symbol markings considered
BN appropriate for tse with the Preferential Lane Symbol marking are
;' J shown in-figure 9-6. Standard pavement marking alphabets and sym-
hl“[ N bola huve been prepnred ¥ ;-
U wio '

9C- 6 Object Marklngl on Bicycle Tralls

i
m There may be hazardous objects located adjacent to bicycle trails
' * | which, if ‘'visible to the rider, can be avoided with little difficulty. Such
| objects can be marked with highly visible markings to make their iden-
{ "' tification by approaching riders more certain. Care should be taken to
i avoid hn\llng object markers become hazardous objects. Corners of ob-
Ject markers as well as signs should be rounded to prevent their becom-

5=

oo

il e
' 'l'i. i . P © Type it Type M
' | T e C ! 6 x12" 12" x 38"
£ y b 285 | .
*-—l-! i :
ikl v G L |
oL Ly ! !
l. ' i . * ! g . -
Figure 9-6. Werd and symbol pavement markings for blcyele Focillties. -: " 4 S j i \ Avallahle t:mvl the '."“|"' Nighway Administration (HTV-20) Washington, 0.0 S0
‘ { g
i
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ing n hazard. All object markers should be designed using reflective
materials or coatings. Where practical, markers such as those described
in section 3C-1 of this Munual should be used. .

Where a storm drain hazard cannot be eliminated, it may be made
more visible to bicyclists by defining with a white marking applied as
shown in figure 9-7.

Cwrb

Typical marking in advance of drainage hazord.

Figure 9-7.

9C-6
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! D. SIGNALS

9.D-l Application

‘It Is rare when a traffic signal is installed solely for bicyclists; how-
ever, at some locations there may be a need to install signal devices to
facilitate bicycle travel through the intersection. For warrants and oth-
er requirements relating to signal Installations, see Part ['V of this Man-
usl. Warrants used for motor vehicles are considered appropriate for
use In determining the need for signals to serve bicyclists. Warrant
Four for school crossings Is considered to be appropriate for bicyclists
also.

ob-z Visibility Requirements

l_ At installations where programmed signals are used, special attention
should be given to adjusting the signals so bicyclists on the regular
blcycle lanes or travel paths can see the signals. If programmed signals

cannot be aimed to serve the bicyclist, then separate signals shall be
provided.

9D-3 Signal Operation for Bicycles

Bicycles generally can cross intersections under the same signal tim-
ing arrangement as motor vehicles. Where bicycle use is expected, ex-
tremely short change intervals should not be used and an all red clear-

 ance interval may be necessary.

|
|
|
1
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APPENDIX B

Bicycle Storage Facilities
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he Bicycle Parking Link

A timely look at bicycle parking ordinances and facilities.

By John J. Protopappas.and Joseph Anderson

“lIf bicycles could be more securely
parked. their use would increase as a
means of communing, especially in con-
nection with mass transit... ™

The availability of secure bicycle
storage 1s a prerequisite 10 any urban b
cycle trip, yet there 1s o defnute, perva:
sive dehciency i the amount and ‘or
secunty of
throughout urban arcas Both the social,
economic and environimental desirability
of bicyching and the public's interest in
bicyching are apparent It 1s a stated
policy or gual In raany commumties that
“bicychng should b encouraged” To
this ¢nd, many improvements 1o benelfit

bicydde parkmg  facihnes

John Pruiopappas holds o master's
degree in ity and reguonal plunming Fe s o
Seaor Consuliant for the MAP planming firm
B.rrand rased in Germanv, Provopapya - I
came imrerested m i hngm heah - howd T
developed  and
Georae County, Maryiand's « ountvuande trenls
program

mplemented  the  Proe

Juseph Anderson s a Professional En
eer. witha transportation planmmeqg (Iﬁ,'-'t'
currently s Prancipal Jransat Tlaaner and
oikewor Coordinator for Montqomery Coun
. Marviand Anderson developed a county

unde bukeuay plan jor Montgomery County
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bicycling have been studied and some
have been implemented. Many bicycle
paths and lanes have heen constructed,
but hittle attention has been paid to “inci
dentals” such as bicycle parking Bicycle
parking 1s an essential link 1n the chain of
improvements that must be made to
serve existing and potential bicycle
users

Why has bicycle parking, relatively
casily and mmexpensively implemented,
fared so poorly in the “chain” of improve-

, ments? Most official public attention has

focused on bicycle riding Bicychsts have
been competing for road space for years,
rarsing the nes of motorists, precipitating
reported acadent statistics and express-
ng o certan amount of dissatisfaction
with the mnewitable traffic mix. Pressure
has been brought from motornists and
bicychsts ahke for bikeway, education
and e¢nforcement programs. Bicycle
parking, on the other hand, is a personal
problem, one which raises little pubiic
sensithivily

A~ shaght as the public pressure for
bicvdie parking may be,.the probiem of
scounng o bicycle from theft 1s real and
v shared by every individual bicycist.
Tius need can be met by public acnon
and has the potennial of being a substan:
tal beneht and encouragement to the
bicyciing community.

An example of the magnitude of the
problem was cited recently in a survey
in the City of Baitimore.? Based on sur-
vey data, 25 percent of the bicyclists had
been victims of a bicycle theft and of
these, 20 percent had given up bicycling.
These facts are indicative of the problem
which is commonly known in most
American cities. The vuinerability and
value of bicycies have made them attrac-
tive targets for theft. As the value and
demand for bicycles have increased, the
total number of bicycle thefts has also
gone up.

A well thought-out and effectively
executed bicycle parking program which
appeals to both the implementors and
the users 1s the answer to reducing bi-
cycle theft and 1s a positive factor in
encouraging bicycle use. In addition to
implementing a program to provide ade-
quate, secure bicycle parking, serwous
attention should be given to a bicycle
regisiration program and user educa-
tion. These are comphimentary elements.
Mandatory registration is a logical means
for identifying and returning stolen bi-
cycles, for hmiting resale potential, for
providing a record of the magnitude of
bicycle ownership and for discouraging
theft from the outset. Education, as an
mnstructive tool as well as a marketing eie

ment, should provide information on the
BICYCLE FORUM
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availabiiity of parkng. its proner use and
practical theft meveninee measures

In desigming a parking program, o
cihties must be selected to meet the need
ol bicychsts who are. in many cases, not
mnvolved in the decision making proccss
Threc features mus! be considered
(1) incorporation of bicycle parking pol-
cy requirements into parking or zoming
ordinances and local bullding codes, thus
:ying [acilities mto the pubiic and private
development process;
(2) developing design standards to insure
proper location, weather protection,
equipment integrity and degree of securn:-
ty. and
(3) budgeting funds for implementing
pubiic bicycle parking faciities. Each
program must be tailored to local needs
and resources Where it may not be pos-
sible to successfully budget pubiic funds
to construct parking, it may be possible
to require private developers to provide
adequate facihities n comunction with
new development.

Bicycle Parking Ordinances
and Codes

in order to insure that there is ade-
quate space allocated for bicycle parking
on an on-going basis. a bicycle parking
ordinance may be formulated for incor-
poration into local zoning regulations.
This is much like the typical regulations
which require automobile parking
spaces based on the square footage of
building development.

A number of forward-looking com-
munities have bicycle parking ordi
nances and a number of others have
ordinances under consideration. One of

L waighre l
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the more notable of these w Palo Alto,
Cablormia In this ty. developers are
requined, by Zonmg Ordmance, 1o ded
cate 5 percent of the total required
parking space to secure bicycle storage
facilines This ordinance not only det.ails
what percentage of space must be dedr
cated to bicycle parking, but it goes on to
define what tupe of storage faciiy (Class
I 1l or 1) must be prowded
Another junsdiction, Montgomery
County. Maryland. updated off-street
parking space requiements in the Zon
ing Ordinance to incorporate compact
ar, hicycle. handicap, and motorcycle
spaces. The ordinance stipulates that all
owners ol parking facilities containing
more than 40 parking spaces must pro-
vide ] bicycle parking space or locker for
each 20 automobile parking spaces. Not
more than 20 bicycle parking stalls or
lockers are required on any one lot. It
further states.. "Bicycle parking facilities
shall be so located as to be safe from
motor vehicle traffic and secure from
theft. Interior storage and lockers are
encouraged. They shall be properly re
paired and maintained. Facilities that are
used lor overnight parking must be pro
tected from the weather when they are
part of an enclosed parking facility.”
Owners of existing parking facilities who
take advantage of the space savings of
compac! car layout must aiso abide by
the requirement for bicycle parking facili
ties. This ardinance revision reduces the
amount of land necessary for parking
faciities, making more cfficient use of
existing space. Other jurisdictions, such
as Arlington County, Virgimia, have re-
written guidelines for subaivision and
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San Francisco Bav Area BART Station Bicycle Lockers.
FALL 1978

buildhing pernut approval tu nclude the
provision ol bicycle storage lacilities
Other policy considerations may be
incorporated mto codes and regulations
10 benefit bicycle security. For exampie.
provisions (or allowing bicycles on publc
transit vehicles or in the public areas of
buildings and private offices can improve
the bicvciists’ mobility and/or avoid
having 1o leave the bicycle unattended
The AC Transit and BART systems in
San Francisco, the San Diego Transi
Corporation and the New Jersey-New
York PATH system have all instituted
forms of bicycle “carry-on™ service

Bicycle Storage Facility
Types and Design

The facets of design must be con-
sidered in providing bicycle parking area

1) Degree of security and salety from

vandalism and theft:

2) Location — convenience of park-

ing relative to destination;

3) Weather protection (sun and rain).
Each factor elicits certain criteria which
must be considered in determining what
type of parking facility 1s best for the
situation at hand. Bicycle storage needs
may be differentiated between long-term
parking and short-term or convenience
parking. The distinction 1s similar to that
for automobiles. The most important
critenion  for short-term:convenience
parking (shopping centers, libraries, post
offices, etc.) is for the bicycie storage
facility to be located i/mmediately con
tinguous to the building entrance. For
long-term/commuter parking (places of
employment, apartment buildings.
schools, transit stations, etc.) secunty
from theft 1s the most critical considera-

tion
Location

The closer bike parking 1s to a bi-
cychst’'s destination, the more hkely 1t
(and the bicycle) 1s to be used. "Many
bikers, particularly those with more ex
pensive machines, have such a case of
theft paranoia (a not unrcasonable af
fectaton) that they prefer not to be
scparated from their bikes at all and
would biithely wheel into elevators, den
tist's offices, bank lobbies and ice cream
parlors if aliowed to ™ Many people
moke it a prachice to ask for space for
therr thevele when first accepting a new
10b so there are no misunderstandings
when they arrive at a newolfice with a 10
speed’

The pomt 1o pomt convemence of
hcycle travel is undermimed when park
ng 1s located in the far corner of a park
ot s hestolocate aparking facility
as near o buiiding entrance as possible
and (in high wsibility areas) within the
sight-lines of passersby The location
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Protection from theft is th

should be sufficiently removed or pro-
tected from the possibility of collision
with automobiles or interference with
pedestrian traffic. It 1s most advanta
geous to specify location during the iminmal
planning of buildings, associated access
ways and parking facihties Rewised local
ordinances are particularly helpful in
succeeding with this approach
Weather Protection
Protecting the bicycle from the
elements — sun and rain —- is particu
larly important for long termycommuter
parking. For tnips wath a shorter parking
duration, such as shopping and other
personal business, open air parking may
be acceptable. These trips are general'y
more flexible in schedule and may be
delayed 10 a better ime or day. It 1s best,
however, under ary circumstances. 10
utihze a location that aiready prowvides
weather protection, if otherwise suitabie
For long-term parking in particular, con
sideration must be given 1o protechion
by awnings. canopies, INenor spaces or
lowkers (where warranted for theft pro
¢ hon)
Sccunty & Salety
Proiection from thett s the indiwn
dual’s pnimary concern whern icoving the
bicycle unattended Procuring the ult
mate securty parking device has been
the relentiess pursut of many manu:
tacturers  Separate attempts by botn
BART in Sun Francisco and METRO in
Washington, D C o specify custor
made bicycle lockers failed to produce
cost effectve equiprnent Both agencies
have since returned 1o stock items which
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e individual’s primary concern.

yield satisfactory results. A good variety
of locking and parking devices currently
exists but careful selection s still neces-
sarv. Three categones of bicycle parking
devices accordina 10 degree of security,
have becn suggested:”

Class | — [.ochers or controlled
uccess areas where bi-
cvcles may be siored,
protected from theft,
weather, and vandalism.

Class Il - Dewices which lock the
bivvcele /TOI‘HP and
wheels, secured from
theft of the unit. The
induwidua! mav have to
prouide a padiock.

Class Il — Bicvcle racks or fixed ob-
jects to which a bicycle
mu. be secured by the
indinddual’s own locking
deuice

Class I or “bicycle racks™ are the
tradinonal and currently. predominant
facihite for bacycle panking loas left to the
ey sty 1o shoulder the responsilnbty
o1 protecting thewr mvestmoent by buymg
and using lock scts Unlfortunately, the
value and theft expenience of today's bi-
cucle has outmoded this approach

Independent  tests conducted
across the conntry confirm that there
are no really secure ke lock hardware
systems i thin class Some lucks carnied
by cychsts are better than others butina
high crime sctting, rone would last lon-
ger than 10 mmwutes: in fact most will give

way n under two minutes, according to
the Consumer Report * Another testing
report confirms that no lock will last lon
ger than two minutes.’ In the words of
one lock manufacturer, a bicycle iock will
delay a thief momentanly but™ ifsome
body sees a $150 bicycle and plans o get
it. it 1s hrs. Basically what you're crotect
Ing against is the chance thief or oppor
turust " Though surtabie for short term
convenience parking, long-term parking
requires more than 2 system which pro
wvides only a moral deterrent

Class Il bicycie parking devices are
designed to secure the bicyvcle frame and
wheels 1n an upnight posihion, typically
by 2 post and chain construction Ac-
cessory parts of tne bicycle, such as the
seat, air pump, 100i kits, are not protec
ted Weather protection may be pro:
wvided by a speciai structure or by select
ing a location under an existing over
hang Different locking mechanisms are
available: coin operated, key-operated or
the bicychst's own padiock. The locking
mechanism is an important considera-
tion. Key- or coin-operated equipment
costs twice as much initially, requires
more maintenance, and necessitates a
user charge.

Generally, the padiock systems are
most popular. The added costs of the
other systems cannot be justified uniess
it is imperative that revenue be collected
or tourists without padiocks are the anti-
cipated users. Transit systems which
have utilized the Class Il devices include:
MARTA in Atlanta, Seattle's Transit Sys-
tem, BART in San Francisco, PATH in
New York-New Jersey, PATCO in Penn-
sylvania-New Jersey. Many universii.. s
have aiso installed these parking devices,
reporting mixed user acceptance and
security from theft.

Table A lists the various manufac-
turers of secure parking devices, (Class
I and II) including products and approxi-
mate prices. The prices range from $25
to $250 per parked bicycle. Class Il de-
vices have been tested by two indepen-
dent investigators. The Bicycle and
Pedestrian Research Center, Philadel-
phia and the University of Maryland, Col-
lege Park, Maryland.

The University of Maryland Plan.
ning Department made an in-use study of
eight of the Class | and Il bicycle racks
available today.® Table B summarizes
test results. As these results indicate. no
rack is perfect. Each rack has its pros
and cons. The use intended, site loca-
tion, and economics will define which
rack will serve a particular situation
better than another. The University of
Maryland set up the following criteria
and then made their choice after testing
eight racks over a year’'s time.

BICYCLE FORUM




TABLE A — AVAILABLE BICYCLE STORAGE FACILITY TYPES

Name of Device Menutacturer — City, State Closs Model Price Noles
1. Rack Il Rack !ll, 1714 Stocton St. |l Key $120.00 each Used at many locations throughout U.S.
San Francisco, Ca. 94133 Coin-Op $120.00 each Each rack holds one bicycie
Padlock $ 41.75 each
2. Rally Reck Rally Enterpnises. Inc. I RR-100 $ 22.00 each Each rack holds one bicycle
Box 288. Sonoma, Ca. 85476 Used by PATH system (NY-NJ) at Journal
Sc. Transportation Center
] RR-200 $ 25.00 each Used by WMATA (DC) at present and
(Minimum Order 6) future stations
1 RR-300 $ 55.00 sach PATCO (PA-JUN) instaliing 171 RR-300's
I RR-400 $160.00 each Key-Co/n operated
3. Cycle-8entry .Sentec Industries ] Galvanized §$ 36.00 each Each rack hoids one bicycle
PO Box 4043 . - Painted $ 35.00 each
,San Francisco, Ca. 94110
4. Bike Ssfe  Patierson-Williams TR 1615-2 $100.00 each Holds two bicycles
P.O. Box 4040 1615-5 $210.00 each -Holds live bicyclaes
Santa Clara, Ca. 85054 ! )
5. Bala-Byk Bah-Byl;-Lobhak ) - ] ' Padlock $ 31.50 each /nstalied at U. of Maryland
Lok-Rak 861 Parkview Circie Coin-Op . § 65.50 each Each rack holds one bicycle.
Pacifica. Ca. 94044
8. Bike Lock Up Howard Enterprises . ) Standard - $ 31.00 each Each rack holds one bdicycle.
1250 Wiison Way Deluxe $ 35.00 each Instalied U. of Maryland
Stockton, Ca. 95205
7. Park-A-Blke Plf.i-A-Blk. Systems I - $ 25.00 to Holds one bicycle
180 Coor St., Suite 111 ) $ 75.00 each Installed U of Maryland
) .Denver, Col. 80206
8. U-Lok Sunshine Recreation Co. I Security $ 45.00 esch Holds Iwo bicycles, instalied at various
22713 Ventura Bivd., Suite A stand colieges, special lock option.
Yoodland, Ca 91384
$. Bike Root The Bike Reot Co. ] - $ 28.50 each Holds one bicycls.

Blke Rack 31% M1t Vernon St.
Chariestown, Mass. 02129

10. Bike Lokr .Bike Lockers s | Peadlock $320.00 each 2 bicycles per locker, installed by BART,
P.O. Box 978 . Coin-Op/ $320.00 each EPA, Metro Md.
'North Highlands, Ca. 85660 Key-Op
11. Blke Stable Bike-Slable Co. o 1 Key-Op $214 00 each Hoids one bicycle No units have been
3 P.O. Box 1402 . solo up to this date.
. South Bend. Indiana 46624
12. Mac Cycie . "BMR Fabncanons‘ | Padlock $194.00 each One bicycle per locker
Yauli P.O. Box 610 Coin-Op $250.00 each One bicycle per locker

Tocca, Ga. 30577

[ ) University of Maryland with only a user-supplied lock. e The rack design is to allow for
Planning Department ® Although data is not available on flexibility in site development
Bicycle Rack Criteria durability, racks should be select- e While racks must be capable of
ed (or their apparent quality. Mem- being securely anchored., the
® The rack must secure both wheels bers and joints should be rustproof ability to relocate them is an
and the bicycle frame. and designed to minimize or eli- option to be considered.
® Securing the bicycle in the rack is minate structural and mechanical The final University of Marviand re-
. to be a simple operation. failures. port states that.."Research has
® The rack is to accommodate a ® The appearance of therackisto be determined that the Rally Rack
wide range of bicycle types and “aesthetically pleasing” within the Models RR-200 and RR-300 are
locking mechaniams financial and functional para- supcrior to all other manufacturers
®* Securing the bike must be possible meters. in meeting the established criteria.”
FALL 1978 39




The Buwvdde and Dedestian Re
search Center, tested  tuee Class I
thevn US ¢ l"l.\llll""lﬂ S mny. sy U‘
operaton, versathiy (1o accept locks),
and aesthentics All models were reporied
supenor to traditional bike rack lock set
secunty when subjected 10 most meth
ods of attack. Three high secunty lock-
ng devices were tested for compatibiiity
with each parking device Results are
summarized on Tahic C. Economics
wore not a consideration in the ranking.
the top rated Rack Il umit costs $10 1o
$15 more than other units. a small differ
cnce relatve to the averoge personal
mvestment in . theycle 0

Class |, bike lockers or storage
spaces, are a sigmficant, important step
forward in proteciing bicycles. They af
ford wirtually complete protection from
theft, vandahsm and weather There are
two approaches: a locker unit similar 10
baggage storage lockers and controlied
storage areas which are attended or ac
cessible only by keys held by a himited
number of indmiduals or responsibie
artendants.

In urban areas with attended park
1ng garages or lots. areas can be adapted
1o store bicycles with relative ease, al-
though without mandates or enforced
ordinances. garages are reluctant to do
so. In Washington, D.C.. where some ol
the private parking garages installed bike
racks, the same fees as charged to auto-
mobiies were levied against the cychsts.
This parking program was not well re
cewed by bicychsts. A good exampie of
controlled storage area s found in Union
Station, the Amirack & commuter rail
termmal in Washington, D.C. A coaged
arca lor bicycle storage s provided in
side the stanon, adnunistered and imain
taincd by the Nanonal Park Service. For
a small imitiation fee, bicychsts obtain a
key to the storage area. Most of the bike/
rail commuters use the storage lor over
mght parking. using ther bicycles for the
work tnp end of their commute

Standard bicycle lockers are cur
rently availlable from three manufac
turers (Table A) ranging in price from
about $160 10 $250 por bweycle stored
Construction s either stecl or alummum
and hberboard and all unins are wedge
shaped, atowing o vancty of layout pat
ferns circular and rectangular (back-
to back). Although httle data 1s availabie,
one source notes that no successiul
thetts have occurred ot either BART or
Southern Caltornia Rapud Transit [hs-
toc b mstallabons
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TABLE B — UNIVERSITY OF MARYLAND RACK COMPARISON

TRADE NAME

ADVANTAGES

DISADVANTAGES

Raity Rack RR-100

Rally Rack RR-200

Rally Rack RR-300

Standard Rack

Bsala Byk-Lok Rak

Howard Bike Lockup

Park-A-Bike

Rack 11l

e Secures rear wheel and o

frame with a single lock

Rack consists of a single

post and has no moving

parts

Rack is very easy to use

e Rack has sesthetic appeal
by virtue of its good design

e Rack has the advantages e
of the RR-100 with the
addition of a cable
attached to the post which
secures the front whee!

¢ Rack has the sdvantages ®
of the RR-100 with the
addition of a formed steel
piste which prevents
- removal of the front wheel

e Least expensiveofall " e
rack systems

(R

* parking arrangement

Secures both wheeis and ¢
frame with a single lock
All locking components
are constructed of steel o

® Secures both wheels and »
frame with a single lock

e Secures both wheeis and ¢
frame with a single lock
Reiatively sasy 10 use

e Secures both wheels and ¢
frame with 3 singlie lock

® All locking components
are construcied of steel

{ vulnerabie to boit or wire

Does not secure the front
wheel

Cable 1s vuinerabie 10 bolt
or wire cutters

é-.iv,
Cost is more than twice '
that of the Rally Rack

-

. S 7

=
Provides the least security
of all rack systems, ’
requiring an unusually

fong chain or cable *
supplied by the user to
secure both wheels and
frame of a bike making it

cutters

Bikes parked in these
racks are easily damaged
Rack design encourages
inefficient and cluttered

Poorly constructed —
welds break with normal
use

Not easy 10 use — requires
four steps to secure bike
Does not provide arrange-
ment flexibility

Visually clutters the
environment — has no
sesthelic appes!

Rusts over time

Disadvantages are iden-
tical to those listed for the
Bala Byk-Lok Rak

Visually clutters the
environment — has no
sesthetic appeal

Cable which secures both
wheels may be vuinerable
10 boit or wire cutters

Secures bicycies with a
pivoling three-pronged
device — this moving par
may prove troublesome

J
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TABLE C — TEST RESULTS
(Bicycie and Pedestrian Transportation Research Center)

Rack Rack |1l Rally Rack 200 Bala Byk-Lok-Rak
Security second third first
Ease of Operation first second third
Versatility first third second
Aesthetic Quality first second third
Lockers can be coin operated, The Future

locked by separate padiock. or a cychst
can be 1ssued a key on a ieasc basis The
latter sysiem 15 used in Washington,
D.C and San Francisco where lockers
have been insialled at several of the new
rail transit stations.

The lirst ten lockers installed at
METRO's Silver Spring Station were of-
ferzd [or lease for variable peniod rates 1o
$70 per year. Alllockers were leased for a
full year prior to the station’s opening day
(without the benefit ol advertising). Al
though the $70 per year lee was regarded
as high, the public’s response indicates a
high demand for this type of facility
Based on an installed cost of $320 per
double locker unit, the METRO locker
rentals will cover the capital investment
m two and one-halfl years. Since all the
lockers were leased for a full year the irst
day offered, aimost halfl of the capital
cost was covered immediately after in
stallation Weh  demonstrated  high
demand, 16 more lockers have been
ordered for the Silver Spring Station and
the District of Columbia has 250 on order
1o be instailed at stations throughout the
city.

The BART system in San Francisco
has a relatively long-standing experience
with lockers. BART planners indicate
that the nitial installation of 60 lockers
throughout the system would have been
recommended for increase if based on
current experences. It is believed that
the mtially inadequate supply of bike
racks and lockers has been a deterrent
to many potential bicycle users. In re
sponse 1o demand, 648 additional lock-
ers are in the process of being installed.
At first BART offered lockers at 25¢ per
day or on a lease basis for $5 per month.
Daily coin rental has since been aban.
doned in favor of a wholly leased system
“Leasing 1s preferred among regular bike
commuters because it guarantees a
place 1in a locker, which are available in
limited numbers”. As stated earier, both
BART and METRO also include Class II
parking devices in therr parking pro
grams which are free of charge and well
uhlized
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There are many sins that the luture
looks bright for the bicycle commuter
The Federal government allows federal
highwuy monics ond  transit capital
funds to be spent on bicycle facilities in
cluding parking.* Local governments in-
cluding the traflic engineers, architects,
and plonners are recognizing the needs
of the cyclists. With the proper amount
of interest and forethought by these
peonle we ¢an I\npc to sceacontinuabon
of the trend toward mstaling first class
birycle parking facihtics. The first stepis
establishing the need (or parking and
making a specific proposal. Bike park-
Ing is easy, simple, and nexpensive to
implement relative to many other im-
provements being considered to en-
hance bicychng With imitiative, care and
thought, very high quality parking can be
provided 1o the benefit of user and com

munity alike. EF

* See Federal Funds for Bicycles, this issue
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Units are wedge-shaped al-

lowing a variety of layouts.

For more information on Bicycle
Parking Ordinances contact:

Joseph Anderson

Transportation Planner

Maryland National Capital Park and
Planning Commussion

8787 Georgia Avenue

Siiver Spring, Md. 20907
Telephone. (301) 565-7394

Ellen Fletcher, Council Person
Citv of Palo Alto

3543 Greer Rd

Palny Alto, Calformia 94303
Telephone (415) 494.7605
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APPENDIX C

Bicycle Loop Detector
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- DEPARTMENT OF TRANSPORTATION

FEDERAL HIGHWAY ADMINISTRATION UNITED STATES GOVERNMENT
ke BityeTe Betctiin memorandum _
Dete: JUL 25 1880
from: Director, Office of Traffic Operations ::3;: HT0-22

Washington, D.C. 20590

¥o: Regional Federal Highway Administrators
Regions 1, 3-10

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 1s used. Reliable detection is possible through the use

of a "quadrapole” loop with some loop detector amplifiers. A drawing of
this loop as used in California {s attached.

The Toop detector amplifiers capable of sensitivities required to detect
bicycles are manufactured by three companies:

Sarasota Engineering Company
Sarasota, Florida 33580
Model #222

"Detector Systems .
Los Alamedos, California 90720 -~
Models #810, #£823, #840, #222

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

We suggest this information be relayed to your respective divisions and
through them to the States so that the bicycle detector problem may be

mninimized.
Marshall Jacks%dr. _

Atiachment
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