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• Section I-Introduction

• Section 1
• 100 • Introduction
•

DEPARTMENT GOAL
¢ Training

The purpose ofthis manual is ¢ Reference The Department supports the
to provide guidelines and ¢ Local roadway improvements

National Walking and Bicy-• criteria for planning, design, ¢ State projects
cling Study's goal to double

construction, operation and
¢ LocaUstate trails development

walking and bicycling activ-
maintenance ofon-road bicycle

101.3 ROADWAYS THAT PROMOTE ity by the year 2000, while
facilities and multiuse trails.

PREDICTABLE BEHAVIOR reducing crashes by 10%.
This manual provides tools to• 101 • PUPOSE OF THIS This manual provides infonnation achieve these goals.

MANUAL to help accommodate bicycle
traffic in all riding environments

This manual is intended to serve as and encourage predictable bicy-
an aid to engineers, designers, clist behavior. Bicyclists can be

• planners, architects, landscape expected to ride on all roadways
architects, citizens and others except limited access highways.
interested in improving Florida's A lack ofsafe, convenient and
bicycling environment. Infonna- appropriate facilities often leads to
tion found in this document can be bicyclists riding in unsafe loca-
useful for private, local, state or tions, such as on commercial• federal projects. district sidewalks. Sometimes they

ride against traffic.
101.1 PRINCIPLES, POLICIES, GUIDANCE

The manual offers general prin- Above: A Place for Cars, Not for

• ciples and policies followed by People. Older roadways, built solely
The Florida Department ofTrans- for auto transport, created

portation (FDOT, also referred to discomfort and unsafe conditions for

as the Department). It also offers motorists, bicyclists and pedestrians.

guidance to cities, counties,
Left: A Place for Everyone. In

citizens and private groups for the contrast, modern highways aret development ofIocal plans and being designed as shared use
projects. facilities. Such designs are

101.2 USE OF THIS MANUAL increasing the comfort and safety
of all roadway users.

1-1
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(1) U.S. A-1-A in Ft Lauderdale was
modernized to encourage walking,
following older FDOT policy to build
wide curb lanes, (2) novice bicyclists
chose to use the sidewalks instead.
(3) With the installation ofbike lanes
(below) most bicycling now occurs in
the roadway. This discovery that
novice bicyclists need bike lanes has
speeded up State policies toward
widespread use ofbike lanes.
Pedestrians and motorists benefit
when bicyclists are included in the
conceptual and final highway
design. This 3.5 (1 m) foot bike lane
is to be widened in a fUture project.

This manual is not intended to set
forth strict standards. Instead it
presents sound guidelines that will
be valuable in attaining good
design, sensitive to the needs of
both bicyclists and other highway
users. However, in some sections
ofthis manual. criteria include
minimums. These are established
only where further deviation from
desirable values would result in
unacceptable safety compromises.

The information in this manual
flows progressively from general
concepts through the planning
process to actual design. Samples
ofdesign details, specifications
and photographs are included
whenever possible.

Key information on crash types,
categories ofbicyclists, the design
bicyclist, and the design bicycle is
presented in Section 3 on safety.
Please take time to become
familiar with these concepts, since
such information is rarely offered
in planning, engineering or design
schools. This information is key
to understanding the design portion
of this text.

The manual provides essential
background on planning proce­
dures and design.

This manual is not meant to act as
a stand-alone document. Designers
should use this document for
background.

This manual also serves as a
supplement to Chapter IX of The
Florida Manual ofUniform
Minimum Standards for Design,
Construction andMaintenance For
Streets andHighways (Green
Book).

1-2

When designing projects for the
Florida State Highway System,
designers must comply with the
Plans Preparation Manual (PPM).
Should a discrepancy occur
between this manual and the Plans
Preparation Manual, the PPM
applies.

11 O· CRITERIA DEFINITIONS

To further clarify the use of this
manual for state roadway projects,
definitions ofroadway design
criteria and project standards are
offered here:

11 O. 1 ROADWAY DeSIGN CRITERIA:

The criteria for design ofnew
roads or major reconstruction
projects on the Florida State
Highway System are found in
Chapter 2 ofthe Roadway Plans
Preparation Manual. Design
criteria for resurfacing, restoration,
and rehabilitation (RRR) are
presented in Chapter 25 ofthe
Plans Preparation Manual.

11 0.2 DeSIGN STANDARDS:

The specific values selected from
the roadway design criteria
become the design standards for a
design project. These standards
will be identified and documented
by the designer.

The following tips will make this
document easier to use:

GUIDELINES: For engineering
criteria, consult the main text of
each section. Minimum criteria are
single underlined.

REFERENCES: For additional
technical detail and support,
consult the appendix and check the
references.
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The provisions for bicycle travel
are consistent with and similar to
standard highway engineering
practices. Signs, signals, and
markings for bicycle facilities
which are presented in the Manual
on Uniform Traffic Control
Devices (MUTCD) should be used
in conjunction with this guide.

120 . BACKGROUND

There is a growing need for
designers, citizens and others to
have a common vocabulary,
common concepts and common
knowledge ofsuccessful bicycling
systems and facilities in different
places. This manual serves as a
"convenience store" ofthe most
commonly referenced concepts,
practices, policies, issues and
laws.

This document also provides
information missing in other
publications, such as an explana­
tion of behavior ofbicyclists,
common crash types, bicycling
laws, and working definitions.

Bicycling facilities planning and
design is still not offered in most
college and university curricula.
This omission results in a wide
variance in planning and design
concepts, facilities placement and
final designs by individual design­
ers.

Finally, we have become such a
nation ofspecialists that many
designers lack the opportunity to
see a project from concept to
concrete. This lack ofcontinuity
is complicated by the tendancy of
designers to be assigned vast

Section l-Introduction

Key to Success•
Bicycling activity
results from a concerted
effort by a community to
provide transportation
choices. In this Davis,
California scene two
autos moving 3 people
are dwarfed by more
than 20 people being
moved by an eqUivalent
number of bicycles.

territory, which means they rarely live in the neighborhood, sector of
town, or even in the town that they are helping to design. A consultant in
Atlanta, Georgia, may be completing a plan for a project in Ft. Meyers,
Florida. This manual attempts to bridge the gap by urging every citizen,
planner and designer to become familiar with each phase ofa project.

In our national move to become specialists, much is lost. The ultimate
goal ofthis manual is to allow all ofus to have a common general
knowledge ofhow bicycling facilities work. In this way specific
projects are more likely to do what they are intended to do - serve the
public with well conceived, well located, affordable, safe, secure, and
friendlyenviroments.

120. 1 WHV BleVetING?

Increasingly, transportation officials throughout the United States are
recognizing that bicycles provide a viable mode oftransportation. Since
the early 1970's, bicycling for commuting, for recreation, and for other
travel purposes has increased in popularity. Nationwide, people are
increasingly recognizing the energy efficiency, economy, health benefits,
pollution-free aspects, and the many other advantages ofbicycling.

Recent legislation such as the Intermodal Surface Transportation Effi­
ciency Act of 1991 (lSTEA), the Clean Air Act Amendments and other

Gainesville's vision saves
lives. Gainesville's bicycle
friendly spaces started later
than Davis. But the results
are equally convincing. Near
campus over 40% ofall travel
is non-auto. Meanwhile, the
construction of100 miles of
bicycle lanes and paved
shoulders has resulted in an
80% drop in bicyclist
fatalities.

1-3
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initiatives now require governments to give full consideration to
all modes oftransportation. Special emphasis is put on clean,
energy-efficient, socially responsible modes, such as bicycling.

120.2 BICYClING CAN HELP •••

• Form a seamless transportation system.
• Achieve intermodallinks with transit.
• Create safe and effective links between neighborhoods, i.e.

link neighborhoods to destinations where people go for their
daily needs.

• Reduce complex and costly parking problems.
• Allow employers to offer choices in mode oftransportation for

their employees.
• Incorporate greenways development, urban redevelopment and

resource preservation.
• Rail bank with rails-to-trails conversions.
• Achieve other timely, sensible and sensitive urban and

rural land use practices.

Bicycling is for all people of ages. Along with walking, bicycling
is more affordable than auto transport, and most people are
physically capable ofbicycling. Bicycling is more efficient than
walking. It is the most efficient means ofassuring independent
travel for children, elder adults, many people with disabilities and
those with reduced incomes. Bicycling gives all people mobility
at an affordable cost. Bicycling helps keep them fit and improves
health. However, bicycling does not replace the car or transit
options for longer trips.

Local, state and federal agencies are responding to the increased
use ofbicycles by implementing a wide variety ofbicycle-related
projects and programs. Th~ emphasis now being placed on
bicycle transportation requires an understanding ofbicycles,
bicyclists, and bicycle facilities. With adequate planning and
facilities development, the bicycle can play an important role in
the overall transportation system. Bicycling promotes important
land use and conservation policies, which call for compact and
integrated land use patterns. These patterns provide reduced
parking needs, urban infill, proximity, mixed use development and
more balanced and efficient land use for transport systems.

•

•

Communities are running out oj right-oj-way for affordable highways. As trip times increase
there is more and more demand for alternative transportation. Yet, until planners and designers
build safe, convenient, efficient, comfortable and welcoming places to bicycle, the public is not
likely to switch to other modes. People need places to ride their bikes in the same way they
need places to drive their cars.
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130· RESEARCH

Research is currently underway in
Florida and elsewhere to develop
additional criteria for the design of
bicycle facilities. Specifically,
additional information is under
development regarding the selec­
tion of appropriate types of
bicycle facilities. Such selections
may depend on vehicular and
bicycle traffic characteristics,
adjacent land use and expected
growth patterns, as well as other
factors.

Should future research provide
improved selection criteria, that
information will be included in
subsequent editions ofthis guide.

140 . TRAINING COURSES

The Department recognizes that
much ofthis information is new to
many readers. Since roadway
designers are now required to
understand and apply these
principles on all future transporta­
tion, maintenance and operations
projects, the Department is making
available, at no charge, one-day
training courses throughout the
state. Consult your local Pedes­
trianlBicycle Coordinator for
details on when the next course is
scheduled in your area, or call the
Florida Pedestrian and Bicycle
program staffat (904) 487-1200,
SUNCOM 277-1200 or FAX (904)
922-2935.

1SO • WHAT'S IN EACH

SECTION?

SECTION 2 • PLANNING

provides an overview ofplanning
considerations for bicycles, a
discussion ofthe types offacility
improvements, performance
measures to the year 2005, and a
description offactors to consider
when locating a facility.

SECTION :J. SAFETY

describes the customer's needs,
behavior and problems. It provides
background on crash causation,
human performance, the design
bicyclist and the design bicycle.

SECTION 4· ON-ROAD DESIGN

provides guidelines to follow
when constructing or improving
highways and streets.

SECTION S· Mum.(JSE TRAILS

provides guidance to follow when
constructing trails, greenways,
intersections, bridges, overpasses
and tunnels.

SEcrlON 6 • SUPPLEMENTAL
TOPICS

provides information on parking,
transit links, maintenance, traffic
operations and law.

SECTION 7· ApPENDIX

provides a review ofthe legal
status ofbicycles, and provides
helpful technical information from
other frequently referenced
manuals.

Planning goals in Boulder, Colorado
lead to objectives and strategies that
increase bicycling. A simple strategy
to connect cul-de-sac streets
increased local bicycling two-fold.

Sidewalks Risky. Early attempts in
Gainesville to place bicyclists on
sidewalks led to high numbers of
crashes. Improved planning and
design to provide on-street bicycling
dropped crash rates dramatically in
less than a decade. Below: The
discouragement and danger
ofmixing bicycling and sidewalks
is made evident in this existing Key
.West scene. Only a raised median to
help bicyclists cross to the correct
side will alleviate their tendancy to
take these conflict packed rides.
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• 160 . AUTHORITY
160.1 DEPARlMENT Poucv

•

F.s. 335.065 SPECIFIES:

"Bicycle andpedestrian ways along
state roads and transportation
faCilities. --

The Department incorporates the needs ofbicyclists into all appropri­
ate urban and rural construction and RRR projects. In some in­
stances, right-of-way constraints and safety considerations may limit
the extent that facilities and treatments can be applied in a given
section. Considering these limitations, projects are to incorporate the
needs ofbicyclists to the maximum extent practicable.

•

•

•

(a) Bicycle andpedestrian ways
shall be givenfull consideration in
the planning and development of
transportationfacilities, including
the incorporation ofsuch ways into
state, regional and local transporta­
tion plans andprograms. Bicycle
andpedestrian ways shall be estab­
lished in conjunction with the
construction, reconstruction, or
other change ofany state transporta­
tionfacility, and special emphasis
shall be given to projects in or
within 1 mile ofan urban area.

170 •COMPREHENSIVE PROGRAM

Facilities are only one ofthe several elements essential to a
community's overall bicycle program. A comprehensive community
approach to bicycle use also includes bicycle safety education and
training, bicycle use encouragement, and the application and enforce­
ment ofthe Rules ofthe Road as they pertain to interactions between
bicyclists, motorists and pedestrians. This manual provides informa­
tion on facilities. Information on other elements ofan overall bicycle
program can be found in other publications (see Reference section).

Which Side Is Safe? (1) The shops and lodgings are on one side, the
bike path on the other. Key West's North Roosevelt Boulevard scramble
lane offers too little safety for crossings. (2) Meanwhile, bicyclists stay
on the service side, darting in and out, or use the sidewalks when
available. This behavior creates high potential for crashes. A true
boulevard style raised median will simplify roadway crossings and
increase safety.

(b) Notwithstanding the provisions
ofparagraph (a), bicycle and
pedestrian ways are not required
to be established:

(1) Where their establishment
would be contrary to public safety;

(2) When the cost would be
excessively disproportionate to the
need orprobable use;

(3) Where other available means or
factors indicate an absence ofneed. "

Policies are backed by research. (3) New research by FDOT in seven
cities reveals that presence of bike lanes creates more predictable
movement and less displacement of motorists and bicyclists while
passing.L.- _

•

•

•

•

•

1 2
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180 . SUPPORTING FLORIDA ADT - Average Daily Traffic. The• REFERENCES
measurement ofthe average
number ofvehicles passing a

The following Florida documents certain point each day on a high-
also urge improvements to bicycling way, road, street or path.
to achieve agency goals:

• • Florida Transportation Plan
ARTERIAL (ROAD) -A road
designated to carry traffic, mostly

• Long Range Transportation uninterrupted, through an urban
Systems Plan area, or to different neighborhoods

• Safety Management Systems within an urban area.
Plan What is a bicycle? A tandem bicycle

• • Congestion Management BACKCOUNTRYTRAILS - Any pulling a trailer is legally defined as
Systems Plan multi-use trails that are non hard a bicycle. Wheel diameter, tandem

• Intermodal Systems Plan surfaced, commonly used for wheels, and self-propulsion are
criteria for defining a bicycle. This• Transit Systems Plan mountain bike or "off-road" riding
vehicle can move three or even four• Florida Bicycle 2000 and joint hiking uses. people.• Plans Preparation Manual• • Roadway Standard Index BICYCLE - A vehicle having two An adult trike is still a bike

tandem wheels, either ofwhich is according to law. Handling
The Florida Bicycle Council has more than 16 inch (Am) in diam- characteristics are different. Which
general and specific recommenda- eter, or having three wheels in ofthese bikes has the greatest

problem as the designer increasestions for bicycling. In general this contact with the ground, any of cross slope?• group and many local bicycle which is more than 16 inch (Am) in
advisory committees each urge diameter, propelled solely by
bicycle friendly designs on all new human power, upon which any
roadway construction, reconstruc- person or persons may ride.
tion and resurfacing opportunities,

• or along with any other change in BICYCLE ADVISORY COMMIT-
the roadway system. TEE - Most Metropolitan Planning
Federal mandates under the Organizations (MPO's) and some
Intermodal Surface Transportation counties have a politically ap-
EfficiencyAct (ISTEA) require pointed group ofcitizens and
each state to adopt a statewide technicians who oversee bicycle Fog and early morning light lead to• bicycle and pedestrian plan. planning and provide technical high crash rates. Bike lanes work

review oflocal bicycling facilities. best when conditions are worst. It is

190 . DEFINITIONS
These groups are known as Bicycle the presence of these facilities that
Advisory Committees (BAC's). has led to Gainesville's remarkable

decline in serious car/bike conflicts.
AASHTO - American Association of BICYCLE FACILITIES - A general• State Highway and Transportation term denoting improvements and
Officials. provisions made by public

ACCESSMANAGEMENT - The
agencies to accommodate or
encourage bicycling, including

principles, laws and techniques used bicycle paths, bike lanes, parking• to control access to highways. facilities, maps ofbikeways,

ADA - The Americans with Disabili-
marked routes and shared roadways

ties Act; civil rights legislation not specifically designated for

passed in 1990, effective July 1992. bicycle use.

• 1-7
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Bicycle facilities and roadways
vary in dimensions according to
traffic and safety needs. (1) The
bike lane above is large enough
to permit bus movements.
(2) This roadway purposefully
slows motorist speeds with use of
a median. (3) In this private
development a nine foot travel
lane with median slows cars to
12-18 mph (bicycling speed).

BICYCLE BOULEVARD-
A system ofroadways and connec­
tions between neighborhoods or
areas in a community that forms a
bicycling throughway, but discour­
ages through and higher speed
motor vehicle movement.

BICYCLE LANE (BIKE LANE)-
A portion ofa roadway (typically
1.2 - 2.0 m, 4-5 feet wide) which
has been designated by striping,
signing and pavement markings for
the preferential or exclusive use by
bicyclists (Also see "Undesignated
Bicycle Lane").

BIKE ROUTE - A system of roads
and ways that are linked by signs to
aid bicyclists. Bike Routes are
ineffectual unless signs are highly
specific, giving a clear indication of
destination.

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

CLEARANCE, LATERAL - The
width required for safe passage
of a bicyclist as measured in a
horizontal plane.

CLEARANCE, VERTICAL - The
height necessary for the safe
passage ofa bicyclist as measured
in a vertical plane.

CLEARANCE INTERVAL-
The amount oftime a traffic signal
provides to allow a type of traffic
to clear the intersection before
releasing conflicting traffic.

1-8

COLLECTOR (ROAD)-

A road designated to carry traffic
between local streets and arterials,
or from local street to local street.

CROSSSECTION, "TYPICAL
CROSS SECTION" or "TYPICAL"
- Diagrammatic presentation ofa
highway or path profile which is at
right angles to the centerline at a
given location.

DESIGN STANDARDS
The specific values selected
from the roadway design criteria
become the design standards for
a design project. These stan­
dards will be identified and
documented by the designer.

EDGE LINE - A painted or applied
line to designate the edge ofthe
road (150-200 mm, 6-8 inches)

ENHANCEMENT FUNDS ­
under ISTEA, set aside funds for
eleven categories ofspending
including bicycling and pedestrian
facilities and trails.

FRONTAGE ROAD - A road
designed and designated to
serve local traffic parallel and
adjacent to a highway or arterial
street.

GRADE - A measure of the
steepness of a roadway, bikeway
or walkway, expressed as a ratio of
vertical rise per horizontal dis­
tance, usually in percent. For
example, a 5% grade equals 5
meters of rise over a 100 meter
horizontal distance.
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GRADE SEPARATION - The
vertical separation ofconflicting
travelways with a structure. An
overpass or tunnel are examples of
common grade separations used to
avoid conflicts.

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

ISTEA - The Intermodal Surface
Transportation Efficiency Act
enacted in 1991. Federal
legislation guiding the expendi­
ture offederal highway funds.

MULTI-USE PATH/TRAIL (BIKE
PATH, BIKE TRAIL) - Any hard
surfaced bikeway that is physically
separated from motorized vehicu­
lar traffic by an open space or
barrier. It is either within the
highway right-of-way or within an
independent right ofway. Due to
a lack ofpedestrian facilities, most
bike paths/trails are commonly
designed and referenced as multi­
use paths or trails. For common
convention, the term Multi-Use
Trail will be used throughout
this document.

MUTCD - The "Manualon
Uniform Traffic Control De­
vices, " approved by the Federal
Highway Administration as a
national standard for placement
and selection ofall traffic control
devices on or adjacent to all
highways open to public travel.

PAVEMENTMARKINGS - Painted
or applied lines or legends placed
on a roadway surface for regulat­
ing, guiding or warning traffic.

RAISEDPAVEMENT
MARKING (RPM)-- A special
raised marking device that is
applied to a roadway to help
designate lanes. Such markings are
used judiciously or not at all in the
presence ofbike lanes.

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

RIGHTOF WAY - The right ofone
vehicle or pedestrian to proceed in
a lawful manner in preference to
another vehicle or pedestrian.

ROADWAY - That portion of the
highway, including shoulders, for
vehicle usage.

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.

ROADWAYDESIGNCRITERIA
Criteria for the design of new or
major reconstruction projects on
the Florida State Highway Sys­
tem. These criteria are found in
Chapter 2 ofthe Roadway Plans
Preparation Manual (RPPM).
Design criteria for resurfacing,
restoration, and reconstruction
(RRR) are presented in Chapter 25
ofthe manual.

RRR PROJECTS - Specific road­
way improvement projects that
include resurfacing, restoration and
rehabilitation ofroadways. These
projects use a different pot of funds
than new construction.

1-9

Specialized customers. The two
mobility impaired travelers above
use bicycle facilities in Davis,
California (multi-use trail) and in a
Manhatten bike lane. Below: When
forced by law onto sidewalks, in-line
skaters bring danger to pedestrians.
Bike lanes and quiet streets may be
safer places.
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• Shoulder width provides
separation, allows free
movement ofmotorized vehicles
and promotes tourism. Top: No
shoulders on U.S. Alt 19 holds
back motorists. U.S. 41 has 4
foot (1.2 m) paved shoulders and
allows low speed passing.
Many northern roads (Banff
National Park) have ample 10
foot (3.0 m) wide shoulders.

RULES OF THE ROAD - That
portion ofa motor vehicle law that
contains regulations governing the
operations ofvehicular and pedes­
trian traffic.

SHOULDER (PAVED) - That
portion ofa highway which is
contiguous to the traffic lanes,
allowing use for emergencies of
motor vehicles, for specialized use
ofpedestrians and bicyclists, and
for lateral support ofbase and
surface courses.

SHYDISTANCE - The distance
between the edge of a travelway
and a fixed object. Also, the
separation distance a roadway
user needs to feel safe operating
near a fixed object.

SIDEWALK - That portion of a
highway designed for preferen­
tial or exclusive use by pedestri­
ans.

SIGHT DISTANCE - The distance a
person can see along an
unobstructed line ofsight.

SKEW ANGLE - The angle formed
between a roadway, bikeway or
walkway and an intersecting
roadway, bikeway, walkway or
railroad line, measured away from
the peIpendicular.

STRUCTURE - Abridge, overpass,
retaining wall or tunnel.

TRAFFIC COmROL DEVICES­
Signs, signals or other fixtures,
whether permanent or temporary,
placed on or adjacent to a
travelway by authority ofa public
body, having jurisdiction to regu­
late, warn or guide traffic.

1-10

TRAFFIC VOLUME - The given
number ofvehicles that pass a given
point for a given amount oftime
(hour, day, year). See ADT.

UNDESIGNATED BIKE LANE ­
That portion ofa highway to the
right of the edge line that is of
sufficient width for a bicyclist to
navigate and which has not been
marked for bicycling (typically 1.2 ­
2.0 m, 4-5 feet wide). Most rural
paved shoulders, and a few urban
roads are left undesignated as an
engineeringjudgment.

VEHICLE - Any device in, upon or
by which any person or property is
or may be transported or drawn
upon a highway and includes
vehicles that are self-propelled or
powered by any means. Includes
legally defined bicycles (See
Florida Statutes). Does not include
in-line skates, roller skates or
sidewalk bikes ("hot bikes").

VEHICLE (MOTOR) - To help
differentiate those laws that apply
to all vehicles (includes bicycles)
from those for motor vehicles, the
term motor vehicles is applied. To
properly search for laws that apply
to bicycles, look in the Florida
Statutes (Section 316) for the word
vehicles, and ignore all references
to motor vehicles.

WIDE CURB LANE OR WIDE
OUTSIDE LANE - A minimum
roadway improvement where the
curbside lane is typically widened
to 4.2 m (14 ft). This treatment is
generally being replaced in Florida
with a designated or undesignated
bike lane.
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Avoid these four conditions All of
these conditions exist in many
communities. Whether designing a
multi-use trail crossing, lane, or
simply improving the roadway, it
is essential to treat all highway
users with equal respect. Our
changing world calls for new
ways of thinking and designing.
This manual proVides many tips
for understanding and addressing
the needs of this new, ever
changing public demand for
multi-modal highways.

191 . OTHER

REFERENCES

Other documents that we
recommend include:

AASHTO Policy on
Geometric Design of
Highways and Streets, and
the Guide for the Development

of Bicycle Facilities. These
can be obtained from:

AASHTO
444 N. Capitol Street, NW,
Suite 225
Washington, DC 20001

Section l-Introduction

Information on signing and pavement markings is contained in the
Manual on Uniform Traffic Control Devices (MUTCD). It is available
from:

Federal Highway Administration
400 Seventh Street, SW
Washington, DC 20590

Information on trail roadway crossings will be published by the
Florida Department ofTransportation after January, 1996. Reference:
Multi-Use Trails Intersection Design Manual. (After July 1, 1996) Write
to:

Florida Department ofTransportation,
Maps & Publications Office
605 Suwannee Street
Tallahassee, Florida, 32399-0450
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• Section 2

• 200 · PLANNING

21 0 · What is bicvcle planning?
Part 1

200.1 Orgsnlzsf1on
This Section has four parts. Part 1 introduces bicycle planning,
Part 2 describes the elements and issues associated sith bicycle
planning. Part 3 describes the bicycle planning process, and
offers a model. Part 4 describes community planning and shows
how to build bicycling into the greater vision ofthe community.

212 • Sieve"ng Uses
the Existing Svstems

Existing highways and streets,
often with relatively inexpensive
improvements, must serve as the
base system to provide for the
travel needs of bicyclists. Multi­
use trails and trail connectors
can augment this existing
system in scenic corridors,
greenways or places where
access is limited. Water and land
transit are important future
linkages and partners to a compre­
hensive bikeway system.

Bicycle transportation planning
is commonly construed as the
effort undertaken to develop
complete/comprehensive bicycle
transportation and recreation
activities. The resulting system is
composed ofmulti-use trails,
improved roadways, bicycle
lanes, bicycle parking, bicycle
mapping and transit links. All
facilities are interconnected and
spaced closely enough to satisfy
the travel needs ofbicyclists.

211 . Sievele Svstems

Bike planning should be pro-active and comprehensive. Reactive, stand alone­
planning does not work. Top: (1) Us. A-I-A was not initially planned for
bicycling. (2) Riders took over the new wide sidewalks. (3) Retrofit bike lanes
were squeezed into the space at added cost, and results were limited. (4) More
striking, the example land use in the New Town portion ofKey West excluded
bicycle access. Today a retrofit bridge is being considered to link
neighborhoods with shopping and work.

•

•

•

•

•

•
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Bicycling is often a pleasurable
activity. Thus, with the exception of
the top photo, it is hard to separate
utility from recreational riding.
Both utility and recreational riding
encourage fitness, community
awareness and relaxation. Bicycle
facilities that offer some
transportation use now qualify for
funding.

Thus, bicycle transportation plan­
ning is more than planning for
bikeways. It is an effort that should
consider many alternatives to
provide for safe and efficient bicycle
travel.

213 . Bike Planning
Does Not Stand Alone

Planning for bicycle facilities must
be concurrent with planning for
other transportation modes, other
public works projects and other land
use planning. Often an improve­
ment which enhances bicycle travel
also benefits other modes oftravel
and helps a community achieve
better land use and conservation
objectives. Highway improvements,
through appropriate planning and
design, can enhance bicycle travel as
well. Plans for implementing
bicycle projects must be in har­
mony with a community's overall
goal for transportation improve­
ments. Transportation plans, in
tum, should be consistent with
overall community vision and
goals.

220 . Basic Bicycle
Planning Needs,
Principles & Issues
Part 2

221 . Utilitarian and
Recre8flonal Blcvcling

The wide range ofbicyclists' abili­
ties and multitude ofpurposes for
riding must be understood before
planning for bicycle transportation
improvements. In general, bicycle
trip purposes can be divided into two
broad types, utilitarian and recre-
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ational. For a bicyclist on a utility
trip, the primary objective is
reaching a specific destination
quickly, with few interruptions.
The bicycle happens to be the
chosen mode oftransportation or,
in some cases, the only mode
available.

On the other hand, a bicyclist on a
recreational trip is riding for
pleasure. The timing to a destina­
tion is often of less importance. Of
course, for many trips and bicy­
clists these purposes are not
absolute or mutually exclusive.
New bicycle facilities, therefore,
should be designed to accommo­
date different types ofbicycle
trips.

Bicyclists differ widely in their
abilities and in their preferences
for riding environments. Some
bicyclists place high importance
on directness and have the
ability to ride safely and confi­
dently in heavy traffic. They will
often choose to travel on arterial
roads in lieu ofquieter, more
aesthetically pleasing alternate
routes, because arterial roads are
more direct and result in perceived
or actual time savings. Arterial and
major collector roads also offer
bicyclists increased signal and
operations support, better lighting
and other benefits over local and
minor collector routes.
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If an arterial road is not improved
for bicycling, then many novice
bicyclists are likely to make use of
sidewalks. By doing so, especially
in commercial districts, they
endanger pedestrians and subject
themselves and motorists to
numerous conflicts that neither is
prepared to handle. Thus, the
Department now strongly urges
the full consideration of on-road
bicycling facilities on all princi­
pal roadways.

Since major attractors are often
located on these roadways and
rear access to properties is often
limited or denied, a significant
amount of bicycling should be
anticipated by most age groups
on all principal roadways.

In some cases additional design
support can be given on parallel
roads to attract bicyclists. This
shift from the arterial road will
only occur, however, when bicy­
clists find the alternate route
provides direct access and personal
security, as well as traffic safety.
Cooperation is sought from each
community to incorporate attrac­
tive bicycle boulevards, lanes or
routes on available roads that
parallel principal roadways.
Decisions not to fund off-system
roads ultimately dictate that the
best riding conditions are on the
most heavily traveled principal
roadways. Every effort should
be made to offer financial
assistance for the development,
operations and maintenance of
bicycle facilities on both principal
roadways and quiet collectors.

Some bicyclists place more
importance on the quality of the
trip and are willing to go out of
their way to ride on residential
streets or paths. While it is
important to understand that a
range of bicyclists' abilities and
preferences exists, it will usually
be a mistake to plan or design
bicycle facilities primarily or
exclusively around the needs of
bicyclists at either end of this
spectrum. Rather, bicycle
facilities should be planned and
designed to accommodate a
broad range of bicyclists.

222· Basic Principles

It is recommended that the follow­
ing basic principles be considered
when beginning any transportation
project:

• Just as with motor vehicle
support, assume that every street is
a bicycling street and that all
locations accessible to a motor
vehicle should be accessible by
bike.

• Involve all appropriate agencies
and public participation in plan­
ning corridors and communities.

• Use public funds only for
transportation projects that fully
consider the needs of all modes
of transportation including
bicycling and walking.

• Use public funds for land use
development that fully considers
bicycling or mitigates the harmful
effects caused by that development
to bicycling.
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Through the use ofa comprehensive
planning approach, Davis,
California's schools are well located
and laced with greenways. Nearly
100% of school-aged children walk
or bicycle to school.

In contrast, the Florida school below
has no connections to
neighborhoods. Set amidst sprawl,
only about 10% ofarea children
walk or ride their bikes to school.
Resulting auto trips add to peak hour
traffic and create unsafe conditions
for those who do walk or ride.

In Florida an average of 1 child in 8
gets to school on his own. Such a
dismal record is the result ofpoor
coordination and planning.
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Can't Get There From Here.
Bicyclists face many barriers to
destinations. Some impediments
are simply unsafe conditions.
Others force them to ride miles out
oftheir way. Federal and state
legislation, and new Department
policy prohibit discrimination as
pictured above on non-limited
access roads.

Public Involvement. Under new
ISTEA guidelines, the public has
become an integral part ofthe
transportation planning process.
On a given project the public can
and should be involved in all
planning steps. Below: This
Gainesville 26 and 26A road
project involved the public in 48
hours of meetings, over a period
of one year. Bicycle facilities were
built into the corridor design.

• Transportation planning
should give priority to bicycling
for all trips under seven kilometers
(4.2 miles).

• Plans should overcome
existing barriers to bicycle travel
and create no new barriers.

• Roadway improvements
should provide access to all
destinations through the most
direct or feasible route.

• The planning and design
phases should have options, and
afterwards, when monitoring the
success of the project these
options should be re-evaluated.

• Involve the public in the
conceptual stage, data gathering,
goals development, and all other
reviews and phases ofwork.

• Planning should be flexible
throughout the development
process. Accept new design
concepts and anticipate future
changes to the system.

The best planning
efforts use an integrated
approach to bicycle and
pedestrian facilities
based on the existing
roadway system and
other urban visions,
goals and
infrastructure.
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230 . Bicvcle Planning
Process. Interactive
and public driven.
Part 3

203.1 Model Planning Process

The best planning efforts use an
integrated approach to bicycle and
pedestrian facilities based on the
existing roadway system and other
urban visions, goals and infrastruc­
ture. The separate bicycle and
pedestrian plan approach is not
recommended. These stand alone
plans often fail to integrate the
various components needed to
develop sustainable communi­
ties and facilities. Such docu­
ments are only seen by a few.
They are rarely referenced, thus
the lack of consideration of
them often results in many lost
opportunities. Planners and
practitioners are strongly urged
to build the needs of bicycling
and walking into all transporta­
tion, land use, school develop­
ment, utility, conservation,
public access and recreation
documents.

Ensure that planning for bicyclists
and pedestrians is incorporated
into any document or policy
statement guiding local and
regional Metropolitan Planning
Organizations (MPO's), Regional
Planning Councils (RPC's) or
other municipal or county offi­
cials, boards, councils or commis­
sions. Bicycle facility plans should
be included in standard municipal
design specifications. By follow­
ing these steps, financing bicycle
facility and construction and
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maintenance will become a regular
part of the budget process. These
functions will no longer be consid­
ered separate embellishments that
can be ignored.

2~O.2 Blevele Advlsorv
Committees

Throughout the planning process,
every effort should be made to
involve the public and bicycle user
groups. This is most efficiently
done by forming and making use
oflocal Bicycle Advisory Commit­
tees (BAC's). These committees
can simultaneously review pedes­
trian plans as well. If they serve
both functions, they are called
Bicycle/Pedestrian Advisory
Committees (BPAC's). The
public should be involved at the
beginning of and throughout all
public works, land use and
transportation projects. Too
often errors are made by well­
intentioned public officials who
have not heard from the public
until it is "too late". This public
involvement process can save
costly mistakes. Public involve­
ment must go well beyond
traditional bicycle groups.
Public participation should
include social services, schools,
neighborhood groups, employ­
ers, retailers, and others.

2~O.~ Planning Checklist

There are fourteen steps to be
considered as an action check­
list. Note the ongoing public
involvement throughout the
process.

1. Staff Conceptual stage
2. Public involvement - concept
3. Budget and schedule for

planning process
4. Bicycling background and

research analysis
5. Public involvement
6. Examination of opportuni

ties and constraints
7. Public involvement
8. Development of goals

and objectives
9. Public involvement
10. Development of options

and criteria
11. Public involvement
12. Selection of preferred options

13. Development of
implementation strategy

14. Development of monitoring
mechanism

231 . Inventory of Existing
Conditions

Planning for bicycle facilities
begins with observing and gather­
ing data on the existing conditions
affecting bicycle travel. Problems,
deficiencies, safety concerns, and
bicyclists' needs must be identi­
fied. The existing bicycling
environment should be observed.

HERE
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Wheel's eye view. This "home-made"
drainage grate existedfor more than a
decade on the principal route to an
elementary school. Adults often
overlook such obvious hazards to their
children.

Public risks remain undocumented for
years since many adult transportation
or safety specialists make virtually all
oftheir trips in cars. This disparity can
only be overcome by new and better
processes.
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Florida bike planners and others
from around the nation joined with
Key West citizens to devote 3000
person hours to analyze bicycling
and pedestrian conditions. The 10­
day effort has resulted in a detailed
listing ofproblems and
opportunities facing Key West as it
makes its decisions for
transportation for the next decade.

Bikeways, roadways where bicy­
clists ride and roadways where
bicyclists do not ride should be
examined for their suitability for
bicycling.

Obstructions and impediments on
existing highways, such as unsafe
grates, debris, shoulder rumble
strips, narrow lanes, driveways,
rough pavement, high-speed or high­
volume traffic, high truck volume,
curbside auto parking, lighting,
railroad crossing flanges, bridge
expansion joints, metal grate bridge
decks, and traffic signals that are not
responsive to bicycles should be
considered for their effect on
bicycling. The existing bicycle
parking situation should be exam­
ined for its adequacy.

Areas near probable bicycle traffic
generators, such as major employ­
ment centers, schools, parks and
shopping centers, should be re­
viewed to identify existing or
potential bicycle travel. Convenient
access to mass transit stations and
other intermodal transfer points for
bicyclists should be checked.
Barriers such as rivers and freeways
should be identified and examined
for their effects on bicycling. The
existence ofbicycle parking, lock­
ers, showers and other services
should be noted.

Bicycle crash locations should be
investigated to identify any physical
obstructions which may contribute to
crashes. Data should be collected on
the amount ofrecreational versus
utilitarian riding and on the ages and
experience ofbicyclists.
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231.1 Background Report

At a minimum, the following
points should be considered when
preparing a background report:

1. Existing conditions
2. Demographics
3. Crash statistics (location,

type, causal factors)
4. User surveys, questionnaires
5. Existing standards (design,

engineering)
6. Existing safety programs
7. Existing enforcement

programs
8. Known or proposed projects

affecting bicyclists (i.e. new
subdivisions, new or
redevelvelopment projects

such as commercial, indus
trial, residential, new or
reconstructed roads,
bridges, sewers, greenways,
utility corridors, etc.)

9. Current planning policy
documents

10. Forthcoming revisions to
existing planning, policy
documents

11. Jurisdictions
12. Resource groups or

individuals
13. Funding Sources

231.2 Public Participation

Public participation is essential
during the conceptual stage and
inventory ofexisting conditions or
physical factors affecting bicycle
transportation. Observations and
surveys ofactive and potential
bicyclists will be useful, as will
the views ofthe non-bicycling
public. The attitudes and needs of
destination-oriented, traffic­
tolerant bicyclists greatly differ
from those ofcasual, traffic-
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intolerant bicyclists. Citizen
Bicycle Advisory Committees and
groups and individuals responsible
for recreation planning can also be
good sources ofinformation.
Thus, a wide variety ofviews
should be sought. The views of all
of these various groups should be
weighed against each other and
tempered with sound profes­
sional judgment.

Other important existing condi­
tions to inventory include the
effectiveness ofexisting laws
affecting bicycling, and education
and enforcement programs.

232 . Analvsis of Improvements

Bicycle-use goals and objectives
should be in harmony with the
overall transportation, land use,
urban design and environmental
policies ofthe community or state.
The inventory ofexisting condi­
tions provides an opportunity to
modify and/or refine bicycle-use
goals and objectives. With estab­
lished goals and objectives in
hand, the existing conditions are
analyzed and a plan is developed.
Programs and projects for bicycle
user encouragement, enforcement,
education, and improvements
complement each other and are all
options that should be considered.
The end result is a plan ofpro­
posed improvements for bicycle
travel. Tye following types of
improvements should be consid­
ered:

A. A wide range of improve­
ments should be considered in the
facility improvement portion ofa
plan. These include roadway
improvements, maintenance and
operations, bikeways, and bicycle

parking facilities, transit links and
other elements.

B. Reduce conflicts between
pedestrians, bicyclists and motor­
ists through separate facilty types,
and correct conditions unsafe for
bicycle riding. Improvements to
drainage grates, speed bumps,
rumble strips, utility caps, railroad
grade crossings, pavement sur­
faces, traffic signals, signing and
markings will be beneficial.

C. Bicycle Routes can
provide continuity to other bicycle
facilities or designate preferred
routes.

D. Bicycle Boulevards can
provide continuity and direct links
to key destinations within a
community along preferred routes.

E. Bicycle Lanes, together
with signs and pavement mark­
ings, can improve conditions in
corridors where there is signifi­
cant or potential bicycle de­
mand. They delineate the
intended or preferred path of
travel and encourage the separa­
tion of bicycles and motor
vehicles. Bicycle lanes also
help increase total capacities of
highways carrying mixed
bicycle and motor vehicle
traffic.

F. Multi-use Trails can
provide enjoyable recreational
opportunities as well as desirable
commuter routes. Trails can
create opportunities not pro­
vided by the road system. Many
bicycle paths can be used to help
form and preserve a network of
greenways through a community.
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This popular, shaded bike route in
Palo Alto, California connects .
numerous quiet neighborhood streets
with the downtown. Bike Routes and
Bike Boulevards provide links to Bike
Lanes and Multi-Use Trails.

This Dutch red ochre pigmented bike
lane creates a narrow tunneling
effect, holding down motorist speeds.
The treatment has received popular
support in a number ofFlorida towns
and new developments.

.. This Davis, California trail helps
connect over 3000 bicyclists with their
daily school and park destinations.
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River fronts offer one of the few
occasions where sidewalks can
transport bicyclists with minimal
conflict with motorized traffic.
Sufficient width must be provided
to reduce conflict with pedestrians.

Whether planning for the future
when this rail line will be
abandoned, or providing a bicycle
rental and storage facility along a
new rail line, bicyclists and transit
users benefit from planning. .

G. Multi-Use Trails can
sometimes provide shortcuts to
roadway routes, thus providing
incentives to bicycle use instead of
auto use.

H. Sidewalks are generally
not acceptable for bicycling.
However, in a few limited situa­
tions, they may complete the
bicycle system, such as on long
and narrow bridges or where
sidewalks are uninterrupted and
have the same characteristics as
one-way bicycle paths. In such
situations bicyclists must be
incidental or infrequent users.
Recognition that the sidewalk
will be used for bicycling can be
beneficial.

I. Bicycle Parking facilities
are essential to encourage all types
of bicycling: cycling to the
park, library, ball diamond,
dance class or commuting. In
particular, the provision of
parking facilities promotes
utilitarian bicycling by giving
bicyclists the same priority as
cars with respect to end of trip
facilities. To be effective,
bicycle parking must offer
protection from theft and van­
dalism. Bicycle parking should
be clearly labeled and located as
close to a building entrance as
possible. It should be conve­
nient with no stairs to negotiate.
It should be covered or sheltered
from the elements. Parking is
most effective located where
there are people or security
personnel present and not interfere
with pedestrian traffic. Good
lighting is essential. Bicycle
parking should be separated from
automobile parking by a barrier or
sufficient distance to prevent
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possibility ofdamage to parked
bicycles by automobiles. In
general, bicycle parking should be
provided at all major traffic
generators, especially where motor
vehicle parking is provided at
mass transit stations. Bicycle
parking encourages intermodal
travel.

Bicycle racks on buses and water
taxis and bicycle parking at transit
stops can increase transit use. It
can also increase intermodal trips
to schools and key employment
and commercial districts.

233 . Goals and Objectives

It is important to measure the
success of planning and devel­
oping bicycling facilities and
programs. The state bicycle
program and each community
should have clear goals and
objectives. A project should
then be evaluated to determine if
it adds to or fails to satisfy these
measurable objectives. Local
and regional goals and objec­
tives must be set to help achieve
state continuity. As a minimum
the following statewide goals
and objectives are suggested:

• . . Level and rate of growth in
bicycling as a transportation
mode should increase. By the
Year 2005, bicycling should
comprise 4% of commute trips
and 30% ofcity-wide, school­
related travel. (Current rates are
<2% for commuting and <10% for
school trips).

• Bicycling should increase as a
transportation mode to key em­
ployment centers (level and rate of
growth). Each metropolitan area
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(1) Some Florida high schools have more auto than classroom space. Ifother
modes are to compete, incentives for bicycling must be equally strong. (2) Some
employers now offer high security parking and showerllocker rooms. (3) This
Dutch office handles bicycle touring requests throughout Europe in much the
same way as AAA handles auto trips in the USA. (4) With the development of
Transportation Management Organizations, alternative transportation trips
are given additional promotion.
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should select two key employment
centers (100+ employees) and
increase bicycling to a 15%+ share
ofthe total commute trips.

• Bicycling should increase as a
transportation mode for errands
and non-work trips (level and rate
ofgrowth). By 2005, bicycling
should comprise 15% ofshort
errand trips (currently less than
5%).

• Bicycling should have in­
creased access to public transit.
By the Year 2005 bicyclinglbus
trips should comprise 10% of
urban area bus/transit trips.
(Current rates are <1%). By the
Year 2005, all buses should have
bike racks and all transit hubs/
centers and all express bus stops
should have secure and convenient
bicycle parking.

• Bicycling access should be
improved to all public rail, air and
sea ports. By the Year 2005, 90%
ofFlorida's ports and rail stations
should have direct access by
bicycle, and provide secure and
convenient parking.

• Bicycle crashes should
decrease by 10%.

•. Bicycle proportions oftotal
traffic should increase within
certain corridors. An increase
from current levels of2-3% at key
intersections to over 15% at the
same sites is desired. Each district
is expected to identify 10 locations
for an annual count ofbicycling/
traffic percentages. Measurements
will be for daylight hours.
Bicycle-friendly designs should be
incorporated on roadway projects
in urbani rural areas, comprising at

least 90% ofall local and state
roads (limited access roads
excepted).

• By 1996 at least 50% of all
staff, state, district, regional and
local transportation planning
and engineering design, con­
struction, PD&E, right-of-way,
permits, safety, operations, and
maintenance staff, and represen­
tatives from all FDOT transpor­
tation project consulting firms,
will be trained in bicycle facili­
ties design.

• By 1997 at least 25% ofall
safety funds in the five-year
work program will be dedicated
to eliminating hazardous condi­
tions to bicyclists and pedestri­
ans. These two groups currently
comprise 25% of Florida's
transportation fatality rate.

Other measures that should be
considered as goals to be achieved
by locals by the year 2000:

• 10% ofall parking within
a city should be for
bicycles

• 100% of all non-limited
access bridges should be
accessible by bicycle

• 100% of all non-limited
access urban roadways
should be rated as bicycle
friendly.
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Safety must comefirst This
Gainesville bicyclist has no other
transportation. Providing choices
in safe, convenient and accessible
transportation is an essential goal
ofall communities.

234· Selection of Facilities

This section alerts planners to be
aware ofcertain factors in deciding
which facilities are needed in
which locations. It also provides
general solutions to identified
problems..

When a facility improvement is
desired, its primary purpose (e.g.,
utilitarian or recreational) and the
following factors should be
considered to determine its type,
location and priority:

234.1 Bllmers

In some areas, there are physical
barriers to bicycle travel, caused
by lack of accessible bridges,
topographical features, freeways,
high speed roadway sections,
intersections or other impediments.
In such cases, providing a facility
or bike on transit service to
overcome a barrier can create new
opportunities for bicycling.

234.2 Cruhes

The reduction or prevention of
bicycle crashes (i.e., bicycle/
motor vehicle, bicycle/bicycle,
bicycle/pedestrian and single
bicycle crashes) along routes is
important. The potential for
alleviating crash problems
through the improvement of a
facility should be assessed.
During the 1980's and early
1990's, Florida had the highest
rate ofbicycle crashes per capita
in the nation. The conditions
leading to these crashes (i.e. high
urban motorist speeds, narrow
roads, poor lighting, few alterna­
tive bicycle routes, etc.) continue
to dominate. Plans should be
reviewed on all proposed roadwray
and transportation improvements
including resurfacing projects to
avoid introducing new bike crash
problems, and to reduce/eliminate
existing problems.

•

•

!

• Barriers. (1) For years bicyclists were denied access to this southern Florida bridge. Today the prohibition is
removed. All future non-limited access bridges are to have paved shoulders accessible to bicyclists (ISTEA).
(2) Students are often denied safe access to their schools. (3) Developers often provide sidewalks only to the end of
their projects. It is then the responsibility ofarea government to make the connections. Public officials must assure
that funds are programmed or developers complete the connections.

• 2-10
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234.3 Directness

For utilitarian bicycle trips,
facilities should connect traffic
generators and should be located
along a direct line, convenient for
users. To encourage bicycling,
bicyclists should have equal access
to all corridors and attractions,
especially for short trips within a
neighborhood or between neigh­
borhoods. Within a neighborhood,
links should be considered through
cul-de-sacs, making use of
greenways and other open ways.

234.4 Access

In locating a bicycle path, consid­
eration should be given to the
provision for frequent and conve­
nient bicycle access, especially in
residential areas. There should be
many links to the places people
live, shop, attend school and work,
and connect to transit. Adequate
access for emergency, maintenance
and service vehicles should also be
considered. Too often bicyclists
are denied convenient access to
major destinations, including
airports, rail stations and seaports.
Planners and policy makers must
ensure that bicycling access is
provided to every public facility
and across all waterways where
other transportation is being
provided. When a corridor
formerly accessible to bicyclists
becomes a freeway, planners
must assure that some alterna­
tive access along the route is
provided to non motorized
users.

234.5 Attractiveness

Scenic value is particularly
important along facilities intended
to serve primarily recreational
purposes. Facilities should add to
rather than reduce the character of
the surroundings. When a facility
is attractive, longer bicycling
distances and greater use will be
achieved.

234.6 Security

The potential for criminal acts
against bicyclists, especially along
remote bicycle paths, and the
possibility oftheft or vandalism at
parking locations should be
considered. High levels ofuse,
lighting, and environmental design
are key factors in assuring a high
level of security. During low light
hours, lone bicyclists may prefer
to travel on roadways which have
more pedestrian and vehicular
traffic than an adjacent trail or
path.

234.7 Delavs

Bicyclists have a strong inherent
desire to maintain momentum. If
bicyclists are required to make
frequent stops, they may tend to
avoid the route or disregard the
traffic controls. Total trip time is
important to utilitarian bicyclists.
If system delays are substantial,
the potential bicyclist is likely to
seek some other form ofmove­
ment. Thus, both point source
delays and corridor-long delays
should be weighed and measured.
Bike lanes often reduce delays to
motorists and bicyclists. This is
especially true on crowded arterial
and major collector roads, since
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Directness and Access. This special
traffic diverter prohibits cars but
remains a connection for pedestrians
and bicyclists into and out of this
neighborhood. Convenience wins as
bicycles are chosen instead ofmotor
vehicle trips. A 10-minute advantage
on a 30 minute trip increases those
willing to bicycle by as much as 50%.

Attractiveness and Security.
Espanola Way in South Beach
recently underwent an $80,000 face
lift. This street now serves as an
attractive connector from the beach
to the far west side ofthe island. By
designating every 5th or 6th street as
a "Green Street" it is possible to add
both attractiveness and security to
travel. Increased pedestrian and
bicycling traffic leads to higher
levels ofsecurity for everyone.
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Sight Distances & Conflicts. (1) This
sight restricted sidewalk style bike
path creates high risk and
discomfort for bicyclists.
(2) A 13 year old child lost his life
at this intersection when he could
not see the car about to hit him.

Maintenance and Design. (3) A
simple overlayment of10 yards ofan
asphalt apron would eliminate this
ongoing maintenance and safety
problem. (4)The shoulderless
roadway edge dropojf below
resulted in a fatal crash to another
13 year old in Tallahassee.

bicyclists have the opportunity
legally and conveniently to move
to the head of the queue at each
intersection, while motorists can
legally and safely pass bicyclists
mid-block.

23S . Other Factors

235.1 Facility ConAlcts

Different types offacilities intro­
duce different types ofconflicts.
Facilities on the roadway can
result in conflicts between bicy­
clists and motorists. Multi-use
trails can involve conflicts between
bicyclists, moped operators, roller
skaters and pedestrians on the
facility. Conflicts arise between
bicyclists and motorists at highway
and driveway intersections as well.

235.1.1 Other Conflicts

Facilities should be designed and
located to minimize conflicts with
cross traffic, especially through
access management, use ofraised
medians, regulatory control of
turning movements in commercial
districts, and other measures.

235.2 Sight Distllnces
Adequate sight distances must be
maintained, especially to aid
bicyclists and motorists in

.detecting each other at key
conflict locations.

235.3 Maintenance

Maintenance-sensitive design and
constant attention to maintenance
are important. An improperly
maintained bikeway will often be
shunned by bicyclists in favor of a
parallel roadway. Regularly
scheduled sweeping ofroadways
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and bike lanes is essential, espe­
cially on popular routes and
bridges.

235.3.1 Surfllce Quality

Bicycles are disproportionally
affected by roadway mainte­
nance. Bikeways must be free
of bumps, holes and other
surface irregularities if they are
to attract and satisfy the needs of
bicyclists. Utility covers and
drainage grates should be at
grade and, if possible, outside
the expected area of travel.

Approaches to railroad crossings
should be improved as neces­
sary to provide for safe perpen­
dicular bicycle crossings. Bridge
decks should be designed to
minimize the effect ofexpansion
joints and deck surfaces on
bicyclist stability.

235.4 Traffic and Parking
Factors

235.4.1 Truck and Bus Traffic

High-speed trucks, buses, motor
homes, and trailers, because of
their aerodynamic effect and
width, can cause special problems
for bicyclists. Where bus stops are
located along a route, conflicts
with bus loading and discharging
may pose problems. Pavement
deterioration by large vehicles may
also cause problems for bicycle
use.

235.4.2 On-tfreet Motor
Vehicle Parking

The turnover and density ofon­
street parking can affect bicyclist
safety (e.g., opening car doors and
cars leaving angle parking spaces).
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Wrong way riding
Running stop signs and
signals
Commercial district sidewalk
riding
Erratic riding when lanes
are too narrow or road
surface bumpy

235.6 Local Ordinances

tives. Funding availability can
limit the alternatives. However, it
is important that a lack offunds
not result in a poorly designed or
constructed facility. It is usually
more desirable not to construct a
bicycle facility than to construct a
poorly planned or designed
facility. The decision to imple­
ment a bikeway plan should be
made with a conscious, long-term
commitment to a proper level of
maintenance. Ifonly a small
amount offunding is available,
emphasis should usually be given
to low-cost improvements (i.e.,
bicycle parking, removal of
barriers and obstructions to bicycle
travel, roadway improvements and
non-construction projects such as
mapping).

•
•

Bicycle programs must reflect
local laws and ordinances. Bi­
cycle facilities must not encourage
or require bicyclists to operate in a
manner inconsistent with the
adopted Rules of the Road. Lack
ofadequate facilities may encour­
age unlawful behavior such as:

•
•

235.5 Cost/Funding

Selection oflocation will normally
involve a cost analysis ofalterna-

235.4.3 Traffic Volumes and
Speeds

For facilities on roadways, traffic
volumes and speeds must be
considered along with the roadway
width. Commuting bicyclists
frequently use arterial streets
because they minimize delay and
offer continuity for trips ofseveral
miles. It can be more desirable to
improve heavily traveled high­
speed streets than adjacent streets,
ifadequate width for all vehicles is
available on the more heavily
traveled street.

When this improvement is not
possible, a nearby parallel street
may be improved for bicycling.
Stops must be minimal and other
route conditions adequate. When
such a parallel facility is im­
proved, care must be taken that
motor vehicle traffic is not di­
verted to the improved facility.

This discouragement can often be
accomplished with traffic calming
techniques, such as an occasional
diagonal diverter which still
permits bicycle and pedestrian
flow. In general, inexperienced
bicyclists will not ride on heavily
traveled, high-speed arterials but
will prefer quieter streets. Thus,
cyclists' preferred routes may
change over time as their skills
change, or as traffic volume
continues to increase.

Two meters ofbuffer (1-3) Author Dan Burden tests walls ofwind blasted
from large vehicles traveling at 90 kph. Blasts drop appreciably at 2 meters of
lateral clearance. Bike Parking Lanes (4) This Auzzie parking lane is too
narrow. (5) A bike lane in Boulder, Colorado helps separate bicyclists from
conflicts with car doors and pullouts.

•

•

•

•

I

•

•

•

•

•

•
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•
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Design Affects Law Obedience.
Poor design converts bicyclists to
scofflaws. Sidewalk bikepaths are
universally ignored, while rough
shoulder pavement forces bicyclists
to adjacent lanes. Attention to basic
needs must beforemost.

Bridge surface conditions impact
bicyclists. Below: FDOT tests
confirmed the advantage ofa newly
designed decking surface for
bascule bridges.

23 5.7 Bridges

Bridges can serve an important
function by providing bicycle
access across barriers. However,
some features found in bridges can
be unsuitable where bicyclists are
to be accommodated. The most
common ofthese are curb-to-curb
widths that are narrower than the
approach roadways (especially
where combined with relatively
steep grades). Open grated metal
decks found on many movable
spans, low railings or parapets,
and certain types of expansion
joints can cause bicyclists
steering difficulties or swallow a
narrow wheel.

235.8 Condition. at Intersections

A high proportion ofbicycle
accidents occur at intersections.
Facilities should be selected so as
to minimize the number ofcross­
ings, reduce turning speeds of
motorists, provide responsive side
street signal detection for bicyclist
entry, provide adequate night
lighting, and make certain that the
clearance interval accommodates
bicycle crossing speeds.

236 . Continuity

Discontinuous bicycle facilities
can be dangerous and should be
avoided. It is possible to provide
width for bike lanes in the high­
way, and hold offon marking them
as designated lanes until there is
sufficient length.
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237 . The Selection and
Development of Options

Criteria should measure the
suitability ofoptions. There are
four basic sets of criteria to
consider:

• Community vision,
transportation goals

• Design criteria
• Bicyclists' criteria
• Other users' criteria

Ifthere is effective interaction and
process, the bicyclist criteria
should closely match the criteria
of the motorist and the commu­
nity/transportation vision and
goals. Likewise, design criteria
may be modified to permit flex­
ibility for a community to achieve
its goals and objectives. It is
important to recognize that this is
a dynamic process that can be
achieved only with full involve­
ment ofthe community in each
phase ofplanning. If this process
has not been effective, major
planning revisions are usually
necessary at every stage ofthe
project.

237. 1 Se/ecfion of Preferred
Option.

Selection is based on the evalua­
tion ofthe options developed in
the previous step. Each option is
evaluated further with respect to
goals, objectives and benefit/cost
analysis.
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Balloons capture polarization. (1)
Captivia Island residents were evenly
split on a bike path issue in this (2)
tight corridor. State Coordinator, Dan
Burden, served the community as an
outside facilitator. The Process: (1)
Engage and involve all sides, (2) Give
citizens the tools to collect data and
insights on options. (4) Use public
process for a community solution. The
result: A full 95% ofresidents became
involved, and they approved an
engineering study with a 98%
approval rate.

238.1 PreliminQry meetings •••
with the BicycleAdvisory Com­
mittee. On large projects, meet
with key groups and individuals so
that opportunities for advisory
assistance, issues and constraints
and perceived needs ofthe various
users can be identified.

238.2 Open houses •••
to involve the general public, to
publicize the process and allow
staffand elected officials a chance
to appreciate the concerns which
the community has regarding the
provision ofbicycle facilities in
their area;

The following techniques and
processes are recommended to
involve the public, interest groups
and staff in a productive team
effort:

238.3 Survev. Ind Questlonllres • • •
properly administered to solicit
reactions to and suggestions for a
proposed project. They are also
effective follow-up after a facility
has been built;

238.4 Advisory committee •••
for a specific project can help
communicate the process to the
public. The committee can present
issues for consideration. Such
committees can consist ofstaff
and elected officials or, in larger
municipalities or regional projects,
it can include staff, elected
officials and members ofthe
public. For instance, for a trail
development, representatives of
area schools, safety organizations,
garden clubs, neighborhood
associations, merchants, conserva­
tion groups, and outdoors clubs or
organizations should all be in­
volved.
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238· Ongoing Public Involvement

Ongoing public involvement is
crucial to the success of any
planning work. Any changes
occurring during the planning
phases must be communicated
to those who have expressed
interest in the project. Reasons for
the changes should also be clearly
explained so that the cooperation
between the different groups is not
lost.

237.2 Development of
Implementation StrQtegv

There are three steps in developing
a strategy for implementation:

The success ofany program or
planning exercise can only be
determined by assessment at
regular intervals. Feedback can
be obtained from surveys, usage
rates, comments and complaints
and from comparison of ob­
served behavior and crash
statistics before and after imple­
mentation. This monitoring can
lead to reassessment of the goals
and objectives and/or the se­
lected option.

237.2.2. Budget develop­
ment. This may flow from the
benefit/cost analysis done for each
option in the previous step; and

237.2.3. Work program.
Development ofa work program
schedule.

237.2.1. Identification.
Identify required actions and the
departments or agencies to carry
them out;

•

•

•

•

•

•

•

•

•

•
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E. Once a project has been
approved by the MPO, it is
accepted in the community Trans­
portation Improvement Plan (TIP),
and prioritized along with other
roadway improvement projects.

C. Identifying the available
human, money and time resources.

D. In Florida, as elsewhere,
this process often involves taking a
project or element through the
local Bicycle Advisory Council
(BAC), and then having the
project reviewed through the
Technical Advisory Committee
(TAC), the Citizen'sAdvisory
Committee (CAC), and then
forwarded for final approval by
the Metropolitan Planning
Organization (MPO).

F. In areas not large enough to
have an MPO (under 50,000
population), a similarprocess
should be followed. For instance,
it is always essential to have a
formal BAC or other citizen's
group, a technical review commit­
tee, and then a political hearing of
commissioners or others that can
give final sanction and budget
authority to the project.

239 . Planning Effectiveness

The effectiveness ofthe planning
process will ultimately depend
upon the following:

A. Ensuring the integration of
the final product into local policy
documents by following a clearly
defined process involving local
elected officials, planners, engi­
neers and the public.

238.5 Ongoing liaison . .•
with interested groups or individu­
als is essential. This continuing
communication effort can be a key
source ofinfonnation regarding
the project's success. In some
communities bicycle program
newsletters are published and
circulated widely to keep all
interested members ofthe public
and press involved and sensitized
to key issues. The Friends ofthe
Pinellas Trail, for example, publish
a quarterly newsletter that has been
an effective communication tool
for nearly five years.

B. Identifying the size and
nature of the area (urban center or
rural locale) being considered for
the provision ofbicycle and trail
facilities or programs and tailoring
the process to meet the area's
needs.

!

•

•

•

I

•

•

•

•

• Engage the public early and often. Engaging the public early and often in each
step ofthe plan will reap huge benefits. (1) Using a highly compressed charrette
style plan, Elizabeth Plater-Zyberk leads a discussion ofWest Palm Beach
neighborhood leaders on their community vision. (2) Technicians check out
routing possibilities into downtown West Palm Beach. (3) District Four
Transportation Secretary Rick Chesser confers with staffon placement of

• bicycles in the new Lake Worth downtown plan (4) Ken Sides, a Key West traffic
engineer and project consultant Anita Chapman, talk openly with citizens on a
popular Key West radio call-in talk show. (5) Greg Wilson assesses roadway
conditions to present to the public as part of a detailed bicycle and pedestrian
plan for Key West.
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Meet the People. Planning is not something done in an office. Planning is
interactive. Use the 80120 measure. lfyour plan writer has not spent at least
80% ofthe invested time surveying, meeting with people and engaging in
meetings, then it is likely to lack community vision and desire. Bicycle
planning gains concensus as it develops. (1) Common planning tools; (2) Key
West planners involved an area commissioner in their data collection; (3)
Portland, Oregon's famous citizen-driven planning brings out citizens on the
coldest ofdays; (4) Dutch bicycle planner Geisbert Valstar confers with the
Dutch Bicycling Federation on a bicycle facility tour for Dan Burden.
(5) William Roll interviews a Vancouver, B.C. street retailer on his vision.
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G. Non-transportation projects • Jl

• such as Traffic-Ed Training or a 240 . Comprehensive
Velodrome can follow a similar Community Planning
route ofapproval using other
political groups such as recreation Part 4
boards, school boards, or other

• appropriate councils or govern- 241 . Zoning Ordinances,
ment bodies. Development Codes

239.1 . Official Plans Many bicycling opportunities are
missed due to ineffective and

• As mentioned earlier, separate uncoordinated land use practices
(stand alone) bicycle plans have that create sprawl, isolated ser-
minimal effect. But an indepen- vices and a fragmented commu-
dent planning effort is helpful as nity. Although there is much
one step in th~ overall planning discussion ofimproved zoning and

• process It w~ll ?~lp foc~s development leading to more
efforts and pno.~tlze ~roJects. compact and mixed land use,
M.any ~pportumties w~ll b~ implementation requires commit-
mIssed If the ne.e~ ofbicychsts ment and major public involve-
are not fully bUilt mto area land ment. Bicycle planners and
use plans, ~hort and long ra?ge project proponents need to remain

• transportatIOn plans, recreatIOn central to these changes.
and conservation plans,
greenways plans, neighborhood Special planning districts which
plans, transit plans and other promote alternative transportation,
planning documents. transportation commercial man-

agement areas, and transportation

• Obtain the schedule ofupdates for exception areas each offer oppor-
each of these plans and assure that tunities to promote bicycle trans- ~

a representative ofbicycling portation.
interests, either staffmember or

Using Davis, California as an
chair of the BAC, is on the review

example, development codes serve

• team for updating these plans.
as the genetic code for all areas of

,5 town. Davis is well-known for its
preference for bicycles, energy
conservation and slow and
carefully managed growth. Its

•

•

•



•

•

•

•

Florida Blcvcle Facilities Planning and Design Manual - 1995

c;~dit.:n~ior Dover & Associates

•

•

•

•

•

Photo Above: New urbanism in a
nutshelL Current zoning and
development codes, banking and
other regulations dictate that most
development must take the pattern
right side of the above drawing. In
reality policies translate to the scene
at the far right. People living in these
common suburban developments
generate nine auto trips per family
each day. These practices fill our
highways and consume nine parking
places for each car. This style of
development makes walking or
bicycling to a destination lengthy,
challenging or impossible.

In contrast, New Urbanism, depicted
in the upper left pattern places shops,
stores, schools, recreation and most
other needs within easy walking and
bicycling distances of residential
communities. Note the lot sizes are
the same. Parking spaces are greatly
reduced since fewer people choose to
drive such short distances.
Bicyclists fare better in either New
Urbanism development, or in older
(pre-1950's) developments that
typically followed a grid or highly
interlaced pattern.

Develoment cooes serve
tIS tPe genetic cooe /or
to1flns. mint t/ livtible
citJJl cPt/nge tPe cooe.

notable physical characteristics are its innovative neighborhood design,
traditional downtown, absence of large scale shopping centers, rear
access to all shopping centers and high density living with convenient
walking or bicycling to most destinations.

While zoning ordinances and development codes can be tools to inhibit
sprawl, decrease auto trips and recreate the character ofurban form, they
are also tools to implement site specific practices. Key decisions are
needed on such practices as:

1. Minimum safe and convenient bicycle access to all com­
merce. Access management policies, especially with commercial
establishments, should be regulated to minimize the number and location
of entry points. The existence of too many or poorly placed driveways,
is closely linked with bicycling crashes, especially those associated with
bicyclists riding commercial district sidewalks.

2. Minimum and desired levels of secure and convenient
bicycle parking for commercial and public buildings. There is ample
opportunity to initiate positive language in support ofpublic bicycle
parking facilities. Many times such facilities can be installed as a trade
with the merchant or land owner through a variance or change in parking
requirements.

3. Minimum thresholds for shower/locker provisions at all large
employment centers with at least 50-100 employees.

4. Required connections between cul-de-sacs with trails,
schools and public transit in new and retrofitted neighborhoods. Often
the public supports non-motorized connections while disapproving
motorized connections.

5. Greenways development. A major opportunity for future
bicycling is to support the preservation ofopen space and greenways on

2-18
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•

•

•

•

•

•

•

•

•

undeveloped land. For new
developments, (especially in low
lands) drainage areas, wetland
habitats, and other natural areas
should be preserved. These areas
can be sensitively designed for
trails that serve as the backbone
for a bicycle recreation and
transportation network. Davis,
California now has over 50 miles
of greenways. It is difficult to find
a neighborhood in Davis that lacks
the green canopy that connects all
cul-de-sacs to minor and major
trails.

241.1 local/County Codes/
Ordinances

Additional support can be given to
bicycling by regulating changes
that can improve bicycle safety.
For instance, bicycling on com­
mercial district sidewalks, a high
risk activity, can be restricted.
However, such restrictions may
prove unpopular and unenforce­
able ifalternate facilities in the
roadway section or on parallel
streets are not provided. Locking
bicycles to light poles, parking
meters and other locations, where
they become a tripping hazard and
clutter the sidewalk, can and
should also be regulated. Close
cooperation with merchants, and a
plan to provide public racks in
appropriate locations must be
established through public policy.

oJ

242 . Other Strategies

242.1 Site Plan Agreements

Proposals for development or
redevelopment ofresidential,
commercial and industrial projects
often involve site plan agreements.
The agreements provide the ideal
opportunity to negotiate the
inclusion ofbicycling facilities
into the overall design. The
agreements can address access,
parking, internal roadways (bi­
cycle boulevards or lanes) and the
location ofstructures on the land
that will be developed or redevel­
oped.

242.2 New Subdivision
Amendments

Many ofthe items mentioned in
the planning concepts section
should also be considered here.
Law enforcement should be
consulted on proposed circulation
patterns. Public notification can
assist in developing a mutually
acceptable final design. The
planning process should examine
road patterns and connections with
existing transportation routes so
that residents ofthe subdivision
will be able to use their bicycles
for commuting or other purposes.
Main bicycle routes to work
places, shopping areas, connecting
transit station stops and terminals
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Same Scale, different cities. (1) The
City ofPortland, top grid, has the
markings ofa successful city.
Bicycling works best when there are
many choices for routing. With many
links, traffic is less likely on anyone
road, and speeds remain sensible.
New Urbanism and pre-1950's
development have fine grained
roadway patterns.

(2) Less is not better. As society
moved toward auto trips, fewer
intersections allowed for higher
speeds. Bicyclists have a tough way

.to go in Irvine, California, and most
suburban sectors ofany town. There
arefew choices. Any road that goes
any place seems to be a main road.

(3) Contours ofFarming become
Contours ofDevelopment Under
current development practices, the
land on the left will soon be
converted to the development on the
right, furthering sprawl, auto trips
and reducing this community's
chance to be sustainable.
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242.6 Major Urban Infrastructure

242.5 Road Reconstruction

Planning and design for bicycles
must be incorporated into the
fabric ofany development project.
The bicycle facility is not to be
viewed as a separate entity any
more than a new arterial road or
the redevelopment ofan older
industrial area is viewed in isola­
tion from the area surrounding it.
The integration ofbicycles into the
overall transportation network
must be dealt with at the base level
within the context ofthe larger

New highways are rarely built.
The majority ofopportunities to
improve conditions for bicyclists
are found on roadways bursting
at the seams. Often these road­
ways can and should be improved
to provide safer travel for every­
one, including bicyclists. These
improvements can and should be
included on every project, regard­
less of scale, so that eventually a
corridor can provide a continuous
facility for bicycling. It is esti­
mated that during the 1980's,
project-by-project bicycle sensitive
designs increased the total support­
ive lane mileage from 5% to 40­
60% ofthe urban state system in
some districts.

or other destinations should also be
considered. For example, the
internal road network should ensure
that short trips to schools, recreation
centers or parks and local shops are
easily reached through low volume
streets or trails. A return to tradi­
tional neighborhood design con­
cepts, where there are many links
into and out of neighborhoods, to
nearby stores, and schools, are all
key to a successful neighborhood.

As environmental issues force
reconsideration offormerly under­
developed lands, opportunities
abound for urban intil!. Greatly
improved bicycling can result from
sensitive design, proper increases iq
density, addition ofnew links
between formerly closed roadways,
and the location ofschools, parks
and other infrastructure.

Many municipal governments
require dedication of land for parks,
schools and other public needs. The
location of these lands in a central
part ofthe development, or with a
perimeter that permits greenways, is
key to the success of associated
bicycle facilities. Such planning
keeps trip distances within range of
a bicycle ride.

242.4 Redevelopment

242.3 Dedication 01 Land

Where do people want to live? (1) Contrary to popular myth a great majority
ofAmericans vote to live in places depicted in these scenes. Nearly 80% of
Americans want to live in cities or towns which have sidewalks and porches
which encourage neighbors to interact (Crystal Beach, Florida) (2) or on
narrow, quiet streets like Espanola Way's one-way one lane road (South Beach
FI.). (3) or Key West's neighborhoods which have alleys and garages in the
back, (4) or Vancouver, B. C. 's Broadway Street with mixed uses. Here
residences are above stores and everything needed is within an easy bike ride.
(5) Fifth Avenue in Naples, Florida has a small scale and pleasant deli,
outdoor cafe and grocery. The popular trend and desire ofmost American's is
to have interactive neighborhoods, communities and cities as depicted here.

1

J
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•
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(3) A neighborhood connection is
made to an elementary school by this
bridge. Right. (4) Bulbouts help
bicyclists and pedestrians by
reducing turning speeds and
narrowing crossings, but may be
disliked by some bicyclists in some
locations since it forces them to
merge. (5) Edmonds, Washington has
developed "half-bulbs" for site
specific solutions to this complaint.
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urban area, if it is to be cost- 242.8 Easements II

• effective, efficient and ultimately
successful. The overall concept of An effective tool for improved
an urban design is often lost in the bicycling and walking is the
details ofmany individual acquisition ofeasements. Ease-
projects, but planning for changes moots:

• to the urban infrastructure is both • are low cost compared to
feasible and practical. market value purchase

• usually have no management
The aspect ofbudget consider- responsibility
ations is of equal importance in • have the ability to use land
the pre-planning stage. The cost and preserve scenic views• of bicycle facilities when they • provide an option to purchase
are incorporated into the base in the future
budget of the project is minor
compared to the cost of under- 243 •Other Opportunities
taking such a project separately.

• Florida land use policies and Skinny Houses andSkinny Streets.
242.7 Land Exchange practices are being constantly (l & 2) These Dutch skinny streets

upgraded at both state and local slow autos in neighborhoods at
Often developers or land owners levels. It is essential that all special choke points. New urbanism
are willing to trade part or all of bicycling proponents look to the works best when density is moderate

• their land for a more favorable future by staying involved and (5-7 units per acre). Such densities

site. In this way, municipalities alert to community developments. are considered minimum to allow

and departments can acquire lands Many practices in the past, such as walking, transit and bicycling to
succeed. This contrasts with 1-3that can be used for the develop- building major arterial traffic
units per acre for suburban style

ment ofbicycle facilities. Such corridors through residential areas development. Seattle developers are
parcel trades can simplify the near downtown in order to get encouraged to build more houses to• design and eliminate conflicts by traffic out to the suburbs as fast the block by using 25 foot wide lots.
developing a trail where conflicts and as efficiently as possible, are An older ranch style house lot can
are low and service is high. no longer deemed socially respon- often provide space for 2 or 3 homes.

sible.
f.

•

•

•

•
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Rolling through public space. Our
roadways, walkways and bikeways
constitute much ofwhat is left of
urban public space. Neighborhood
leaders, affectionados for beautifUl
cities and roadways, pedestrians,
bicyclists and others are taking a
stand. Single use roadways,
vacuous open space, sprawl and
noxious fumes are stressful and
debilatating. Citizens and planners
can take new inspiration from
dozens ofcities that have gotten
their feet back on the ground.

There are many inner areas of cities
that should be redesigned or refo­
cused for livable, secure and conve­
nient movement ofpeople. Town
and city planners should step back
and take a broader view of condi­
tions that affect their citizens. Cities
designed for people work far better
than cities designed for cars. With
such a view town planners will be
able to make transportation decisions
that make sense to everyone. This
concept will result in more interac­
tive, efficient and sustainable cities.
It will also enrich the lifestyles of its
people.

Town and city planners
should step back and take
a broader view of condi­
tions that affect their citi­
zens. Cities designed for
people work far better
than cities designed for
cars.
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The safety of the public
IS the

highest law.

- Roman Law

300.1 Intred.dien

Who are we designing for?
Basic human performance is
detailed in this section. Reading
this section before the design
sections to follow allows better
understanding ofthe needs of
bicyclists and the motoring public
they mix with. Many designers do
not ride bicycles in public streets.
As a result they may lack basic
knowledge which is abundantly
clear to other designers.. Some
designers who do ride also often
lack fundamental knowledge.
Part 1 includes crash causation,
bicycle crash classes and identifies
root causes of crashes. In Part 2
human performance is detailed.
This includes abilities and limits
ofbicyclists according to age.
Part 3 includes the bicyclist as a
design customer. Also addressed
are the unique properties ofa
bicycle. The unique problems of

vision and visual detection of
bicyclists are explained. Bicycle
physical/spatial needs and bicycle
physics are also explored in this
section. Other principles ofphysics
are detailed.

Bicyclists are involved in highly
characteristic crashes, often
associated with age, experience
and ability. While only 15% of
bicycle crashes involve a motor
vehicle, these crashes tend to be
the most serious, and hence have
been studied more. The two types
of crashes (motor vehicle related
and non-motor vehicle related) are
detailed below.

310 •Blcvcle Crath Causation,
Crash Tvpes, Non·motor Vehicle and
Motor Vehicle Crashes

Part 1

311 • Bicycle Fill. Ind en.hes
"By studying the morphology, mecha­

nism and forensics of injuries and
bicycle or trail related crashes, it is
possible to see how a particular
design influences or fails to change
essential human performance.

3-1

Children are highly over-represented
in bicycle injuries. Walking and
bicycling related crashes are
childrens'single greatest risk of
injury and death. These injuries are
not accidents, and they are not
random events. Bicyclist injuries are
highly predictable, preventable
events that result from known
circumstances. There is much we can
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Precipitating Events. See chart below, left Below. In the photo to the bottom
left the truck driver pulled too far forward. The front end of his cab will
hide the children. A poorly marked stop bar is considered a contributing
environmental cause to this crash. Other pre-disposing operator attributes
include the inexperience of the children who don't predict that they will be
un-detected.

•

•

•

•

•

•

•

Top Left: Bicycle/car crashes can
often be prevented by either party.
If a bicyclist makes a mistake, the
motorist can and often does
correct for that mistake, and visa
versa. For childhood injuries,
usually the child makes the
primary error and the driver can
correct. With adult bicycle
crashes, the motorist most often
makes the error, and the bicyclist
has a chance to correct for the
driver's error.

Non Motor Vehicle Crashes are quite common. Only one
in ten bike crashes are reported to police. Yet bike crashes
make up as much as 15% of emergency room care. We lack
a complete understanding of their nature. We do know that
bicycle helmets can greatly reduce the likelihood and severity of
a head injury. It is important to understand that a simple fall can
produce "g " forces to the brain three times that required to
produce death. Bike helmets save lives.

J 12 • N.......ttr Vehicle! Crtthe!

In this crash event the bicyclist loses control of the bicycle,
going offthe road or path. Causes include hitting an obstruc­
tion, skidding on sand, ice, water, wet leaves; or hitting a seam,
flange, pothole or other surface irregularity that affects the
wheels and hence the stability ofthe bicycle.

Another common form ofnon-motor vehicle crash is a bicy­
clist colliding with another bicyclist, a pedestrian, in-line
skater, dog, or other moving object. Such crashes can be
serious. Thus, attention to proper maneuvering widths and
sight distances to help bicyclists maintain control are essential
on pathways and other locations where mixed use can be
anticipated.

Non-motor vehicle crashes comprise over 85% ofall crashes.
Yet they are studied less, since only 10-15% offatal or severe
trauma crashes occur in this way. We need more knowledge
about their causes.

•

•
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313 •TransAmerica Bicvcle Trail
Crashes

One problem we have determining causes and frequency ofcrashes
is the lack ofreporting. The most comprehensive and best docu­
mented cause of crashes to a large number ofbicyclists, riding a
well defined number ofmiles, using rural type roadways, was
documented in 1976. During that summer, researchers Dan Burden
and Bruce Burgess analyzed the results of 10.4 million miles of
exposure to 4,065 novice and skilled bicyclists using the 3,600 mile
long TransAmerica Bicycle Trail. Most of these bicyclists rode in
small groups or alone. The TransAmerica Trail uses low-volume­
traffic, paved roadways, 20-24 feet (6.1 - 7.3 m) wide.

Even with light to moderate traffic, and thousands ofjunctions with
motor vehicles, most crashes occurred between bicyclists. Two
fatalities occurred. Both involved motor vehicles. In both cases the
motorist was found to be at fault. From this exposure analysis, it
was determined that a mix ofbeginning to experienced riders on a
rural road trail have an injury-producing crash every 12,500 miles, a
crash resulting in permanent injury every 250,000 miles, and risk a
fatality every 5.2 million miles. Skilled bicyclists had a much better
rate. Fatigue and higher traffic volumes playa big factor, with 75%
of crashes occurring late in the day, usually after riding 70 miles
(107 kIn).

Section 3 - Safety

Loss ofcontrol: Typical in-line skater
and bicyclist crashes taking place as a
concerned and unpracticed mom tries
to rescue her daughter.

313.1 'ntersection In4 Tr.U
Jlnction Crlthe.

Principal non-fatal causes are listed as follows:

It should be noted that surface conditions and other mainte­
nance issues are significant factors in bicyclists stability and safety.

314 . Potholes and longitudinal seams.
Bicyclists are most likely to hit potholes when traveling at higher
speeds, such as on a downhill descent, or when light conditions
are poor. Another significant maintenance problem for all bicy­
clists are longitudinal seams, such as those created by a dropoff
from the road or trail edge, bridge expansion joint or skewed
railroad crossings and drainage inlets.

•

•

•

•

Bicyclitt hit ~icycJitt

Pothole or ~roken ,Iwe.ent
Clr hit ~Ike

Loll of eontrol
Bike crllhe4 tryln, to 1,,14 ear
Loo.e ,rIVe' on rOI4.IY
Rider fell off ~Ike

SII"e4 on ,rive' r.14

20.1%
10.7%

7.8%
6.5%
5.8%
5.2"
4.9%
2.6"

In a recent nationwide sample
(by Wachtel and Lewiston) it
was found that 57 percent of
pedestrian and 73 percent of
bicyclist crashes occurred at
junctions. Another study
examining police-reported
bicycle motor vehicle colli­
sions covering a four-year
period in Palo Alto, California
found that 74% occurred at a
junction.

Sensitive design of trail and
roadway junctions is vital to
safe trail development.

Source: Wayne Pein, University of
North Carolina Highway Safety
Research Center (HSRC)
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31 S.2 Blevelilt Rideout: Drlvewav/Allev And Ottaer Mid-bloek
Class A: 1S. 1%of fatalities, 13.9% of NonlGtalities

31 S.3 Bievdilt Intersection Rideout
CIa!! B: 12% of fatalitiet, 17% of nonlGtalities .

This crash type involves bicyclists who enter roadways without adequate
searches. Skilled bicyclists had a much lower rate. In nearly 70% of the
occurrances it is near-side motorists that are involved in crashes. The major­
ity ofthese crashes are restricted to children under 12 years ofage. Compli­
cating factors include restricted sight distances, blocked sidewalks, forcing the
bike rider into the street and lack ofparental guidance.

These crashes occur (79% ofthe time) on two-lane urban roadways with light
traffic and a posted speed of25 mph or less. Only 2% occur on multi-lane
highways, while the other 19% occur on 2-lane rural roadways. One ofthe
subtypes, where the bicyclist is riding along a sidewalk then goes out a
driveway, occurs on multi-lane highways 16% ofthe time. Class A crashes
comprise over halfof fatalities to young children, and up to 1/3 of fatalities to
older children.

This class is very similar to the driveway rideout. Bicyclists fail to yield the
right ofway, usually at non-signalized intersections. The majority ofthese
crashes involve children, who may have competing interests/needs (e.g.,
riding with friends, being chased by dogs, or hurrying to school). Most often
the intersections involved are familiar to the bicyclists. These bicyclists rarely
encounter any traffic and thus fail to make adequate searches. One sub-class
ofthis crash involves bicyclists who enter intersections with latent green
phase signals. Due to inadequate clearance intervals, they become trapped in
the intersections. Children under age 15 are highly over represented in this
crash class (up to one-third ofthe fatalities).

31 S• COMMON MOTOR
VEHICLE CRASHES

Research (Cross & Fisher) has
identified 36 mutually exclusive
types ofmotor-vehicle/bicycle
related crashes. Most ofthese can
be generalized into 7 classes (A­
G). These classes are explained
below. As a general rule, children
are involved heavily in classes A, B
and E, where they most often make
the primary errors. In contrast,
adults are more typi cally involved
in classes C, D, F and G, where the
motorist most often makes the
primary errors. Numerous local
and Florida state studies reveal
striking similarity between this data
base and current crash statistics.

31 S. 1 Wrong Wav Riding
Wrong-way riding, although a
major factor in many of the crash
classes, was not isolated as a
separate class during the original
research. It is known that wrong
way riding contributes heavily to
many crashes, and especially class
D, C and F categories.

•

•

•

•

•

•

•

•

•
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31 S.4 Motorist Tum·Merge/Drive Through/Drlveout
Clsss C: 2.4% o/latalifles, 18.7% 01 nonlatalltfes

Typically in this crash type motorists fail to yield the right of way to
bicyclists at a controlled intersection, a driveway or other road entry.
Although motorists stop or slow significantly, they fail to detect or
respond to the presence of bicyclists. Low speed conditions often re­
sult in minor injuries, although both bicyclists and motorists often feel
victimized by the conditions that created the crash scenario. In many
cases bicyclists complicate the situations by coming from unantici­
pated directions, such as from the motorists' right side on a sidewalk
or wrong way street approach (62.5%). In some cases motorists are
making right on red turns and fail to detect or respond to bicyclists.
Recent Florida data reveals that these crashes often occur on multi-lane
highways, comprising 14-16% of all bicycle crashes. In 75% of these
cases bicyclists are on sidewalks coming from unanticipated directions.
Increased bicycle friendly roadway operating conditions on multi-lane high­
ways can substantially reduce these surprised-condition crashes.

·31 S.S Motorist Overtaking/Overtaking Threat .
Class D: 37.8% o/latallttes, 10.S% 01 nonfstalltles

Typically in this crash group motorists drive right into cyclists from the
rear. This is the most serious crash class, comprising nearly 60% of fatal
bicycle crashes in Florida (37.8% nationwide). These crashes often occur
on suburban or rural 2-1ane or multi-lane highways with design speeds
above 40 mph, under low light conditions (71% of the time). They occur
where provisions (shoulderslbike lanes) are lacking to separate bicyclists
from motorists. In over one third of these cases, an intoxicated driver is
involved. In another third the bicyclist is impaired. In many cases the
bicycle and rider are poorly lit, and roadway lighting may be inadequate.
This class of crash largely involves adults or older teens. Complicating
factors ofnight riding include alcohol and higher speed.

3-5

Class C is one ofthe most
common crashes in
Florida. The lack ofother
routes through neighbor­
hoods whichforces bicy­
clists toprinciple roadways
which lack bike lanes in
these roadways, place
many bicyclists in this
common crash pattern•
These Class"C" Crashes
rarely result infatal inju­
ries. The crash is so com­
mon, however, that it is
the subject ofmany mo­
torist law suits. Both
partiesfeel victimized by
these conditions.

Class D crashes are
Florida's most frequent
and deadly, accounting for
nearly 60% ofFlorida's
fatal bicycle crashes.

. Gainesville, Florida's system
ofon-roadbicyclefacilities,
which eliminates much of
this conflictpattern, is now
being copiedstatewide in
hopes that enough such
facilities will be built to
eliminate manyofthese
typically low light, overtak­
ing crashes.
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The above classes ofcrashes
are common among adults and
highly preventable. Bike lanes
place bicyclists in the
motorist's visual field. It is
anticipated that these lanes
can be effective in reducing the
frequency of these crashes.

315.6 Bicyclist UneKpected Tum/Swerve
Class E: 16.2% 01 fatalities, 14.2% 01 nonlatallties

In this crash group bicyclists suddenly tum left without warning. About half
of the bicyclists initiated unexpected turns at intersections or driveways. The
other halfmade turns mid-block toward unidentified points. Nearly 50% ofthe
crashes occur on 2-lane, urban roads, while 30% occur on rural2-lane roads.
The other 20% occur on multi-lane roadways in both urban and rural settings.
In 94% of the cases bicyclists failed to search or conduct an adequate search.
Researchers suspect that bicyclists in such cases are relying on auditory cues to
detect the presence ofovertaking cars. Too often, however, the sounds ofcars
may be masked by other traffic, wind, or other noise. It is also suspected that
many, especially younger bicyclists, feel uncomfortable scanning to the rear.
This task often causes them to steer toward the traffic lane. Children 14 years •••
and under make up 75% of this crash class.

315.7 Motorist UneKpected Tum.
Class F: 2.4% 01 fatalities, and 14.5% olnonlatallties

In nearly all cases motorists turn directly into paths ofbicyclists (left and right
turns). Usually bicyclists are coming from unexpected directions (on sidewalks
or wrongway lane positions). The most serious of these crashes occur when
motorists turn left into the path of bicyclists (either on roadways or sidewalks).
These crashes tend to be higher speed, resulting in more severe injuries. These
unexpected left turns are the most serious bicycle crashes in many college
communities. Glare, inattentiveness and information overload to motorists are
suspected to be major contributing factors to this crash class. Driveway access
management (right in, right out) should be considered as an engineering coun­
termeasure in some locations. Motorists' right turn crashes are often caused by
serious misjudgments ofthe speed ofbicyclists just passed by these motorists.
Most (64%) are at roadway junctions, while 29% are at driveways. Bicyclists
travelling undetected on sidewalks contribute significantly to this crash class.

•

•

•

•

•

•

•
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31 S.8 Other
Class G: 13.8% of fatalities, and 11.2% of nomatalltles

Children and socio­
economically
disadvantaged citizens
are highly over­
represented in bicycle
crashes. Their
involvement rate can be
3 to 8 times the general
population.

This category involves numerous other crash conditions, such as Wlcon­
trolled intersections, parking lots, other crossing conflict situations,
head-on collisions with wrong way bicyclists or motorists, and objects
falling from vehicles.

A high percentage ofFlorida's
citizen's neither own nor operate
automobiles. These people
make at least 37% ofour state
population. Unfortunatly, harsh
roadway conditions where they
live and must travel make their
movement challenging. Many
ofthese people must use bi­
cycles during all times ofday,
and many times in low light (on
the way to school), exposing
them to higher risk. Their
crash involvement can be 3-8
times that of the general
population. Extra efforts must
be made to provide safe
roadway environments in low
socio-economic environments.
Affordable housing and
quality, low-speed roadways
need to be synonymous.

316 . Trensportetion
Disadvant'aged and
Children

•

•

•

•

•

•

•

•
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320 . Types of Bicyclists, Part 2
From a planning and design perspective, bicyclists
can be divided into six overlapping categories that
cover a range ofphysical, psychological, physiologi­
cal and emotional abilities, experience and skill. In

Bicyclists can be any age. There are
no restrictions to bicycling ability,
just as there are no restrictions to
walking. However, parents should be
cautioned that most children are not
ready to bicycle out ofsight until
ages 9-11. Once children are 12-13,
they often explore many places on
their own. The developmental
abilities of children are well
explained in the "Children in
Traffic" video available at most
AAA Clubs.

3-8

general, these abilities are broken down by age and
experience. The ages and abilities ofbicyclists are far
more varied than those ofmotorists. Indeed, before,
d~ring and after motorists gain or lose their abiltiy to
drive they bicycle for mobility.

320.1 YOUNG CHILDREN

Ages 5-11:

At a young age children lack
traffic experience. They are often
impulsive. They have limited
peripheral vision and cannot easily
detect the source ofsounds. They
feel compelled to complete an
action they have started and they
think grownups will look out for .
them. Young children have not
fully developed depth perception,
gap assessment, peripheral vision
and sound directionality. Since
children do not drive cars, they
have difficulty understanding why
adults cannot see and respond to
them. They are primarily involved
in class A, Band E crashes, and
numerous non-motorized crashes.
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Ages 23-64:

320.4 NOVICE ADULT

The majority ofadults (95%) are
novice bicyclists. This category of
bicycle riders uses bicycles too
infrequently to develop many cycling
skills. Some ride at night, greatly
increasing their risk. They are prima­
rily involved in class C, D, and F
crashes.

320.S SENIOR ADULT

320.2 YOUTH

Ages 12-15:

Children at this age take increased
risks, travel farther from home, ride
at night, and use main roads to
access shopping malls, schools,
parks and other places they wish to
go. Children ofthis age often over­
estimate their abilities. They are
primarily involved in class A, B, C
and E crashes.

Ages 16-22:
Ages 65+:

People ofthese ages now travel at
higher bicycling speeds. Many have Senior adults increasingly experience
developed a keen sense of invincibil- some physiological decline, especially
ity and have increased experimenta- in vision. There are pronounced loss
tion with drugs and alcohol. For ofphysical abilities starting around
some, bicycles may be their only age 75 which can include: loss of
means oftransportation to school or balance, vision, hearing, and strength.
work. Many of this age work night Reduced bicycling speed is common
jobs and rely on bicycles for trans- to this age group. Their needs to be
portation. They know the basic rules independent, to get exercise and to
of the road. They are primarily move about the community do not
involved in class C, D and F crashes. diminish. They are primarily involved

in class A, B, C and F crashes.

•

•

•

•

•

•

•

•
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Above Center: Effective Cycling
affectionado, John Forester, leads
a group ofpotential bicycling
skills instructors through the
streets ofGainesville. Other
projicient cyclists include cops on
bikes, serious bicycle tourists,
mothers with children, bicycle
commuters, and highly skilled
children.

320.6 PROFICIENT ADULT

ADAges:

These cyclists comprise only 14% ofthe bicycling population. But their
frequency ofbicycling on major roadways is high. These cyclists tend to
ride in all seasons and weather. Some ride mostly for recreation, others
mostly for primary transportation. They most often have highly predict­
able road behavior. Most are excellent role models. A few are scofflaws.
Speeds of 18-24 mph (28-38 kmIh) are common for this category of
cyclist. They are primarily involved in class D and F crashes.

•

•

•

•

•

•

•

•

•
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330 . THE DESIGN BICYCLE, Part 3
The bicycle is a single track human propelled vehicle having highly similar
properties to other single track vehicles (i.e. motorcycle). Bicycles have been
tinkered with for more than a century. There are many variations, but all operate
according to basic principles outlined in the following pages. Keep these varia­
tions in mind when you design.

What Do
Bicycles
Look Like?

•

•

•

•

•

I
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Note: Try not to exceed 5-6% grade, 3%
preferred for long sections

Answer: On
a bicycle
the center
of gravity
often is at
belly button
height.

Question:
Where is
the center
ofgravity

. of these
bicyclists?

330.1 Dimensions, Speed, PsVchofogicaf Needs
THE DESIGN BICYCLIST

In order to design effectively for bicycle riders, physical details oftypical
riders must be understood. Although riders vary in their dimensions and
needs, virtually all riders are covered by considering these dimensions:

What is the Norm? Bicyclists and
bicycles vary in their speed, width,
height, center ofgravity and viewing
height. For the most part, the
dimensions to the left will
accommodate normal and even many
extraordinary features ofriders and
bikes.

2.0 ft (0.6 m)

4.0 ft(1.2 m)

6.0 ft(l.8 m)
8.0 ft (2.4 m)

10.0 ft(3.0 m)

330.2 The Design Bicvclist
Minimum Needs:

330.3 Width and Distances,
Minimum Needs:

Design Viewing Ht 54" (1.37m)
Rail Height 42" (Urn)
Center of Gravity
(adult, child varies) 33+" (.84-1.02m)
Speed for Crossing
Intersections 10 mph (15 km/h)
Speed, (level terrain) 20 mph (30 km/h)
Downhill Speed
(roads and bridges) 30 mph (50 km/h)
Uphill Speed
(roads and bridges) 5-12 mph

(8-19 km/h)

Riding width, including trailers
(per direction/rider) 4.0 ft (1.2 m)
Shy distance to
seams, smooth
walls, curbs
Lateral clearance to
trees, posts, other
Lateral clearance to
steep grade
Vertical clearance
Psychological
clearance (tunnels)

Note: These figures are minimum widths.
To design facilities, widths such as riding
width and shy distance to a wall are added
[i.e. 4feet + 2feet= 6feet, ( 1.2m +.6 m
=1.8m)]

330.4 L1kerv Speeds bV Age:

Child: 6-9 mph (10-14 krn/h)
Youth: 7-11 mph (11-17 krn/h)

Yng Adult: 8-15 mph (13-24 krn/h)

Adult: 8-15 mph (13-24 krn/h)

Pro. Adult: 12-24 mph (19-38 krn/h)

Senior Adult: 8-15 mph (13-21 krn/h)

•

•

I

•

•

•

•

•
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33 1 • Wheels andTires
Wheels and tires on bicycles
are much narrower than other
roadway vehicles. Like
motorcycles, bicycles are a
single track vehicle, and are
far more sensitive to surfaces.
Unlike motorists, bicyclists
must maneuver to avoid even
tiny obstacles or defects. In
contrast, autos have complex
suspension systems to
overcome surface defects.
Pedestrians travel slowly
enough to step around most
defects. Bicyclists, when
surprised by potholes, seams
or fissures, may suddenly
swerve in order to avoid the
irregularity. Thus surface
irregularities are a serious
problem for all bicyclists.
Roadside maintenance should
be accomplished with this in
mind. Considerations when
designing for bicyclists are:
• Bicycle tires contact the earth with
the equivalent of 2 dimes of surface area
• Bicycles rarely have shock absorb­
ers or suspensions
• Sarid, mud, leaves, oil and skewed
railroad tracks and moisture cause slip-

·page
• Longitudinal seams greater thanl/4
inch wide impact control (gobble ability
of tire)
• Steel (rails, bridge decks) and rubber
tires do not mix well

• Bicyclist stability calls for a narly
zero vertical object design height for
roadway objects.
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332· BRAKES and BRAKING

Bicycles vary in their ability to stop
quickly. Some brake designs
(cantilever) approach the efficiency
of autos, and others (cheap side
pull) require much longer stopping
distances at high speed. Coaster
brakes are the least efficient design.
Due to overheating they can lose
further effectiveness on long
downhills. Caliper (hand) brakes
are inefficient when the rims are
moist. Since many people bicycle
infrequently, their reaction and
braking response times may in­
crease. Surfaces affect braking.
Loose materials such as sand, ice
and moisture can increase braking
distance by a factor of 1.5-10.0.

• Allow 2.5 seconds reaction time
• Allow an added 3.0 seconds for

surprised condition reaction time

• It takes about 1.5 seconds to fully set
up braking (reach, mechanical delay)

• Maximum deceleration for a bicycle is
II mph (17 km) per second

• When rims are wet or coaster brakes
are used, braking perfonnance is 50-

80% less efficient.
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333· STEERING

Emergency maneuvers on bicycles
cannot be accomplished quickly,
because it takes time to set up for a
quick tum. Most people do not

.understand how bicycles steer.
Mechanically emergency turns take
much longer on bicycles than in
autos.

• To tum right bicyclists must
first stee! left a bit to set up a
counter lean.
• It takes about 1.5 seconds to set
up fora tum.
• Bicycles steer more slowly
when fully loaded.
• In order to stay upright riders
must constantly steer bicycles to
keep them in balance and under
the body's center of gravity
(wobble).

1

2

3

•

•

•

Above: Author, Dan Burden, re-enacts
a loss-ol-steering control crash on a
bicycle path with a turning radius that
was too tight. Complicating this
design is the misplacement ofshrubs
hiding the curve until well into the
turn.

Below, left: Shifting weight
suspended from handlebars while
climbing a hill is a risky
combination to safe steering.
Upper right: (1) Many bicyclists
have learned the tendency to turn
in the search direction. By
knowing this tendency, skilled
bicyclists learn to counter the
steering. (2) Mountain bicyclists
learn quick turning judgement,
reading their downstream
conditions seconds before they 4
arrive. (3) A quick thinking urban
cyclist, faced with a left turning
motorist, has learned to do an
emergency turn by first steering
towards the auto to go into a
counter-lean. (4) A lean rail
supports this bicyclist in Australia.
When his gap comes he will use his
arms for a more balanced start.
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334 . PROFILE
and VISIBILITY

As many as 80% ofmotorists in­
volved in car/bicycle or pedestrian/car
crashes report that they did not see the
individuals. While this lack ofcogni­
tion may be true in many cases, the
motoring public must learn to regu­
larly search for non-motorized traffic.
Ultimately increased bicycle use will
increase motorist awareness. In
Holland and in U.S. cities where
bicycles are common, car/bicycle
crashes are decreasing as use increases.
The design community can help by
recognizing the following:

• Bicyclists are pencil thin in the
complex visual traffic soup
• Their curbside location often
hides them from other traffic Top Middle: The majority of

• Motorists tend to see what they Florida's roadways are straight,
expect to see (Many are not looking horizontal and non-challenging.
for bicycles or pedestrians.) Normally seen as a safety benefit,

M t . t t d t 1 k b this lack ofchallenge can lull
• 0 OrIS S en 0 over 00 0 - .. . ... drivers znto semI-hypnotIc states.
Jects they see mfrequently. Below: Bike lanes can be effective in
• More bicycles and pedestrians defining the space where bicyclists
are needed to increase detection. normally appear. The presence of
• Bicyclists are especially hard to b~ke lanes and markings.can be a
detect under low light and night-time vlsua~ message to motorzsts to
conditions. remazn alert.

Top panels: (1) Bicycles have a
pencil thin profile compared with
motorized vehicles. Parents should
insist that their children wear bright,
conspicuous clothing. (2) Most
bicyclists forget the challenge of
detecting small objects in traffic. (3)
Children, who do not drive, have less
understanding ofwhy motorists have
difficulty seeing them. (4) Which
individual is most likely to be
detected in traffic?

2

1

3

•

•

•

•

•

•

•

•
4
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335 · VEHICLE DIMENSIONS
Although many existing bicycles are 10 to 18 speed touring/racing "road"
bikes, most bicycles sold today are "mountain" bicycle designs. Mountain
bicycles tend to have greater handlebar widths and be wider and lower than
other bikes. Dimensions for the design bicycle include the full range of
existing common commercial bicycles. Use these dimensions to determine
median storage and other facilities design details.

BICYCLE DIMENSIONS

• Bicycle Width
at Handlebars 28" (0.71 m)

Width ofBicycle
with Trailer 34"-36" (0.864-0.914 m)

• Width ofAdult
Tricycle 34"-36" (0.864-914 m)

Length ofAverage
Bicycle for an Adult 68" (1.7 m)

• Length ofK.id's Bike 36-46" (0.91 - 1.16 m)

Length ofTandem
Bicycle 95" (2.4 m)

• Length ofTandem towing
Trailer 140" (3.6 m)

Height ofAverage
Bicycle 44" (1.1 m)

• Weight ofAverage
Bicycle 20-301bs (10-20 kg)

Weight ofTandem
Bicycle 35-501b ( 15-25kg)

• Due to steering wobble, bicyclists typically track over a 4.0 foot (1.2 m)
width. This width should be increased to 6-10 feet (2.3 m) for steep hill
climbs and descents. With variable gearing, bicyclists can comfortably climb
up to a 10% grade for short stretches. Grade of 6% are the more common

• limit. Increases in grade generate more wheel wobble by bicyclists and thus
require a wider design width.
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340 · HELMETS

340.1 Blcvcle Helmets Work !

A full 75% ofbicycle fatalities and
permanent injuries are head injuries.
At least 60% ofall fatalities include
only a brain injury. Thus, bicycle
helmets can eliminate up to 60% of
all fatalities.

340.2 Gravity's "g" Force

A bicycle helmet works by reducing
the "g" forces to the brain. A fall
while a person is sitting stationary
on a bike onto a concrete surface can
produce forces ofnearly 2000 g's. It
only takes 150 g's to produce minor
injury, 300 g's to produce permanent
injury. At 600 g's, no one survives.
A bicycle helmet reduces the nearly
2,000 g's from a hard fall or crash to
often below 150 g's.

3-18
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Principle: - Improve the safety of
everyone. Protector oferrant autos,
guard rails also impact bicyclists.
The designer must be alert so
guardrails and all design treatments
benefit all users. (J) Sections of
guardrail are a hazard to those they
were placed to protect (2) A falling
bicyclist can be seriously hurt.
(these do not meet standards). (3)
Solution: FDOT standards now
require guardrails to have
protective pipes to minimize the
threat ofpuncture wounds.

On-Road

2. When a lesser facility is
judged by the project proponent
and the funding authority not to
jeopardize the safety ofthe public.
(The intent is to permit deviations
for isolated sections where criteria
cannot be met, but where mitigat­
ing action or other conditions are
such that the lesser facility will not
result in unsafe conditions).

3. Deviations from criteria shall
be considered on a case-by-case
basis, and the rationale clearly
documented by the implementing
agency. For FDOT projects a
variance must be requested. It is
not the intent that deviations be
used for the purpose ofpermitting
wholesale exemptions from width
or alignment criteria which would
result in undesirable width,
alignment, or wrong-way travel.

1. When a deviation is judged
by the project proponent and the
funding authority to be a safety
equivalent (i.e., as good as or
better than the criteria).

400 · DESIGN,

Section 4

Special Note: Prior to reading
this section, designers are asked
to read the contents of Section 3
(Crash Causation, Human
Factors, Physical space require­
ments, The Design Bicycle, and
the Design Bicyclist.

400. 1 DESIGN CRITERIA
lor Accommodating Bicfcles In
Combined (Roadwav)
Facilities•

The ultimate test of any design
is the response to this question:
"Does this design impove the
safety andperformance ofthe
motoring, walking andbicycling
public?" It is important to
observe how the design provides
desirable operations and controls
or improves those conditions or
eliminates conflicts between users.
Generally, bicycling improvements
improve conditions for motorists,
both when bicyclists arepresent
and when they are not present.

The criteria printed in standard
type are recommended general
design recommendations, provided
as guidance; those underlined are
minimum safety design criteria
(standards).

We recognize that in certain
isolated instances, it may not be
possible or feasible to meet the

mandatory minimum safety design
criteria, but projects can be
developed in a way that they do
not jeopardize the safety of
bicyclists, pedestrians and
motorists using the corridor.
Deviations from standards can
be tolerated only where one of

'---------------' the following applies:

•

•

•

•

•

•

•

4 . 1



• Florida Blcvcle Facilities Planning and Design Manual - 1995

We recognize that the recommen- ofbicycling for new transportation

• Early roadway dations and criteria do notcover projects.

designers asked
all types ofdesign details encoun-

400.4 Full Considerationtered in development ofbicycle

"Where do we put facilities. Where details are not New construction, as well as
covered, appropriate engineering RRR projects, must give full

• the bicyclist?" principles and judgement must be consideration to the needs of

The answer often
applied in providing for the safety bicyclists. Measures should also
and convenience ofbicyclists, be taken to retrofit the backlog of

came up wrong, pedestrians and motorists. roadways not currently scheduled

largely because 400.2 Historv of Design
for improvement. This can and
should include attention to safety• the wrong Most urban roadways were needs identified through the

designed and built during a statewide Safety Management
question was period of little bicycle use. System, and Community/Corridor

being asked. Hence, early design decisions to Traffic Safety Programs.

provide for bicyclists were often• Instead, as we now based on the assumption that to There is a wide range of

know, the question separate bicycling from road- facility improvements which can

ways was best. This concept enhance bicycle transportation.

is "How do we quickly proved unpopular with Improvements can be simple

bicyclists. It led to a prolifera- and involve minimal design

• help the tion of conflicts due to lack of consideration (e.g., changing

bicyclist? " facilities, bicyclists being on drainage grate inlets), or they

sidewalks and thereby hidden can involve a detailed design

....Michael Ronkin from motorists, poorly built bike (e.g., providing a bicycle path).

Oregon DOT paths, and bicyclists and motor-
The controlling feature of theists attempting to mix on road-• ways with inadequate mixed use design of every bicycle facility

design. is its location (i.e., whether it is
on the roadway or on an inde-

400.3 Cunenf Prlctice pendent alignment). Roadway
improvements such as bicycle

• The current approach to bicycle- lanes depend on the roadway's
facility design, now required under design, traffic counts, conflicts,

Asking the wrong question led to F.S. 335.065, the Florida Depart- traffic mix, vehicle speed and
early Florida bike facilities failing to ment ofTransportation Plans many other factors. On the
meet the public need. Pedestrians, Preparation Manual, the Roadway other hand, bicycle paths or
bicyclists and motorists were and Traffic Design Standards and mixed use trails are located on

• affected. These signs were removed.
the intent ofnational legislation, is independent alignments; conse-
that every road is a potential quently, their design depends on
bicycle way and bicycling should many factors, including the
be accessible, friendly and pro- performance capabilities of
moted to all destinations. bicyclists and bicycles.

• Key attractions are found along Improvements for motor ve-
main thoroughfares; and they hicles through appropriate plan-
attract bicyclists, just as they ning and design can enhance
attract motorized traffic. This bicycle travel and, in any event,
concept requires full consideration should avoid adverse impacts on

• 4·2
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bicycling. A community's overall
goals for transportation improve­
ments 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
design process.

400.5 Guidelines, Criteria
and Standards

Guidelines, criteria and standards
are presented in this chapter to
help design and construct both
roadway improvements and
separate paths that accommodate
the operating characteristics of
"bicycles" as defined in this
manual. Modifications to facilities
(e.g., widths, curve radii,
superelevations, etc.) that are
necessary to accommodate adult
tricycles, bicycle trailers, and other
special purpose human-powered
vehicles and accessories should be
made using sound engineering
judgment and be based on antici­
pated use ofthe facility. (Project
stangards are established from
criteria and controls).

It is best to estimate high levels of
use. Presently there are so many
disincentives for bicycling that to
judge the need for a bicycle
facility based on existing bicycle
counts or projections can be highly
deceiving. A design that ulti­
mately benefits a bicyclist, such as
paved shoulders, can usually be
justified for reasons other than
bicycling. Many facility
designs provide great benefits to
motorists, maintenance, general
safety, and other joint uses. As a
result, a given facility can often

be warranted with little or no
projection ofincreased short term
bicycling activity.

41 0 • Roadway ImproveMents

To varying extents, bicycles will be
ridden on all highways other than
limited access highways, where
they are not normally permitted.
Thus, all urban non-limited access
roadways should be designed and
constructed under the assumption
that they will be used by bicyclists.

Bicycle-safe design practices, as
described in this manual, 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 safe drainage
grates and railroad crossings,
smooth pavements, and signals
responsive to bicycles should be
provided where necessary. In
addition, the desirability of
adding facilities such as bicycle
lanes, shoulder improvements,
and wide curb lanes should be
considered (wide curb lanes are the
least preferred option). Information
on each of the different roadway
improvements is contained in this
section.

41 0.1 Drainage Grates

Drainage grate inlets and utility
covers are potential problems to
bicyclists because they can be:

4·3

Good Design Helps Everyone. A very
costly cantilevered retrofit of
Pensacola's "Three Mile Bridge"
benefited motorists by creating a
much needed vehicle emergency lane.
A side benefit was the creation of
narrow but essential shoulders for
bicycling. Fatal bicycle crashes
dropped from an average ofone a
year in the early 80's to zero since the
treatment in 1986.

Bike Lanes Help Motorists and
Pedestrians. Even if this Siesta Key
bike lane were never used by
bicyclists, its value to the roadway is
significant. Pedestrians now have a .
buffer from moving traffic. Traffic
may move slower due to the reduced
lane width.
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"Open Slot Grates". Keep these out
of the roadway. Use inlet grates
(pictured on the left in the photo
above, following FDOT Standard
Index 229. If roadside placement is
necessary, replace with the below
pictured "bicycle safe" grate. Note
that any grate tends to be slick,
traps sediment, and creates a
nuisance for bicyclists.

Sflnt/lft/lnt/ex 229ft/enHRel
which Ff)OT Stlnt/IMlnletl
Ife ClJnllt/eret/Blcfcle
S,Ie.•Ii,.,yHIr.$.1".

• slippery
• often not flush with the

road surface
• a prime location for debris

and water, and
• capable of trapping bicycle

wheels.

When a new roadway is de­
signed, all such grates and cov­
ers should be kept out of bicy­
clists' expected path, or they
should be designed to accommo­
date bicycle traffic, as described
on the next page.

On construction where bicyclists
will be permitted, curb inlets
should be used, wherever pos­
sible, to eliminate exposure of
bicyclists to grate inlets. It is im­
portant that grates and utility cov­
ers be adjusted flush with the sur­
face, including after a roadway is
resurfaced.

Parallel bar drainage grate inlets
can trap the front wheel of a bi­
cycle, resulting in loss of steer­
ing control and often serious
damage to the bicycle wheel,
frame and/or injury to the bicy­
clist. These grates should be re­
placed with bicycle-safe and hy- .
draulically efficient ones. When
this installation is not immedi­
ately possible, consider welding
steel cross straps or bars perpen­
dicular to the parallel bars to pro­
vide a maximum safe opening
between straps. This should be
considered a temporary correc­
tion only.

4·4

As a last and temporary resort,
identifying a grate with a pave­
ment marking would be accept­
able in some situations. As in­
dicated in the MUTCD, parallel
bar grate inlets deserve special
attention. Because of the seri­
ous consequences of a bicyclist
missing the pavement marking in
the dark or being forced over
such a grate inlet by other traf­
fic, these grates should be physi­
cally corrected, as described
above, as soon as practicable, af­
ter they are identified.

Grates with parallel slat designs
that trap bicycle wheels are still
used frequently in some roadway
and many non-roadway environ­
ments, such as in parking lots,
across driveways, and other haz­
ardous locations. Designers
must be vigilant always to
specify bicycle safe inlet grate
designs.

410.2 Railroad Croll/ngs

At highway grade crossings of
railroads the rails should ideally
be at a right angle to the road.
The greater the crossing deviates
from this ideal angle, the greater
is the potential for a bicyclist's
front wheel to be trapped in the
flangeway causing loss of steer­
ing 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
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Right edge portion lane stability and
maintenance are essential to a safe
roadway. Pay special attention to
utility caps, gutter seams, pavement
quality and pavement life.

At intersections where bicycle
traffic exists or is anticipated,
bicycles should be considered in
the timing of traffic signal
cycles, as well as the traffic
detection devices. Normally, a
bicyclist can cross an intersec­
tion under the same signal
phasing arrangement as motor
vehicles. On multi-lane street
crossings, special consideration
should be given to ensure that
short clearance intervals are not
used. An all-red clearance interval
is often used in intersections today,
and benefits bicyclists who need
the extra time. With wider and
wider intersection designs,the
traffic engineer must pay close
attention to crossing times. The
desire to keep lanes full width and
to add more turn lanes must be
balanced by alternatives that
provide protective channeling,
reduced crossing width or other
designs. For the above reasons,
geometric designers and operations
staffmust work closely to create
supportive bicycle crossings.

410.3 Plvemenfs

depth and width. If the crossing can trap a bicycle wheel and
angle is less than approximately cause loss ofcontrol. Holes and
45 degrees (crossing angles of bumps can cause bicyclists to
30 degrees or less are considered swerve into the path of motor
exceptionally hazardous), con- vehicle traffic. Thus, to the ex­
sideration should be given to tent practicable, pavement sur­
widening the outside lane, pav- faces should be free of irregu­
ing the shoulder or providing a larities and the edge ofthe pave­
bulbed out bicycle lane to allow ment should be uniform in
bicyclists adequate room to width. On older pavements it
cross the tracks at a closer to a may be necessary to fill joints,
right angle. The approach and adjust utility covers or, in ex­
departure shoulder should be treme cases, overlay the pave­
paved, and should provide suf- ment to make it suitable for bi­
ficient length to allow the bicy- cycling.
clist to merge into a gap in traf-
fic. Where this is not possible, 410.4 Tramc Control Devices
commercially available com­
pressible 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 MUTeD. Additional pave­
ment markings directing the
bicyclisttoward the best cross­
ing angle should be considered.

Often it is the right-most porion
of a travel lane that deteriorates
first in a highway cross section.
Since this is the area of a road­
way where the bicyclist gener­
ally rides to stay out of traffic,
it is imperative that pavements
be designed and constructed to
provide long life. Pavements'
surface irregularities can do
more than cause an unpleasant
ride. Gaps between pavement
slabs or drop offs at overlays
parallel to the direction oftravel

•

•

•

•

•

•
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The MUTCD should be con­
sulted for guidance on signs and
pavement markings. Part Nine
(IX) is specifically devoted to
bicycles (See Appendix).

Detector loops are not usually
installed across the entire lane
and it is quite possible that a
bicycle on the far right side of the
road will not be detected. Pave­
ment markings, either stencils or
indicator dots, should be used on
the right edge of the loop. This
will allow cyclists to line up on the
loop and activate the signal. Some
children's bicycles have plastic
rims, and thus greatly reduce the
chance for these bicycles to be
detected.

quadrapole loop. This minimizes
sensitivity outside the loop while
increasing it within.

41 0.6 Paved Shoulders
and Bike Lanes

Bicycle lanes are preferred in
restrictive urban conditions, and
the widened shoulder will gener­
ally be more accommodating in
rural circumstances. Current

Below: Glenn Grigg, traffic engineer
for Cupertino, California created the
special detector for bicycles (center)
and then used the baby arrow system to
communicate with bicyclists on which
lane to use to queue and turn left.

4·6

To check the clearance interval, a
bicyclist's speed of 10 mph (16
kmIh) and a perception/reaction/
braking time of2.5 seconds should
be used. Detectors for traffic­
actuated signals should be sensi­
tive to bicycles and should be
located in the bicyclist's expected
path, including left turn lanes. In
some situations, the use ofpedes­
trian actuated buttons may be a
preferred alternative to the use of
detectors, provided they they are
placed so that they do not require
bicyclists to dismount or make
unsafe leaning movements. Where
programmed visibility signal heads
are used, they should be checked
to ensure that they are visible to
bicyclists who are properly posi­
tioned on the road. Mast arm and
box span signal systems should be
used to permit the bicyclist to
detect any change in traffic
signals. Diagonal spans signal
systems are hard to detect from
curbside locations, and should be a
last resort.

410.S Bicvcle Actuated Signals

Many traffic signals in urban
areas are activated by detector
loops embedded in the roadway.
These traffic detector loops
respond to the magnetic field
induced by the metal in a vehicle·
in the detector loop.
The sensitivity of these loops

should be adjusted to detect a
bicycle without sensing passing
vehicles in adjacent lanes. This
can be facilitated by using a short
length (under 50' or 15 m)

Bicycle Signals should be engineered to gain the highest practicable level of
compliance among bicyclists. Top: Davis, California uses a bike symbol
signal for special bike crossings. Center: Corvallis, Oregon uses an advance
detector. Bottom: Boulder, Colorado detector instructs bicyclists on best
location for maximum detection (see diagonal lines).

•

•

•

•

•

•

•
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FDOT criteria call for a 5 foot
(105m) wide paved shoulder on
both sides of all rural roadway
sections. Additional width can be
considered when heavy truck
volumes or other conditions
warrant (Plans Preparation
Manual, Vol 1. Ch 2. for details).
Since bicyclists often ride on
shoulders, smooth paved shoulder
surfaces should be provided and
maintained as shown (right).
Pavement edge lines (6 inch or
0.15m minimum) supplement
surface texture in delineating the
shoulder from the motor vehicle
lanes.

410.6.1 Rural Area Shoulders

Adding or improving shoulders
often can be the best way to
accommodate bicyclists in rural
areas. Paved shoulders are also a
significant safety 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.

410.6.2 Shoulder Widtlr

The minimum Paved Shoulder
width is 5 feet (1.5 m) when
intended to accommodate bicycle
travel. When designated as a bike
lane, it must be 5 feet (1.5 m).
The safe passage ofbicyclists by

motorists is a function ofthe
combined width ofthe paved
shoulder or bike lane and the
width ofthe adjacent travel lane.

feet (1.5 m). Ifmotor vehicle
speeds exceed 35 mph (60 km/h), if
the percentage of trucks, buses, and
recreational vehicles is high, or if
static obstructions exist at the right
side, then a full 12 foot (3.6m) lane
creates proper passing width. At
speeds above 45 mph, bicyclists
need a 6 foot (1.8m) minimum
lateral separation from trucks.
Again, fu1112 foot (3.6 m) width
travel lanes in combination with 5
foot (lo5m) paved shoulders
accommodates this lateral separa­
tionneed.

41 0.7 Rumble Strips

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. As a general rule,
rumble strips should only be used
on curves, approaches to bridges
and other locations where there is
high motorist benefit. The FDOT
Roadway and Traffic Design
Standards (Standard Index) gives
locations for rumble strips.

In other width restricted conditions,
the shoulder should provide at least
a 4 foot (1.2 m) riding surface.
Rumble strips and speed bumps,
tables and humps should be ofa
design that does not create instabil-

Traffic movesfreely. Motorists
benefit from Fruitville Road's
friendly features. Sarasota
motorists are able to move more
freely with bicyclists separated from
the travel lane. The 5.0 ft (1.5 m)
paved area is attractive to many
adult bicyclists.

Since bicyclists often
ride on shoulders,
smooth paved shoulder
surfaces should be
provided and
maintained. Current
FDOT criteria call for a
5 foot (1.5m) wide
paved shoulder on all
rural roadway sections
and a bicycle lane on
all urban roadway
sections.

Acknowledging this need, the
1995 standard for paved shoulder
width for state system roads is 5

5ft 12ft

1.5 m 3.6m

12ft

3.6m

4·7

5ft

1.5m
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High Speed Truck Wind Blast effect
extends 2 meters. The combination of
travel lane and paved shoulder
should allow a 6ft (2 m) physical
separation between truck and rider.
Truck wind blasts are considered
minor at or below speeds of40 mph.

Wide Outer or Outside Curb Lanes.
Although wide curb lanes benefit
motorists and bicyclists, only a
small percentage of bicyclists feel
comfortable using these facilities.

ity to the bicyclist who inadvert­
ently drifts onto one, especially
under low light conditions.

41 0.8 Bridge Shoulden

Due to the buildup of debris, and
the trapped condition that a
bicyclist faces, shoulders on
bridges should have a minimum
width of 6 feet (1.8 m). Bridge
shoulder width, as a minimum,
should match the approach road­
way shoulder width.

Bridges exceeding a 3% grade
benefit from wider shoulder widths
(10 feet [3 mn preferred. This
added width compensates for
climbing wobble conditions and
higher descent speeds.

41 0.9 Wide Curb Lanes

Wide curb lanes are a "least
preferred" option in Florida.
Although it is current practice
within the Department to convert
wide curb lanes to undesignated or
designated bike lanes, in some
conditions a wide curb lane is still
desirable. The following prin­
ciples and details are provided.

On highway sections without
bicycle lanes, a right lane wider
than l2feet (3.6 m) 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 driveways or in areas with
limited sight distance.

4·8

In general, a lane width of 14 feet
(4.2 m) ofusable width is desired.
Usable width would normally be
from edge ofpavement (gutterpan
seam), but adjustments need to be
made for drainage grates, parking
and longitudinal ridges between
pavement and gutter sections.

Restriping to provide wide curb
lanes may also be considered on
some existing multi-lane facilities
by making the remaining travel
lanes and left turn lanes narrower.
This should only be performed
after careful review oftraffic
characteristics along the corridor.

41 O. 10 Bicycle Routes

Following the cautions about Bike
Routes in Section 3 on Planning, it
may be advantageous to sign some
urban and rural roadways as
bicycle routes. When providing
continuity to other bicycle facili-

Above: This Canadian bike route
sign serves as an important
navigational aid.
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ties, a bicycle route can be rela­
tively short. However, a bicycle
route can be quite long. For
longer bicycle routes, a standard
bicycle route marker with a
numerical designation in accor­
dance with the MUTCD can be
used in place ofa bicycle route
sign. The number may correspond
to a parallel highway, indicating
the route is a preferred alternate
route for bicyclists.

It is often desirable to use supple­
mental plaques with bicycle route
signs or markers to furnish addi­
tional information, such as direc­
tion changes in the route and
intermediate range distance and
destination information. Bicycle
route signing should not end at a
barrier. Information directing the
bicyclist around the barrier should
be provided.

Overall, the decision whether to
provide a bicycle route should be
based on the advisability of
encouraging bicycle use on a
particular road, instead ofon
parallel and adjacent highways.
The roadway width, along with
factors such as the volume, speed
and types oftraffic, 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 improve­
ments, such as adequate pavement
width, drainage grates, railroad
crossings, pavement smoothness,
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.

410.11 Bieveles Sharing
Roadwav Signing

Special guidelines have been
issued (see page II-29 in the FDOT
Traffic Engineering Manual) to
warn motorists that bicyclists and
motor vehicles are legally required
to use/share travel lanes. These
signs are generally used where
safety problems or inappropriate
motorist behavior indicate a need
to remind users that they are
sharing the roadway with others.
These signs are also appropriate
for long narrow bridges in both
urban and rural locations. The
signs have been proven effective
in increasing courtesy between
users. Before issuing the signs, the
district or community bicycle
coordinator is asked to review the
signing request. As with any sign,
overuse tends to breed disrespect
for those cases where they are
needed most.

410.12 Blevele Boulevards

In contrast to bicycle routes,
bicycle boulevards offer more·
support to bicyclists by enhanced
signing, traffic controls and
connections. Bicycle boulevards
serve as a primary route for
bicyclists through a collection of
lower speed side roads where
traffic controls favor the through
movement ofthe bicycle rider.
The motorist attempting to use the
same route for distance travel is
thwarted through an occasional

4-9

Sample of Bicycles Sharing
Roadway Signing used in more than
a dozen states.
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Bike Boulevards. Palo Alto (left
photo) offers a traffic calming
canopy and a quality surface as a
Boulevard connecting bicyclists
from neighborhoods to downtown.

traffic diverter, a series of
roundabouts, and other devices
used to slow or rechannel the
motor vehicle. Boulevards may
also have special trails, bridges or
connections, offering the rider the
most direct and quiet routing to
primary destinations such as a
downtown.

410.1 3 Spec/II Neighborhood
Bike lanes

Special bike lanes can be created
on highly select local streets by
restricting auto movement to one
way, placing a low median divider
of at least 70 inch width (1.7 m),
and with a 6 inche (150 mm) curb
face on the traffic side. The
bicycle side can have a zero curb
height to allow additional maneu­
vering width. The created space
can thus be dedicated for bi­
directional bicycle travel.

420 . Sieve1e Lanes

Bicycle lanes are to be used on
future urban roadway sections,
whenever right ofway and existing
curb/drainage sections pennit.
Often it is possible to convert wide
curb lanes on multi~lanehighways
to bike lanes by reducing the travel
lane widths to 11feet (3.3 m), and
turn lanes to 10 feet (3.0m).

4·10

These treatments call for special
side entry signing to alert motor­
ists ofthe bi~directionalbike
travel. The local bicycle streets
should only be considered through
full involvement ofneighborhoods,
where at least 60% ofthe adjacent
residents approve ofthe design.
Other criteria include the number
ofconflict points and the volumes
ofmotorized traffic and potential
bicycle traffic.
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From This to This
By dropping the center scramble lane, neighbors enjoy slower, quieter traffic,
reduced chance for a serious crash and a place to bicycle. The effect includes
deep red (ocher) pigmented top coatfor the bike lanes, and small refuge
islands to force slower traffic movements at each intersection.

422 . Signing, Marking Bike
Lanes

In Florida bike lanes are to be
marked with signs, pavement
markings, and especially a 6-8
inch (0.15-.20 m) wide stripe to
emphasize the edge of the travel

4 feet (1.2 m)
5 feet (1.5 m)
5 feet (1.5 m)

Urban
Rural
Parkin~

However, certain edge conditions
dictate additional desirable bicycle
lane width. To examine the width
requirements for bicycle lanes,
Figure 3 (page 4-15) shows three
usual locations for such facilities in
relation to the roadway. These
include, (a) curbed street with
parking (b) curbed street without
parking, and (c) street or highway
without curb or gutter.

• Improve opportunity for land­
scaping (border width)
• Reduce pedestrian/bicyclist

conflicts (no longer on sidewalks)
• Add turn radii at driveways and

intersections (see page 4-20)
• Improve sight distances

421· Bicvcle Lane Widths

The minimum bicycle lane widths
are:

• Pennit bicyclists to pass
motorists stopped at a signal.

• Guide bicyclists through
intersections in the safest, most
predict able course.

• Pennit motorists to pass bicy­
clists on 2-lane roadways.

• Reduce motorist and bicyclist
sudden swerves (lane changing)

• Reduce serious bicycle crashes
by up to 80% within some
corridors (Gainesville, Florida)

• Establish the correct riding
position for bicyclists

• Send a message to motorists
that bicyclists have a right to
the roadway.

• Establish the correct riding
direction for bicyclists

420.1 Primary Benefits of
Bike Lanes

420.2 Secondary Benefits of
Bike Lanes

Bike Lanes have proven their
value to all highway users.
Among their benefits in creating a
smooth, efficient and safe sharing
ofthe highway are the following:

There are many secondary
benefits ofbike lanes as well:

• Provide added border width
• Enhance highway drainage and

reduce vehicle hydroplaning
• Create an essential buffer
between the pedestrian and
motorist

•

•

•

.'

•

•

•

•

•
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Bottom left, Portland is
experimenting with traffic calming
enhanced with bike lanes. Speeds in
this neighborhood have been
reducedfrom 47 mph to 37 mph.
Bottom right: San Francisco's Bus/
Bike lane serves both modes well.

Bike Lanes. Top photo: Florida's
first bike lane, 13th Street, in
Gainesville, Florida, is well
accepted and understood by
motorists and bicyclists. The lane
has operated effectively for 14 years.

be given to the markings. In these
locations, additional glass beads,
special bicycle-safe markers, and
other treatments may be consid­
ered.

Standard size Raised Pavement
Markings (RPM's) and raised
barriers present a hazard to
bicyclists and shall not be used to
delineate bicycle lanes.
Experimental low level RPMs,
inset into the pavement, are being
tried in test sections with effective
results. RPM's may be considered
for special areas where additional
guidance and control are war-

lane. A complete marking
includes signing (See MUTeD),
a directional arrow, and a bike
symbol. The diamond marking
shown to the right is being
discontinued in Florida applica­
tions. The added marking is
considered non-essential. For
preferred marking and placement,
see page 4-22.

422.1 Additional Empha.l. Marking.

In especially hazardous rural and
higher speed suburban locations,
such as bridges, curves and areas
where motorists frequently run off
the roadway, added emphasis may

•

•

•

•

•

•

•

•

•

•
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• ranted. Also, thennoplastic 422.3 Wrong Way Signs provided. The recommended

pavement markings pose a hazard bicycle lane width for this location

to bicyclists because they are slick, The Department has approved a is 5 feet (1.5 m).

especially when wet. The Florida special sign that can be placed on

Department ofTransportation has the back side of the bike lane sign Bicycle lanes should always be

developed a special thennoplastic (R3-17) that notifies bicyclists placed between the parking lane

• mix using additional grit to combat when they are riding the wrong and the motor vehicle traffic lane.

this problem. For an illustration of direction in a bike lane (See Sign Bicycle lanes between the curb

a product now being tested for Below). This sign, in addition to and the parking lane can create

special emphasis markings see the lane directional arrow, reduces obstacles for bicyclists from

page 4-16. wrong way riding. This sign also opening car doors and poor

• makes it easier for police to cite visibility at intersections and

422.2 Directionality bicyclists and defend a violation driveways. They also prohibit
before a judge. bicyclists from making left turns;

Bicycle lanes should always be therefore, this placement should

one-way facilities. be marked as 423 . One Way Streets not be considered.

such. and carry traffic in the same

• direction as adjacent motor vehicle Bicycle lanes on one-way streets Where parkinll is pennitted but a

traffic. Two-way bicycle lanes on should be on the right side ofthe parking lane is not provided. the

one side of the roadway are street, except in areas where combination lane. intended for

unacceptable because they pro- bicycle lane on the left will both motor vehicle parking and

mote riding against the flow of decrease the number ofconflicts bicycle use is a minimum of 12

• motor vehicle traffic. Wrong-way (e.g., those caused by heavy bus feet (3.6 m) wide.

riding is a major cause ofbicycle traffic). The Department recommends 13

accidents and violates the Rules of feet (3.9 m) from the lip of the

the Road stated in the Unifonn 424· Blcvcle/Parklng Lanes curb as the desired width. Since

Vehicle Code. the combination lane will be used

Figure 3(a) (page 4-15) depicts
as an additional motor vehicle

• bicycle lanes on an urban curbed
street where a parking lane is

•

•

I
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•

•

•

•

•

•

•

lane, it is preferable to designate
separate parking and bicycle lanes
as shown in Figure 3(a). In both
instances, ifparking volume is
substantial or turnover is high, an
additional 1 or 2 feet (0.3 or 0.6
m) of width is desirable for safe
bicycle operation. This gives a
total of 13 (3. 9m) or 14 feet
(4.2m).

425· Urban Section Curbing

Figure 3(b) depicts bicycle lanes
along the outer portions ofan
urban curbed street where parking
is prohibited.

Bicyclists do not generally ride
near a curb because ofthe possi­
bility of debris, ofhitting a pedal
on the curb, of an uneven longitu­
dinal j oint, or of a steeper cross
slope. However, many novice
bike riders will ride in a curb ifthe
roadway is too narrow, and thus
bike lanes help reduce this prob­
lem. Bicycle lanes in this location
should have a minimum width of4
feet (1.2 m) from the lip ofas­
phalt, to the motor vehicle lane.

Since Florida measures all dimen­
sions from the lip ofasphalt, it can
be assumed that at least an addi­
tional12 inches (typically 16-18
inches) oflateral separation exists
from the curb face.

426· Rural Section (No Curbing)

Figure (c) depicts bicycle lanes on
a highway without curb or gutter.
Bicycle lanes should be located

between the motor vehicle lanes
and the roadway shoulders. When
the shoulders are paved, the bike
lanes are normally placed there.
Bicycle lanes may have a mini­
mum width of4 feet (1.2 m)
where the shoulder can provide
additional maneuvering width. A
paved shoulder width of5 feet (1.5
m) is required on all resurfacing
projects built by the Department,

Upper left, clockwise: (1) When
bicycle lanes are not provided, some
motorists and bicyclists make erratic
moves. (2) Dutch multi-modal street
has near perfectform. Sidewalks, are
buffered by orderly parking. Space is
delineated for bicycling, tram lines,
and bi-directional motorized traffic.
(3) Sarasota preserves pleasant
bicycling space in new downtown
section, (4) Eugene's one-way street
has marked bike lane fully separated
from parking. Left: Santa Monica s
principal roadway provides on-street
parking and a full width bike lane.

•

4·14

Left to Right: (1) When bicycle lanes are not provided, some motorists and bicyclists make erratic moves. (2)
Dutch multi-modal street has near perfect form. Sidewalks, are buffered by orderly parking. Space is delineated
for bicycling, tram lines, and bi-directional motorized traffic. (3) Sarasota preserves pleasant bicycling space in
new downtown section, (4) Eugene's one-way street has marked bike lane fully separated from parking. Left:
Santa Monicas principal roadway prOVides on-street parking and a full width bike lane.

•

•
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430 . InfenecHons with
Bike Lanes

Bicycle lanes tend to complicate
both bicycle and motor vehicle
turning movements at intersections.

Because they encourage bicyclists
to keep to the right and motorists to
keep to the left, both operators are
somewhat discouraged from
merging in advance of turns. Thus,
some bicyclists will begin left turns
from the right-side bicycle lane and
some motorists will begin right
turns from the lane to the left ofthe
bicycle lane. Both maneuvers are
contrary to established Rules ofthe
Road and result in conflicts.

Figure (b) and the center photo
depict a standard width bike lane

Figure (c) and the bottom photo
depict a standard paved shoulder.
This shoulder is 4 feet wide (1.2 m),
and is located in Gainesville,
Florida. These facilities have helped
reduce serious bicycle crashes by up
to 80%.

The best practice is to merge
motorists and bicyclists in advance
of the intersection. In this way
most bicyclists behave as follows:

430,,1 Right Turning Bicvcllsts

Right turning bicyclists simply turn
right by staying to the right. It is
best if they center themselves in the
turn lane. Staying too far to the
right encourages motorists to pass
them.

Figure (a) and the top photo depict
on-street parking in combination
with a bike lane. This bike lane is
located in Sarasota, Florida, and
provides a separate space for
motorists, bicyclists and
pedestrians.

IQ) CURBED STREET WITH PARKING

Ib) CURBED STREET WITHOUT PARKING

leJ STREET OR HIGHWAV WITHOUT CURB OR GUTTER

(No... ~o Soalal

1M "SMSSS'"S\SSSSSSSSSSSSS*P2UUUUZ222?2ZlZltg s:: 4

Source: AASHTO, Guide for the Development ofBicycle Facilities, 1991

•

•

•

•

•

•

•

•

•
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EXIlmples of rural paved
shoulders, and the lack of
shoulders. Recent research (1996)
from the University of North
Carolina, Highway Safety Research
Center reveals that motorists and
bicyclists both feel greater comfort
when the edge line and paved
shoulder are provided. This
improves the perception of safety by
both user groups. Bike lanes and
paved shoulder reduce motorist
lane encroachment from 27%
(without special lanes) to 3% (with
marked bike lanes or paved
shoulders).

Rural section fadlties. One ofthe
best bicycling trails in North America
takes bicyclists through Canada's
BanffNational Park. The ample 10'
wide paved shoulders are not marked
as bike lanes. Yet they perform equally
well, doing double service to
motorists and bicyclists, and help one
another pass. Below: In constrast,
U.s. Alternate 19, in Pinellas County
Florida awaits a 3R improvment that
will allow the addition ofa 5.0 foot
(1.5 m) shoulders. Once the shoulders
are in place bicyclists and motorists
will be able to share the space and
move in greater safety.

Below: .On U.s. 441 near
• Gainesville, Florida, FDOT is testing

a special shoulder edge line marking.
This lightly dimpled marking creates
a sound and vibration that reminds
motorists to stay in their own lane.
This bicycle-friendly rumble strip

• also alerts bicyclists to a motorist
who might be drifting out of the
normal lane position. The
application does not work if both
the motorist and bicyclist are
listening to radios and wearing

• headsets.

•

•

•
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8Turns: (1) Right turns are simple, (2)
left turns require a merge or (3)
bicyclist can use a straight move to
far side, then turn. (4) alternative
stripingfor low speed, (5) Ocala's
special T- intersection jughandle left
hand turn for bike left turns, (6) begin
bike storage box at intersection
storage queue, (7-8) Tempe, AZ and
Boulder, CO.

5

1 430.2 Left Tumlng Bicyclists

• Left Turning bicyclists search, signal and move left iftraffic gaps occur.
Others may choose to go straight through the intersection to the far side,
pivot their bikes, and when the light changes, complete their movement.
Both procedures are permitted under Florida traffic law. The second

• method is referred to as a "box left hand turn". Note that the bicyclist in
the photo to the left (100 yards back) is in a position to search, find a gap
and move to his left. This is a simple procedure when traffic is slowing.

2
430.3 Straight lltrough Bicyclists

• Left Turning bicyclists merge to the left, staying alert to right turning
motorists. Competent bicyclists often do this early in the taper (l00 or so
feet back from the intersection). Novice bicyclists more typically com-
plete the maneuver closer to the intersection, where speeds are lower.
Either technique works well in practice.

• 430.4 Storage Lane Optional Markings

The standard solution when dedicated right turn lanes are used is to end

3 the bike lane where the right turn lane taper begins. Either an open
space, a single dashed line or a double dashed line is used. As a general

• practice, the no dashed line is used when speeds and right turning vol-
umes are low. A double dashed line is used when speeds are low and
more motorists' attentiveness is desired. The single dashed line is used
for higher speed merges (above 35 mph).

•
6 7

·4

•

•

•
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Below: Gainesville's 13th Street &
Archer Road high speed turn lane
was seen as too complex to cross by
novice riders. Many bicyclists rode
against traffic on the far side,
creating serious conflicts at this
blind intersection. Special bike lanes
were added (bottom photo) to assist
the merge.

Above: Experimental treatments in
California. Instead ofcreating a
dedicated right turn lane, motorists
are invited into a widened bike lane
for low speed cautious entry.

I
I
I
I
I
I.:.

PARKING LANE BECOMES
~-TURN-OHLY LANE

I Ft'•• o..s ...

have found it desirable to widen
out the bike lane to 10 feet (3.0 m)
on final approach to an intersec­
tion, rather than to create a dedi­
cated right tum lane. This has the
effect of inviting the motorist into
the bicyclist's space, as opposed to
forcing the bicyclist out ofthe right
portion ofthe roadway. This can
be a safe practice due to the lower
speed ofturning traffic. The
treatment should be 75-100 feet
(24-30 m), in order to control the
entering speed. In such a case
bicyclists intending to go straight
may end up centered in the lane
and thus will tend to momentarily
block a right turning vehicle,
although in actual practice this has
minimal negative effect.

----_.,.
RlGHT-TUAN-ON...Y LANE

430.6 Alternative Marking

OPTIONAL DOU8LE
NGHT-TURN-ON-Y LAIlE

430.S Reference

nto't 'to Soo•••

Two excellent references are
provided for striping details. The
MUTCD, Part 9 has standard
markings. (See below) The
Appendix to this document
provides more elaborate and
sophisticated markings for highly
complex multi-lane highways.
These more detailed marking were
developed by FDOT District 4
and Central Office design staff.

Cupertino and Davis, California
are two towns using a different
approach. Where speeds and right
turning volumes are moderate they

Source: MUTCD, Part 9

•

•

•

•

•

•

•

•

•
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1 431 . Intersections,
tlpers and
lIIarkings

Pavement markings are used to
communicate best actions for a
location. In each of these settings the
motorist and bicyclist are in conflict.
The science of marking bike lanes at
conflict points is under development.
Here are some treatments in place. In
general, markings are varied to give a
stronger or weaker invitation for
bicyclists and motorists to cross.

A skip dash used in (I) should
communicate to the bicyclist a
stronger alert signal for entering/
exiting traffic than the solid line in
(2).

2

•

•

•

•

•

6

A variety of markings are used to
indicate a cross-over into a bike
lane, through an intersection, a
driveway, or other area. The
decision to use a (1) skip dash line
across one driveway, and (2) a solid
line across another rests heavily on
the volume of motorist movement.
The same principle applies to
transitions at intersections. (3)
double solids are used here to
communicate that motorists should
stay in their own lane. As seen in
(4) a single skip dash is used here
to communicate a higher conflict
potential. The bicyclist is meant to
feel less secure. (5-6) In this setting
there is less traffic, and speeds are
reduced. A double skip dash pattern
is used in these low speed turning
environments to stress to motorists
that th are encroacl}.ing.

I ·

5

4·19
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440 . Existing Conditions and Designating Bike Lanes

441 . Existing Hazardous Conditions

441. 1Continuou. Right Tum.
In some cases, designers have permitted right turn only lanes for ex­
tended distances. This creates a continuous high conflict zone for the
bicyclist, who must now negotiate high speed traffic passing on the right
and left. Continuous turn lanes are also hazardous to pedestrians and

•

•

•

•

•

•

•

•

•

•

motorists. These right turn lanes
can be discontinued with a
raised (not 441.2 Continuous
Through Lanes

In a few isolated cases, at Tee
intersections, designers have
permitted a continuous green
through lane on the long leg,
allowing motorists to continue
higher speed through move­
ment, while traffic is entering
from their left. This creates an
impossible merge condition for
bicyclists and pedestrians. Both
bicyclists and pedestrians
become trapped in an interior
lane. For this reason such
operations are discouraged in
most urban applications.
At intersections, bicyclists

Continuous Green Through Lane. An example ofan exotic engineering treatment
not suported by AASHTO. Such practices create high levels ofdiscomfort to
pedestrians and bicyclists. Forced to cross by their own wits, many bicyclists and
pedestrians make highly bizarre movements. Such practices must be omitted from
future design and corrected where they exist.

4· 20
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Where bicycle lane volumes are heavy, and on a case-by-case basis, the
designer may consider a special phase signal for bicycle use only. This
allows cyclists to cross the street and make turns without having to contend
with motor-vehicle traffic. This approach solves the problem of intersec­
tion conflicts inherent in the use ofbike lanes.

•

•

•

•

•

•

proceeding straight through and
motorists turning right must cross
paths. Striping and signing
configurations which encourage
these crossings in advance ofthe
intersection, in a merging fashion,
are preferable to those that force
the crossing in the immediate
vicinity ofthe intersection. The
Appendix, Item 5, provides 10
sample illustrations for lane
markings for a variety ofmulti­
lane highways.

To a lesser extent, the same set of
crossing conflicts is true for left­
turning bicyclists; however, in this
maneuver, Florida vehicle codes
allow the bicyclist the option of
making either a "vehicle-style" left
tum (where the bicyclist merges
leftward to the same lane used for
motor vehicle left turns) or a "box
style" left tum where the bicyclist
proceeds straight through the
intersection, turns left at the far
side, then proceeds across the
intersection again on the cross
street.

Since bicycle facilities are
commonly installed on a project­
by-project basis, bicycle lanes
should be provided even for such
short sections as an intersection
improvement. Ifdesired, the lane
markings and signing can be left
out until a longer facility can be
connected. Designers should
extend the bike lane portion of
such intersection improvements
into a logical merge location,
allowing the bicyclist to accept a
comfortable gap. This lane exten­
sion may require extending the
normal length ofthe project several
hundred additional feet.

443 . Special Signs and Signals

Above: Bike lanes were added to this
intersection improvement, beginning and
ending several hundred feet from the
intersection. Below: This special
bicycle signal in Copenhagen, Denmark
gives motorists a signal to cross right
while bicyclists wait, then bicyclists get
a through movement while right turning
motorists wait.

•

•

•

•

The MUTCD Figure on page 4-15
presents examples ofdetails of
pavement markings for bicycle
lanes approaching motorist right­
tum-only lanes. Where there are
numerous left turning bicyclists, a
separate tum lane, as indicated in
the MUTCD, should be consid­
ered. The design ofbicycle lanes
should also include appropriate
signing at intersections to reduce
the number ofconflicts. General
guidance for pavement marking of
bicycle lanes is contained in the
MUTCD, and in the appendix to
this document.

This specially marked
lane in Copenhagen,
Denmark illustrates a
method used when
bicycle and motorists
volumes are high. The
bicyclists and
motorists each have
their own signal for
right turns and
through movements.

4·2 1
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444 . When fo Designafe, Special
Signs
A number ofexceptional condi­
tions exist in any developing area.
The following guidance is pro­
vided to aid the designer in when
to designate bike lanes, and when
to leave some areas unmarked,
and other marked with special
widths.

445· Climbs, Descenft

Bicyclists require extra room to
climb and descend. Six to eight
feet is recommended for the
ascent side, and ten to twelve feet
is recommended for the descent.
Typically the descent requires
bicyclists to take the full lane.
Speeds of30 mph or greater are
common. Special markings to
create the best actions ofmotorists
and bicyclists have been devel­
oped. These markings and signs
are applied in Boulder, Colorado.
See Photos (left).

446 . Designated versus
Undeslgnated Bike Lanes

Preliminary research and observa­
tions reveal a wider separation of
motorists and bicyclists when
Wide Curb Lanes are converted to
a travel lane and a bicycle lane of
even as little as 3-3.5 feet (0.9-1.1
m). The Department prefers, in
many instances, to leave this sub­
standard width undesignated.
There are some cases where even
a full width 4 feet (1.2 m) space
may be left undesignated. Deci­
sions on when to designate and
leave undesignated should be
made by ajoint partnership of the
Department and the local Bicycle
Advisory Committee (BAC).

446.1 When to Leave Undesignated

Generally a space is left
undesignated when a section is:

• Short, discontinuous
• Rural, low probability of use
• First segment, to be joined

later by other pieces

446.2 Advantages of Marking

The advantages ofdesignating a
bike lane are as follows:

• Reminds motorists to stay alert
for bicyclists

• Creates a true system of support
• Provides system continuity
• Further reduces likelihood of

wrong way sidewalk riding
• Allows signing warning against

wrong way riiling

4·22



• Section 4· On Road Design

•

•

•

•

•

•

•

•

•

When older drainage facilities
extend into the paved area, mark the
hazard to steer bicyclists around
them. New construction on state
roadways uses inlet style drainage,
which keeps lanes free ofthese
hazards.

Hills require special treatments
when bike lanes are used. 'IYpically
roadways with more than a 5%
grade should be specially marked, or
wide shoulder allowances should be
made (such as on high span bridges).

450 . Bike Lane Conditions
and Maintenance

Adequate pavement surface,
bicycle-safe grate inlets, safe
railroad crossings and traffic signals
responsive to bicycles should also
be provided on all urban roadways.
These treatments should be pro­
vided especially where bicycle
lanes are being designated. Raised
pavement markings and raised
barriers can cause steering difficul­
ties for bicyclists and should not be
used to delineate bicycle lanes.

470 . Travel Lane
Reductions

There are a few places where
roadway sections were either
overbuilt (beyond capacity de­
mands) or where a new emphasis is
being given to balanced transporta­
tion. Communities can shift lanes to
other roadways. To assist the
designer with lane reductions this
section illustrates some ofthese
conversions.

470.1 Four Lane Reductions

Where traffic speed and volumes
and other conditions warrant, 4-lane
highways can be reduced to two
lane designs (with tum medians).
The left over space can be used for
bike lanes. Since many major
collectors were widened to four
lanes largely for capacity, much

Undesignated Bike Lane. The lane
to the right is left undesignated. The
rural character of this roadway, with
minimal intersections and infrequent
bicycling does not warrant marked
bike lanes.

4· 2 ~

higher levels of safety and capac­
ity can be achieved through the
median tum lane.

An engineering study and citizen
support are required before a lane
reduction is permitted.

470.2 Three Lane Reductions

Some local and minor collector
roadways were constructed with
three lanes and yet carry very light
traffic. Where traffic volumes and
speeds are sufficiently low and
other conditions warrant, bike
lanes can be placed in the curb- to­
curb width. In this treatment the
center scramble lane is converted
to a raised median with tum lanes.
Such treatments may require speed
controls every or every other
intersection. An engineering study
and citizen support are required
before a lane reduction is permit­
ted.

470.2.1 Pigmented Bike Lanes

On some minor and major collec­
tor roadways there is a need to
keep the visual width of the
roadway narrow. Under such
conditions, bike lanes can be
pigmented a deep ocher, giving the
effect that the overall roadway
width has been decreased.. Such
treatments are often desirable
where sp~¢ s.

! ,I
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2

460 · Parking Lane
Transition Markings
and Placelllent

Transition taper lengths around parking lanes are
based on speed, sight distances, type ofvehicles,
and related factors. Make sure that both the
bicyclist and motorist are given adequate infor­
mation and decision making time. Some
treatments, like (2) (left) need to be observed to
see what level ofcompliance can be handled
with paint, or ifadded channelization is needed.

When parking and bike lanes are used in a·
pattern as shown here, the motorist ends up
with added turning radii; sometimes a needed
bonus for trucks and buses. To reduce your
maintenance, and improve the life of your
markings, make sure you keep the bike lane
markings out of the turning radius, as shown
in (4) below. To reduce wrong way bike riding
use directional arrows in bike lanes.

•

•

•

•

3

Source: Oregon DOT
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470.3 Four Lane to Three lane
Case Study - NW 8th Avenue,
Galnesvl/le, Florida

Gainesvile designers have been asked to consider reducing this
4-lane roadway to the diagramed cross section (below). The new section
could be reduced to two through lanes, a full median with left turning
lanes, and bike lanes. An engineering analysis reveals that the proposed
2-lane section can handle all ofthe needed peak traffic. Upstream is a 2­
lane section. Just below this section is an intersection. By narrowing
and simplifying the crossing bicyclists, pedestrians and motorists can
share the road with greater courtesy. By removing the merge 4 lanes to 2
lanes from this area motorists can better concentrate on the crossing. An
analysis concludes that by reducing the merge condition the capacity of
the roadway will increase.

Amell's drawing here

Vertical Profile
Here

Courtesy: Arnall Downs, Larking M Sullivan
4· 2 6
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Steel and Rubber Don't Mix WelL
Railroad tracks are serious conflict
points for bicyclists. Designers
should not only treat the geometries
ofskewed railroad crossings (See
page 4-5), but in the interim, provide
guidance and warning ofany
special risk. (2-3) Some areas do
not lend themselves to a bulbout,
and so, as a minimum, special
warning signs and pavement
markings should be provided.

Cattle Guard Treatment. The
warning comes first. Located at the
bottom ofa steep hill, this cattle
crossing leaves little warning. Note
that the deck treatment and sign
have been used in combination.

Section 4· On Road Design

480 . TRANSITIONS, MERGES
AND OTHER CROSSINGS

Big Box Retailers. The bicyclist along this roadway has little choice. Mix
with high speed traffic, or stay on the parallel facility and risk higher
speed and right exiting turns. A full median, highly channelized islands
with low turning speeds will help. However, the lack ofpaved shoulders will
lead to constant narrow misses from the right turning motorists.

4·27
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481 . CROSSINGS
Limited Access, etc.

Limited access and other on­
offramp crossings pose
special problems for bicyclists
and designers. The principles
include: (1) convertfrom lanes
to paths on wide roadways and
cross where motorist is
steering, not searching.
Bicyclists shouldyield. (2)
Avoidacceleration lanes like
these in urban areas. They are
rarely needed. (3) For low
volume (bicyclist andmotorist)
merge such as here in rural
British Columbia, no special
treatment is needed. (4) use this
design on high volume
crossings, (5) Never cross the
pedestrian and bicyclist here
where the motorist is searching
over his shoulderfor autos.
The crossing should be
upstream where the motorist is
steering.

5

4
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490 .. Trame Calming, Roundabouts and
Bicvclists

491 . Bicycfins At Roundabouts

Section 4· On Road Design

Bicyclists should merge with low speed traffic and command
space through the intersection. At most intersections this entry
occurs when there are no other cars present. Bicyclists benefit
from lower speeds. When arriving at a slow speed, motorists
have more time to slow down and yieldfor bicyclists.

,"!,,-, .,

•

•

•

Bicyclists can manage better at roundabouts than at a traditional signalized intersection or stop controlled
intersection. Seattle, Washington now has 400 neighborhood roundabouts in place. Records show an 80%
reduction in all types of crashes. This includes a reduction in bicycle crashes as well. Typically bicyclists
need not stop, since they can see the vehicle in their conflict path, and simply increase or lower their entry
speed.

Bicyclists fare well at roundabouts for two reasons: First, there is no possibility of a left hand crossing
movement. Second, the right turning conflict can be fully controlled by the bicyclist by not being alongside a
motorist, or pennitting a motorist to be alongside the rider. The only remaining threat is for the bicyclist to
watch for the entering motorist or exiting motorist. As long as bicyclists follow the rule to not be alongside a
motorist while in an intersection there is a very low chance ofconflict. When bike lanes are used, it is a
general rule to drop the bike lane about 75-100 feet before the intersection, and allow a low speed merge.
Separate paths are recommended for high volume roundabouts (3000 VPH or higher)

4· 2 9
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• 491. I Roundebout Merge Treetment 1
for Bicycles

For one lane roundabouts,
bicycle lanes shall end and

• pennit a merge during the last 75
feet (22.5 m) ofapproach. No
special markings are needed in
the roundabout. Urban round-
about speeds shall be controlled

• through design at no more than
22 mph (40 kmIh).

For high capacity roundabouts
of2 lanes or more, special

• crossing areas set back 20 feet
(6.0 m) from the intersection can
be considered.

1

For rural roundabout locations

"
where higher entry and exit
speeds are permitted, multi-use
trails and crossings set back 20
feet (6.0 m) from the intersec-
tion should be considered.

• 4

•

•

I

3 (1,3) Bicycle Roundabouts at the Davis, University of
California, Davis campus have proven highly effective in safe
movement of bicycles. (3) This roundabout is capable of
moving 9,000 bicycles each hour. It also handles buses,
emergency vehicles, and other motor vehicles.

(2,4) The Dutch roundabout (above) has a heavy volume of
motorized vehicles, including trucks. The Dutch roundabouts
are designed well, and report a 50% reduction in bicycle
crashes compared with signalized intersections.
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492 . Trame Calnling

As a general rule, well designed
neighborhoods need little traffic
calming. Many of these prin­
ciples apply to developments
already in place where motorists
exceed prudent neighborhood
speeds (20 mph). New develop­
ments, such as Truman Annex in
Key West, and Seaside; as well
as older developments such as
Coral Gables and Winter Park,
need only limited refining.

Florida is one ofthe lead states in
traffic calming and new urbanism
(see Planning section). The
designer must pay close attention
to the elements ofdesigning
collector and local roads, making
sure speeds are kept low.

492.2 Key principles

• Keep blocks short
• Provide tight turning radii
• Provide tree canopies
• Permit narrow lanes, or

medians
• Slow speeds at intersections
• Create constant movement

.to maintain flow (avoid stop
signs in favor of
roundabouts)

problems, and a shallower rise has
reduced effect. Always mark
changes in elevations with roadway
markings and signs. This increases
the effect. Use lighting (bikes lack
adequate lighting).

492.1 Bicyclists Needs

(1) A traffic calmed neighborhood,
either through initial design such as
Truman Annex and (2) A Florida
panhandle development (above);
or through any of a number of
speed reduction measures shown in
the right column. There are at
least 36 traffic calming features
that can be added either at the
intersection, or mid-block. For a
full listing and treatment of these
features, consult the FDOT
Walkable Communities course
handbooks.

Bicyclists are concerned with
things they don't see (speed
bumps), but they don't mind
speed humps or tables that are
properly marked and constructed
(3-6) .
Use tapers and full openings
for bicycle movement. The
approach to a speed table (4), a
raised intersection, or other
raised object should have a taper
of 1:6. A more sudden rise creates

1

2

•

•

•

•

•

•

•

•

•
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•

•

• 493· limited Access Intersections

Top: Olympia, Washington. Bicyclists are provided an independent right of
way in the 1-5 corridor, and are exited to the right ofeach offramp. A crossing
is provided at grade, and bicycists continue on the other side. Bottom: Mercer
Island's floating bridge accommodates bi-directional bicycle traffic across the
bridge. Unique bridge features include see-through railing, permitting
motorists to view water activities, and low angle lighting imbedded in the
barrier wall to light the trail without creating glare for motorists.

494 . Limited Access Corridors

Although a new concept for
Florida, most western states
have been providing for bi­
cycles within many freeway
rights of way. Here are two
scenes oftreatments used in
Olympia (1-5) (land) and Seattle
(water) (I-90). Florida is consider­
ing bicycle use in some future
freeway and tollway corridors.
Attention to design detail, espe­
cially at bridges and on-offramps
will be important.

Crossing the intersection
terminal on freeway ramps pose
special hazards to bicyclists due

• to speed ofentry and exit, long
tapers, and expansive roadway
crossing widths. Bicyclists can
be aided through several prin­
ciples of design:

• Slow the speed of the
bicyclist on final approach,
and create a yield for the
bicyclist

• • Create a right angle cross­
ing and a reasonable viewing
distance by separating the
bicyclist with ajughandle
pathway, and crossing the

• bicyclist at a point in the ramp
where the motorist is attending
to steering control as opposed
to an over-the-shoulder gap
assessment.

•

•
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495 . Overcoming Barriers 1

• with Bridges,
Overpasses, TunneJs

•
495.1 Bridges Are ElSenflsl

2
Bridges are an essential issue in
bicycle transportation. "Unless the• bridge issue is addressed, there are
no other issues" (peter Lagerwey,
Seattle Pedestrian/Bicycle Coordinator).

Without linkages there can be no 3

• 7
system. Every manner ofbarrier,
whether man made or natural, must
be bridged. Common barriers
include water, canyon or gully,
rails, freeway or major arterial.

• Each barrier must be bridged one
way or another. No new barriers
should be created.

4

•

•

•

Top (8) For fifty years bicyclists were
denied access to Captiva Island, a
popular bicycling destination.
Finally, in 1991 the commission
listened to Alex Sorton, a top bicycle
engineering consultant who advised
that this bridge was safer than most
in the area. The barrier finally came
down, and with it died many myths of
children being attracted to the
bridge, or the island being over-run
with transients. (7) Even a simple
(Dutch) one person crossing is better
than balancing on the levee wall.
Although not supported by anyone's
design standards, there is a need to
come up with realistic solutions to
people's problems. This little bridge
is better than a do it yourself
"walking the plank" approach.

6

Manmade barriers. (1) Whether rail, (2-3) Freeway, or bridge, bicyclists seek
understanding and support for crossings that work. (4) Boulder's well designed
below water bridge under a bridge. (5-6) A homeowners association was sued,
and lost, when two bicyclists collided coming out ofthis under-the-bridge
tunnel. Sight distance is poor. The insulting sign was brought up in court.
"Motorists crossing on the bridge deck hadfull design support, and were not
being asked to get out of their vehicles to push their cars across, and so it
was argued "Why must bicyclists have a lesser standard?"

5
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496 • Structures That Work
For Everyone

7

•

•

•

•

•

•

2

3

Top: (1) Washington and (2) Oregon
spared no expense to provide access
for bicyclists across their major
water barriers. Added to the initial
design of these structures the costs
were affordable, and the only way
to provide continuity to their
systems. (3-4) Below, Vancouver,
Washington address the barrier wall
with style, while (5-6) (center
photos) (Seattle connected two
neighborhoods using a canyon
bridge no longer safe for motorized
loads.

8

9

4
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Section S
SOO · MULTI·USE TRAILS DESIGN

.....D8n Barden

"Too lIIan, cities in
Alllerica have hecollle
places to survive. We
need lIIore places to
thrive".

Trails require far greater
sensitivity than has been given
them in the past. We fail in our
mission, when we look at the
design of a trail in a purely
physical sense. Our AASHTO
design criteria, wonderful for
highways, limit our under­
standing of how to work with
trails. Trails must fit into
nature, not the other way
around.

Penciled in the margins of a
book I recently read, The
Experience ofPlace, by Tony
Hiss, I jotted this note: "Too
many cities in America have
become places to survive. We
need more places to thrive."
What was I thinking? I had
just re-read Jane Jacobs' book,
The Death and Life ofGreat
American Cities. Both her

! book and Tony's emphasized

SO 1• Introductorv Eu"v

You may well ask, "What's an
essay doing here in the middle
of this book?" Good question.
In response, there is a vast
difference in what we, as
designers, seek to achieve with
a trail, as compared to a road­
way. It is necessary to look at
trails as features of the land,
adding value to the experience
of place.

People need immediate places to refresh, reinvent themselves. Our surroundings,
built and natural alike, have an immediate and a continuing effect on the way we
feel and act, and on our health and intelligence. These places have an impact on
our sense ofself, our sense ofsafety, the kind ofwork we get done, the ways we
interact with other people, even our ability to jUnction as citizens in a
democracy. In short, the places where we spend our time affect the people we are
and can become. ..... Tony Hiss, The Experience ofPlace

•

•

•

•

•

It

..
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how we have become lost in cling journey from Alaska to is a trail. This trail has endured

our need to create real places. Argentina for National Geo- largely because it focuses

• where individuals can enrich graphic. We were following the movement in a natural way. It

their lives. mountainous backbone of the is far less efficient in moving
Western Hemisphere. We goods than a road. Ifpeople

Urban settings can and should spent our time equally on roads want to go thirty, forty or fifty
be designed as places to live. and on trails. We preferred the miles an hour, it won't work.

• Trails, greenways and other trails for more reasons than
open spaces are just as vital an those that are obvious. Today, when I go back to nature
ingredient of succesful towns to re-invigorate myself, I may
or cities as efficient highways. The Sonora Desert in Baja, find an adventuring friend or
If trails and highways are Mexico is a natural space. The two and head for California's

• going to be designed or at least road here, sinewy and rugged, Anza Borrego Trail. Like the
funded by the same profession- was built from a former animal Baja, it is another place in the
als, then we need to make sure trail. The designers were Sonora, forgotten by time.
that these designers understand people attempting to move Although Jeeps and Bronchos
the distinction between high- themselves and goods by (oot, share the space, the jeep road

• ways and trails. To detail these burro, or wagon. They had no will never be widened. Noth-
differences, I take you back a spare labor, so they carved this ing will ever go fast here. The
step to a very different place. road by pick, shovel and wheel Anza Borrego is an historic
The time is 1972. barrow. But mostly they just trail. By law it's features are

let the wagon wheels etch the preserved for all of time. And

• When I took the above photo, I land. The builders never that is why the Anza Borrego
was absorbed in nature. My attempted to undo a kink, Trail is worth returning to,
wife, companions and myself change a grade or tunnel into a again and again.
were into our seventh month of hillside. The land kept its
a one and a half years bicy- natural form. Indeed, the road

• 5-2
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people find cheering, attractive,
sparkling, comfortable, reassur­
ing, and welcoming.

We all have our favorite walk­
ing and riding places. As
designers it is our task to learn
why these places are so special.
Once we understand these
principles, then we can begin to
apply them to our own trail
designs.

Finally, where I caution the
reader to pay close attention to
the standards and guidance
found in this section, I urge that
equal attention be devoted to
how and why a trail must first
serve the land through which it .
passes'. Take down no unneces­
sary trees, work within.the
natural terrain, narrow when
you must for short distances.
Never speed up bicyclists or
skaters when your quest is to
preserve the land.

We have overbuilt many road­
ways in America. We can afford
to do that. We cannot afford to

" For me a ride along Boulder
Creek in Boulder, Colorado is a
yearly must; as is a stroll
through Stanley Park in British
Columbia. The vista's there are
like none other. Where I enjoy
"people watching" as I ride or
stroll the trails of Santa Bar­
bara, South Beach or Venice,
these places fail to give me trail
"experiences" like the former
ones.

reward. And as I encountered
others on these trails it became
obvious that they too were off
in private worlds of thought
and contemplation. "These
trails are working", I said to
myself, as I attempted to
capture first in my own mind,
and later with camera, this
special link from urban sur­
roundings to natural world.

Of course, roadways cannot do
this. They are not supposed to,
and they don't. The mission of
a roadway is to preserVe.free .
movement, to offer choice in
transportation and to move
people and goods safely and
efficiently.

The mission of trails is vastly
different. Trails allow visits
with the natural world; they do
not disturb it. At the same
time trails share places that

WhV the Anzi Borrego Ind
other Treils Work

A trail offers its users aware­
ness of surroundings. Trails
preserve vistas. Trails preserve
ecosystems which allow natural
sounds to drown out urban
sounds. Trails invite touch and
discovery. Trails protect and
preserve fragrance. The trail
experiences offer users feelings
of bigness and connection with
the earth. Trails unfold mys­
tery, offer surprise, preserves
the detail. In fact, well de­
signed trails offer the hikers,
bicyclists, skaters or other
adventurers new sensations
each time they are used.

I have walked trails in Northern
European towns where I lost all
sense of self, where the only
sounds were comforting ones,
where each tum brought a new

•

•

•

•

•

•

•

•

•
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1

Trails offer a variety ofpurpose. (1) Some trails offer children a link between
cul-de-sac streets so they can go places, (2) Others offer college students a way
to study nature without getting into cars, (3) Others offer children a safe place
to move, (4) Others create a cathedral for awe inspired movement. (5) Experts
in visual preference surveys have learned to leave out scenes ofwater,
everyone responds so favorably it skews all other measures, (6) A European red
textured pathway moves this shopper gracefully through an urban space.

•

•

•

•

•

•

2

overbuild our trails. For in
making them "better," we make
the experience worse.

S10 • Definition

Multi-use trails (paths) are
facilities on exclusive rights-of­
way and with minimal cross
flow by motor vehicles. Since
bicycle paths are almost always
used by pedestrians, joggers
in-line skaters, equestrians and
bicyclists, they will subse­
quently be referred to as multi­
use trails.

Multi-use trails can serve a
variety ofpurposes. They can
provide a school age child or a
commuting bicyclist with a

shortcut through a residential
neighborhood (e.g., a connec­
tion between two cul-de-sac
streets). Located in a park,
they can provide an enjoyable
recreational opportunity.
Multi-use trails can be located
along abandoned railroad
rights-of -way, the banks of
rivers and other similar areas.
Multi-use trails can provide
bicycle access to areas that are
otherwise served only by
limited access highways and
closed to bicycles. Appropri­
ate locations can be identified
during the planning process.

Multi-use trails should be
thought ofas extensions ofthe
highway system that are in­
tended for the exclusive or

•

•

•

4
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Fails to Meet AASHTO, But is it Safe? A multi-use trail, to meetAASHTO, and
therefore current FHWA funding guidelines, must handle 20 mph turns. This 20
mph speed calls for a 95 foot turning radius, which would consumefar more
land than available to this Scottsdale, Arizona trail. The designer must answer
the question whether a particular design is safe. Balancing natural aspects and
function ofa trail and existing standards requires more knowledge.

•

•

•

•

•

•

preferential use of bicycles and
pedestrians in much the same way
as freeways are intended for the
exclusive or preferential use of
motor vehicles.

There are many similarities
between the design criteria for
multi-use trails and those for
highways (e.g., in determining
horizontal alignment, sight distance
requirements, signing and mark­
ings). On the other hand, some
criteria (e.g., horizontal and vertical
clearance requirements, grades and
pavement structure) are dictated by
operating characteristics ofbicycles
that are substantially different from
those ofmotor vehicles. The
designer should always be con­
scious ofsimilarities and differ­
ences between bicycles and motor

vehicles and how these simi­
larities and differences influ­
ence the design of multi-use
trails. The following section
provides guidance for design­
ing a safe and functional multi­
use trail.

S10.1 Sepsrstion Between
Mlllfi.Use Trails and Roadwavs

When two-way, multi-use
trails are located immediately
adjacent to roadways, some
operational problems may
occur:

• Unless trails are paired,
they require one direction of
bicycle traffic to ride against
motor vehicle traffic, contrary
to normal rules of the road.

Sidewalk Bike Paths Often Fail.
(1) Each driveway can be a
conflict to bicyclists. Halfofall
riders come against traffic. (2)
Where does the designer place the
facility laterally? Too close to the
road and there are serious
operational problems. The
motorist blocks the path, and some
bicyclists are inclined to go to the
front. Too far back the turning
motorist picks up speed andfails to
notice the crossing. This motorist
lost in court when the bicyclist was
injured while going in front.

1

2

Sometimes safety needs can be met
by careful placement ofusers. (3)
Stanley Park recommends all
wheeled users stay to the left,
away from the water. Ifadhered to,

.. this low wall, importantfor vistas, .
. is safe for pedestrians.

•

•
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This movement greatly in- wrong side of the street to get 1

• creases Class C and F bicycle to the path. Wrong-way travel
crashes (See Section 3). The by bicyclists is a major cause
designer is often left with of bicycle/automobile crashes
complex placement issues. and should be discouraged at

• Should the facility be placed every opportunity.
close to the highway creating
turning/merge conflicts at the • At intersections, motorists
intersection? Should it be entering or crossing the road-
placed at the back of the right- way often will not notice Every driveway is a conflict. (1) An

of-way, increasing detection bicyclists coming from the adult bicyclist, moving at 15 mph

• problems at each driveway and right, as they are not expecting here, crashed into the side ofa car
exiting the drive. A settlement ofover

intersection? Shrubs, other or looking for contra-flow $500.000 was assessed against the
vegetation and fencing can vehicles. Even bicyclists motorist. (2) Parallel paths often face

hide the bicyclist from the coming from the left (the barriers and challenges.

motorist. expected direction) often go• unnoticed, especially when 2

• When the path ends, bicy- sight distances are poor.
clists going against traffic will
tend to continue to travel on • Bicyclists using the roadway

• the wrong side ofthe street. are often subjected to harass-
Likewise, bicyclists approach- ment by motorists who feel
ing a path often travel on the that, in all cases, bicyclists

•

•

•

• Left: Captiva Island Residents were divided nearly 50150 on installing a bi-directional bike path behind these trees.
Although the facility has not been built. islanders are united now on building a facility that includes mostly paved
shoulders, with some traffic calming elements where narrow lanes must be shared. Right: Sanibel Island residents duck
under a tree nearly a foot below standards. Off-road bicycle facilities have numerous problems and issues not easily
resolved. When these trails are proVided, safety must be the primary issue

5- 6



•

•

•

•

1

Section S - Multi-Use Trails

•

•

•

•

•

•

should be on the trail instead.
Many bicyclists will use the
roadway instead of the multi­
use trail because they have
found the roadway to be safer,
less congested, more conve­
nient, or better maintained.

• Bicyclists using multi-use
trails generally are required to
stop or yield at all cross streets
and driveways. Whereas,
bicyclists using the roadway
usually have priority over cross
traffic, because they have the
same right ofway as motorists.

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

• Because of the proximity of
motor vehicle traffic to oppos­
ing bicycle traffic, barriers are
often necessary. They keep
motor vehicles separated from
multi-use trails and bicyclists
from traffic lanes. These
barriers can represent obstruc-

tions to bicyclists and motor­
ists. They can complicate
maintenance of facilities and
cause other problems as well.
(3) There will be good horizon­
tal and vertical alignment
providing safe and frequent
passing opportunities.

Sidewalk Bike Paths. (1-2) This community has chosen to place a bi­
directional bike path parallel to this roadway. Exotic signing and measures
do not eliminate motorist/bike crashes. The frequency ofdriveways and
intersections alone is ample reason to not build parallel bike paths in most
locations. Bike lanes work better for everyone. (3) Another problem is the
bike/ped conflict -- who belongs where? (4) Santa Barbara has had its bi­
directional bike path parallel to this major road for many years. The risk still
persists. Note, the motorists entering or exiting this roadway are surprised by
bicyclists, especially from their right (entering motorist) or coming up behind

'Ifming11l()torist) .

5-7
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Post Rules ofEtiquette. London,
Ontario proVides these rules for trail
etiquette; including "go slow when
there are crowds, keep to the right
except when passing, warn others
when passing".

S10.2 Wheels n' Heels
Is it best to mix bicyclists,
pedestrians, equestrians or to
keep them separate? The
question is best answered in
terms of volume and exotic
type. Horses do not mix well.
Horses prefer a softer surface
and a space away from wheeled
things. At low volumes of each
group a fully mixed trail is
observed to work. Once vol­
umes increase there is a need to
provide separate spaces. In­
creased volume also requires
lower operating speeds. The
most universal answer is to
provide a simple "Wheels n'
heels" design shown in these
photos. Circular pathways
normally restrict wheeled
vehicles to one direction.

Right: A roller skater (single arrow)
approaching two bicyclists swerved
to pass between the bicyclists and
four pedestrians (white papers),
clipped the left bicyclist and fell at
the heels of the pedestrian,
shattering her ankle. The skater
skated, and so the pedestrian sued
the park. The park won the case on
having provided adequate width and
design for mixed trail use.

•

•

•

•

•

•

•

•

•
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•

•

•
Left: The Venice Beach Bike Path, well used and most photographed in the
nation. The pathway is a 15.0foot (4.5 m) wide facility in most locations.
Right: The newer Long Beach Bike Path boasts a 17foot( 5.2 m) width.

•
i
I•

•

•

•

•

520 . Width and
Clearance

The paved width and the
operating width required for
multi-use trails are primary
design considerations. The
photo above depicts a multi-use
trail on a separated right-of­
way. Under most conditions. a
recommended paved width for
a two-directional multi-use
trail is 10-12 feet (3.0-3.6 m).
In some instances, where a
trail is a link or connection, a
minimum of 8 feet (2.4 m) can
be adequate. Thisminimum
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.

(4) The path will not be sub­
jected to maintenance vehicle
loading conditions that would
cause pavement edge damage.

520.1. Increasing Width

Under certain conditions it
may be necessary or desirable
to increase the width ofa multi­
use trail to 12-22 feet (3.6 - 6.6
m). Examples include:

• substantial bicycle volume

• probable shared use with
joggers, in-line skaters and other
pedestrians

-. use by large. maiJltenance
vehicles -

• steep grades .

• places where bicyclists will be

likely to ride two abreast.

Wide paths may benefit by
designating separate sections
for use by "wheels and heels."

5-9

520.2 Trails Are Two-Wav Facilities

The minimum width of a one­
directional, multi-use trail is 5
feet (1.5 m). It should be
recognized, however, that one­
way, multi-use trails almost

. certainly will be used as two­
way facilities unless effective
measures are taken to assure
one-way operation. Without
such design and enforcement,
it should be assumed that
multi-use trails will be used as

Pinellas Trail·- 12 feet + 6foot
pedestrian trail. Pedestrians use
separate trail when wheeled use is
heavy. Other times they mix by choice.
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•

•
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two-way facilities and they
should be designed accord­
ingly.

S21·HorizonNIC~8~n~s

A minimum 2-foot (0.6 m)
width graded area should be
maintained adjacent to both
sides of the pavement: however,
4 feet (1.2 m) ofclearance or
more is desirable to provide
distance from trees, poles, walls,
fences, guardrails, or other
lateral obstructions.

A 6-foot (1.8 m) lateral separa­
tion is desirable from any
embankment that would create
difficulties for bicyclists. If
this is not possible, a positive
barrier such as dense shrubbery
or chain link: fence shall be
provided. Culverts and other
drainage and piping should be
extended laterally at least 10

feet (3.0 m) from a pathway. A
wider graded area on either
side of the multi-use trail can
serve as a separate jogging
path. Any edge dropoff should
be eliminated.

Scottsdale, Arizona,voted the Most
Beautiful City in America, has one of
the most ample trails systems. This
section follows the natural curves of
the land, focused in one ofmany
floodways. It's width, just 8.0 feet
wide, fails to meet AASHTO
standards. A wider trail here,
however may not fit into the natural
features ofthe land. It's usage is
light, sight distances are ample, and
there is excellent horizontal
clearance.

Audubon Park, New Orleans,
carriageway turned into a multi-use
trail, first for walking in the sixties,
then for bicycling in the seventies,
and now for all non-motorized uses.
It's 20-22 foot width permits
bicyclists and other wheeled
devices to flow one way only. The
interior pathway is exclusively for
walking and beginning skaters.

Green Lake Trail, Seattle, Washington.
Centered in a pre~tiegious

neighborhood, the Green Lake Trail
may be America's most loved trail.
Built more than a decade ago this
trail has always operated beyond
capacity. At first conflicts were
managed by having all wheeled
movement in one direction and on one
side only. Environmental issues kept
the trail from being widened.
However, the trail is to be widened to
meet its ever increasing popularity.

•

•

•
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Horizontal clearance to surface
objects is 2.ofeet (0.6 my, with 4.0feet
(1.2 m) for standing objects such as
trees, poles, guardrail or trashcans.
Above, Amsterdam to Harlem pathway
maintains an excellent canopy, with a
well spaced planting of trees.

On the right, Santa Barbara's coastal
bike path, like many others, has trash
cans within the recovery area. Why?
"The maintenance crews prefer it this
way" a park manager related. Both
trail users and the trash collection
staffcan walk the extra distance.
Safety comes first.

Below: If the side slope is more than
6% within 6 feet (1.8 m) it is vital to
place a positive barrier to eliminate
loss of control. The barrier wall or
top rail should be at least 4.5 feet
(1.4 m) high to prevent toppling, and
can be designed to allow viewing.

A wide separation between a
multi-use trail and adjacent
highway is desirable to con­
finn to both bicyclists and
motorists that the multi-use
trail functions as an indepen­
dent way for bicycles. When
this is not possible and the
distance between the edge of
the roadway and the multi-use
trail is less than 5 feet (1.5 m),
a suitable physical divider may
be considered. Such dividers
serve both to prevent bicyclists
from making unwanted move­
ments between path and high­
way shoulder and to reinforce
the concept that the multi-use
trail is an independent facility.

Where used. dividers should be
a minimum of 4.5 feet (1.4 m)
high. to prevent bicyclists from
toppling over it. It should be
designed so that it does not
become an obstruction in itself.

5-11

522 . Vertlcle Clearances

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

530 . 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 surface
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530.4 Horizontal Alignment lind
Super Elevation

The minimum radius of curvature
negotiable by a bicycle is a
function of the super-elevation
rate of the multi-use trail surface,
the coefficient of friction between
the bicycle tires and the multi-use
trail surface, and the speed of the
bicycle.

The minimum design radius of
curvature can be derived from the
following formula:

For most multi-use trail applica­
tions the super-elevation rate
should not exceed 2% (the mini­
mum necessary to encourage
adequate drainage). A higher
cross slope cannot be handled by

530.3 Controlling Speed

prevailing winds dictate, a
higher design speed of 25 mph \
(40 km/hr) can be used. Since
bicycles have a higher ten-
dency to skid on unpaved
surfaces, horizontal curvature
design should take into account
lower coefficients of friction
for unpaved conditions.

There is growing concern that
the 20 mph (AASHTO) design
speed may create too great of a
differential between families
riding and those using a trail
for conditioning (8-20 mph
span). Designers are encour­
aged to use reduced speeds,
especially on approaches to
intersections, where the condi­
tions may call for reducing the
approach speed. Unless the
speed reduction is obvious,
posting of the recommended
speed and changed condition is
essential (See MUTeD).

In general, a minimum design
speed of 20 mph (30 km/h)
should be used: however. when
the downgrade exceeds 4
percent. or where strong
prevailing tailwinds exist. a
design speed of 30 mph (50
km/h) is advisable.

530.2 lower/Higher Design Speeds

530.1 AASHTO Design Speed

condition and location of the
multi-use trail, the speed and
direction of the wind, and the
physical condition ofthe bicy­
clist. Multi-use trails should be
designed for speeds that are at
least as high as the preferred
speed ofthe fastest bicyclists.
However, trails should not be
designed to encourage speed.

On unpaved paths, where
bicyclists tend to ride slower, a
lower design speed of 15 mph
(25 km/h) can be used. Simi­
larly, where the grades or the

•

•

•

•

•

•

•

•

•

•
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wheelchairs or 3-wheelers. The
minimum super-elevation rate
of 2% 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
multi-use trails can be assumed
to vary from 0.30 at 15 mph
(25 km/h) to 0.22 at 30 mph
(50 km/h). Although there are
no data available for unpaved
surfaces, it is suggested that
friction factors be reduced by
50% to allow a sufficient
margin of safety. Based upon a

super-elevation rate (e) of 2%,
minimum radii of curvature
can be selected from Table 1.

~iIllll.l:fl
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When substandard radius
curves must be used on multi­
use trails because of right-of­
way, topographical or other
considerations, standard curve
warning signs and supplemen­
tal pavement markings should
be installed in accordance with
the MUTeD. The negative
effects of substandard curves
can also be partially offset by
widening the pavement
through the curves.

531 . Grade

Grades on multi-use trails
should be kept to a minimum,
especially on long inclines.
Grades greater than 5% are
undesirable, because ascents
are difficult for many bicy­
clists to climb and descents
cause some bicyclists to
exceed the speeds at which
they are competent. Where
terrain dictates, grades over
5% and less than 500 feet (150
m) long are acceptable, when a
higher design speed is used and
additional width is provided.
Grades steeper than 3% may
not be practical for multi-use
trails with crushed· stone
surfaces~

S31. 1 Steep Grades

Grades can be increased to
6% for bridges where wide
paved shoulders [10 feet (3.0
m)] or paths are provided and a
leveling off at the base permits
adequate recovery before an
intersection or other conflict
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Figure 2 is used to select the
minimum length ofvertical
curve necessary to provide
minimum stopping sight
distance at various speeds on
crest vertical curves. The eye
height of the bicyclist is
assumed to be 4.5 feet (1.4 m)
and the object height is as­
sumed to be zero to recognize
that impediments to bicycle
travel exist at pavement level.

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
multi-use trails, the sight
distance in descending direc­
tion, that is, where "G" is
negative, will control the
design.

Figure 3 indicates the mini­
mum clearance that should be
used to line-of-sight obstruc­
tions for horizontal curves.
The lateral clearance is ob-

S32 •Sight Distance

point. ADA!ADAAG rules
apply (level are is needed for
10 feet each 30 feet).

To provide bicyclists with an
opportunity to see and react to
the unexpected, a multi-use
trail should be designed with
adequate stopping sight dis­
tances. The distance 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 arid the pavement, and
the braking ability of the
bicyclist.

Descending this grade (1J %) for 900
feet, calculate the speed ofa
freewheeling bicyclist. Working with
the reaction times and maximum
deceleration rate, will an average
bicyclist discover this turn in time to
slow to a safe cornering speed?

Full size copies of Figures 1-3
are found in the appendix.
Figure 1 indicates the mini­
mum stopping sight distanc<:i
for various design speeds and
grades based on a total percep­
tion and brake reaction time of

•

•

•

•

•

•

•

•

•

•
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feasible, consideration should
be given to widening the trail
through the curve, installing a
yellow center stripe, installing a
curve ahead warning sign in
accordance with the MUTeD,
or proper combination of these
alternatives.

following principles apply.
Trail intersections with road­
ways are important consider­
ations in multi-use trail design.
If alternate locations for a
multi-use trail are available,
the one with the most favor­
able intersection conditions
should be selected.

S41 - limited Access Crossings

. For crossing freeways and
other high-speed, high-volume
arterials, a grade separation
structure may be the only
possible or. practical treatment.
Unless bicycles are prohibited
from the crossing highway,
providing for turning move­
ments must be considered. In
many cases, however, the cost
of a grade separation will be
prohibitive.

542 . TriU/RoldwIY

•

•

•

•

I

tained by entering Figure 11
with the stopping sight dis­
tance from Figure 9 and the
proposed horizontal radius of
curvature.

Bicyclists frequently ride two
abreast on multi-use trails;
and, on narrow multi-use trails,
bicycli_st~ have a tendency to
ride near the middle' of the
trail.· For' these reasons, and
because of the serious conse­
quences of a head-on bicycle
crash, 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

540 . Intersections
The Department is preparing a
separate publication dealing
with trail-roadway intersec­
tions. In the meantime, the

5-15

Limited Access Crossing. The
Orlando, Florida area Orange
Blossom Trail takes advantage of
an existing railroad crossing,
adding the cage and other
refinements. It provides a critical
separated grade crossing of the. .
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Intersections

542.1 Assigning Right-of-Way

When intersections occur at
grade, a major consideration is
the establishment of right of
way. The type of traffic con­
trol to be used (signal, stop
sign, yield sign, etc.), and
location, should be provided in
accordance with the MUTCD.

542.2 Signing

Sign type, size and location
should also be in accordance
with the MUTCD. Care should
be taken to ensure that multi­
use trail signs are located so
that motorists are not confused
by them and that roadway
signs are placed so that bicy­
clists are not confused by
them.

542.3 Where to Locate Crossing

There are times when it is
preferable that the at-grade
crossing of a multi-use trail
and a highway be at a location

away from the influence of
intersections with other high­
ways. Controlling vehicle
movements at such intersec­
tions is more easily and safely
accomplished through the
application of standard traffic
control devices and normal
Rules of the Road. Right-of­
way should be assigned and
sight distance should be pro­
vided so as to minimize the
potential for conflict resulting
from unconventional turning
movements.

Special Note: By August 1996
the Department will publish a
manual on trail/roadway
intersections. Until then, the
following guidance applies.

542.4 Cro.sing Angle.

Junctions should cross at right
angles wherever possible. If
the pathway parallels a road­
way, jughandle final ap­
proaches to the crossing point
should be considered.

Bollards used to keep motorized
vehicles off of the trail are
dangerous to children and other
Jiving things. They can be hit easily
and they focus attention away from
the real danger (traffic). So don't
put them in. Most motorists don't
want to drive on the path, and there
are better ways to deal with those
who do, such as the tight curbing
shown on the facing page. (Note
fresh nick on bollard and child
being assisted)

•

I
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intersection can help with
navigation, and act as a resting
and gathering point for riders.

542.7 Motorist Tums

Intersection design should
limit turning speeds so that
motorists do not exceed 10
mph (15 kmJh) for right turns
and 20 mph (30 km/h) for left
turns. At crossings of high
volume multi-lane arterial
highways where signals are not
warranted, consideration
should be given to providing a
median refuge area for bicy­
clists and pedestrians.

Bicyclists, elderly adults, and
mobility disabled all need
median cuts as well as cuts
through channelized islands
(See illustration, top left).

542.5 Motorist Advance Waming

Advance warning signs of all
crossings should be in advance
of the intersection by at least
twice the minimum stopping
distance for that intersection.

Changes in surfaces can alert
the bicyclist to upcoming
intersections. Brick or stone
(or concrete cut into asphalt)
inserts across the path are one
method. Bright red edge
striping or a change in the
surface color is another.
Changing the asphalt mix to a
coarser grade would give a
rougher surface suggesting a
slower speed to be used. A
speed bump or a change to a
loose surface is not recom­
mended. A pullout near the

5-17

542.6 Bicyclist Advance Waming

Dutch trail crossing employs double set of medians, one
for bicyclists, the other for motorists. The medians and
tight geometries force low speed approaches by both
groups, creating near ideal crossings of lower
volume roadways. The Davis,
California crossing (previous page)
can be easily converted to one

similar to the above.

Waiting. Significant trail crossings
should be designed with pleasant
waitingareas with benches, water
and other features backfrom the trail.
Children sometimes arrive before
their parents. An out ofthe way place
to rest and wait benefits all

•

•

•

•

•

•

•

•

•

•

•
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Priority Backwards. Two minor
dirt roads serving about 30 houses
cross here. The homes generate no
more than 100 auto trips a day..
Meanwhile, there are over 2000 trail
users. The designer assigned the
through movement to the minor
traffic. Bicyclists quickly learn that
the signs are "crying wolf'. This
leads to disregard for this and other
stop signs by trail users. It also
creates confusion among motorists,
most ofwhom stop for trail users.

Below: This British design solves
many operational (stop sign)
problems. In many cases the bicyclist
and pedestrian deserve and require
precedence over motor traffic.
Assigning the through movement to
the motorist, no matter what the
respective volumes, not only sets the
wrong tone, it creates unsafe
movements of autos, pedestrians
and bikes. Note that the use of this
speed table forces a low speed
motorist crossing. This design is
appropriate when motorized
crossings are under 1000 ADT, and
when speeds are at or below 30
mph on approach.

S43 . Who Has The Right-of.WaV?

A common mistake at an
intersection is to assign the
through priority to the wrong
traffic. Some designers
assume that because the bicy­
clist has more to lose if hit by
an auto, then the bicyclist
should stop at virtually all
intersections, including drive­
ways and even sidewalks. This
assumption is incorrect. It can
lead to unsafe practices, confu­
sion, and increase the potential
for a bad crash.

The Manual on Uniform Traffic
Control Devices, and the
principles of law in the Uni­
form Vehicle Code are clear on
who should yield to whom:

MUTCD, 2B-5 - Warrants for
Stop Sign:

"Where two main highways
intersect, the STOP sign or
signs should nonnally be
posted on the minor street to
stop the lesser flow of traffic".

"Where two main
highways intersect, the
STOP sign or signs
should normally be posted
on the minor street to
stop the lesser flow of
traffic."

Another common operations
error is to stop traffic in both
directions when there is a clear
majority of movement "just to
be safe". This also leads to
confusion. Four-way stops can
be applied when there are
similar volumes of traffic in
each direction, or other special
conditions. However, 4-way
stops are even more tricky with
trails than they are with road­
ways. There is a general
tendency for motorists at 4­
way stops to over-yield to
bicyclists, again creating
unsafe expectations and prac­
tices. At times a motorist
motions one bicyclist on in one
direction, starts up, only to be
confronted by a bicyclist
coming the other direction.

•

•
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When in doubt, stick with the
general warrants in the
MUTCD under stop controlled
intersections. These warrants
and practices are well tested
and proven. The principles
apply to bicyclists much better
than the "I'll protect the bicy­
clist by having them stop"
engineering approach.
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The University of North Caro­
lina Highway Safety Reserarch
Center (HSRC) studied 60
Florida trail intersections to
learn essential principles to
retrofit these intersections and
to apply the same principles to
future trail crossings. A copy
of the full study can be ob­
tained by writing to the Florida
Department oj Transportation
Maps and Publications Office
(price $8).

S44.1 KeV Findings

The following conclusions are
reached and have applications
statewide.

S44.2 Four Way Stops

Four-way stops are ineffective
and can constitute a hazard.
Motorists tend to stop, and
bicyclists rarely do. This
creates a false sense of security
that can lead to a collision.

S44.3 High Speed Roadwavs

Assignment of right-of-way is
critical. For higher speed
crossings of 40 and greater
right-of-way is always assigned
to the motorist.

S44.4 Medium Speed

Right-of-way can be assigned
to trail users when their vol­
umes are highest and motorist
speeds are at 30 mph. Use
traffic calming to further slow
the speed of motorists.

544 · Trails
Crossing
Roadwa,s
Research

S44.S Low Speed RoadwlVs

Right-of-way can be assigned
to trail users when their vol­
umes are highest and motorist
speeds are 20 mph or less
without using traffic calming.

5-19

S44.6 Solutions to Common
Intersection Crashes

• Provide adequate
stopping sight distances for
motorists and trail users.

• Reduce conflict speeds by
controlling the approach speed
for either or both the trail user
and motorist.

• Turning conflicts are reduced
by placing the trail crossing as
close to the intersection as
possible.

• Medians are helpful, even on
2-lane roads, to act as a traffic
calming feature, and to sepa­
rate conflicts in time and
place.

• Trail crossings should be at
90 degrees. But, when needed,
it is possible to skew the
crossing to 75 degrees and still
only add 4% to the crossing
distance.

• Properly placed overpasses
on trails will be well used,
especially if at-grade crossings.
are complex, require excessive
waits, or poze high speed
conflicts.

• Signal cycles must be re­
sponsive to bicyclists, and
should not require an excessive
wait.
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S4S • Median Refuge

A refuge is a place in the
middle of a 2-lane road, and
especially multi-lane high­
ways, where bicyclists and
pedestrians can wait safely
before crossing the next lane
of traffic. A refuge allows a
trail user to cross one direc­
tion of traffic at a time with­
out waiting until both direc­
tions are clear. A refuge
separates conflicts and simpli­
fies the crossing procedure.
The refuge can be simply a
cut in the existing median or a
structure can be built specifi­
cally as a refuge. Although
they can be used on 2-lane
roadways, they are especially
helpful on multi-lane road­
ways.

•
Median details. Top left, clockwise: (1) Davis goes under, but connects to the street, (2) Hitching post helps bicyclist
wait, (3) Wide median aids Orlando bicyclists, Ringling Art Museum rotates new art into median twice a year, (4) Signs
are helpful, but make sure they don 't create a sight distance problem, (5) Portland forces pedestrians and bicyclists to
look at the train that will hit them first, (6) median construction detail from Denmark.

•

•

•
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546 . Bicvcle Crossing Signals
Often multi-use trails

intersect busy roads and thus
need signals. Instead of
traffic lights, a flashing
bicycle crossing signal can be
used. This signal can be a
pedestrian crossing signal that
has been modified for cyclist
use. The signal actuation
mechanism should be
mounted beside the path
approximately 4 feet (103m)
above the ground. This allows
the cyclist to activate the
signal without dismounting.
Another method of activating
the signal would be a detector
loop in the trail. At some
crossing locations, where
optimum progression is not a
factor, the designer may
consider giving the multi-use
trail user a "hot response" or
immediate call, to encourage
bicyclists with the shortest
possible wait. This feature
increases the number of trail
users that wait for the signal.

547 . Staircases

Staircases can pose a
problem for cyclists if the
bicycle has to be carried up or
down the staircase. A simple
solution is to build concave or
trough type ramps on either
side of the staircase. These
ramps allow bicyclists to roll
their bicycles up or down the
staircase without having to
carry them. Each ramp should
be at least 6 inches (150 mm)

wide. Preferably there should
be two ramps; one for ascend­
ing and the other for descend­
ing. A concave ramp is pre­
ferred as it will help keep the
bicycle wheels centered on the
ramp.

5-22

Staircases, Signals, signs and
markings
Top, right: (1) This Japanese
staircase is a helpful solution to top

'deck parking (2) Pedestrians on the
Santa Monica Bike Path behave as
expected, walking on pavement vs
sand, (3) arrows provide
directionality through roundabout,
(4) pavement markings indicate
bicycling side and direction, and (5)
Canadian signal confirms Bike
Xing.

(1)

(2)
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Above, (1) pavement 20 years later,
(2) new concrete will last over 50
years with low maintenance, (3) no
matter what type ofsurface, it must be
above grade, not below, as shown
here, (4) hardened soil promotes
lower speed movement.

SSO . Signing and Marking

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

550.1 Use of Centerline and Edgeline

A designer should consider a 6
inch (150 mm) wide yellow
centerline stripe to separate
opposite directions of travel.
This is particularly beneficial
in the following circumstances:

• For heavy volumes of bicycles
• On vertical and horizontal curves

with restricted sight distance
• On unlighted paths where night

time riding is expected

Edge lines can also be very
beneficial where nighttime
bicycle traffic is expected. The
desire to omit lines for aes­
thetic reasons is common, but
is contrary to operations and
safety needs.

5-23

550.2 Marking Materials

General guidance on signing
and marking is provided in the
MUTCD. Care should be
exercised in the choice of
pavement marking materials.
Some marking materials are
slippery when wet and should
be avoided in favor of more
skid resistant materials.
Adding grit to thermoplastic
increases skid resistance.

S60· Pavements

Designing and selecting
pavement sections for multi­
use trails is in many ways
similar to designing and
selecting highway pavement
sections. A soils investigation
should be conducted to deter­
mine the load-carrying capa­
bilities of the native soil and
the need for any special provi­
sions. The investigation need
not be elaborate, but should be
done by or under the supervi­
sion of a qualified engineer.

560.1 Pavement loads

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 on
multi-use trails will be sub­
stantially less than highway
loads, trails must be designed
to sustain without damage
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wheel loads of occasional sterilants should be used where provide a much lower level of• emergency, patrol, mainte- necessary to prevent vegetation service. In some low-use areas,
nance, and other motor ve- from erupting through the limestone screens, or other
hicles that are expected to use pavement. On portland cement porous materials have proven
or cross the path. concrete pavements, transverse economical.

• 560.2 Motor Vehicle Loeding
joints, necessary to control
cracking, should be saw cut to Good quality pavement struc-

Special consideration should provide a smooth ride. Nor- tures can be constructed of

be given to the location of mally this joint should be asphaltic or portland cement

motor vehicle wheel loads on spaced at twice the pavement concrete. Because of wide

• the path. When motor vehicles width, i.e. 10 feet (3.Om) wide variations in soils, loads,

are driven on multi-use trails, equals 20 feet (6.0m) space. materials and construction

their wheels will usually be at On the other hand, skid resis- practices, it is not practical to

or very near the edges of the tance qualities should not be present specific or recom-

trail. Since this can cause edge sacrificed for the sake of mended typical structural

damage that, in turn, will result smoothness. Broom finish or sections that will be applicable• in the lowering of the effective burlap drag concrete surfaces statewide. Decisions should be

operating width of the trail, are preferred over trowel based on the principles outlined

adequate edge support should finishes, for example. above and attention to local

be provided. Edge support can governing conditions. Experi-

• be either in the form of stabi- 560.4 Drivewevs, Crossings ence in highway pavement,

lized shoulders or additional At unpaved highway or drive- together with sound engineer-

pavement width. Constructing way crossings of multi-use ing judgment, can assist in the

a typical pavement width of 12 trails, the highway or driveway selection and design of a proper

feet (3.6 m), where right-of- should be paved a minimum of multi-use trail pavement

• way and other conditions 10 feet (3.0 m) on each side of structure. Experience also may

permit, eliminates the edge the crossing to reduce the identify energy conserving

raveling problem and offers amount of gravel being scat- practices, such as the use of

two other additional advan- tered along the path by motor sulfur extended asphalt, asphalt

tages over shoulder construc- vehicles. The pavement struc- emulsions and fused waste

tion. First, it allows additional ture at the crossing should be materials.• maneuvering space for bicy- adequate to sustain the ex-
570· STRUCTURESclists. Second, the additional pected loading at that location.

construction can cost less than In areas where climates are
constructing shoulders because extreme, the effects of freeze- . An overpass, underpass, small

• the separate construction thaw cycles should be aritici- bridge, drainage facility or

operation is eliminated. pated in the design phase. facility on a highway bridge
may be necessary to provide

560.3 Preperetion 560.5 Meterlels continuity to a multi-use trail.

It is important to construct and Hard, all-weather pavement

• maintain a smooth riding surfaces are usually preferred
surface on multi-use trails. over those of crushed aggre-
Multi-use trail pavements gate, sand, clay or stabilized
should be machine-laid. Soil earth, since these materials
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include the minimum 2 foot
(0.6 m) wide clear areas.
Carrying the clear areas across
the structures has two advan~

tages. First, it provides a
minimum horizontal shy dis~

tance from the railing or barrier.

•

•

•

•

•

•

•

570.1 Width

On new structures, the mini­
mum clear width should be the
same as the approach width of
the paved multi-use trail: and
the desirable clear width should

Second, it provides needed
maneuvering space to avoid
conflicts with pedestrians and
other bicyclists who are
stopped on the bridge. Access
by emergency, patrol, and
maintenance vehicles should
be considered in establishing
the design clearances of struc­
tures on multi-use trails.
Similarly, vertical clearance
may be dictated by occasional
motor vehicles using the path.
Where practical, a vertical
clearance of 10 feet (3 m) is
desirable for adequate vertical
shy distance.

Bridge designs to support
maintenance and emergency
vehicles can be prohibitively
expensive. Barriers to prevent
motor vehicle crossings, and
alternate access should be
provided to keep bridge costs
affordable.

570.2 Rillings, Fencing, Blniers

Railings. fences or barriers on
both sides of a multi-use trail
structure should be a minimum
of 4.5 feet (1.4 m) high.
Smooth rub rails should be

.attached to the barriers at .
handlebar height of 3.5 feet
(1.1 m).
Bridges combinefunction andform.
This Dutch bicycle pedestrian bridge
is a structural and architectural work
ofart. Light, color, shape and
separation ofmovement work in
harmony. Center and below:
Spokane, Washington converted a
railroad bridge to a landmark. For a
few bucks more residents for the next
century can take delight in the
skyline. Note function ofdecking.
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• 570.3 Bridges

Bridges designed exclusively
for bicycle and pedestrian
traffic may be designed for

• pedestrian live loadings. On
all bridge decks, special care
should be taken to ensure that
bicycle safe expansion joints
are used.

•
570.4 Retrofitting Bridges

•

•

•

•

•

Where it is necessary to
retrofit a multi-use trail onto
an existing highway bridge,
several alternatives should be
considered in light of what the
geometries of the bridge will
allow.

• One option is to carry the
multi-use trail across the
bridge on one side. This
should be done where:

• The bridge facility will
connect to a multi-use trail at
both ends,

• Sufficient width exists on
that side of the bridge or can
be obtained by widening or
restriping lanes and

• Provisions are made to
physically separate bicycle
and pedestrian 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:
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• The multi-use trail transi­
tions into bicycle lanes at one
end of the bridge, and

• Sufficient width exists or
can be obtained by widening or
restriping.

Because of the large number
of variables involved in retro­
fitting bicycle facilities onto
existing bridges, compromises
in desirable design criteria are
often inevitable. Therefore, the
width to be provided is best

Dark and Scary Places? They don't
need to be. The rail yard underpass
tunnel in Missoula, Montana (above)
can be a frightening place. In
contrast, the Mercer Island,
Washirtton tunnel is enjoyed by
hundreds ofbicyclists a day. The
tunnel was built wide enough to get a
police cruiser into. The tunnel is
monitored by the same staff that
monitor the auto tunnel below. Police
can be inside the tunnels within
minutes. Good lighting, art on the
entrance approaches, and the video
security have eliminated all graffiti.
There has never been an attempted
crime in the six years since the tunnel
was first opened.
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•

•

•

•

e·

•

•

•

•

determined on a case-by-case
basis, after thoroughly consid­
ering all the variables.

S70.S Tunnels

Tunnels are often considered
less successful than bridges for
reasons of security, confine­
ment, drainage and other
factors. The problems associ­
ated with tunnels can often be
mitigated in large part by
splitting the elevation change
with the roadway to be crossed,
submerging the tunnel half way
and raising the roadway the
other half. If a multi-lane
highway is being crossed, a
skylight can be used to flood
the tunnel with light at midsec­
tion.

S80 . Other Trail Features

58 1• Draln~ge of Trail

The recommended cross slope
of 2% adequately provides for
drainage. Sloping in one direc­
tion instead of crowning is

preferred and usually simpli­
fies the drainage and surface
construction. A smooth
surface is essential to prevent
water ponding and ice forma­
tion.

S81.1 Intercepting Water

Where a multi-use trail is
constructed on the side of a
hill, a ditch of suitable dimen­
sions should be placed on the
uphill side to intercept the
hillside drainage. Such ditches
should be designed so that no
undue obstacle is presented to
bicyclists. Where necessary,
catch basins with drains should
be provided to carry the
intercepted water. Drainage
grates and manhole covers
should be located outside the
travel path of bicyclists. To
assist in draining the area
adjacent to the multi-use trail,
the design should include
considerations for preserving
the natural ground cover.
Seeding, mulching, sodding of
adjacent slopes, swales and
other erodible areas should be

5-27

included in the design plans.
582 - Lighting

Fixed-source lighting reduces
crashes along multi-use trails
and at intersections. In addi­
tion, lighting allows the bicy­
clist to see the trail direction,
surface conditions and ob­
stacles. Lighting for multi-use
trails is important and should
be considered where riding at
night is expected. Trails re­
ceiving night-time usage
commonly serve college
students or commuters.

S82.1 Intersection Lighting

Lighting is essential at high­
way/trail intersections. Light­
ing should also be considered
through underpasses or tun­
nels, and when night-time
security could be a problem.
Depending on the location,
average maintained horizontal

Left: Drainage details are essential.
A 32-year old woman became a
paraplegic here when her wheel
dropped into the channel. By
carrying the pipe through the
recovery area (AASHTO standardfor
any roadway) she would have
maintained stability. Right.'
European trail lighting.

Left: Vancouver,
Washington
development
with inset trail
lighting.
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Plenty ofSeating Please. Place
seats or benches wherever a sixty-ish
person walking your trail would like
to rest. Water, restrooms, shady
picnic spaces, bike repair shops,
telephones, and markers all make
more sense after you've walked and
ridden your trail a dozen or so
times. Provide frequent places to
rest (every 400 mY. Rest areas are
best placed in a combination of
scenic spots and near intersections
or other activity centers.

illumination levels of 0.5 to 2.0
foot-candles (5-22 lux) should
be considered. Where special
security problems exist, higher
illumination levels may be
considered.. Light poles should
meet the recommended horizon­
tal and vertical clearances.
Luminaries and poles should be
at a scale appropriate for a
multi-use trail. Lighting should
be placed wherever there is
signage and accessible electric- .

ity. This is particularly impor­
tant for warning signs. All
intersections should be lit far
enough back from the intersec­
tion in order to allow the bicy­
clist and motorist enough time to
see the intersection and act
appropriately. The effect of
incidental lighting on the path
and on cyclists also needs to be
considered. The most common
example occurs when a path
parallels a road. The lights of

•

•

•
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S83 •Orange Blossom
Trail's "Mother of all
Trailheads"

Section s· Multl·Use Trsils

It's the "Mother ofAll Trai/sheads", claims author Dan Burden. Orlando
area designers deserve special praise for thinking through all details, from
the shaded southern plantation style porch complete with rocking chairs, to
the water bottle spickot on the backside of the drinking fountain, to the
porous parking lot for autos, to the nicely worded temporary trail end. It's all
there. An inspiration to all present andfuture trail designers.
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584 . Navigational aids,
public art, trash
cans and other
things of importance.

•

•

OK. ...so it doesn't look like a
technical manual anymore. We
need ways to protect and preserve,
to celebrate, to navigate, Public
spaces are supposed to be fun .
inviting, clean and respectful of the
land. There are many details the
designer must pay special attention
to, including making room for
public art, and separating the
trash.

•

•

It
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Without the view it's not a trail. It
doesn't require mountains or an
ocean to be grand -- the plains,
waterwas, canals and swamps work
just fine. The designer must define
protect and preserve places of grandeur. Places like (Upper left, clockwise)
(1) BanffNational Park, Alberta; (2) Monteray Peninsula, California,' (3)
Portland, Oregon's Freeway Park, or (4-5) Seattle's Lake Washington (6-7)
This majestic view along Santa Barbara, California's coast was paid for and
dedicated by adjacent property owners. Center: Central park's many hiking
and bike trails offer numerous spots for picnicking and reflecting back on
city life.

•

•

•

•

•

•

•

•

•

5-31



• Florida Blcvcle Facilities Planning and Design Manual - 1995

•

•

•

•

•

•

•

•

•

Avoid Ballords. How did these gouges
(above and below) get here? Most
likely each scar created scars on the
rider. Use signing, tight corners and
medians to keep autos out (They don't
want to be there anyway). Design
them so that emergency vehicles can
go over the curbing or over the top.

The lights of oncoming traffic
will shine directly on bicyclists.
This can cause momentary
blindness that is dangerous on a
curving path or in the face of
oncoming bicycle traffic. In
this case low level path lighting
is recommended. The designer
should keep in mind that in
certain areas lighting is prone
to high levels of vandalism.

590· TRAIL HEADS
AND
REST STOPS

Any long multi-use trail or trail
network needs rest stops. These
should be at intermediate
points, scenic lookouts, or near
amenities such as restaurants,
convenience stores, beaches,
picnic areas, parking lots, etc.
Any rest stop should be away
from the path so bicyclists can
pull off the path and not block
traffic. A rest stop should have,
at a minimum, a bench, shade,
parking rack, and trash recep­
tacle. In addition, water foun­
tains and washroom facilities
should be included at one or
more rest stops on the pathway.

591· Restriction of Motor
Vehicles

Multi-use trails often need
some form of signing, curbing,
or other physical barrier at
highway intersections to pre­
vent unauthorized motor ve-
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hicles from using the facilities.
When using medians, trail
medians, separators or islands,
use permanently reflectorized
materials for nighttime visibil­
ity and paint a bright color for
color to improve daytime
visibility. Advanced chevron
markings and a center line
should also be used to alert the
bicyclist approaching the
intersection. Curbing with
tight radii leading up to the
roadway can often prevent
motorists from attempting to
enter the path. Medians should
be set back from the intersec­
tion 25' (8m) to permit bicy­
clists to exit the roadway fully
before navigating the reduced
pathway width.

An alternative method of
restricting entry of motor
vehicles is to split the entry
way into two 5-foot (1.5 m)
sections separated by low
landscaping. Operators of
emergency vehicles know they
can still enter if necessary by
straddling the landscaping.
The higher maintenance costs
associated with landscaping
should be acknowledged,
however, before this alternative
method is selected.

592 • Mixed Uses

Bicycles and pedestrians do not
mix well in a restricted space.
Due to the complexity of
mixed-use bicyclist, in-line
skaters and other pedestrian
movements, separate bicycle



• Section S - Multi-Use Trails

and pedestrian paths should be impaired.by buildings, walls, motor vehicles at intersections,• considered as a design option property fences and shrubs as well as with pedestrians and
in portions or the full length of along sidewalks, especially at fixed objects.
a multi-use trail. Otherwise driveways.
additional width, signing and S92.2 Motors Not Permitted

• striping should be used to Bicyclists riding on sidewalks
minimize conflicts. can be expected in residential Mopeds are not permitted on

areas with young children. multi-use trails. All terrain
S92.1 Sidewalk Pathways With lower bicycle speeds and vehicles and other motorized

lower motor vehicle speeds, vehicles are normally kept out
Providing a sidewalk multi-use potential conflicts are some- by peer pressure (self-polic-• trail is unsatisfactory for a what lessened, but they still ing). New electric bicycles,
variety of reasons. Sidewalks exist. This type of bicycle and any other motor-assisted
are typically designed for sidewalk use is generally vehicles are also excluded.
pedestrian speeds and accepted, but it is inappropri-
maneuverabilities. They are not ate to sign a sidewalk as a When that is insufficient, cops• safe for higher speed bicycle multi-use trail or bicycle on bikes, naturalists and others
use. Conflicts are common route, if to do so would pro- are empowered to enforce the
between pedestrians traveling hibit bicyclists from using an law to prohibit motorized use.
at low speeds (or exiting stores, alternate facility that might
parked cars, etc.) and bicyclists. better serve their needs. 592.3 Equettrians• Conflicts with fixed objects
(e.g., parking meters, utility Commercial district sidewalks Using the same trail for bi-
poles, sign posts, bus benches, pose extreme risk to the cycles and horses creates an
trees, fire hydrants, mall boxes, bicyclist, pedestrian and unsatisfactory and possibly
etc.) are also common. Walk- motorist. Many communities dangerous mix. Horses startle• ers, joggers, skateboarders, in- do not permit such riding. The easily and may kick out sud-
line skaters and roller skaters designer must use care to denly, if they perceive bicy-
can, and often do, change their create alternate bicycling clists as a danger. A multi-use
speed and direction almost environments such as bicycle trail and bridle path are also
instantaneously, leaving bicy- lanes or bicycle boulevards. incompatible in their surface• clists insufficient time to react Rear access into shopping design requirements. Bicycles
to avoid collisions. plazas and malls also reduces function best on hard surfaces;

the frequency of bicyclists horses ~ction best on soft
Similarly, pedestrians often using commercial sidewalks. surfaces...A compromise to
have difficulty predicting the accommodate both would'• direction an oncoming bicyclist It is important to recognize result in a less than adequate
will take. At intersections, that the development of ex- surface for both. Separate
motorists are not often looking tremely wide sidewalks does portions of the R-O-W should
for bicyclists (who are travel- not necessarily add to the be used for equestrian needs.
ing at higher speeds than safety of sidewalk bicycle.. pedestrians) entering the travel. Wide sidewalks en-
crosswalk area, particularly courage higher speed bicycle
when motorists are making a use. Increased speed increases
turn. Sight distance is often the potential for conflicts with

• 5-33
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Section 6
600 ·

Supplemental
Facilities, Laws
and Operations

Single racks can be simple. One of
the best is the simple hitching post,
which offers ample locations for
locking the bike, or simply resting
the bike when seating is nearby.

This Danish circular rack is one of
the most space conscious and
attractive. Parking should be kept in
public view, under lighting when
available, and near all rest stops,
attractions and scenic views.

60 1. Parking

Provision for bicycle parking
facilities is perhaps the most
important link in a comprehen­
sive bicycle facilities system.
This is an essential element in
an overall effort to promote
bicycling. If parking is not
available, the incentive to use
bicycles as a means of trans­
portation is seriously under­
mined.

5- 34

601.1 Need For Parking

Where adequate parking is not
provided or properly designed
and located, bicyclists will lock
their bicycles to the nearest
available object, whether it is a
tree, a post, a parking meter or
a handicap hand-rail. This
random parking is undesirable,
as it can damage the object,
produce bicycle clutter, inter­
rupt the nonnal pedestrian flow
and be potentially dangerous to
pedestrians.
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• 60 1.2 Planning Details 620 . Transit Links, bV
Several factors should be land and water
considered when planning and
providing bicycle parking
facilities:

•
• Care should be given in
selecting bicycle parking
locations to ensure that bi-
cycles will not be damaged by

• motor vehicles. Getting There. Trails work better
when you don 't need lots ofauto

• Facilities should be designed parking. Consider a long term

so that people parking their
investment in land, water, rail and air
transportation. Today there are

bicycles will not disturb other many trails that have limited ways to

• parked bicycles. get there. Even when there are buses
or trains, there may not be a way to

• Facilities should be able to transport bicycles.

accommodate a wide range of
bicycle shapes and sizes in-

• cluding tricycles and trailers if
used locally.

• Facilities should be simple
to operate. If possible, signs

• depicting how to operate the
facility should be posted.

Bicycle parking facilities
should be provided at both the
trip origin and trip destination• sites and should offer protec-
tion from theft, vandalism and .
other damage. The amount of
security needed to prevent theft

• should be evaluated for each
area. Often racks or lockers
perform best when in clear
view of the main entry where
any tampering would be no-

• ticed. Racks placed as little as
50 feet (15 m) out of view may
go completely unused. Signs
should be used to indicate the
placement of bicycle parking.

• 5-35
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The wide variety of bicycle 630 . Other Supplementala 640 . Operation and• parking devices fall into two
Facilities Maintenancecategories of user needs:

Commuter or long-term park- In addition to bicycle parking The agency responsible for the
ing, and convenience or short- facilities, there are several control, maintenance and

• term parking. The minimum other improvements that policing of bicycle facilities
needs for each use differ, and complement multi-use trails should be established prior to
will affect their placement and and roadway improvements. construction. Thje costs in-
protection. For example, on long, uninter- volved with the operation and

rupted multi-use trails, turnouts maintenance should be consid-

• Long-term parking is needed at or rest areas may be provided. ered and budgeted for when
locations such as employment planning a facility. Neglected
centers, transit or subway Provisions should be consid- maintenance will render bi-
stations and multi-family ered for interfacing bicycle cycle facilities unrideable and
dwellings. Facilities should be travel with public transit. increase risk to those who do

• provided which secure the Improvements can include ride. Trail users should be
frame, both wheels, and acces- racks on buses, buses converted encouraged to report trails and
sories. These facilities should to carry bicycles aboard, or roadways needing maintenance.
offer protection from the programs which allow bicycles
weather. Bicycle lockers and on rapid rail facilities. Bikeways and roadways with

• attended storage areas are good bicycle traffic are often suscep-
examples of long-term parking Printing and distributing tible to having debris, such as
facilities. bicycle route maps is a highly glass or sand, accumulate in the

Short-term parking is needed at
beneficial and relatively low area where bicyclists ride.
cost project that is easily Therefore, regular sweeping is

• locations such as the main
accomplished. Maps can help necessary. A smooth surface,

entrance of shopping centers
bicyclists locate bikeways, free of potholes and debris,

and outside office buildings for
parking facilities, and identify should be provided. The

visitors and couriers. It is also
the relative suitability of pavement edges should be

needed at libraries, recreation
different segments of the road uniform.

• areas and post offices. Facili-
system. Also, maps can help

ties should be very convenient
bicyclists avoid narrow, high Signs and pavement markings

and be near building entrances
speed, or high volume roads,. should be inspected regularly·

or other highly. visible areas
one-way streets, barriers, and and kept in good condition.

which are self-policing. The
other problems. In addition, Highways with bicycle traffic

• facilities should be designed so
maps can provide information may require a more frequent

that they will not damage
on Rules of the Road, bicycle and a higher level of mainte-

bicycles. Bent rims are com-
safety tips, and interfacing with nance than other highways.

mon with racks that only
mass transit.

support one wheel.

•
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For multi-use trails, attention Several bicycle facilities reviewed before decisions are

• should be given to maintaining described in this manual can made on the type of facilities
the full paved width and not be implemented during routine desired.
allowing the edges to unravel. maintenance activities.

The design of trails and bicy-
Trees, shrubs, and other vegeta-
tion should be controlled to 650 . LAWS AND

cling facilities is a relatively

• provide adequate clearances
young science. A successful

and sight distances. Trash OTHER trail typically calls for a multi-

receptacles should be placed PRINCIPLES
disciplinary team of engineers,
planners, architects, environ-

and maintained at convenient
locations. Seeded and sodded Bicycle programs must reflect mentalists, trail users, neigh-

• areas in the vicinity of multi- applicable state laws and bors and other stakeholders.

use trails should have a regular ordinances. Bicycle facilities Design should be an interactive
schedule of mowing. If winter must not encourage or require and fun process. We hope and
warrants snow removal it bicyclists, pedestrians, or trust that this guide has given
should be in the form of plow- motorists to operate in a you new ideas and enough• ing, since deicing agents and manner inconsistent with the basics to advance the state of
abrasives can damage bicycles. adopted rules of the road as the art.

described in Chapter 11 of the
The routine maintenance of Uniform Vehicle Code (UVC).
roadways provides an excellent Happy Trails!• opportunity to improve the The UVC and state and local
bicycle travel on those roads. laws and ordinances should be '" Dan Burden

•

•

•

•
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How This Book
Was Created
The Writing
It began on my fiftieth birth­
day, January, 1994, a gift to
myself. I wanted to be true to
all who came before me. And
so I started by assimilating the
well read 1991 AASHTO Guide
For Development ofBicycle
Facilities. I took many
thoughts from the Canadian
Cycling Associations' Cycle
Planning Manual. And then, I
wrote ideas and images that
had accumulated over the
years.

The Editing
Pity the 100 or so people I
asked to contribute through
editing. I have never been a
writer. Prolific, but never a
writer. More than a dozen of
North America's best bicycle
facilities planners and design­
ers contributed excellent ideas
and helpful criticism. An
FOOT task force was formed,
which included the State
Design Engineer and State
Roadway Engineer, a trusted
traffic operations engineer, a
district coordinator, state trails
coordinator, and others. Staff
helped condense the editing
into one document, and then we
began the laborious task of
making connected thoughts out
of the many. My wife, Lys,
worked many dozens ofhours
doing preliminary and final
editing; putting real grammer,
flow and style in the document.

Trade secrets. How to obtain aerials
when the boom trucks are asleep.
Pictured below, an 80 ( 24.4 m)
square foot light "table" was used.
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The Photography
Then came the fun. I poured
through over 67,000 photo­
graphs that I had collected over
the past fifteen years in 17
countries and nearly all 50
states. I looked for clues of
what designs had done well, as
well as designs that failed.

During the spring and early
summer of 1995 I read and re­
read nine books that helped me
decide what were the most
critical visual and verbal
statements related to design.
This included books like
Christopher Alexander's Pat­
tern Language and The Time­
less Way ofBuilding. I bought
a super computer (Dell
Pentium 90, with 1.85 G of
memory, a 4 meg video card,
32 megs of ram and a .26 dot
pitch 17" screen). I bought a
Polaroid SprintScan 35 slide
scanner. I bought and prac­
ticed for weeks on Adobe's
Photoshop 3.0. I practiced and
relearned my Aldus PageMaker
5.0 skills.

The Layout

And then, in a crash 16 day
period starting the 4th of July
weekend, 1995, I worked
nearly round the clock until the
final layout was complete. I
drew upon my experience as a
college yearbook editor, and
.what I had learned studying
under National Geographic
photo editors. It was fun.
What a swell birthday present.
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Section S - Multi-Use Trails

Section 7

Contents

(1) Bicycle Laws, Florida Statutes 316.2065
(2) FDOT Roadway and Traffic Design Standards, 1995-96, Metric (Select Portions)
(3) Plans Preparation Manual (Bicycling Portions)
(4) FDOT Traffic Engineering Manual (Bicycle Portions)
(5) Part IX, MUTCD, Bicycle section
(6) Florida Greenbook selections -- Manual of Unifonn Minimum Standards for

Design, Construction and Maintenance of Streets and Highways
(7) Bicycle Lane Striping Detail
(8) Bicycle Lane Article by Dan Burden and Martin Guttenplan
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