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Re:

MEMO 2 – Caltrans Bay Area Bike Highway Design Best Practices

Introduction
The Caltrans Bay Area Bike Highway Study is evaluating opportunities for the development of “bike highways” along
State Highway System (SHS) corridors within District 4 to support bicycle commuting and increase bicycle trips. While
there is no formal classification in California for a bike highway, these facilities are designed to serve longer bicycle
trips and are characterized by physical separation from automobile and pedestrian traffic, minimal at-grade
intersections and/or bicycle signal priority, and connections to the regional bikeway network. . In the Bay Area and
California, Bike Highways may best be thought as a route “overlay” intended for a specific type of user (i.e., higher
speed, longer distance cycling), rather than a single specific facility type.
The study of bike highways within the SHS is supported by a series of transportation planning documents. The
Caltrans Strategic (2020) includes the goal to “enhance and connect the multimodal transportation network.”
Toward an Active California (2017) identifies as a strategy for achieving California Transportation Plan 2040 goals
“explore opportunities to develop a network of ‘bicycle highways’ to serve regional and interregional travel.” Finally,
the District 4 Bike Plan (2018) acknowledges the potential for “bicycle highways” along several highway corridors.
The next step for implementing these strategies is to take a district-wide look at potential bike highway corridors and
concepts while leveraging local and regional planning efforts.
Building on the findings from the Memo 1 - Bike Highways Best Practices Review, the Alta Planning + Design Project
Team performed a review of bike highway design guidance. This memo summarizes the Project Team’s findings and
provides recommendations for the design of Bike Highways (BHs) in the Bay Area and California context to inform the
Caltrans Bay Area Bike Highway Study. The memo also includes discussion of potential naming terminology for the
facility, based on international best practices and data distilled from the initial public engagement survey conducted
as part of the project.
The purpose of this Memo is to inform the development of conceptual designs for priority SHS corridors within
District 4. It is important to note that the best practices presented here are not a substitute for a more thorough
evaluation by an engineer or landscape architect, and a more focused inspection at the corridor level. These
recommendations are not intended to serve as or replace existing Caltrans standards and guidance on design and
traffic control devices for bikeways, but as informational reference.
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The document is organized into three sections:
Section 1 - Design Guidance Background provides a brief summary of design guidance documents reviewed for
the development of this document.
Section 2 - Design Best Practices for Bike Highways offers design considerations distilled from best practices
throughout the world as well as a summary of guidance of comparable facilities in the U.S. and California.
Section 3 – Recommended Approach provides a recommended approach for the implementation of bike
highways in the Bay Area context.
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Section 1 - Design Guidance Background
The following manuals were consulted as part of this project and provide recommended guidance for the conceptual
design of Bike Highways (BHs) and related infrastructure in the Bay Area. While international design guidelines do not
always translate to design guidelines within the United States and/or the state of California, new guidance may
emerge as BHs become more common in the U.S. The guidelines reviewed have been organized into two groups:

International
•

European Cycle Highway Manual [European Union]
Summarizes years of knowledge sharing and research between partners from Belgium, the Netherlands,
Germany, UK and Denmark on the development of Bike Highways. This manual aims to help professionals
that deal with cycle highway planning, design, construction, selling, maintenance, monitoring or evaluation.

•

CROW Manual [Netherlands] and Danish Collection of Cycling Concepts [Denmark]
The Dutch CROW Manual and Danish Collection of Cycling Concepts provide further international best
practice and design direction for on-street and off-street bicycle facilities, including transitions, shared
spaces, gradients, wayfinding, and other elements.

•

Guía de ciclo-infraestructura para ciudades colombianas [Colombia]
This guide presents design recommendations for the development of comfortable and safe bicycle
infrastructure in Colombia. The guide provides a full account of design standards for the urban/suburban
context in Colombia; provides decision-making tools for implementing the most appropriate bicycle facility
for each user type, presents strategies to promote the implementation of facilities and supports the process
of improving the technical capacity of Colombian jurisdictions.

National
•

American Association of State Highway and Transportation Officials (AASHTO) Bike Guide
The American Association of State Highway and Transportation Officials (AASHTO) Guide for the
Development of Bicycle Facilities (2012) is currently under update with a new and expanded edition due out
in 2020, but still serves as one of the main resources of design guidance. The guide documents best practice
for on-street and off-street (path) facilities, as it relates to the operational and safety characteristics of
different facility user types.

•

American with Disabilities Act Accessibility Guidelines (ADAAG)
The ADA Accessibility Guidelines (ADAAG) are design guidelines developed and updated by United States
Access Board, an independent federal agency, created in 1973 to ensure access to federally funded facilities.
The U.S. Department of Justice (DOJ) and U.S. Department of Transportation (DOT) each have similar ADA
Standards based on the ADAAG. The DOJ’s standards apply to all facilities except public transportation
facilities, which are subject to DOT’s ADA standards.

•

Public Right-of-Way Accessibility Guidelines (PROWAG)
The United States Access Board is developing guidelines for public rights of way, referred to as PROWAG.
Once these guidelines are adopted by the DOJ, they will become enforceable standards under title II of the
ADA. The Board’s aim is to ensure that access for persons with disabilities is provided wherever a pedestrian
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way is newly built or altered, and that the same degree of convenience, connection, and safety afforded to
the public generally is available to pedestrians with disabilities.
•

Federal Highway Administration Bikeway Selection Guide (FHWA Guide)
This document serves a resource to help transportation practitioners consider and make informed decisions
about tradeoffs relating to the selection of bikeway types. The report also highlights linkages between the
bikeway selection process and the transportation planning process.

•

NACTO Urban Bikeway Design Guide
The National Association of City Transportation Officials’ (NACTO) Urban Bikeway Design Guide (2012) is the
newest publication of nationally recognized bikeway design standards, and offers guidance on current stateof-the-practice designs for on-street bicycle facilities.

California
•

California Manual on Uniform Traffic Control Devices (CA MUTCD)
The Federal Highway Administration’s Manual on Uniform Traffic Control Devices (MUTCD) was amended by
Caltrans for use in California. The CA MUTCD provides uniform standards and specifications for all official
traffic control devices in California, such as pavement markings, signage, and traffic signals.

•

California Highway Design Manual (HDM)
The Highway Design Manual (HDM) establishes uniform policies and procedures to carry out the state
highway design functions of the California Department of Transportation.
Design Information Bulletin 82-06 - Pedestrian Accessibility Guidelines for Highway Projects:
provides guidance on pedestrian accessibility for highway projects. The DIB provides general design
guidance on how to comply with the various Federal laws and State codes on pedestrian accessibility
for public use, including the 2010 ADA Standards, PROWAG, and Title 24.
• Design Information Bulletin 89-01 – Class IV Bikeway Guidance: provides updated design guidance
for the implementation of Class IV separated bikeways and includes references to the CA MUTCD
and Federal Highway Administration (FHWA) Interim Approvals. The memo provides guidance
specific to Class IV bikeways in response to the Protected Bikeways Act of 2014. The DIB outlines
design criteria and other general guidance on best practices related to separated bikeways to
establish uniform guidance for the use of owners of these facilities.
Caltrans Bikeway Facility Selection Guidance:
•

•

This memorandum provides supplemental guidance on the evaluation and selection of bikeway facility type
using the FHWA’s Bikeway Selection Guide (FHWA Guide), published in February 2019.
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Section 2 - Design Best Practices for Bike Highways
Bike Highways around the world differ in design features and characteristics. The HDM does not provide a definition
or design criteria for Bike Highways in California (nor does AASHTO or FHWA). This section provides a summary of
international and national best practices relevant to the objective of this study of developing Bike Highways in the Bay
Area context.
Functionally, Bike Highways (BHs) are high-quality, continuous, long distance bikeway routes. Analogous to vehicular
highways, BHs are intended to emphasize mobility (i.e., distance and speed). BHs support higher-speed bicycle travel
and large volumes of people bicycling. They can serve as the backbone or spine of regional bike networks connecting
urban centers, major employment areas, or regional destinations with residential areas.
While best practices drawn from international guidelines can be used to guide BH planning decisions within the Bay
Area, they may not always be directly applied. However, the design principles for Class I Bikeways (Bike Path) are the
most equivalent to BHs as i) they require the exclusive right-of-way, ii) prohibit motor vehicle use, and iii) segregate
users (i.e., people walking, people biking) when adjacent adequate pedestrian facilities are present (see User
discussion below for more details). Class I bike paths may be referred to in other guidance as shared use or multi-use
paths. A Bike Highway route will consist of a mix of shared-use paths (Class I bike paths), separated on- or off-street
bikeways (Class IV bikeways), on-street bike lanes (Class II bikeways), and even shared facilities (Class III bikeways),
depending on specific route and context. Regardless of facility type, design best practices are intended to maximize
the bicycle mobility function while also ensuring the comfort of all users of the corridor and minimizing conflicts
between users.

Users
Before discussing design best practices, it is important to consider the types of users that may be present within a BH
corridor. While BHs are specifically focused on bicycle mobility, it is important to understand how the bikeway design
elements relate to and interact with other active transportation users within a corridor. BHs should complement the
existing active transportation network, providing an additional option for those interested in higher speed and longer
distance bicycle travel. Bike Highway designs should be based on the expected user types and anticipated volumes
and speeds for each context, and should always consider the needs of and potential interactions with pedestrians,
other rolling modes, and slower speed bicyclists using the same corridor. Engagement with surrounding communities
and stakeholders is essential in determining intended user types, their characteristics, and priorities. Figure 1 and
sections below provide a summary of user needs and provide guidance on potential spacing needs.

Design Needs for People Bicycling
Bicyclists are the primary intended user of a Bike Highway. However, as noted in the FHWA Bikeway Selection Guide
and Caltrans Bikeway Facility Selection Guidance, people bicycling and their bicycles exist in a variety of sizes and
configurations. These variations occur in the types of bicycle (such as a conventional upright bicycle, a recumbent
bicycle or a tricycle), and behavioral characteristics (such as the comfort level and experience of the person bicycling).
The path design should consider reasonably expected user types and utilize the appropriate design dimensions and
standards. People bicycling differ from people walking in several ways, such as moving at a faster pace and generally
having a higher center of gravity. Design of path curves is important for people bicycling, as are the design of ramps,
grade changes, and path surface transitions. Historically, BHs have focused on serving the Highly Confident Bicyclists
and the Somewhat Confident Bicyclists. For BHs to become more main stream in the US, they will need to focus on
providing comfortable service to the Interested but Concerned portion of the population.
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Design Needs for People Walking
While the focus of Bike Highways is on the bicycle user, BH routes exist as part of a broader transportation network
and it is essential that the needs of people walking are always considered within BH corridors. Under ideal
circumstances, BH routes would offer fully separated bicycle and pedestrian spaces, either as adjacent facilities or
within the same cross-section indicated by striping, physical barriers, or use of different surface materials. This would
include off-street Class I corridors with enough width to provide completely separate bicycle and pedestrian zones, or
urban on-street corridors where a Class IV separated bikeway exists parallel to a sidewalk. The HDM supports full
separation, noting that “no pedestrian shall proceed along a bicycle path or lane where there is an adjacent adequate
pedestrian facility.”1 However in practice off-street corridors are often constrained, leaving insufficient width for full
separation of bicycle and pedestrian users, and shared use of path space is often necessary. Ensuring that both
bicycle and pedestrian users operate safely in mixed use environments, given the difference in average walking speed
(approximate 3 mph) compared to bicyclist speed, is an essential component of the BH design.
People walking have a variety of characteristics and any facility should accommodate a variety of needs and abilities.
Age is a major factor affecting pedestrians’ physical characteristics, walking speed, and environmental perception.
Children generally have lower eye height, walk at slower speeds than adults and may be unpredictable. They also
perceive the environment differently at various stages of their cognitive development. Older adults walk more slowly
and may require assistive devices for walking stability, sight, and hearing. Regardless of pedestrian age or ability,
there is a substantial speed differential between walking speed and the speed of the target Bike Highway user (faster
speed cyclist). Facilities where pedestrians are permitted must comply with ADA standards, which include standards
for maximum slope. This is further discussed in the Grade section below.

Design Needs of Other Rolling Users
Scooters, skateboards and micromobility devices are low-speed mobility devices that may be personally owned or
part of a shared mobility service (such as bike share, scooter share, etc.). Powered micromobility refers specifically to
low-speed, motorized devices, most commonly electric (e.g., e-scooters), that typically have a speed of 20 mph or
less. Powered micromobility can be operated by a wide range of users, including those who may not be able to
operate a traditional bicycle. The cost of these devices continues to decrease, making them more accessible and
powered micromobility for public use continues to expand with scooter-share systems being implemented in many
cities across the country. The speeds of these devices are similar to bicycles and they have roughly the same design
and operating envelopes of bicycles (in some cases even narrower).

1

HDM 1001.3
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Figure 1: User needs and dimensional considerations
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Facility Design
The following list of facility design considerations is not exhaustive. The HDM should be the primary resource for
design guidance of any bike facility.

Design Speed
Design speed is the selected speed used to determine the geometric features of the facility – establishing minimum
geometric design elements such as curves and sight distances consistent with the operating speeds that are likely to
be expected on a given facility. Guidance for shared use path directs designing for a speed at least as high as the
preferred speed of the fastest common user, which has historically meant the human-powered bicyclist serves as the
design vehicle. Design speed is different from posted speed, but if a specific operating speed is desired due to
conditions or anticipated users, it should be considered in the design speed and in specific design and traffic control
elements such as surface material or striping. The increased usage of electric bikes has created a greater need to
accommodate faster cyclists with design speeds up to 30 mph (50 kph). However, the average design speed range
used in international examples is 18-25 mph (30-40 kph). HDM guidance on bike path design speeds is established
using the same principles and are included in Table 1 below.2 HDM also indicates that “on bike paths with mopeds
prohibited, a lower design speed can be used for the crest vertical curve, equivalent to 1 mile per hour per percent
grade for grades exceeding a vertical rise of 10 feet, when at a crest in path”.3 Policy decisions regarding the legal
access to BHs by mopeds and class 3 electric bikes must be made to inform the design speed of the facility.
Table 1: Bike Path Design Speeds

Type of Facility

Design Speed (mph)

Bike Paths with Mopeds Prohibited

20

Bike Paths with Mopeds Permitted

30

Bike Paths on Long Downgrades (steeper than 4%, and longer than 500')

30

Additional guidance on stopping sight distances and curve radius is provided on Table 2 and summarized from
international best practices in Table 3 below.

2
3

HDM 1003.1(9) Table 1003.1
ibid
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Table 2: HDM Guidance - Stopping Sight Distances and Curve Radius

Design Speeds
HDM

Guidance4

20 mph

25 mph

30 mph5

(~30 kph)

(~40 kph)

(~50 kph)

Minimum horizontal curve radius

90 ft. (27.4 m)

160 ft (48.8 m)

260 ft. (79.2 m) 6

Stopping sight distance on flat sections

125 ft (38.1 m)

175 ft. (53.3 m)

230 ft (70.1 m) 7

Table 3: Summary of International Guidance - Stopping Sight Distances and Curve Radius8

Design Speeds
International Guidance

20 mph

25 mph

30 mph

(~30 kph)

(~40 kph)

(~50 mph)

Minimum horizontal curve radius

78.7 ft (24 m)

105.0 ft (32 m)

282.1 ft (86 m)

Stopping sight distance on flat sections

114. 8 ft (35 m)

137.8 ft. (42 m)

246.1 ft. (75 m)

Width
Projected user demand, separation of users and modes, and the physical characteristics of a potential corridor play a
role in determining BHs widths and configurations. Bike Highways should comfortably accommodate people biking
with different levels of fitness and skill and on different types of bicycles. This means that the width of a Bike Highway
should allow faster cyclists to safely overtake slower ones. The recommended and minimum path widths are a
function of user demand, path transitions, separation of modes, and other physical constraints.
FHWA’s Shared-Use Path Level of Service (LOS) score calculator can help determine trail widths and cross sections
based on the volume of users. In California the HDM requires that the minimum paved width of travel way for a twoway bike path be 8 feet, 10-foot preferred. The minimum paved width for a one-way bike path is 5 feet.9 Further,
Class IV separated bikeway guidance calls for a preferred width of 7 feet, with 5 feet being the minimum width for
one-way travel when adjacent to a roadway.10
The HDM requires a minimum 2-foot shoulder on each side of a Class I path, which may be constructed of an allweather non-pavement material. These unpaved shoulder areas may be more desirable for some users (e.g., people

HDM 1000-10 Table 1003.1; Figure 1003.1C
Intended for downhill sections.
6
International best practices exceed HDM guidance
7
International best practices exceed HDM guidance
8
Averages compiled from European Cycle Highway Manual and Guía de ciclo-infraestructura para ciudades colombianas
9
HDM 1003.1a
10
DIB 89-01: Class IV Bikeway Guidance. Separated Bikeway Width 3.3
4
5
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jogging), and can be considered as a means of providing some mode separation in the implementation of BHs.
However additional width beyond the 2-foot minimum would be necessary to encourage substantial volumes of
pedestrian users to utilize an unpaved shoulder/side path along a paved trail.
Table 4: HDM Guidance - Widths

Facility Type

Minimum

Preferred

Unidirectional Path

5 ft (1.5 m)

N/A

Bi-directional Class I

8 ft (2.4 m)

10 ft (3.0 m)

Unidirectional Class IV

5 ft (1.5 m)

7 ft (2.1 m)

8 ft (2.4 m)

10 ft (3.0 m)

Bi-directional Class

IV11

Caltrans Design Information Bulletin 82-06 provides following guidance on clear widths:12

(1) If an accessible route has less than 60 inches clear width, then passing spaces at least 60 inches by 60
inches shall be located at intervals not to exceed 200 feet.
(2) the clear width for sidewalks and walks shall be 48 inches minimum, exclusive of the width of the curb.
(3) The clear width shall be permitted to be reduced to 32 inches minimum for a length of 24 inches
maximum provided that reduced widths segments are separated by segments that are 48 inches long
minimum and 48 [sic] inches wide minimum.
Most international guidelines call for a minimum width of 9.8 ft (3 m) for bidirectional cycle paths and 6.5-8.2 ft (2-2.5
m) for unidirectional cycle paths. These numbers are based on the design needs for people riding (See above). In the
European context, BHs are wide enough to allow users at different speeds to comfortably pass one another and for
two riders to ride along side of each other. Per FHWA guidelines, path widths are determined by the volume of users.
It is important to note that right-of-way availability and a potential need for land acquisition may limit the ability of
BHs to be a fully separated from car traffic or bike-only facility. Within the existing land use context of the Bay Area, a
combination of fully separated facilities and mixed on-street bikeways will likely be more feasible.
Table 5: International Best Practices - Recommended Widths

Facility Type

Minimum

Preferred

Unidirectional Path

6.5 ft. (2 m)

8.2 ft (2.5 m)

Bi-directional Path

9.8 ft (3 m)

10.5 ft (3.2 m)

When located at accessible parking or a bus stop, the separated bikeway minimum width should be 4 ft. Design
Information Bulletin 89-01: Class IV Bikeway Guidance
12
DIB 82-06. Section 4.3.3 Clear Width.
11

Alta Planning + Design, Inc.
C A LT R A N S B AY A R E A B I K E H I G H W AY S T U D Y

10

Caltrans Bay Area

B i k e H i g h way s D e s i g n B e s t P r a c t i c e s

B

Grade
Grade (i.e., slope) is a critical factor in determining the safety and relative comfort of users along BHs. Grades not only
affect the user’s relative comfort while ascending but also their safety while descending. Bike Highway designs also
consider the relative experience, skill and fitness of the user as well as the type of bicycle.
In the US, grades under 5% are typically employed along pathways as they do not qualify as a ramp and therefore are
not subject to the ramp requirements set forth by ADAAG. Sustained grades should be limited to 2% per the HDM.13
Grades of 4.5-4.8% are generally employed to account for inconsistencies in the construction process and ensure
grades do not exceed 5%. The HDM calls of cross slopes of Class I facilities to be a minimum of 1% to accommodate
for proper drainage. 14 Further, “where pedestrian access routes are contained within a street or highway right-of-way
(e.g., a sidewalk), the grade of pedestrian access routes are not to exceed the general grade established for the
adjacent street/highway. Where pedestrian access routes are not contained within a street or highway right-of-way
(e.g., outside the sidewalk), the grade of pedestrian access routes shall be 5.0% maximum. When pedestrian access
routes are contained within pedestrian street crossings, the grade of the pedestrian route shall be 5.0% maximum.”15
Where the travelled way is shared by pedestrians, ADAAG guidance, and DIB 82-06 in California require that:
•
•
•

•

All walks with continuous gradients have resting areas, 5 feet in length, at intervals of 400 feet maximum.
All ramp slopes are limited to 5% (1:20) with landings at 400-foot intervals, or 8.33% (1:12) with landings
every 30 feet.
Where pedestrian access routes are contained within a street or highway right-of-way (e.g., a sidewalk), the
grade of pedestrian access routes shall not exceed the general grade established for the adjacent street or
highway. Where pedestrian access routes are not contained within a street or highway right-of-way (e.g.,
outside the sidewalk), the grade of pedestrian access routes shall be 5.0% maximum.
When pedestrian access routes are contained within pedestrian street crossings, the grade of the pedestrian
route shall be 5.0% (1:20) maximum.16

Most international standards recommend that grades along BHs not exceed 6% (see table below). While providing
low-grading is important for BH implementation, it can be less feasible in practice. Further, maintaining low grades
throughout BHs can compromise the directedness of the route.

HDM 1000-14
HDM Figure 1003.1A
15
Caltrans DIB 82-06. Section 4.3.4 Grade
16
Caltrans DIB 82-06. Section 4.3.4
13
14
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Table 6: International Guidance on Maximum gradients

Guidelines/ standard

Maximum gradients

Guía de ciclo-infraestructura para ciudades colombianas

6%

Qualitätsstandards für Radschnellverbindungen (Baden-Württemberg, D)

6%

Manual for the design of cycle paths in Catalonia (E)

2% (no length limit); 4% (max 4 km);
5% (2 km); 6% (240 m); 10% (30 m);
25% (15 m)

Route Identification and Wayfinding
Route identification and wayfinding are a universal best practice for BHs internationally. A coordinated, welldesigned signage system provides information on direction and distance to key destinations, connectivity to other
routes, and improves the coherency of a BH network. It also provides a greater sense of safety, security and comfort
for users by confirming that riders are on the correct route and are aware of how far they will have to travel to reach
their destination. Particularly in the Bay Area context, where a Bike Highway route may consist of linked sections of
on-street facilities and off-street paths, having consistent route identification along the entire BH corridor is critical.
To help ensure that BH wayfinding is most effective, international best practices recommend that wayfinding along
BHs:17
•
•
•
•

•

17

Make Connections: A wayfinding protocol should connect people with the places they want to go.
Keep Information Simple: Wayfinding information should be presented to users in a manner that is clear,
logical and concise.
Keep Users Moving: Users should be able to interpret signage while maintaining motion on a trail, bike lane,
or bike route.
Be Predictable: When wayfinding information is consistent and predictable, it can be quickly recognized and
understood. Using an intuitive and predictable system to present wayfinding information will lessen the time
it takes for users to learn and understand the “language” of wayfinding.
Promote Active Travel: A wayfinding system is a natural extension of active transportation infrastructure.
Infrastructural and wayfinding elements reinforce one another, enabling better experiences for people
walking and biking.

European Cycle Highway Manual and Guía de ciclo-infraestructura para ciudades colombianas
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Figure 2: Existing wayfinding along Bike Highways in the Netherlands and Denmark (Photo credit: Maurits Lopes Cardozo; Cycleways)

Within the United States the most commonly-used wayfinding signs derive from the Federal and California versions of
the MUTCD. The goal of both manuals is to ensure consistency of traffic control devices. In the CA MUTCD, street sign
traffic control devices are defined as “signs, signals, markings…used to regulate, warn or guide traffic, placed on, over,
or adjacent to a street, highway, pedestrian facility, bikeway, or private road open to public travel.” Both the Federal
and CA MUTCD require that wayfinding signage meet certain regulatory requirements, such as font type and text size.
On the other hand, section 2D.50 of the Federal Manual, which deals with community wayfinding, allows for custom
colors and enhanced graphics. Figure 3 below shows a range of wayfinding elements that have been implemented by
municipalities around the nation. The range extends from rigid/ more standard signs on the left to the more flexible
options on the right. Signs which adhere to the CA MUTCD basic minimum standards are readily understood by a wide
audience, economical, and simple to fabricate and maintain. Additional information from AASHTO regarding
wayfinding includes:
•

•
•
•
•
•
•
•

Many communities find that a wayfinding system for bicycles is a component of a bikeway network that
enhances other encouragement efforts because it provides a visible invitation to new bike riders, while also
encouraging current bikers to explore new destinations
Bicycle wayfinding signs should supplement other infrastructure improvements so that conditions are
favorable for biking, as signs alone may not improve safety or comfort
Guide signs may be used to designate continuous routes that are composed of a variety of facility types and
settings
Wayfinding guidance may be used to provide connectivity between two or more major bike facilities, such as
a street with bike lanes and a shared use path
Wayfinding may be used to provide guidance and continuity in a gap between existing sections of a bikeway,
such as a bike lane or shared use path
Road/path name signs should be placed at all path-roadway crossings to help users track their locations
Reference location signs (mile markers) provide a means for identifying the location of emergency incidents,
and are beneficial during maintenance activities
On a shared use path, obstacles, including signs, are typically placed no closer than 24 inches from the near
edge of the travel way and no more than 6 feet away. For pole mounted signs, the lowest edge of the sign is
typically no less than 4 feet above the existing ground plane.
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Figure 3: Spectrum of flexibility in wayfinding signage design
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Lighting
Lighting adds to the BH user experience by creating a welcoming environment that allows people to be seen and see
others, and increases actual and perceived safety, a critical consideration for facility users. Lighting can transform and
shape the user experience of a particular place. Appropriate lighting takes into account the user of the facility, not
simply the requirements set by local and state agencies. Although its primary purpose is nighttime visibility for
increased security and perceived safety of users, lighting can aid users with geographic orientation, highlight the
identity and history of an area, and can help improve a sense of place. Lighting is particularly important at crossings
and intersections along the route to increase the visibility of the user. International guidance classifies the provision
of lightning into two generalized groups based on geographic context (i.e., where the facility is located) of the facility:
•

•

Lighting in urban areas: Bike Highways are intended to support bicycle transportation (as opposed to purely
recreational trips), and since commute and utilization trips may occur during hours of darkness (especially in
winter) BHs should generally provide for day and night use with appropriately scaled lighting. On-street
facilities may be adequately lit by normal street lighting, but off-street paths in urban areas will require
dedicated trail lighting, with consideration of impacts of fixtures and glare on any adjacent uses like
residences.
Lighting outside of urbanized areas or in environmentally sensitive areas there may be a need to consider
reduced lighting or specific fixtures that limit impacts to sensitive habitat.

While not specific to bike path lighting, Caltrans standards and warrants for lighting are found in Chapter 9 of the
Traffic Safety Manual. A Roadway Lighting Manual is in development and forthcoming to replace existing guidance.
While the HDM does not set standards or warrants for lighting, it calls for the consideration of horizontal illumination
levels of 5 lux to 22 lux depending on the location. 18 The HDM does call for higher illumination levels where safety
and security issues exist. Further, daytime lighting is to be considered at underpasses or tunnels. Finally, all fixtures
(ex., light posts/poles) should meet the recommended horizontal and vertical clearances.19
The table below provides the minimum standards for lighting along international bike highway:
Table 7: International Minimum Recommended Illumination (in lux)

Guidelines/ standard

Minimum recommended value (lux)

Guía de ciclo-infraestructura para ciudades colombianas

7.5 lux

Design Manual for Bicycle Traffic (CROW, NL)

7 lux

18
19

HDM 1000.18
Ibid.
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Materials and Surface
The type of surface used in a BH is
very important for user comfort and
safety. As uneven surfaces can
increase the risk of collisions,
optimal user comfort and safety
requires uniform surfaces with
adequate non slip textures that can
filtrate or deter water from
standing.
Path materials can be used to
indicate a change in operating
conditions. Crossing areas, mixing
zones, and tactile paving have all
been used for this purpose (see
Figure 4). A change in paving
materials, such as transitioning from Figure 4: Bike Highway in Amsterdam utilizes different surfaces to delineate user areas
asphalt to brick, can also warn users
of an upcoming change. The use of different or contrasting materials can also differentiate use, such as constructing a
soft surface pedestrian path and an asphalt bike path. Pavement markings may include bicycle lane markings, highvisibility crosswalks, and colored concrete crosswalks. Other options include inlays or paving surface changes to signal
critical areas. When selecting the type of material/ pavement to be used for a BH, a series of factors must be taken
into account: including i) user comfort and safety (ex., rigidity, regularity and adherence of the pavement surface,
drainage), ii) the environmental/land-use context where the BH will be implemented (ex. urban, suburb) and iii)
construction and maintenance costs. International guidance recommends smooth, well drained surfaces free of
inconsistencies with appropriate maintenance from the elements (ex. Snow clearance in the winter; path sweeping in
the fall). Most international guidelines recommend the use of asphalt and/or concrete for BH construction. However,
a number of countries have begun experimenting with glow in the dark materials like phosphors which emanate light
energy at night and ‘recharge’ it during daylight hours (see Figure 5).
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HDM requires that the pavement
material and structure of a bike
paths be designed in the same
manner as a highway. The manual
also calls for the construction and
maintenance of a smooth, free of
potholes, well drained, all-weather
riding surface with skid resistant
qualities, and free of vegetation
growth.20 Further requirements
include:21
•
•

•
•

All surfaces be stable, firm,
and slip resistant.
Changes in level up to ¼ inch
may be vertical and without
Figure 5: Glow in the dark bike path in Poland (Photo Credit Stratbag)
edge treatment.
Changes in level between ¼
inch and ½ inch shall be beveled with a slope no greater than 1V:2H.
Changes in level greater than ½ inch shall be accomplished by means of a ramp.

Accessibility
As previously noted, BHs around the world prioritize the movement of people biking and therefore the design of such
facilities facilitates movement for such users. The preferred designs of BHs provide for separate spaces for users (i.e.,
people walking vs people biking) when ROW is unconstrained. The Caltrans Design Information Bulletin 82-06 (DIB 8206) provides accessibility guidance for facility design and accessibility of facilities. These standards should be
considered in the development of BHs around the Bay Area.

Intersections and Crossings
Design efforts at intersections and crossings are especially important for a successful BH. Significant slowdowns and
complete stops along the route can negatively impact the user experience as they increase travel time and the
amount of energy it takes for users to restart their ride. Part of creating efficient, low-effort Bike Highway routes is
allowing bicyclists to maintain speed and preserve momentum, designing to reduce slowdowns and frequent stops
and starts. International guidance provides for the implementation the following crossing treatments:

20
21

HDM 1000-15
Caltrans DIB 82-06. Section 4.3.1
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Figure 6: Treatments at Bike Highway intersection in Rotterdam (Photo Credit: Maurits Lopes Cardozo)

•

•

•

Advance Bicycle Detection: these systems detect the presence of bicyclists at intersections and alert the
automated signal controllers of their presence. This in turn improves efficiency and reduces delay for bicycle
travel; increases convenience of bicycling; and, discourages red light running by bicyclists without causing
excessive delay to motorists. International best practices recommend the use of in-pavement loops, video,
and microwave systems to detect bicyclists at particular approaches.
Green Wave Signal Timing A strategy to minimize user friction and stoppage includes the provision of "green
waves" along BHs. In a green wave, signals along BHs are timed such that bicycles will receive a green
indication and not be required to stop if they progress at a certain speed (usually around 20 kph). A wave of
20 km/h encourages bicyclists to go a bit faster but it also encourages the faster cyclists to slow down in
order to benefit from the green lights.
Protected Intersections: Protected intersections provide space for bicyclists at corners physically separated
from vehicle turning areas and also separate from pedestrian space on adjacent sidewalks. Comfortable
intersections minimize delays and conflicts and reduce the risk of injury for all users in the event of collisions.
International guidance provides that the design of a separated intersection considers modal volumes, user
delays, design speeds, BH operation, presence of transit and parking, as well as the land use and terrain.
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Figure 7: Protected intersection provides separate space for pedestrians and bicyclists

•

Fully grade separated crossings: Where BHs meet busier roads, grade separated crossings minimize conflicts
and the friction between users. Grade separated crossings may include bridges and tunnels which can also be
used to overcome other barriers like natural features (ex. Rivers, canals) or other transportation modes (ex.
Railroad, transit). International guidance recommends:
o Bridges
▪ Use lower slopes to minimize the impacts on user comfort
▪ Avoid sharp curves at the bottom of the bridge to minimize the need to slow down
o Tunnels
▪ Let the cyclists see all the way through to the other side to increase awareness of conflicts.
▪ Make the approach to the tunnel visible and well-lit from both sides of the tunnel.
▪ Allow users to use the speed they gain on the way down to get out of the tunnel quickly.
▪ Provide smooth curves to the pathway to decrease friction and slow down user.

Under HDM and additional Caltrans guidance, intersections are an important consideration for bike path design and
should address both cross-traffic and turning movements. Guidance includes:
•

•

Per DIB 89-01 Section 2.2, “Separated bikeways should [ …] be separated from crosswalks at intersections to
discourage bicyclists from mixing with pedestrians, such that the separated bikeway path of travel will be
adjacent to the crosswalk (see Figure 7). To accomplish this, the separated bikeway should end and become a
bike lane and continue with the operations of a bike lane prior to and through the intersection; typically, the
separation feature will terminate before the intersection and resume after the intersection (unless a
separation is designed at the intersection)”
HDM 1003.1(3) provides the minimum standard clear width for bike path overcrossings: “The clear width of a
bicycle path on structures between railings shall be not less than 10 feet. It is desirable that the clear width of
structures be equal to the minimum clear width of the path plus shoulders (i.e., 14 feet)
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•

HDM 1003.1(5) provides that “bicycle path intersections and their approaches should be on relatively flat
grades. Stopping sight distances at intersections should be checked and adequate warning should be given to
permit bicyclists to stop before reaching the intersection, especially on downgrades. Further “when crossing
an arterial street, the crossing should either occur at the pedestrian crossing, where vehicles can be expected
to stop, or at a location completely out of the influence of any intersection to permit adequate opportunity
for bicyclists to see turning vehicles. When crossing at midblock locations, right of way should be assigned by
devices such as “YIELD” signs, “STOP” signs, or traffic signals which can be activated by bicyclists.”22

Note: Giving bicycle users priority at mixed-mode intersections and segments is generally not practiced and may not
have the political backing to be implemented.

Transitions
While it is important for user experience to maintain a consistent treatment or facility throughout the entire route of
a BH, often times, particularly in more urban areas, such consistency may not be maintained due to geographical,
topographical and ROW constraints. For this reason, international guidance considers the implementation of
appropriate transitions between BHs and other types of bicycle facilities. The design of the starting and end points of
a BH should always guarantee the comfortable and direct link with the road, so people bicycling are not forced to
dismount or lose priority.
Safe and comfortable transitions minimize delays, reduce conflicts and reduce the risk of injury for all users in the
event of a collision. Transitions include not only changes between facilities but bicycle crossings of streets, crossings
with driveways, alleys, sidewalks, bike paths and separated bikeways. These transitions should be intuitive to all
users. Variables that have an impact on how transitions are handled between facilities may include:
•
•
•
•
•
•
•
•

22

Available Right-of-way: The availability of right-of-way and the placement of utilities may create significant
constraints on geometric design options, facility and buffer widths, as well as the width of sidewalks.
Land Use: Higher density land uses are likely to have higher volumes of pedestrians and bicyclists with closely
spaced intersections which can increase friction between users.
Volumes: User volumes affect the widths of BHs and sidewalks, and travel lanes.
User Delay: consideration should be given to balancing the needs while minimizing delay for all users.
Design Speed: appropriate sight distances and geometric design are dependent on the approach speed of
motorist, bicyclists and crossing speeds of pedestrians.
Transit Stops: The location of transit stops adjacent to BHs can potentially introduce conflicts between transit
users and people biking.
On-street Parking: the presence of on-street parking will increase the frequency at which pedestrians may
need to cross facilities to access cars in the parking lane.
Street Buffers: The space available between the motor vehicle travel lane and the separated bike lane affects
bicyclist comfort and has a significant impact on geometric design of transitions.

HDM 1003.1(5)
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Caltrans DIB 89-01 provides guidance on transitioning the approaches of separated bikeways:
•

•

Separated bikeway approach tapers may occur at various locations depending on the presence of signal
hardware. To help with the transition, a 10:1 separated bikeway approach taper transition is preferred, with
5:1 being the minimum.
If the separated bikeway is raised, transition from the bikeway to the roadway may allow people biking to
enter the adjacent traffic lanes. For this reason, the bikeway should “be elevated 3 inches minimum above
the finished grade” and a vertical tapered edge should be 4:1 or flatter occurring in the marked buffer.

International guidance provides
that where physical space
constraints do not allow for
separated modes, or at locations
along the BH path where a high
level of cross-traffic is expected,
mixing zones should be
considered. These need to
provide clear indication to all
users that a transition is
occurring in advance of the
change, so that BH users can
adjust their speeds and
awareness appropriately to
proceed carefully into the mixing
zone. Design elements used to
alert BH users include pavement
markings such as optical speed
bars, zebra stripe crosswalks, and
Figure 8: Design treatments in Barcelona
arrows. Signage may also be
used, including warning and
advisory signs. Physical
treatments to alert path users include traffic calming measures such as vertical and horizontal deflection. Advanced
warning can be accomplished with advisory signage, pavement markings, and the use of contrasting surface
treatments (ex., pavers/inlays with contrasting tones/textures, striping, or a combination of these treatments). These
design elements help to guide path users through the mixing zone by alerting users to the change in conditions and
thus reducing the speed differential.

Amenities
There is not a one-size-fits-all approach to the provision of amenities along BHs. However, these are important
features that enhance the attractiveness, comfort, and enjoyment of the BH as a transportation and recreational
corridor. Engagement with surrounding communities can help inform BH amenities to encourage more users and
reflect local priorities. Examples of amenities implemented around the world include:
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•
•
•

•

•

Bicycle Tools and Lockers: Providing clearly delineated and secure places to lock bicycles and scooters may
improve the user experience. Bicycle fix-it stations typically provide tools for minor repairs.
Shared Mobility Resources: Shared mobility resources may include space for equipment, information on
instructions for use and registration, or charging stations.
Landscaping: As wide separation is recommended between bike paths and adjacent highways the addition of
landscaping along a BH can help transform the space into a comfortable and calming environment, enhance
sense of place and community identity, and deepen connections to the cultural and environmental history of
the region. 23 Landscape design can be used at access points to highlight gateways to different jurisdictions
along a BH, and to create a sense of place and provide amenities for nearby communities. Landscape areas
should complement and help frame access points with clusters of plant species that highlight the path and
amenities. Based on the scale and context of the access point, the landscape component may range from
minimal accent and buffer plantings to larger plantings with sizable canopy trees. The landscape may be used
to provide shade, reduce urban heat island effect, and enhance aesthetics.
Seating and Water Fountains: The BH may include seating elements immediately adjacent to the BH. Water
fountains may also be provided for users.
Trash and Recycling Receptacles: Providing places to dispose of trash and recycling may help to encourage
stewardship both of the BH and the community.

HDM 1003.1A(7) - The minimum separation between the edge of traveled way of a one-way or a two-way bicycle path
and the edge of traveled way of a parallel road or street shall be 5 feet plus the standard shoulder width. Bike paths within
the clear recovery zone of freeways shall include a physical barrier separation
23
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Section 3 – Recommended Approach
The following section provides high level design recommendations for the implementation of BHs in the Bay Area.
These focus around separation of users to achieve a functional BH. This section also includes a recommendation on
terminology to be used to describe the facility based on best practices and preliminary findings from the public
engagement survey developed for this project.

Terminology
Generally, terms used to describe BHs throughout the world connote routes where higher speeds and mobility, rather
than accessibility, is prioritized. However, no single term is used to describe BHs around the world. For purposes of
this study the term Bike Highway will continue to be used as a working name. However, as the planning and
implementation of bike highway routes advances in the Bay Area (and elsewhere), it is important to consider how the
nomenclature may affect public perception of these new facilities or routes. The name of these facilities should
convey the intended use and function (as it differs from a standard trail or bikeway), and be broad enough to be
applied in the various contexts that such routes may be. A public survey was conducted to inform the BH best
practices and to solicit feedback on characteristics to appeal to a broad level of bicyclists and the general public. As
part of this effort, the survey solicited opinions about potential names for BHs. The table below includes the top 10
names:
Table 8: Top 10 names requested in Online Public Engagement Survey (administered Jan-Mar 2021)

Ranking and Name

Ranking and Name

1 – Bay Area Bikeway

6 – Bike Superhighway

2 – Bike Highway

7 – Bike Freeway

3 – Regional Bikeway

8 – Bicycle Expressway/Express Bikeway

4 – Bay Area Greenway

9 – Bay Area Rapid Bikeway (BARB)

5 – Regional Bike Trail

10 – Bike Speedway/Bike Safeway, Bay Area Cycle Track

As shown, the public survey results indicate a wide variation of preferences in naming. Since this is a Caltrans study
that can serve as a framework for BHs statewide, we recommend selection of a name that is not geographically
specific, i.e., avoiding terms like “Bay Area.” Terms like “greenway” or “regional trail” are generic terms already
widely used to describe Class I bike paths, many of which are linked to recreational use. Use of terms like “fast” or
“express” may have negative connotations due to concerns that people biking at high speeds will create unsafe
environments for people walking or biking at slower speeds. Terms like “freeway” or “highway” may connote a
certain type of facility that is more structural in nature or may be negatively associated with historical urban
displacement and disparity. The table below provides a set of potential terms and a description of opportunities and
weaknesses of using such term.
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Table 9: Potential terminology to describe Bike Highways

Term

Positive Considerations

Negative Considerations

Fast Cycleway

Name itself connotes the higher
speed usage, and may help in selfreinforcing use of separated facility

The term ‘fast’ may raise concerns about
target bicycle user, and appropriateness of
sharing with different uses or abilities
(pedestrians, children on bikes)

Bicycle Freeway /

Most commonly used English name /
translation

Word “freeway” or “highway” may lead to
certain assumptions about design and
aesthetics (larger structures), and negative
connotations related to history of highways
in dividing neighborhoods

Highway / Superhighway

Design Recommendations
Bike Highway design in the Bay Area context should be a function of user demand and consider physical constraints.
Final design considerations should be determined by the results of demand analyses balancing any environmental and
fiscal constraints. To provide a high-quality experience that efficient and comfortable for future BH users, the
following recommendations should be considered. These recommendations are not exhaustive nor are they intended
to serve as or replace existing Caltrans design standards and guidance, but as informational reference to inform the
identification and conceptualization of Bay Area Bike Highways in the regional and state context.

Off-Street
The preferred designs of BHs provide for the separation of users (i.e., people walking, people biking, people rolling)
when ROW is unconstrained. The following design considerations can help inform the development of BH concepts:
Table 10: Design Considerations for Off-Street Bike Highway Implementation

Design Consideration

Minimum

Separated

In unconstrained rights-of-way, fully separated bicycle facilities with adjacent
pedestrians/slow shared space offers the greatest functionality for all uses. This
configuration permits bicyclists and other rolling users (including powered micromobility) to
operate at posted speeds of 20 mph on straight segments, with a separate space for
pedestrians and other slower shared rolling modes (ex. roller bladers, children on bicycles,
etc.). Under the preferred cross-section, a furnishing zone creates separation between the
fast and slow speed users, creating opportunities for landscaping, benches and amenities,
and also shared mobility parking / docking stations. Special attention to width and separation
should be paid where class 3 electric bikes are permitted by Caltrans resolution.

Design Speed

•

25 mph

•

25 mph

Posted Speed

•

20 mph

•

20 mph

Widths

•
•

Bike/ Rolling Path (Fast): 10 ft.
Pedestrian Path (Slow): 8 ft.

•
•

Bike/ Rolling Path (Fast): 14 ft.
Pedestrian Path / Shared Space (Slow): 14 ft.
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Design Consideration

Minimum

Separation

•

Preferred

Separation between
o People biking/rolling
o People walking

•

•

Segregated spaces for
o People biking
o People rolling
People walking

5 ft. from adjacent street

•
•

5 ft. from adjacent street
6 ft. furnishing zone

Setback

•

Shared

In constrained rights-of-way where it is not be possible to provide a fully separated bikeway,
the Bike Highway can be accommodated with a shared use path. This configuration requires
specific design considerations to ensure compatible speeds between bicyclists and other
rolling and pedestrian users. Overall design speed should be lower, and posted speed
reduced to 15 mph on straight segments and 10 mph in higher potential conflict or transition
zones. Minimum width facilities should only be used for very short distances, or along
segments where pedestrian volumes are low (such as locations far from trailheads).

Design Speed

•

20 mph

•

20 mph

Posted Speed

•

10-15 mph

•

10-15 mph

Widths

•

8 ft.

•

16 ft.

Separation24

•
•
•

No separation on paved path
Unpaved shoulders
5 feet from adjacent street

•

No separation on paved path

•

5 feet from adjacent street

Setback

On-street
In areas with constrained ROW, particularly in more urban settings, the following design recommendations should be
considered for providing the efficient and comfortable movement of people biking along Bike Highways.
Table 11: Design Considerations for On-street Bike Highways

Design Consideration

Minimum

Preferred

Class IV – Separated
Bikeways

Class IV bikeways are the preferred facility type where Bike Highways utilize an onstreet route, as they provide full physical separation from motor vehicle traffic.

Vehicle Design Speeds

Posted speed ≥ 30 mph

AADT

≥ 7,000

Shared spaces may also be used in areas where a high degree of mixing is anticipated such as at path connectors, rest
stops, and other pedestrian-oriented spaces where cross-traffic may be expected

24
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Design Consideration

Minimum

Preferred

Widths (not including buffer)

Unidirectional – 5 ft.

Unidirectional – 7 ft.

(may be 4 ft when next to transit
stop)

Bi-directional – 10-12 ft.

Bi-directional – 8 ft.
Separation

1.5 ft. minimum (including curb width); 3 ft with parking

Setback

1-ft. separation permitted with raised island and flexible posts

Class II – Bike Lanes

Class II bike lanes may be appropriate for short connecting segments of Bike
Highways. In general, painted bike lanes are a higher stress facility than a fully
separated on-street facility, and are comfortable only for more experienced cyclists.
Providing wider buffered bike lanes can help to increase the comfort, but a painted
bike lane is still not as desirable as a Class IV facility or even a bicycle boulevard on a
very low traffic volume street.

Vehicle Design Speeds

Posted speed ≥ 25 mph

AADT

≥ 3,000

Widths

4 ft.

Setback

None

Class III – Bike Routes as
Bicycle Boulevards

Class III Bike Routes as Bicycle Boulevards are not defined in the HDM and typically
not considered for Caltrans facilities, however Class III Bike Routes as defined by the
HDM, are a type of bikeway which can be used on the State highway system. Bicycle
Boulevards on low volume streets can be used as Bike Highway routes where
sufficient connectivity exists in the local street network to provide for a continuous
and direct facility over a relatively long distance. It is important to ensure that the
local street traffic volumes are low enough to provide a low-stress experience.
Crossings and intersections are often a main consideration with bicycle boulevards,
as the prevalence of many stop-controlled intersections along a route, or of
challenging arterial crossings, may be counter to the objective to create a
continuous higher speed route with minimal stops and starts.

Design Speeds

Posted speed < 25 mph

AADT

< 3,000

Widths

N/A

Separation

None

Setback

None

6 ft.

Transitions Between Typologies
Comfortable transitions between typologies should be intuitive for all users to minimize delays, reduce conflicts, and
reduce the risk of injury. The following principles should be considered when designing for transitions between BH
typologies (i.e., off-street vs on-street facilities):
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•

•

•

•

Minimize Exposure to Conflicts: To improve bicyclist comfort, it is preferable to maintain separation to
reduce exposure to motorists, particularly at intersections. Transition areas, intersections and crossings, as
well as shared operating spaces, should be designed to minimize exposure.
Reduce Speeds at Conflict Points: by helping reduce vehicle speeds at intersections, users have the time to
react and yield appropriately. Slower motor vehicle speeds also decrease sight distance requirements and the
likelihood of severe injuries and fatalities for bicyclists.
Communicate Right-Of-Way Priority: BLs should be provided the same right-of-way priority as through traffic
on the parallel corridor except for locations with high volumes of turning traffic and locations where people
biking must cross high speed (greater than 30 mph) traffic. Priority can be communicated using i) marked
bike crossings/signals; ii) regulatory signs, if appropriate for merging or turning traffic; and iii) protection
from high volume traffic conflicts
Provide Adequate Sight Distances: In general, sight distances that conform to standard street design
principles established in the HDM, AASHTO Green Book, or AASHTO Bike Guide may be sufficient for
corridors with BHs.
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