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INTRODUCTION

When planning and designing bicycle facilities, it is important to keep in mind that not all bicyclists have the same levels of 
comfort on all bicycle facilities. The guidance in this toolkit can help O’ahu develop a bicycle network that is suitable for people of 
all ages and abilities, including children, seniors, women, and people riding bikeshare. An all ages and abilities bicycle network is 
comprised of low-stress facilities that are  connected, comfortable, and invitng for new and experienced riders.

On O’ahu, bicycle facilities are located in both urban and rural areas. People of all ages and abilities are more likely to be riding 
on facilities in, or near urban areas, whereas facilities in rural areas will more likely be used by confident cyclists and bicycling 
tourists who choose to go for long rides and are more likely to feel comfortable riding in mixed traffic, on roadway shoulders, or in 
conventional bike lanes.    

POTENTIAL BICYCLE USERS

The O’ahu Bicycle Facility Design Toolkit presents an overview of the types of bicycle facilities and appropriate design treatments 
recommended in the Bicycle Master Plan update. The guide presents contextual considerations and design guidance for a variety 
of topics, including bicycle facilities, crossing treatments, and considerations for bicycle facilities in rural areas. 

The guidance presented in the toolkit is based on the best practices for design and application presented in the National 
Association of Cities and Transportation Officials (NACTO) Urban Bikeway Design Guide (2nd Edition), NACTO Urban Streets 
Design Guide, the Federal Highway Administration (FHWA) Separated Bike Lane Planning and Design Guide, the Massachusetts 
Department of Transportation (MassDOT) Separated Bike Lane Planning and Design Guide, American Association of State 
Highway Transportation Officials (AASHTO) Guide for the Development of Bicycle Facilities (4th Edition), and the Montgomery 
County Bicycle Master Plan Design Toolkit. 

The guidance presented in this toolkit is meant to assist designers and planners and will supplement existing design guidance 
from the City and County of Honolulu or the Hawai‘i Department of Transportation. The toolkit will help City and County staff 
implement the recommendations and facilities identified in the Honolulu Complete Streets Design Manual. 

Bicyclist Using Bikeshare at Ala Moana Beach Park
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POTENTIAL BICYCLE USERS

People generally fall into one of four categories based on their level of comfort:

These percentage values are typical ranges for most U.S. communities.

Dill, Jennifer and Nathan McNeil. Revisiting the Four Types of Cyclists: Findings from a National Survey. In Transportation Research Record: Journal of 
the Transportation Research Board, Issue 2587, Washington, DC, 2016.

SO
UR

CE
The figure below illustrates a typical range of bicyclists. Estimates show the greatest percentage of the population—over 
half—fall into the “Interested but Concerned” category. The “Interested but Concerned” are most comfortable bicycling 
when separated from motorized vehicles. At the other end of the spectrum, “Strong and Fearless” people are comfortable 
sharing the road with motorized vehicles. In the middle, “Enthusiastic and Confident” people are comfortable bicycling 
for short distances with motorized vehicles.  See the  Bikeway Facilities Selection Chart on pages 7-9 to determine which 
facility types best serve the different types of bicyclists.

51-56%
Interested  
but Concerned

31-37% 
Not Able or  
Interested

Types of 
Bicyclists

4-7% 
Strong and 

Fearless

5-9% 
Enthusiastic  
and Confident
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People who identify as Not Able or Interested will not ride a bicycle, no matter the circumstances.

Interested but Concerned 
bicyclists require physical bicycle 
infrastructure improvements before 
they will want to ride. 

Enthusiastic and Confident 
bicyclists will ride comfortably on 
most types of streets, but may be 
uncomfortable in certain situations 
or road conditions.

Strong and Fearless bicyclists 
will ride in any road conditions or 
environment. 
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Contra-flow examples of most of these facilities are possible with consideration given to traffic control, sight lines, placement to the left of oncoming motor 
vehicle traffic, and low levels of driveway traffic.

OVERVIEW OF FACILITY TYPES
NO

TE

Shared Use Path Protected Bike Lane Buffered Bike Lane BBLSBLSUP

MOST COMFORTABLE

BICYCLE FACILITY OVERVIEW

TYPICAL APPLICATION

Shared use paths are an effective 
treatment on roads with one or more of 
the following characteristics:

++ Total traffic lanes: 3 lanes or more

++ Posted speed limit: 30 mph or higher

++ Average Daily Traffic: 6,500 vehicles 
or more

++ Parking turnover: frequent

++ Bike lane obstruction: likely to be 
frequent

++ Streets that are designated as truck 
or bus routes

Shared use paths may be preferable 
to protected  bike lanes in low density 
areas where pedestrian volumes are 
anticipated to be fewer than 200 people 
per hour on the path.

Protected bike lanes can generally be 
considered on any road with one or more 
of the following characteristics: 

++ Total traffic lanes: 3 lanes or more

++ Posted speed limit: 30 mph or higher

++ Average Daily Traffic: 6,500 vehicles 
or more

++ Parking turnover: frequent

++ Bike lane obstruction: likely to be 
frequent

++ Streets that are designated as truck 
or bus routes

Preferred in higher density areas, 
adjacent to commercial and mixed-use 
development, and near major transit 
stations or locations where observed or 
anticipated pedestrian volumes will be 
higher.

Buffered bike lanes can generally be 
considered on any road with one or 
more of the following characteristics: 

++ Total traffic lanes: 3 lanes or fewer

++ Posted speed limit: 30 mph or 
lower

++ Average Daily Traffic: Up to 6,500 
vehicles

++ Parking turnover: infrequent

++ Bike lane obstruction: likely to be 
infrequent

++ Where a protected bike lane or 
shared use path is infeasible or not 
desirable due to cost, engineering 
feasibility, etc.

++ Buffer may be located on the 
parking lane side of the bike lane, 
the travel lane side of the bike lane, 
or on both sides of the bike lane 
depending on the conditions.
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Excluding shared roadways and shoulder bikeways, contra-flow examples of most of these facilities are possible with consideration given to traffic 
control, sight lines, placement to the left of oncoming motor vehicle traffic, and low levels of driveway traffic.NO

TE

Shoulder Bikeways Shared RoadwayBike Lane BL SB SR

BICYCLE FACILITY OVERVIEW

TYPICAL APPLICATION
Conventional bike lanes can 
generally be considered on any road 
with one or more of the following 
characteristics: 

++ Total traffic lanes: 3 lanes or 
fewer

++ Posted speed limit: 30 mph or 
lower

++ Average Daily Traffic: Up to 6,500 
vehicles

++ Parking turnover: infrequent

++ Bike lane obstruction: likely to be 
infrequent

++ Where a   protected bike lane, 
shared use path, or buffered 
bike lane are infeasible or not 
desirable.

Shoulder   bikeways   can generally be 
considered on any road without on-street 
parking and one or more of the following 
characteristics:

++ Average Daily Traffic: > 3,000 vehicles

++ Motor vehicle speeds > 50 mph

++ High percentages ( > 10%) of heavy 
vehicles

++ Inadequare sigt distances for typical 
operating speed or grades greater 
than 5%

++ Where a protected bike lane or shared 
use path is infeasible or not desirable.

The preferred width of a paved shoulder 
is 6 to 8 feet (exclusive of the gutter if 
one exists). Wider shoulders should be 
provided on streets or roads with high 
speeds or large volumes of trucks. 
See Designing for Bikeways in Rural 
Environments on page    8   for more 
guidance on paved shoulder widths. 

Shared roadways can be considered 
on any road with one or more of the 
following characteristics:

++ Total traffic lanes: 3 lanes or fewer

++ Posted speed limit: 25 mph or lower

++ Average Daily Traffic: Up to 3,000 
vehicles

++ Where a protected bike lane or 
shared use path is infeasible.

LEAST COMFORTABLE



7

CI
TY

 A
N

D 
CO

UN
TY

 O
F 

H
ON

OL
UL

U 
BI

CY
CL

E 
FA

CI
LI

TY
 T

OO
LK

IT
 | 

 2
01

9

BICYCLE FACILITY SELECTION

Designing for Interested but Concerned Bicyclists in Urban and Suburban 
Environments
“Interested but Concerned” bicyclists make up the largest segment of the population and prefer physical separation as traffic 
volumes and speeds increase. The bikeway facility selection chart below identifies appropriate bikeway facilities for urban and 
suburban enviornments that improve the operating environment for this bicyclist type. “Enthusiastic and Confident” bicyclists will 
also generally prefer the treatments listed in this chart. Selecting facility types based on this chart is recommended in order to 
serve the largest share of the population and increase bicycling in the community.

++ See the Bicycle Facility Overview section on pages 5-6 for explanations of the facilities described in the chart.

++ �To determine whether to provide a shared use path, protected bike lane, or buffered bike lane, consider pedestrian 
and bicycle volumes or, in the absence of volume, consider land use. 

DISCLAIMER: The volume and speed thresholds presented in this guide are preferred design standards to target “interested but 
concerned riders”. Facilities that do not meet these thresholds may still be implemented in cases where there are constrained 
rights of way, and/or no other feasible bikeway alternative is available.



8

CI
TY

 A
N

D 
CO

UN
TY

 O
F 

H
ON

OL
UL

U 
BI

CY
CL

E 
FA

CI
LI

TY
 T

OO
LK

IT
 | 

 2
01

9

BICYCLE FACILITY SELECTION

Designing for Bikeways in Rural Environments
The bikeway facility selection chart below identifies appropriate shoulder widths for roads in rural environments that improve the 
operating  environment for  bicyclists  at  different  roadway speeds and traffic volumes.  See Shoulder Bikeways on page 19 and  
Rural Areas on page 58 for additional design considerations to make rural roads more comfortable for bicycling. 
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BICYCLE FACILITY SELECTION

45K
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20K
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miles per hour - posted speedSPEED
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ay

 (A
AD

T
)

Qspufdued bike lane or 
Buffered bike lane**

Bike lane or 
Wide bike lane** 
(buffered bike lane optional)

Shared roadway or 
Sharrow

Shared use path or 
Qspufdued bike lane*, **

50K+

Designing for Strong and Fearless Bicyclists
“Strong and Fearless” bicyclists have a greater tolerance and willingness to operate with higher motor vehicle traffic volumes and 
speeds. The bikeway facility selection chart below identifies bikeway facilities that improve the operating environment for this 
bicyclist type at different roadway speeds and traffic volumes. The “Enthusiastic and Confident” bicyclist may tolerate bikeway 
treatments based on this chart for limited distances, while “Interested but Concerned” bicyclists may not.

* 	�To determine whether  to provide a shared use path or protected bike lane consider pedestrian and bicycle volumes or,
in the absence of volume, consider land use.

**	� Can use a shoulder  bikeway as necessary.
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BICYCLE FACILITY TYPES
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CONSIDERATIONS GUIDANCE

NACTO Urban Bikeway Design Guide (2014)

Honolulu Complete Streets Design Manual (2016)

Bike lanes provide an exclusive space for bicyclists in the roadway and are established through the use of lines and 
symbols on the roadway surface. Bike lanes are for one-way travel and are normally provided in both directions on two-
way streets or on one side of a one-way street. Bicyclists can easily leave the bike lane as necessary to make turns or 
pass other bicyclists. Bike lanes may only be used by vehicles to cross over and access parking spaces and to enter 
and exit driveways and alleys. Stopping, standing, and parking in bike lanes is prohibited.

++ Typically installed by reallocating existing street space.

++ Can be used on one-way or two-way streets. 

++ Contra-flow bike lanes may be used to allow two-way 
bicycle travel on streets designated for one-way motor 
vehicle travel to improve bicycle network connectivity.

++ Stopping, standing, and parking in bike lanes may be a 
problem in areas with high parking demand and deliveries, 
especially in commercial areas.

++ Wider bike lanes or buffered bike lanes are preferable at 
locations with high parking turnover, roadways with greater 
than 5 percent heavy vehicles, and on roadways with speed 
limits over 30 mph or volumes over 6,000 vehicles per day. 

++ Bike lanes can be placed on the left side of one-way streets 
and some median-divided streets, and may actually be 
preferrable on streets with heavy right-turn volumes, on-
street parking, frequent bus service, and/or high volumes 
of left-turning bicyclists.

++ The desirable width of a bike lane adjacent to a curb is 6 
feet exclusive of the gutter; the minimum width is 5 feet 
(4 feet may be acceptable in highly constrained locations).

++ The width of a bike lane adjacent to parking should be 6 
feet; a width of 5 feet should only be used in areas with 
highly constrained widths.

++ Optional parking T’s or hatch marks can delineate the door 
zone on constrained corridors with high parking turnover 
and are effective at guiding bicyclists away from motor 
vehicle doors.

++ Left-side bike lanes can be supplemented with signs and 
pavement markings to clarify the intended travel direction.

++ A desirable width for climbing lanes is 6 feet; the minimum 
width should be at least 5 feet.

BIKE LANES

RE
FE

RE
NC

ES
C

C

B

A

BA

Bike Lane with Door Zone MarkingBike Lane Adjacent to a Curb Bike Lane Adjacent to Parking
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CONSIDERATIONS GUIDANCE
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NACTO Urban Bikeway Design Guide (2014) 

Evaluation of Innovative Bicycle Facilities: SW Broadway Cycle Track 
& SW Stark/Oak Street Buffered Bike Lanes (2011)

Honolulu Complete Streets Design Manual (2016)

Buffered bike lanes are created by painting or otherwise creating a flush buffer zone between a bike lane and the adjacent 
travel lane. While buffers are typically used between bike lanes and motor vehicle travel lanes to increase bicyclists’ 
comfort, they can also be provided between bike lanes and parking lanes in locations with high parking turnover to 
discourage bicyclists from riding in the door zone of the parking lane.

++ Typically installed by reallocating existing street space.

++ Can be used on one-way or two-way streets. Preferable to a 
conventional bike lane when used as a contra-flow bike lane 
on one-way streets.  

++ Consider placing buffer next to parking lane where there is 
commercial or metered parking with high turnover.

++ Consider placing buffer next to travel lane where speeds 
are 30 mph or greater or when traffic volume exceeds 6,000 
vehicles per day.

++ Where there is 7 feet of roadway width available for a bike 
lane, a buffered bike lane should be installed instead of a 
conventional bike lane. The preferred configuration is a 
5-foot or wider bike lane       and 2-foot or wider buffer.

++ Buffered bike lanes may allow bicyclists to ride side by side 
or to pass slower moving bicyclists.

++ Research has documented that buffered bike lanes increase 
the perception of safety.

++ A desirable width of the bike lane section of a buffered bike 
lane, exclusive of the buffer, is 6 feet. The minimum width, 
exclusive of the buffer, is 4 feet with parking-adjacent 
bugger and 5 feet with a travel-lane adjacent buffer or 
where the bike lane is adjacent to a curb. If a parking buffer 
is provided, the preferred buffered width is at least 3 feet 
since most open vehicle doors extend 3 feet or less.

++ The minimum traffic buffer width is 18 inches; a preferred 
width is 2 to 3 feet. Diagonal cross hatching should be used 
for buffers less than 3 feet in width. Chevron cross hatching 
should be used for buffers greater than 4 feet in width.

++ Buffers are to be broken where curbside parking is present 
to allow cars to legally cross the bike lane.

BUFFERED BIKE LANES
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Buffered Bike Lane Adjacent to a Curb Buffered Bike Lane Adjacent to Parking
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CONSIDERATIONS GUIDANCE

++ The width of the bike lane zone should be determined by the 
peak hour volume of users. Protected  bike lanes generally 
attract a wider spectrum of bicyclists, some of whom 
operate at slower speeds, such as children or seniors. 
Because vertical elements are often used to separate the 
bike lane from the adjacent motor vehicle lane, bicyclists 
may not have the option to move out of the  protected bike 
lane. The bike lane zone should therefore be sufficiently 
wide to allow bicyclists to pass one another. 

• The bike lane width should be at least 6.5 feet for one-
way bikeways and 8 feet for two-way bikeways, to 
ensure bicyclists can safely pass each other. 

• A minimum shy distance of 1 foot should be provided
between any vertical objects in the sidewalk or street
buffer and the bike lane.

++ The street buffer is required and should provide separation 
from the street using vertical objects or a median. The 
street buffer can consist of parked cars, vertical delineators, 
raised medians, landscaped medians, and a variety of other 
elements (see Page 17). The preferred buffer width is at 
least 6 feet, however, in constrained conditions, buffers 
may be narrowed to a minimum of 2 feet. Intersections 
must be designed with consideration of potential conflicts 
with motor vehicle traffic (see Page 50). Where the buffer 
is reduced below 6 feet, a raised bicycle crossing or signal 
phase separation should be considered.

++ Travel lanes and parking should be narrowed to the 
minimum widths in constrained corridors.

NACTO Urban Bikeway Design Guide (2014)

MassDOT Separated Bike Lane Planning and Design Guide (2015)

FHWA Separated Bike Lane Planning and Design Guide (2015)

Protected Bike Lanes (also known as separated bike lanes or cycletracks) are an exclusive bikeway facility that combines 
the user experience of a shared use path with the on-street infrastructure of a conventional bike lane. They are physically 
separated from motor vehicle traffic and distinct from the sidewalk.  Protected Bike Lanes are more attractive to a wider 
range of bicyclists than conventional bike lanes on higher volume and higher speed roads. They eliminate the risk of a 
bicyclist being hit by an opening car door and prevent motor vehicles from driving, stopping, or parking in the bikeway. 
They also provide greater comfort to pedestrians by separating them from bicyclists operating at higher speeds.

PROTECTED BIKE LANES
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Protected bike lanes can provide different levels of separation: 
++ Protected bike lanes with flexible delineator posts  (“flex 
posts”) alone offer the least protection from traffic and 
should only be used as an interim treatment. 

++ Protected bike  lanes that are raised or have a physical 
barrier from traffic provide the greatest level of protection, 
but will often require road reconstruction. 

++ Protected bike lanes that are separated from traffic by a 
row of on-street parking offer a high degree of protection.

In constrained environments, reallocations of street and vehicle 
space should be considered before narrowing sidewalks and 
other spaces allocated to pedestrians. This reduction can 
include decreasing the number of travel lanes, narrowing 
existing lanes, or adjusting on-street parking. 

++ The sidewalk width should be determined by context and 
the anticipated peak hour pedestrian volume. The sidewalk 
should not be narrowed beyond the minimum necessary to 
accommodate pedestrian demand.

++ The sidewalk buffer is desirable, but not required. It 
separates the bike lane from the sidewalk, communicating 
each as distinct spaces. By separating people walking and 
bicycling, encroachment into these spaces is minimized 
and the safety and comfort is enhanced for both users. The 
sidewalk buffer may be eliminated at locations with low 
pedestrian volumes. 

5
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1 2 3 54
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Protected bike lanes may be located at sidewalk level,  street level, or at an elevation intermediate to the sidewalk 
and street.  Protected bike lanes are physically separated from motor vehicles and pedestrians by vertical and 
horizontal elements.

Sidewalk-level bike lanes: 
++ May encourage pedestrian and bicyclist encroachment 
unless discouraged with a continuous sidewalk buffer. 

++ Requires no transition for raised bicycle crossings at 
driveways, alleys, or streets. 

++ May provide level landing areas for parking, loading, or bus 
stops along the street buffer. 

++ May reduce maintenance needs with less debris build up 
from roadway runoff.

++ Directional indicators are not required, but where used, 
should be installed linearly alongside protected bike 
lanes and implemented in accordance with International 
Standard 23599.

++ The color of the sidewalk (or the directional indicator) 
should contrast with the adjoining surface.

++ Detectable warning surfaces (also called truncated domes) 
should not be used along the length of protected bike lanes as a 
wayfinding device and should be reserved for crossing locations.

Intermediate-level bike lanes: 
++ Preserve separation between bicyclists and pedestrians 
where sidewalk buffers are eliminated.

++ Ensure a detectable edge is provided for people with vision disabilities.

++ May reduce maintenance needs with less debris build up 
from roadway runoff. 

++ Requires careful consideration of drainage design and in some 
cases may require catch basins to manage bike lane runoff.

Street-level bike lanes: 
++ Preserve separation between bicyclists and pedestrians 
where sidewalk buffers are eliminated.

++ Ensure a detectable edge is provided for visually-impaired 
pedestrians.

++ May increase maintenance needs to remove debris from 
roadway runoff unless street buffer is raised. 

++ Requires careful consideration of drainage design and in 
some cases may require catch basins to manage bike lane 
runoff. 

PROTECTED BIKE LANE DESIGN PARAMETERS
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ONE-WAY PROTECTED BIKE LANES

The recommended minimum width of a two-way protected 
bike lane is:

TWO-WAY PROTECTED BIKE LANES

NACTO Urban Bikeway Design Guide (2014)

MassDOT Separated Bike Lane Planning and Design Guide (2015)

FHWA Separated Bike Lane Planning and Design Guide (2015)

RE
FE

RE
NC

ES

CONSIDERATIONS

Example of a Directional Indicator

++ The recommended minimum width of a one-way protected 
bike lane is:

++ A constrained one-way bike lane width of 4 feet may be 
used for only short distances to navigate around transit 
stops, accessible parking spaces, or other obstacles.
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15

CONSIDERATIONS GUIDANCE

MassDOT Separated Bike Lane Planning and Design Guide (2015)

FHWA Separated Bike Lane Planning and Design Guide (2015)

When designing protected bike lanes in constrained corridors, designers may need to balance different cross-section 
elements to achieve a context-sensitive design that safely and comfortably accommodates all users.

PROTECTED BIKE LANES IN CONSTRAINED CORRIDORS
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++ The allocation of space can vary from midblock locations 
to intersection approaches.

++ The street buffer is critical to the safety of  protected bike 
lanes. Narrowing it should be avoided wherever possible, 
especially at intersections. Providing a larger street buffer 
at intersections can be achieved by tapering the bike lane 
toward the sidewalk as it approaches the intersection and 
narrowing or eliminating the sidewalk buffer.

++ In constrained locations where physical separation 
is desirable because of higher pedestrian demand, a 
difference in elevation or physical barrier between the 
sidewalk and protected bike lane is preferable  to ensure 
pedestrians do not walk in the bike lane and bicyclists do 
not ride on the sidewalk.

++ Where it is not feasible to provide raised separation, it will 
be necessary to distinguish the bike lane from the sidewalk 
through the use of stained surfaces or applied colored 
surface materials that provide a high degree of visual 
contrast between the two.

When making space trade-offs, designers should consider  the 
minimum zone widths listed below. This guidance is flexible 
and should take adjacent land uses into consideration. 

++ Narrowing the sidewalk to the minimum width needed to 
accommodate pedestrian demand, but no less than 5 feet.

++ Narrowing or eliminating the sidewalk buffer.

++ Narrowing the protected bike lane to the minimum width. 

++ Narrowing the street buffer to a minimum of 2 feet at 
midblock locations and a minimum of 6 feet at intersections. 

++ Narrowing the travel lane to minimum widths (10 or 11 
feet); eliminating travel lanes; reducing parking-lane width; 
or eliminating on-street parking. In addition to providing 
space for  protected bike lanes, narrowing the travel lane 
can reduce the operating speed of the road.

5

4

3

2

1

1 2 3 54

CONSIDERATIONS GUDIANCE
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Protected bike lanes may operate as one-way or two-way facilities. Determining the appropriate configuration for a 
protected bike lane requires consideration of street operations, transitions to other bicycle facilities, and connectivity 
within the larger bicycle network.

PROTECTED BIKE LANE DESIGN EXAMPLES

One-way Sidewalk-level
Protected Bike Lane

Two-way Sidewalk-level
Protected Bike Lane

One-way Intermediate-level
Protected Bike Lane

Two-way Intermediate-level
Protected Bike Lane

One-way Street-level
Protected Bike Lane

Two-way Street-level
Protected Bike Lane

GUIDANCE

One-way protected  bike lanes in the direction of motorized 
travel provide intuitive and simplified transitions to existing 
bike lanes and shared travel lanes.

Two-way protected bike lanes will require special attention to 
transition bicyclists in and out of these facilities. 
Depending on context, motorists may not expect bicyclists to 
approach crossings from both directions. For this reason, two-
way protected bike lanes may require detailed treatments at 
alley, driveway, and street crossings to enhance the safety of 
these crossings for all users.

ONE-WAY PROTECTED BIKE LANES

TWO-WAY PROTECTED BIKE LANES
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Cost / 
Benefit

Cost per 
Foot*

$3 $10 $20 $20 - 40 $20 - $80 $40 - $60 $100+

$ $ $ $ $ $ $ $  -  $$$$ $$  -  $ $ $ $$ $ $ $ $ $ $ $ $ $

Relative 
Protection 
Level**

Poor Fair Good Good Good Great Great

Durability Fair Poor Fair Good Fair Great Great

Required 
Width

1.5’ 1.5’ 1.5’ 2’ 3’ 1’ 1’

MOST PROTECTIONLEAST PROTECTION

Striped Buffer Flexible 
Bollards

Parking Stops 
& Flexible 
Bollards

K71 Bollards Planters Cast in Place 
Curb

Precast Barrier 
Curb

Barrier Type 

PROTECTED BIKE LANE BARRIER FACILITY SELECTION

Protected bike lanes can be designed using a variety of barrier types, each with different levels of protection and user 
comfort, durability, and cost.

*Exact costs per bikeway may vary depending on local site conditions.

**Protection ratings are relative to other bikeways in the graphic.
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NACTO Urban Streets Design Guide (2013)

FHWA Bicycle Safety Guide and Countermeasure Selection System (2014)

On transit-only streets, i.e., streets with no private motor vehicles allowed, and with constrained rights-of-way, shared bus/
bike lanes can be a way to provide on-street facilities for bicyclists.

++ Shared bus/bike lanes may not be considered comfortable 
by some types of bicyclists. 

++ Shared bus/bike lanes are not appropriate on streets with 
very high transit volumes (headways less than 4 minutes) 
or travel speeds greater than 20 mph. 

++ Shared bus/bike lanes may not be appropriate on streets 
with high volumes of bicyclists due to leap frogging, where 
bicyclists and buses repeatedly pass each other because 
of their different operating speeds and frequency of transit 
stops. 

++ Shared bus/bike lanes may not be appropriate along single-
lane segments with high volumes of right-turning vehicles.

++ For guidance on mitigating conflicts between buses and 
bicyclists near bus stops refer to Bus Stops on Page 31.

++ The width of a full-time bus-bike lane is 10–11 feet for non-
curbside lanes, and up to 15 feet for curbside lanes. 

++ The recommended width of a part-time bus-bike lane that 
permits parking during non-peak times, to create an off-
peak bike lane, is 12–13 feet. 

++ Pavement markings may be used to indicate that the lane 
is dedicated to transit. if used, markings should include a 
solid white line and BIKE BUS ONLY or similar marking.

++ Install signs permitting buses and bicycles, and excluding 
other traffic. BUSES-BIKES ONLY signs may be used. 
Overhead signs are preferred.

++ Bicycle shared lane markings should be placed in the center 
or left side of the lane. At stops, place markings at the left 
side of the lane.

SHARED BUS/BIKE LANE
RE

FE
RE

NC
ES

Shared Bus/Bike Lane along South Hotel Street
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AASHTO A Policy on Geometric Design of Highways and Streets (2011)

Manual on Uniform Traffic Control Devices (2009)

Montromgery County Bicycle Master Plan Design Toolkit (2017)

Shoulder Bikeways are  typically reserved  for rural road cross-sections.  Paved shoulders  provide a range of  benefits:  
they reduce motor vehicle crashes;  reduce long-term roadway maintenance;  ease short-term  maintenance,  such as  
debris  clearing;  and  provide  space  for  bicyclists  and  pedestrians  (although  paved  shoulders typically do not meet 
accessibility requirements for pedestrians). 

Where 4-foot or wider paved shoulders exist already, it is 
acceptable to mark them as bike lanes, in particular, where they 
provide continuity between other bikeways. If paved shoulders 
are marked as bike lanes, they need to also be designed as bike 
lanes at intersections. Where a roadway does not have paved 
shoulders already, paved shoulders can be retrofitted to the 
existing shoulder when the road is resurfaced or reconstructed. 
In some instances, adequate shoulder width can be provided 
by narrowing travel lanes to 11 feet, also known as a “lane diet”.
There are several situations in which additional shoulder width 
should be provided, including motor vehicle speeds exceeding 
50 mph, moderate to heavy volumes of traffic, and above-
average bicycle or pedestrian use.
The placement of rumble strips may significantly degrade the 
functionality of paved shoulders for bicyclists. Rumble strips 
should be placed as close to the lane edge line as practicable 
and at least 4 feet of usable space should be provided for 
bicyclists. Where rumble strips are present, gaps of at least 12 
feet should be provided every 40 to 60 feet.
Benefits

++ Provides separated space for bicyclists and can be used by 
pedestrians.

++ Reduces run-off-road motor vehicle crashes.

++ Reduces pavement edge deterioration and accommodate 
maintenance vehicles.

++ Provides emergency refuge for public safety vehicles and 
disabled vehicles.

++ Provides space for large, slow-moving agricultural equipment.

Challenges
++ May not provide a comfortable experience for all bicyclists 
when used on high-speed roads.

++ May not facilitate through-intersection bicycle movement 
unless designed as bike lanes through intersections.

++ For pedestrians, paved shoulders do not meet accessibility 
requirements.

++ Minimum width: 4 feet (5 feet if adjacent to curb or guardrail)

++ Shoulder  bikeways  should  be  8  feet  if  vehicle  speeds 
exceed 45 mph or if used by people walking; if use by, heavy 
trucks, buses, or recreational vehicles exceeds 10% of ADT; 
or if obstructions exist along the roadside. The 8 feet may 
be split into a 6-foot shoulder with a 2-foot buffer.

++ On collector and arterial roads shoulder widths of 6 feet to 
8 feet are recommended where vehicle volumes are 1,500 
to 2,000 vehicles/day or higher.

Where bicycle traffic is expected, rumble strips should be 
designed as follows to minimize crash risk for bicyclists :

++ Width: 6 inches parallel to the traveled way

++ Length: as little as 6 inches when necessary due to 
pavement width restrictions and large bicycle traffic 
volumes. 

++ Provide bicycle gaps or adjust depth: gaps of 10 to 12 
feet every 40 to 60 feet on level or rolling terrain and 
longer gaps on downhill sections provide bicyclists the 
opportunity to pass between rather than cross the rumble 
strips when necessary. 

++ Spacing: 12 inches center-to-center

++ The minimum recommended clear space between rumble 
strips and the edge of pavement where bicyclists are 
expected is 4 feet to the outside edge of a paved shoulder 
or 5 feet to an adjacent curb, guardrail, or other obstacle, 
to provide adequate space for bicyclists. Providing 6 feet 
of rideable space beyond the rumble strip is preferred.

SHOULDER BIKEWAYS
RE
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GUIDANCE
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Paved Shoulder along Kalaniana‘ole Hwy. near Makapu’u Beach
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AASHTO Guide for the Development of Bicycle Facilities (2012)

FHWA Bicycle Facilities and the Manual on Uniform Traffic Control Devices (2015)

Advisory bike lanes are an experimental treatment that consist of dashed bike lanes that allow motorists to temporarily 
enter the bike lane to provide oncoming traffic sufficient space to safely pass on narrow streets with no centerline. They 
can be considered on low-volume streets within residential land use contexts.

++ Requires FHWA permission to experiment.

++ For use on streets too narrow for bike lanes and normal 
width travel lanes.

++ Provide two separate minimum width bike lanes, on 
either side of a single shared (unlaned) two-way “yielding” 
motorist travel lane.

++ Motorists must yield to on-coming motor vehicles by pulling 
into the bike lane.

++ For streets with on-street parking, this treatment should 
only be used on streets where continuous daytime parking 
occupancy is > 60%.

++ Where parking occupancy is continuously <50%, consolidate 
the parking to one side of the street.

++ A Two-Way Traffic warning sign (W6-3) may increase 
motorists’ understanding of the intended two-way operation 
of the street.

•	 The minimum width of an advisory bike lane is:
++ 5 feet adjacent to parking

++ 4 feet curb-adjacent exclusive of gutter

++ A desirable width is 6 feet.

•	 The minimum width of the shared motor vehicle
space should be 12 feet between the bike lanes. The 
maximum width should be 18 feet.

Advisory bike lanes can generally be considered on roads with 
one or more of the following characteristics: 

++ Posted speed limit: < 25 mph preferred; < 35 mph 
desired. 

++ Average Daily Traffic: < 3,000 preferred; < 6,000 
maximum.

++ Infrequent parking turnover or heavy vehicles.

++ Adequate sight distance for motorists.

ADVISORY BIKE LANES
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Advisory Bike Lane with Parking

1

2

Advisory Bike Lane without Parking

1 2 1 1
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FHWA Shared Use Path Level of Service Calculator (2006)

Manual on Uniform Traffic Control Devices (2009)

SHARED USE PATHS AND TRAILS
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A shared use path is a two-way facility that is physically separated from motor vehicle traffic and used by bicyclists, 
pedestrians, and other non-motorized users. Shared use paths, also referred to as trails, are often located in an independent 
alignment, such as a greenbelt or abandoned railroad right-of-way. Shared use paths may make up a network or system 
of routes designed specifically for off-street travel and are used for recreation, leisure, and commuting trips. 

++ Shared use paths should not preclude on-street bicycle 
facilities, but rather supplement a network of in-street 
facilities. In some situations it may be appropriate to 
provide an on-street bikeway in addition to a shared use 
path along the same roadway.

++ Shared use paths typically have a lower design speed 
for bicyclists than on-street facilities and may not 
provide appropriate accommodation for more confident 
bicyclists who desire to travel at greater speeds.

++ Shared use paths are appropriate when an on-street route 
may be too dangerous due to traffic volumes and speeds, to 
provide a direct route between points of interest, or when the 
majority of users are recreational or leisure users, ‘interested 
but concerned’ users, or users with a slower travel speed, 
such as children or older adults.

++ Shared use paths may present increased conflicts 
between path users and motor vehicles at intersections 
and driveway crossings. Conflicts can be reduced by 
minimizing the number of driveway and street crossings 
present along a path, selecting alignments with fewer 
crossings, and otherwise providing high-visibility crossing 
treatments. In areas with high concentrations of driveways 
and intersections, on-street accommodations (including 
bike lanes and protected bike lanes) are likely to be safer.

++ Trails with high use may require pedestrians and bicyclists 
to be separated. 

++ Trails on steep grades (3 to 5 percent) should be wider to 
account for higher bicycle speed in the downhill direction 
and additional space for faster bicyclists to pass slower 
bicyclists and pedestrians in the uphill direction. 

++ On sections with long steep grades, provide periodic 
sections with a flat grade to permit users to stop and rest. 

++ Consider providing amenities such as restrooms, bike racks, 
and potable water at trailheads, and covered rest stops along 
the trail to ensure that paths are welcoming to a variety of 
user types, including families with children and older adults. 

++ Consider providing maps and signs to improve wayfinding 
for users, such as  signs that show trail names,  connections 
to nearby trails, and/or nearby destinations. 

Two-way Shared Use Path with Mixed Users Two-way Shared Use Path with Separated Users

CONSIDERATIONS
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FHWA Shared Use Path Level of Service Calculator (2006)

Manual on Uniform Traffic Control Devices (2009)

CROW Design Manual for Bicycle Traffic (2007)

SHARED USE PATHS AND TRAILS CONTINUED
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++ Path width should be determined based on the anticipated 
number of users, types of users, and terrain.  

++ The minimum paved width to enable side-by-side travel 
and passing is 11 feet; a prefered width is 12 feet. At 
widths narrower than these, path users will need to yield to 
oncoming traffic before passing.  

++ Trails expected to serve a high percentage of pedestrians 
(30 percent or more) or be used by large maintenance 
vehicles should be wider than 10 feet. 

++ Fourteen feet is the preferred width where volumes 
are high (> 100 total users in the peak hour), there 
are steep grades, or high volumes of users who need 
additional operating width are anticipated (e.g., children 
or skaters).    

++ A path width of 8 to 10 feet may be used for a short 
distance to accommodate a physical constraint such as 
a fence, tree, bridge parapet, etc. 

++ Maximum grade should not exceed 5 percent. 

++ Provide protective railings/fences at 42 inches high if the 
trail is adjacent to a steep slope.

++ Ideally, provide a graded shoulder area of 2 to 5 feet on both 
sides of a path. 

++ Lighting should be provided at path/roadway intersections 

at a minimum and at other locations where personal security 
may be an issue or where nighttime use is likely to be high. 

++ All shared use paths must conform to the current editions 
of both the AASHTO and ADA guidelines.

++ Shared use paths must also conform to Public Rights-
of-way Accessibility Guidelines (PROWAG) if in a public 
right-of-way or Advance Notice of Proposed Rulemaking 
(ANPRM) on Accessibility Guideline for Shared Use Paths 
if in a private right-of-way.

++ The most applicable design guidance for shared use path 
design at intersections is the Dutch CROW Manual. Its 
guidelines recommend 16-23 feet of setback from the 
curbline of the parallel road, with the path offset bend 
beginning at least 115 feet from the intersection with curve 
radii at least 39 feet (which serves to slow bicyclists). 
These recommendations are for intersections between 
arterial roads and collector/local roads. For intersections 
between two arterial roads, the crossings should be closer 
to the intersection and bicycle-specific signal heads should 
be used.

GUIDANCE

Melaekahana Bicycle and Pedestrian Path 
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MassDOT Separated Bike Lane Planning and Design Guide (2015)

FHWA Separated Bike Lane Planning and Design Guide (2015)

Most bicycle facilities will need to cross streets, driveways, or alleys at multiple locations along a corridor. At these 
locations, the crossings should be designed to 1) delineate a preferred path for people bicycling across the driveway and 
2) to encourage driver yielding behavior, where applicable. Bicycle crossings may be supplemented with green pavement,
yield lines, and/or regulatory signs.

++ Supplemental yield lines, otherwise known as shark’s teeth, 
can be used to indicate priority for people bicycling and 
may be used at unsignalized crossings at driveways, at 
signalized intersections where motorists may turn across a 
bicycle crossing during a concurrent phase, and in advance 
of bicycle crossings located within roundabouts. 

++ Raised bicycle crossings prioritize and increase the visibility 
of people bicycling and promote improved driver yielding 
behavior by slowing their speed before the crossing.

++ In situations where raised bicycle crossings are not 
possible, pavement markings and signs should be provided 
to indicate to both bicyclists and drivers that they should 
watch out for each other. This is especially important along 
two-way and/or contra-flow facilities. 

++ The bicycle crossing may be bound by 12-inch 
(perpendicular) by 24-inch (parallel) white pavement 
dashes, otherwise known as elephant’s feet. Spacing 
for these markings should be coordinated with zebra, 
continental, or ladder striping of the adjacent crosswalk. 

++ The bicycle crossing should be at least 6 feet wide for 
one-way travel and at least 10 feet wide for two-way travel, 
as measured from the outer edge of the elephant’s feet. 
Bike lane symbol markings should be avoided in bicycle 
crossings. Directional arrows are preferred within two-way 
bicycle crossings. 

++ Dashed green colored pavement may be used within the 
bicycle crossing to increase the conspicuity of the crossing 
where permitted conflicts occur. A solid green color 
may be desirable at crossings where concurrent vehicle 
crossing movements are allowed and where sightlines are 
constrained, or where motor vehicle turning speeds exceed 
10 mph.

BICYCLE FACILITIES AT DRIVEWAYS
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ENHANCEMENTS AND SUPPORTING 
TREATMENTS FOR BICYCLE FACILITIES
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FHWA The Effects of Traffic Calming Measures on Pedestrian and Motorist Behavior (2001)

ITE Traffic Calming Website 

NACTO Urban Street Design Guide (2013)

Traffic calming aims to slow the speeds of motorists to a “desired speed” (usually 20 mph or less for residential streets 
and 25 to 35 mph for collectors and minor arterials). This can  increase safety and comfort for all users on and crossing 
the street. Compared with conventionally-designed streets, traffic calmed streets typically have fewer collisions and far 
fewer injuries and fatalities. These safety benefits are the result of slower motor vehicle speeds that result in greater 
driver awareness, shorter stopping distances, and less kinetic energy during a collision.

Traffic calming is a strategy that incorporates a variety of 
vertical and horizontal treatments to reduce motor vehicle 
speeds. Vertical deflection treatments include speed cushions, 
speed humps, and raised crosswalks. Horizontal treatments 
include chicanes, neck downs, curb extensions, and traffic 
circles.
Prior to permanently implementing a traffic calming measure, 
it may be useful to introduce a temporary measure using paint, 
cones, or street furniture, as changes can easily be made to 
the design. 
Traffic calming provides benefits to both pedestrians and 
bicyclists. 

++ Vertical deflections such as speed humps and speed 
cushions should have a smooth leading edge and be 
engineered for a speed of 25 to 30 mph. Speed humps 
should be clearly marked with reflective markings and 
signs.

++ Where traffic calming must not slow an emergency vehicle, 
traffic calming should focus on horizontal treatments. 
If vertical deflection is desired, speed cushions should 
be used. Speed cushions provide gaps spaced for an 
emergency vehicle’s wheelbase to pass through without 
slowing. 

++ A typical curb radius of 20 feet should be used wherever 
possible, including locations with higher pedestrian 
volumes and fewer larger vehicles. 

TRAFFIC CALMING
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Source: Tefft, Brian C. Impact Speed and A Pedestrian’s Risk of Severe Injury or Death. Accident Analysis & Prevention, Vol. 50, 2013.

20 
MPH

13% Likelihood
of fatality or 
severe injury

30 
MPH

40% Likelihood
of fatality or 
severe injury

40 
MPH

73% Likelihood
of fatality or 
severe injury
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Vertical traffic calming treatments compel motorists to slow their speeds. By lowering the speed differential between 
bicyclists and motorists, safety and bicyclist comfort is increased. These treatments are typically used where other 
types of traffic controls are less frequent, for instance along a segment where stop signs may have been removed to 
ease bicyclist travel.

++ Typically, speed humps are 12 to 22 feet in length 
(perpendicular to the roadway), with a rise of 4 to 6 inches 
above the roadway. They should extend the full width 
of the roadway and should be tapered to the gutter to 
accommodate drainage. Speed humps are not typically 
used on roads with rural cross-sections; however, if they are 
used on such roads, they should match the full pavement 
width (including shoulder bikeways).

++ Speed humps and raised crosswalks impact bicyclist 
comfort. The approach profile should preferably be 
sinusoidal or flat-topped.

++ Speed humps or speed cushions are not typically used on 
collector or arterial streets. 

++ Consider using raised crosswalks on side streets at 
intersections to slow traffic turning onto the traffic-calmed 
street from a major street.

Vertical traffic calming will not be necessary on all traffic-
calmed streets but should be considered on any street with:

++ Measured or observed speeding issues, e.g., where the 
50th percentile of traffic exceeds the posted limit.

Devices that are continuous across the roadway, such as speed 
humps and raised crosswalks, are more effective for achieving 
slower speeds than speed cushions.

TRAFFIC CALMING - VERTICAL DEFLECTION TREATMENTS

Fundamentals of Bicycle Boulevard Planning & Design (2009)

NACTO Urban Bikeway Design Guide (2014)

Portland’s Neighborhood Greenway Assessment Report (2015)

Speed Cushion Speed Hump

Raised Crosswalk on Queen Lane Curve Profile Options

RE
FE

RE
NC

ES

EN
H

AN
CE

M
EN

TS
 A

N
D 

SU
PP

OR
TI

N
G 

TR
EA

TM
EN

TS
 F

OR
 B

IC
YC

LE
 F

AC
IL

IT
IE

S



28

CONSIDERATIONS GUIDANCE

CI
TY

 A
N

D 
CO

UN
TY

 O
F 

H
ON

OL
UL

U 
BI

CY
CL

E 
FA

CI
LI

TY
 T

OO
LK

IT
 | 

 2
01

9

Horizontal traffic calming reduces speeds by narrowing lanes, which creates a sense of enclosure and increased 
interaction between passing vehicles. Narrower conditions require more careful maneuvering around fixed objects and 
when passing bicyclists or oncoming automobile traffic. Some treatments may slow traffic by creating a yield situation 
where one driver must wait to pass.

++ Horizontal traffic calming treatments must be designed to 
deflect motor vehicle traffic without forcing the bicyclist’s 
path of travel to be directed into a merging motorist.

++ Neighborhood traffic circles should be considered at local 
street intersections to prioritize the through movement of 
bicyclists (by removing stop control or converting to yield 
control) while still managing motorists’ speeds. 

++ Infrastructure costs will vary depending on the complexity 
and permanence of design. Simple, interim treatments such 
as striping and flexposts are low-cost. Curbed, permanent 
treatments that integrate plantings or green infrastructure 
are higher-cost.

Horizontal traffic calming treatments can be appropriate along 
street segments or at intersections where width contributes to 
higher motor vehicle speeds. It can be particularly effective at 
locations where:

++ On-street parking is low-occupancy during most times of 
day.

++ There is desire to remove or decrease stop control at a 
minor intersection.

Horizontal treatments are most effective if they deflect 
motorists midblock (with chicanes) or within intersections 
(with neighborhood traffic circles).

++ The size of chicanes will vary based on the targeted design 
speed and roadway width, but must be 20 feet wide curb-to-
curb at a minimum to accommodate emergency vehicles. 

TRAFFIC CALMING - HORIZONTAL TREATMENTS

Fundamentals of Bicycle Boulevard Planning & Design (2009)

NACTO Urban Bikeway Design Guide (2014)

Portland’s Neighborhood Greenway Assessment Report (2015)

Chicane Neckdown

Curb Extension at Wai‘alae Ave. and 11th Ave. Neighborhood Traffic Circle
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NACTO Urban Street Design Guide (2013)

Traffic circles, or mini roundabouts, can reduce speeds and crashes in low-volume areas and are an ideal treatment 
for uncontrolled intersections. They can be installed using simple markings or raised islands, but they also provide 
great opportunities to include stormwater management infrastructure or decorative art. Traffic circles on neighborhood 
residential streets and bicycle boulevards provide advantages for bicyclists and vehicles as they don’t require a full stop 
and enable continuous progression when conflicting traffic is not present.

++ Neighborhood traffic circles are  typically smaller than 
roundabouts and are used in residential neighborhoods 
to slow traffic speeds. They are typically not designed to 
accommodate large-vehicle traffic. 

++ Designs should consider the desired speed of the roadway.

++ Access to underground utilities should be considered.

++ A neighborhood partner should be identified for 
maintenance of any plantings.

++ Circles are ideal locations for art or neighborhood gateway 
treatments; however, elements must not obstruct visibility.

++ Maintain conspicuity of the circle with paint and reflectors.

++ Regulatory and/or warning signage should be provided to 
remind traffic to proceed counter-clockwise around the 
circle.

++ Traffic circles are a good alternative to stop-controlled 
intersections, and are usually preferred to four-way stops.

++ A mountable curb/curb apron should be provided at traffic 
circles where large trucks or emergency vehicles require 
access in constrained spaces.

++ Careful attention should be paid to the available lane width 
and turning radius used with traffic circles.

++ Crosswalks should be marked to clarify where pedestrians 
should cross and that they have priority. ADA-compliant 
ramps and detectable warnings are required.

++ Provide approximately 15 feet of clearance from the corner 
to the circle.

++ If plantings are incorporated, they should require minimal 
maintenance, and access paths for maintenance crews 
should be incorporated into the overall design.

NEIGHBORHOOD TRAFFIC CIRCLES
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Neighborhood traffic circle at Ke‘eaumoku Street and Heulu Street
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Traffic diversion strategies are part of traffic calming and are used to reroute traffic from a bicycle boulevard or other 
intentionally low-traffic streets onto other adjacent streets by installing design treatments that allow access by bicyclists 
and pedestrians but restrict motorized traffic from passing through.

++ Decisions about diverting motor vehicle traffic should 
consider and mitigate the potential to divert traffic volume 
onto other local streets during the planning, design, and 
evaluation process.

++ Other traffic calming tools should be explored for their 
effectiveness before implementing traffic diversion 
measures. In suburban contexts and other neighborhoods 
where the street network is not a traditional grid, the 
impacts of diversion to the larger street network will be 
greater, due to the inability of traffic to easily disperse and 
find alternate routes.

++ Temporary materials may be used to test diversion impacts 
before permanent, curbed diverters are installed.

++ Consultation with emergency services will be necessary to 
understand their routing needs.

++ Preferred motor vehicle volumes on local streets used as 
part of the bike network are in the range of 1,000 to 1,500 
per day, while up to 3,000 automobiles may be acceptable.

++ Diversion devices must be designed to provide a minimum 
clear width of 6 feet for a bicyclist to pass through.

++ Some treatments may require a separate pedestrian 
accommodation.

TRAFFIC DIVERSION

Fundamentals of Bicycle Boulevard Planning & Design (2009)

NACTO Urban Bikeway Design Guide (2014)

Portland’s Neighborhood Greenway Assessment Report (2015)
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Partial Closure - Permanent, Signalized Diagonal Diverter

Partial Closure - Interim, Stop-Control Full Closure
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NACTO Urban Bikeway Design Guide (2012)

Manual on Uniform Traffic Control Devices (2009)

Fundamentals of Bicycle Boulevard Planning & Design (2009)

Bicycle boulevards incorporate traffic calming treatments with the primary goal of prioritizing bicycle through-travel, 
while discouraging unnecessary motor vehicle traffic and maintaining relatively low motor vehicle speeds. These 
treatments are typically applied on quiet streets, often through residential neighborhoods. Treatments vary depending 
on context, but often include traffic calming treatments, pavement markings, and signs. Bicycle boulevards are also 
known as neighborhood greenways and neighborhood bikeways, among other locally-preferred terms.

Many cities already have signed bike routes along neighborhood 
streets that provide an alternative to traveling on high-volume, 
high-speed arterials. Applying bicycle boulevard treatments 
to these routes makes them more suitable for bicyclists of all 
abilities and can reduce crashes. 
Stop signs should be placed along the bicycle boulevard in a 
way that prioritizes the bicycle movement, minimizing stops 
for bicyclists whenever possible.
Bicycle boulevard treatments include traffic calming measures 
such as street trees, traffic circles, chicanes, and speed 
humps. Traffic management devices such as diverters or semi-
diverters can redirect cut-through vehicle traffic and reduce 
traffic volume while still enabling local access to the street. 
Communities should begin by implementing bicycle boulevard 
treatments on one pilot corridor to measure the impacts and 
gain community support. The pilot program should include 
before-and-after crash studies, motor vehicle counts, and 
bicyclist counts on both the bicycle boulevard and parallel 
streets. Findings from the pilot program can be used to justify 
bicycle boulevard treatments on other neighborhood streets. 
Additional treatments for major street crossings may be 
needed, such as median refuge islands, rapid flash beacons, 
traffic signals, bicycle signals, and HAWK or half signals.

++ Maximum Average Daily Traffic (ADT):  3,000 
Maximum Speed: 25 mph	

++ Preferred ADT: Up to 1,000 
Preferred Speed: 15 mph

++ Target speeds for motor vehicle traffic are typically around 20 
mph; there should be a maximum 15 mph speed differential 
between bicyclists and vehicles.

++ Where ADT or traffic speeds exceed maximums, traffic calming 
(Page 27) or diversion (Page 30) strategies should be considered.

BICYCLE BOULEVARD TREATMENTS
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Conventional curbside bus stops along streets with sameside bike lanes can create conflicts between bicyclists and 
buses. Floating transit islands are sidewalk-level platforms built between the bikeway and the roadway travel lane. 
These facilities reduce conflicts between bicyclists traveling in conventional bike lanes  and buses that must pull into 
conventional bike lanes to load and unload passengers. Where feasible, protected bike lanes should be located behind 
bus stops to eliminate conflicts between bicyclists and buses. This treatment is compatible with near-side, far-side and 
mid-block bus stop locations. 

BUS STOPS

Curbside bus stops
++ At approaches to curbside bus stops, bike lanes can have 
solid or dashed lines and green pavement can be used 
to identify potential conflict areas between buses and 
bicyclists.

++ Curbside bus stops with interrupted bike lanes require less 
space than floating bus stops, but provide less separation 
between buses and bicyclists. Curbside stops should only 
be considered at locations with lower boarding/alighting 
levels and/or on streets with lower bicycle volumes.

Floating transit islands
++ The space between the bike lane and the sidewalk 
must have a detectable edge so pedestrians with vision 
disabilities can distinguish between the two. The bike 
lane may be located at street-level, intermediate-level, 
or sidewalk-level. The bike lane elevation can affect the 
treatment used and can itself be a treatment for creating 
the detectible edge. The following design treatments can 
help provide this tactile cue:

++ Street furniture or other vertical objects.
++ A curb. 
++ Curb height changes.
++ Continuous low landscaping.

++ A directional indicator (in accordance with 
International Standard 23599) installed linearly   
along the sidewalk adjacent to the edge.

•	 Provide a buffer of 6”-12” between the bus shelter and the
bike lane. This buffer is narrower than the shy distance
normally used for vertical surfaces (2’), but this is
acceptable for short distances in constrained spaces.

•	 Channelizing railings, planters or other treatments can be
used to help direct people to the crossing location(s).

•	 Multiple pedestrian crossings are recommended, but not
required.

•	 Provide a minimum 4-foot-wide walkway between the
curb and the transit shelter.

• Minimum 8-feet of clear width at the location where the bus
doors will open to accommodate persons in wheelchairs.

1

2

3

4

5

MassDOT Separated Bike Lane Planning and Design Guide (2015)

AC Transit Multimodal Corridor Guidelines (2018)

Montgomery County Bicycle Master Plan Design Toolkit (2017)
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Floating Transit Island

GUIDANCE

CONSIDERATIONS CONSIDERATIONS CONTINUED
++ Consider bus queuing and bus length to determine island 
length and pedestrian crossing placement.

++ Ensure visibility between bicyclists and pedestrians for 
safety.

++ Consider raised pedestrian crossings between the floating 
transit island and the sidewalk to prioritize pedestrians.
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TRANSITION FROM ONE-WAY PROTECTED BIKE LANE TO 
CONVENTIONAL BIKE LANE ON INTERSECTING STREET
This treatment provides an example of a transition from a one-way protected bike lane to a conventional bike  lane on 
an intersecting street.

Intersections with protected  bike lanes should be designed to 
minimize bicyclist exposure to motorized traffic and minimize 
the speed differential at conflict points. Intersection design 
needs to clearly communicate the right of way priorities to 
all users moving through the intersection and incorporate 
geometric features that result in higher compliance where 
users are expected to yield.
The transition design should:

++ Maintain separation through the intersection.

++ Maintain a vertical or a visual separation between 
bicyclists and pedestrians where sidewalk buffers are 
eliminated.

++ Clearly communicate how bicyclists are intended to 
enter and exit the  protected bike lane using signage and 
markings to minimize conflicts with other users.

•	 For protected bike lane widths, see page 14.
•	 A minimum street buffer of 6’ is recommended.
•	 Minimum offset is 6’, desirable is 16.5’.
•	 Recommended minimum transition is 25’ to ensure

bicyclists have time to react to an approaching vehicle.
•	 Maximum 3:1 lateral taper.

1
2
3

4

5

NACTO Urban Bikeway Design Guide (2nd Edition)

MassDOT Separated Bike Lane Planning and Design Guide (2015)

FHWA Separated Bike Lane Planning and Design Guide (2015)

Montgomery County Bicycle Master Plan Design Toolkit (2017)RE
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TRANSITION FROM ONE-WAY PROTECTED BIKE LANE TO 
CONVENTIONAL BIKE LANE ON SAME STREET

This treatment provides an example of a transition from a one-way protected bike lane to a conventional bike  lane on 
the same street.

2

34 1

5

•	 Maximum 3:1 lateral taper.
•	 For  Protected bike lane widths see Page 14.
•	 A protection island should be provided to shadow

the bike lane on the far side of the intersection and 
to create protection for queueing left turn bicyclists 
waiting in the turn box.

•	 Provide a two-stage turn queue box at intersections
with cross streets that have bike lanes or shared
lanes.

•	 Bicycle crossing is offset a minimum of 6’ from th
outside edge of travel lane, desirable 16.5’.

1
2
3

4

5

Intersections with protected bike lanes should be designed to 
minimize bicyclist exposure to motorized traffic and minimize 
the speed differential at conflict points. Intersection design 
needs to clearly communicate the right of way priorities to 
all users moving through the intersection and incorporate 
geometric features that result in higher compliance where 
users are expected to yield.
The transition should:

++ Create and maintain separation through the intersection.

++ Occur away from the intersection to reduce conflicts 
with turning vehicles within the intersection. Maintaining 
the offset through the crossing improves the sight lines 
bewteen right-turning drivers and through bicyclists.

++ Maintain a vertical or visual separation between bicyclists 
and pedestrians where sidewalk buffers are eliminated.

++ Clearly communicate how bicyclists should enter and exit 
the protected bike lane minimizing conflicts with other 
users.

NACTO Urban Bikeway Design Guide (2nd Edition) 

MassDOT Separated Bike Lane Planning and Design Guide (2015)

Montgomery County Bicycle Master Plan Design Toolkit (2017)

FHWA Separated Bike Lane Planning and Design Guide (2015)RE
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This treatment provides an example of a transition from a two-way protected bike lanes to one-way protected bike lanes 
on the same street.

TRANSITION FROM TWO-WAY PROTECTED BIKE LANE  
TO ONE-WAY PROTECTED BIKE LANE ON SAME STREET

1

2

3

4

5
6

7
8 5

5

9

++ This treatment may be used at intersections with all types 
of traffic control. 

++ At signalized intersections, there should be opportunities 
on both sides of the intersection to transition from one-
way to two-way protected bike lanes to reduce bicyclist 
delay:

++ Bicyclists in  the one-way protected bike lanes 
approaching the intersection at a red signal can use 
the near-side crossing to make the transition.

++ Bicyclists  in one-way protected bike lanes approaching 
the intersection at a green signal can proceed through 
the intersection and use the far-side crossing to make 
the transition.

++ Where the design vehicle is a truck or other heavy vehicle, a 
mountable curb on the outside curb of the deflector island 
is preferred rather than provide a larger turning radii. 

Montgomery County Bicycle Master Plan Design Toolkit (2017)
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•	 For protected bike lane widths,  see page 14.
• For conflict area markings, see page 49.
•	 Bicycle crossing is offset from the outside travel lane edge

by 6 feet (min) and 20 feet (preferred).
•	 Use “No Turn on Red” sign restrictions where bicycle turn

queue box or bike box is present.
•	 Provide minimum 10-foot curb radius to allow turning

bicyclists to enter bike lane.
•	 Construct outside curb radii to minimize turning motorist

speeds to 15 mph or less.
• Protected bike lane should taper to create more space

between turning vehicles and bicycle crossing.
•	 Provide bicycle queuing space to enable transition to two-

way bikeway.
•	 Optional two-stage turn box, see page 48.

1
2
3

4

5

6

7

8

9
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NACTO Urban Bikeway Design Guide (2014)

Manual on Uniform Traffic Control Devices (2009)

Shared lane markings (or “sharrows”) are pavement markings that denote shared bicycle and motor vehicle travel lanes. 
The markings are two chevrons positioned above a bicycle symbol, placed where the bicyclist is anticipated to operate. 
In general, this is a design solution that should only be used in locations with low traffic speeds and volumes as part of 
a signed route or bicycle boulevard. Shared lane markings are sometimes used as a temporary solution on constrained, 
higher-traffic streets (up to 10,000 vehicles per day) until additional right-of-way can be acquired, but should not be 
considered a permanent solution in these contexts. 

++ Typically used on local, collector, or minor arterial streets 
with low traffic volumes. Commonly used on bicycle 
boulevards to reinforce the priority for bicyclists.

++ Typically feasible within existing right-of-way and pavement 
width even in constrained situations that preclude dedicated 
facilities.

++ May be used as interim treatments to fill gaps between 
bike lanes or other dedicated facilities for short segments 
where there are space constraints.

++ May be used for downhill bicycle travel in conjunction with 
climbing lanes intended for uphill travel.

++ Typically supplemented by signs, e.g., Bikes May Use Full 
Lane (R4-11).

++ Intended for use only on streets with posted speed limits 
of up to 25 mph and traffic volumes of less than 3,000 
vehicles per day. 

++ May be used as a temporary solution on constrained streets 
with up to 10,000 vehicles per day until a more appropriate 
bikeway facility can be implemented. 

++ Intended for use on lanes up to 14 feet wide. For lanes 14 
feet wide or greater, stripe a 4-foot bike lane instead of 
using shared lane markings.

++ The marking’s centerline must be at least 4 feet from the 
curb or edge of pavement where parking is prohibited.

++ The marking’s centerline must be at least 11 feet from the 
curb where parking is permitted, so that it is outside the 
door zone of parked vehicles. 

++ For narrow lanes (11 feet or less), it may be desirable to 
center shared lane markings in the outside travel lane.

SHARED LANE MARKINGS
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Shared Lane Markings along Dole Street
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NACTO Urban Bikeway Design Guide (2014)

Manual on Uniform Traffic Control Devices (2009)

Wayfinding can improve the bicycling experience and help identify the best routes to destinations, identify where to 
ride, and remind motorists to anticipate the presence of bicyclists. A wayfinding system typically combines signage 
and pavement markings to guide bicyclists along preferred routes to destinations across the county. The routes may or 
may not be numbered, named, or color-coded. Signs may also indicate distances or travel time to destinations. Similar 
wayfinding systems can be devised for pedestrian travel.

A bicycle wayfinding protocol should coordinate with bicycle 
route maps and provide three general forms of guidance: 

++ Decision assemblies, which consist of Bike Route 
identification and optional destination fingerboards, 
placed at decision points where routes intersect or on the 
approaches to a designated bike route.

++ Decision signs, which consist of Bike Route panels and 
arrow plaques, placed where a designated bike route turns 
from one street to another. 

++ Confirmation assemblies, which consist of Bike Route 
panels and optional destination fingerboards, placed on 
the far side of intersections to confirm route choice and the 
distance (and optionally, time) to destinations.

Sign design can be customized to add distinct community 
branding, but the clarity and accuracy of the information must 
be the top priority. 

++ Basic bicycle route signs consist of a MUTCD-style “Bike 
Route” sign (D11-1 shown above) placed every half mile 
on a major bike route and on the approach to major bike 
routes at decision points.  Unique numbered routes can be 
designated and can incorporate a route name or agency 
logos.

++ Bike route signs can be supplemented with “fingerboard” 
panels showing destinations, directions, and distances 
(MUTCD D1 series).

++ Place directional signs on the near side of intersections and 
confirmation signs on the far side of intersections.

++ Wayfinding signs designed using a local brand or style are 
allowed by the MUTCD and can be a useful way to draw 
attention to bike routes and develop a visual identity. See 
Section 2D.5 of the MUTCD for more information. 

BICYCLE ROUTING / DESTINATION WAYFINDING
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Bicycle Boulevard sign in Berkeley, CA Bike Wayfinding sign in Fort Collins, CO



BICYCLE INTERSECTION DESIGN & 
SPOT TREATMENTS
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While the street segments of a bicycle boulevard or other traffic-calmed street may be generally comfortable for bicyclists 
without significant improvement, major street crossings must be addressed to provide safe, convenient and comfortable 
travel along the entire route. Treatments provide waiting space for bicyclists, control cross traffic, or ease bicyclist use 
by removing traffic control for travel along the bicycle boulevard route.

++ Adjustments to traffic control such as Rectangular Rapid 
Flashing Beacons, HAWK beacons, or stop sign adjustments 
may necessitate a traffic study.

++ Median islands may be constructed to require right-in/right-
out turns by motor vehicles while still allowing through and 
left turns by bicyclists.

++ Numerous treatments exist to accommodate offset 
intersection crossings for bicyclists, and the full range 
of design treatments should be considered in these 
situations. These treatments include left turn queue boxes, 
two-way center left turn lanes (optionally designed solely 
for bicyclists), median left turn pockets and short shared 
use path segments.

++ Both HAWK beacons and Rectangular Rapid Flashing 
Beacons (RRFBs) can be used to help pedestrians and/or 
bicyclists cross uncontrolled intersections and mid-block 
crossings. HAWK beacons are typically applied on higher 
speed, higher volume streets, whereas RRFBs are typically 
applied on lower volume, lower speed streets. See pages 
42 and 43 for more information on these two treatments.

Medians should be a minimum of 6 feet in width, though 8 feet 
is desirable to allow adequate space for a bicycle. 
Intersections along a bicycle boulevard may need treatment in 
the following situations:

++ Unsignalized crossings of arterial or collector streets with 
high traffic volumes and speeds.

++ Offset intersections where the bicycle boulevard route 
makes two turns in short succession.

CROSSING TREATMENTS

Fundamentals of Bicycle Boulevard Planning & Design (2009)

NACTO Urban Bikeway Design Guide (2014)

Portland’s Neighborhood Greenway Assessment Report (2015)
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Median Diverter Bicycle Box with Lead-In Bike Lane

HAWK Beacon Offset Crossing Left Turn Box with Lead-In Bike Lane
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NACTO Urban Bikeway Design Guide (2014)

Manual on Uniform Traffic Control Devices (2009)

Bicyclists have unique needs at signalized intersections. Bicycle movements may be controlled by the same indications 
that control motor vehicle movements, by pedestrian signals, or by bicycle-specific traffic signals. The introduction 
of protected bike lanes creates situations that may require leading or protected phases for bicycle traffic, or place 
bicyclists outside the cone of vision of existing signal equipment. In these situations, provision of signals for bicycle 
traffic will be required.

++ Bicycle-specific signals may be appropriate to provide 
additional guidance or separate phasing for bicyclists per 
the AASHTO Guide for the Development of Bicycle Facilities.

++ It may be desirable to install bicycle detection on the 
intersection approach to extend the bicycle phase, or to 
prompt the phase.

++ Video detection, microwave and infrared detection can be 
an alternative to loop detectors.

++ Another strategy in signal timing is coordinating signals 
to provide a “green wave”, such that bicyclists riding at a 
typical speed will receive a series of green indications and 
not be required to stop. Several cities including Denver, CO, 
Portland, OR, and San Francisco, CA have implemented 
“green waves” for bicyclists.

++ A stationary, or “standing”, bicyclist entering the intersection 
at the beginning of the green indication can typically be 
accommodated by increasing the minimum green time on 
an approach per the AASHTO Guide for the Development of 
Bicycle Facilities.

++ A moving, or “rolling”, bicyclist approaching the 
intersection towards the end of the phase can typically be 
accommodated by increases to the yellow and red times 
(change and clearance intervals) per the AASHTO Guide for 
the Development of Bicycle Facilities.

++ Set loop detectors to the highest sensitivity level possible 
without detecting vehicles in adjacent lanes and field 
check. Type D and type Q loops are preferred for detecting 
bicyclists. 

++ Install bicycle detector pavement markings and signs per 
the Manual on Uniform Traffic Control Devices, AASHTO 
Guide for the Development of Bicycle Facilities, and the 
NACTO Urban Bikeway Design Guide.

BICYCLE SIGNALS, DETECTION, AND ACTUATION
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NACTO Urban Street Design Guide (2013) 

Manual on Uniform Traffic Control Devices (2009)

Safety Effects of Marked Versus Unmarked Crosswalks at Uncontrolled Locations (2005)

At some uncontrolled crossings, particularly those with four or more lanes, it can be difficult to get drivers to yield to 
pedestrians and bicyclists attempting to cross the street. Vehicle speeds and poor pedestrian/bicyclist visibility combine to 
create conditions in which very few drivers are compelled to yield. One type of device proven to be successful in improving 
yielding compliance at these locations is the Rectangular Rapid Flash Beacon (RRFB). RRFBs combine a pedestrian and/or 
bicycle crossing sign with bright flashing beacons that are activated only when a pedestrian/bicyclist is present.

Rectangular Rapid Flashing Beacons (RRFBs) are considerably 
less expensive to install than mast arm-mounted signals. They 
can also be installed with solar power panels to eliminate the 
need for an external power source.
RRFBs should be limited to locations with critical safety 
concerns, and should not be installed in locations with sight 
distance constraints that limit the driver’s ability to view 
pedestrians on the approach to the crosswalk.
RRFBs should be used in conjunction with advance stop bars 
and signs.
RRFBs are usually implemented at high-volume pedestrian 
crossings, but may also be considered for priority bicycle route 
crossings or locations where bike facilities cross roads at mid-
block locations.

++ The design of RRFBs should be in accordance with 
FHWA’s Interim Approval 21 (IA-21) for Optional Use of 
Pedestrian-Actuated Rectangular Rapid Flashing Beacons 
at Uncontrolled Marked Crosswalks.

++ RRFBs can be used when a signal is not warranted at 
an unsignalized crossing. They are not appropriate at 
intersections with signals or STOP signs.

++ RRFBs are installed on both sides of the roadway at the 
edge of the crosswalk. If there is a pedestrian refuge or 
other type of median, an additional beacon should be 
installed in the median.

++ See FHWA’s Safety Effects of Marked Versus Unmarked 
Crosswalks at Uncontrolled Locations publication and the 
Manual of Uniform Traffic Control Devices to determine 
warrants for traffic control at midblock crossings.

RECTANGULAR RAPID FLASHING BEACONS
RE

FE
RE

NC
ES

BI
CY

CL
E 

IN
TE

RS
EC

TI
ON

 D
ES

IG
N 

& 
SP

OT
 T

RE
AT

M
EN

TS

Rectangular Rapid Flashing Beacon at Pedestrian and Bicycle Crossing in Seattle, WA
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CONSIDERATIONS GUIDANCE

NACTO Urban Street Design Guide (2013)

Manual on Uniform Traffic Control Devices (2009)

Safety Effects of Marked Versus Unmarked Crosswalks at Uncontrolled Locations (2005)

Pedestrian-activated beacons, including the High-intensity Activated Crosswalk Beacon (HAWK), are a type of hybrid 
signal intended to allow pedestrians and bicyclists to stop traffic to cross high-volume arterial streets. This type of signal 
may be used in lieu of a full signal that meets any of the traffic signal control warrants in the MUTCD. It may also be used 
at locations which do not meet traffic signal warrants but where assistance is needed for pedestrians or bicyclists to  cross 
a high-volume arterial street.

++ While this type of device is intended for pedestrians, it 
would be beneficial to retrofit it for bicyclists as the City 
of Portland, Oregon has, on major bicycling routes, using 
bicycle detection and bicycle signal heads. Depending 
upon the detection design, the agency implementing 
these devices may have the option to provide different 
clearance intervals for bicyclists and pedestrians. The 
provision of bicycle signal heads would require permission 
to experiment from FHWA.

++ The MUTCD recommends minimum volumes of 20 
pedestrians or bicyclists an hour for major arterial crossings 
(volumes exceeding 2,000 vehicles/hour).

++ This type of device should be considered for all arterial 
crossings along a bicycle route and for path crossings if 
other engineering measures are found inadequate to create 
safe crossings.

++ Pushbutton actuators should be “hot” (i.e., respond 
immediately when pressed), be placed in convenient 
locations for all users, and abide by other ADA standards. 
Passive signal activation, such as video or infrared 
detection, may also be considered.

++ See FHWA’s Safety Effects of Marked Versus Unmarked 
Crosswalks at Uncontrolled Locations publication and the 
Manual of Uniform Traffic Control Devices to determine 
warrants for traffic control at midblock crossings.

PEDESTRIAN/BICYCLIST-ACTIVATED BEACON
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High-intensity Activated Crosswalk Beacon at Bicycle Crossing in Tuczon, AZ
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NACTO Urban Street Design Guide (2013)

Manual on Uniform Traffic Control Devices (2009)

Crossing islands are raised islands that provide a refuge for bicyclists and pedestrians and allow multi-stage crossings of 
wide streets. They can be located mid-block or at intersections and along the centerline of a street, as roundabout splitter 
islands, or as “pork chop” islands where right-turn slip lanes are present. 

++ There are two primary types of crossing islands. The 
first type provides a cut-through of the island, keeping 
pedestrians at street-grade. The second type ramps 
pedestrians up above street grade and may present 
challenges to constructing accessible curb ramps unless 
they are more than 17 feet wide (so as to accommodate 
ramp grades and landing areas).

++ Crossing islands should be considered where crossing 
distances are greater than 50 feet. For long distances, 
islands can allow multi-stage crossings.

++ Crossing islands can be coupled with other traffic calming 
features, such as partial diverters and curb extensions at 
mid-block and intersection locations.

++ At mid-block crossings where width is available, islands 
should be designed with a stagger, or in a “Z” pattern, 
encouraging pedestrians in the median to turn towards 
oncoming traffic before crossing.

++ Minimum width: 6 feet	

++ Preferred Width: 10 feet (to accommodate bicyclists with 
trailers and wheelchair users)

++ Cut-through openings should equal the width of the 
crosswalk. Cut-throughs may be wider in order to allow the 
clearing of debris, but should not encourage motor vehicles 
to use the space for U-turns. 

++ Curb ramps with truncated dome detectable warnings and 
5-foot by 5-foot landing areas are required when pedestrians
are ramped above the street level.

++ 	Vegetation and other aesthetic treatments may be 
incorporated, but must not obscure visibility.

++ A “nose” that extends past the crosswalk is not required, but 
is recommended to protect people waiting on the crossing 
island and to slow turning drivers.

CROSSING ISLAND
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Mid-block Crossing Island with Curb Extensions Intersection Crossing Islands (Left Turns Prohibited)
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NACTO Urban Bikeway Design Guide (2014)

Right turns at intersections can be a point of conflict between through-traveling bicyclists and right-turning vehicles. 
However, there are a variety of treatments that can be implemented to mitigate these conflicts.These treatments typically 
include mixing zones, through bike lanes, and bike signal phases. 

At intersections with right-turn lanes, bike lanes should be 
located between the right most through lane and the right-
turn lane and a mixing zone should be used (see Mixing Zones 
on page 47), or a combined bike lane/right turn lane should be 
used with the appropriate markings. 
At intersections with constrained roadway widths and low 
right-turning vehicle volumes, bike lanes can be combined 
with a right-turn lane.

++ If using a combined bike lane/turn lane, signage and 
bicycle markings (e.g., shared lane markings) should be 
used to show the correct bicyclist position in the lane. 

At signalized intersections with constrained roadway widths, 
no shared through and right-turn lane, and high bicyclist 
volumes, a bike box can be used (see Bike Boxes on page 46). 
At intersections with high volumes of right-turning vehicles and 
through bicyclists, the bike lane may be located on the outside 
of the right turn lane, and a bicycle signal combined with a NO 
TURN ON RED (R10-11) restriction may be appropriate. 

++ A minimum width of 5 feet (4 feet absolute minimum) 
should be used for through bike lanes adjacent to right turn 
lanes. 

++ A minimum width of 9 feet should be used for combined 
bike lane/turn lanes.

RIGHT TURN TREATMENTS
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Combined Bike Lane/Right Turn Lane at Beretania St. and Piikoi St. 

Combined Bike Lane/Right Turn Lane with Slip Lane at Beretania St.
and Piikoi St. 

Bike box at intersection with no right turn lanes and constrained 
roadway width
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NACTO Urban Bikeway Design Guide - Bike Boxes (2014)

FHWA Separated Bike Lane Planning and Design Guide (2015)

MassDOT Separated Bike Lane Planning  & Design Guide (2015)

A bike box provides dedicated space between the crosswalk and the vehicle stop line where bicyclists can wait during 
the red light at signalized intersections. A bicycle box allows a bicyclist to take a position in front of motor vehicles  at 
the intersection, which improves visibility and motorist awareness, and allows bicyclists to “claim the lane” ahead of 
motorists if desired once the signal turns green. Bike boxes can also help bicyclists make turns at the intersection, and 
provide more queuing space for bicyclists than that provided by a typical bike lane.

++ Bike boxes are typically painted green and are a minimum 
of 10 feet long and the width of the travel lane(s).  

++ Bike box design should be supplemented with appropriate 
signage according to the latest version of the MUTCD.

++ Bike box design should include signal adjustments to 
determine the appropriate minimum green time. 

In locations with high volumes of bicyclists, a bike box can be 
used to allow bicyclists to shift positions to align themselves 
with the lane and vehicles making the same movement through 
the intersection. 
In locations where motor vehicles can continue straight or 
cross a right-side bike lane while turning right, the bicycle 
box allows bicyclists to move to the front of the traffic queue 
if they approach on the red signal and make their movement 
first, getting them in front of the turning vehicle. When a bike 
box is implemented, the right turn on red movement must be 
restricted using signage and enforcement.
Bike boxes should not be installed across multiple travel lanes. 
Typically, two-stage turn queue boxes are the prefered facility 
for assisting bicyclists of all ages and abilities with left turns 
(see Page 48).  

BIKE BOXES
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Bike Box at 12th Avenue and Pine Street in Seattle, WA
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NACTO Urban Bikeway Design Guide (2014) 

MassDOT Separated Bike Lane Planning and Design Guide (2015)

FHWA Separated Bike Lane Planning and Design Guide (2015)

A mixing zone requires turning motorists to merge across a protected bike lane in advance of an intersection. Whereas 
a motorist can merge across a conventional bike lane at any point, a mixing zone design limits bicyclists’ exposure to 
motor vehicles by defining a limited merge area for the turning motorist. Mixing zones are compatible only with one-way 
bike lanes.

Protected intersections are preferable to mixing zones. Mixing 
zones are generally appropriate as an interim solution or 
in situations where severe right-of-way constraints make it 
infeasible to provide a protected intersection. 
Mixing zones are only appropriate on street segments with 
one-way bike lanes. They are not appropriate for two-way bike 
lanes due to the contra-flow bicycle movement. 

++ Design merge points so that the entering speeds of motor 
vehicles will be 20 mph or less by (a) minimizing the length 
of the merge area and (b) locating the merge point as close 
as practical to the intersection. The transition to the mixing 
zone should begin a minimum of 70 feet in advance of the 
intersection

++ Minimize the length of the storage portion of the turn lane.

++ Provide a buffer and physical separation (e.g. flexible 
delineator posts) from the adjacent through lane after the 
merge area, if feasible.

++ Highlight the conflict area with green surface coloring and 
dashed bike lane markings, as necessary, or shared lane 
markings placed on a green box.

++ Provide a BEGIN RIGHT (or LEFT) TURN LANE YIELD TO 
BIKES sign (R4-4) at the beginning of the merge area.

++ Restrict parking within the merge area.

++ At locations where raised  protected bike lanes approach 
the intersection, the bike lane should transition to street 
level at the point where parking terminates.

++ Where posted speeds are 35 mph or higher, or at locations 
where it is necessary to provide storage for queued vehicles, 
it may be necessary to provide a deceleration/storage lane 
in advance of the merge point. 
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NACTO Urban Bikeway Design Guide (2014)

MassDOT Separated Bike Lane Planning and Design Guide (2015)

FHWA Separated Bike Lane Planning and Design Guide (2015)

FHWA Bicycle Facilities and the Manual on Uniform Traffic Control Devices - Two-Stage Turn Box (2015)

A two-stage turn box should be considered where bike lanes continue to an intersection and a protected intersection is 
not provided. The two-stage turn queue box designates a space for bicyclists to wait while performing a two-stage turn 
across a street at a location outside the path of traffic. These are particularly useful to facilitate bicycle left-turns. 

Two-stage turn box dimensions will vary based on the street 
operating conditions, the presence or absence of a parking 
lane, traffic volumes and speeds, and available street space. 
The turn box may be placed in a variety of locations including 
in front of the pedestrian crossing (the crosswalk location may 
need to be adjusted), in a ‘ jug-handle’ configuration within a 
sidewalk, or at the tail end of a parking lane or a median island.
Similar to two-stage turn boxes, jug handles or bike bays can 
also be used to assist bicyclists with left turns. These facilities 
create a physical refuge for bicyclists, typically on the right side 
of a right-side bike lane that is physically separated from the 
bike lane by a raised curb or small raised island. These facilities 
are rare in the U.S. and typically require additional right of way 
to construct. FHWA granted interim approval to two-stage turn 
boxes on July 13, 2017. 

++ A minimum length of 10 feet is recommended.

++ A minimum width of 6.5 feet is recommended.

++ NO TURN ON RED (R10-11) restrictions should be used to 
prevent vehicles from entering the queuing area.

++ The use of a supplemental sign instructing bicyclists how 
to use the box is optional. 

++ The box should consist of a green box outlined with solid 
white lines supplemented with a bicycle symbol and a turn 
arrow to emphasize the crossing direction. 

TWO-STAGE TURN BOX
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Jughandle left-turn accomodation on Market Street in San Francisco, CA
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CONSIDERATIONS GUIDANCE

NACTO Urban Bikeway Design Guide (2014)

Manual on Uniform Traffic Control Devices (2009)

Conflict area markings are intersection pavement markings designed to improve visibility, alert all roadway users of 
expected behaviors, and to reduce conflicts with turning vehicles.

++ The appropriate treatment for conflict areas depends on 
the desired emphasis and visibility. Dotted lane lines may 
be sufficient for guiding bicyclists through intersections; 
however, consider providing enhanced markings with green 
pavement and/or symbols at complex intersections or at 
intersections with safety concerns.

++ Symbol placement within intersections should consider 
vehicle wheel paths and minimize maintenance needs 
associated with wheel wear.

++ Across driveways with high vehicle and through bicyclist 
volumes, pavement markings and signage can be used to 
alert drivers to watch for bicyclists.

++ Decide what level of treatment will be used as a standard 
treatment versus what level of treatment should be used 
to highlight problematic conflict locations. A corridor-
wide treatment can maintain consistency; however, spot 
treatments can be used to highlight conflict locations.

++ The width of conflict area markings should be as wide as 
the bike lanes on either side of the intersection.

++ Dotted white lane lanes should conform to the latest edition 
of the MUTCD. These markings can be used through 
different types of intersections based on engineering 
judgment.

++ A variety of pavement marking symbols can enhance 
intersection treatments to guide bicyclists and warn of 
potential conflicts.

++ Green pavement markings can be used along the length of 
a corridor or in select conflict locations.

CONFLICT AREA MARKING
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FHWA Bicycle Facilities and the Manual on Uniform Traffic Control 
Devices Website (2016)

NACTO Urban Bikeway Design Guide (2014)

FHWA Separated Bike Lane Planning and Design Guide (2015)

MassDOT Separated Bike Lane Planning and Design Guide (2015)

Protected bike lanes provide an exclusive travel way for bicyclists alongside roadways that is separate from motor 
vehicle travel lanes, parking lanes, and sidewalks. Protected bike lane designs at intersections should manage conflicts 
with turning vehicles and increase visibility for all users. 

Protected bike lane  designs at intersections should consider 
signal operation and phasing in order to manage conflicts 
between turning vehicles and bicyclists. Bicycle signal heads 
can be used to separate conflicts. 
Shared lane markings and/or colored pavement can 
supplement short dashed lines to demarcate the  protected 
bike lane through intersections, where engineering judgment 
deems appropriate. 
At non-signalized intersections, design treatments to increase 
visibility and safety include:

++ Warning signs 

++ Raised intersections

++ Special pavement markings (including colored surface 
treatment)

++ Parking restrictions in advance of the intersection 

++ It is preferable to maintain the separation of the bike lane 
through the intersection rather than introduce the bicyclist 
into the street with a merge lane. Where this separation is 
not possible, see guidance on Mixing Zones.

++ Increasing visibility and awareness are two key design goals 
for protected bike lanes at intersections. In some cases, 
parking restrictions are needed within 20 to 40 feet of 
the intersection to ensure the visibility of bicyclists on the 
intersection approaches. Markings and signage should be 
used at intersections to give priority to protected bike lanes.

++ Protected bike lanes should typically be routed behind 
transit stops (i.e., the transit stop should be between the 
bike lane and motor vehicle travel lanes). If this is not 
feasible, the protected bike lane design should include 
treatments such as signage and pavement markings to 
alert bicyclists to stop for buses and pedestrians accessing 
transit stops (see Bus Stops on page 32).

++ When protected bike lanes are provided at roundabouts, 
they should be continuous around the outside of the 
intersection, and parallel to the sidewalk. Protected bike 
lanes should generally follow the contour of the circular 
intersection.

PROTECTED BIKE LANES AT INTERSECTIONS
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SIGNALIZED TREATMENTS FOR BIKE PATHS AT INTERSECTIONS
This treatment provides an example of a signalized treatment for instances where sidepaths and protected bike lanes 
cross intersections. These treatments should be considered when overpasses and underpasses are not feasible. Where 
possible, signalized crossings are preferred to unsignalized crossings. This treatment can be applied in locations with 
or without a dedicated right-turn lane.  

RE
FE

RE
NC

ES

BI
CY

CL
E 

IN
TE

RS
EC

TI
ON

 D
ES

IG
N 

& 
SP

OT
 T

RE
AT

M
EN

TS

NO
 TURN

O
N RED

TDG ID#:
File Name:

Checked By:
Updated: 8.21.2017

Signal - Entrance.dwg
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PROVIDING SEPARATED BICYCLE FACILITIES AND
SIGNALIZATION AT HIGH SPEED INTERSECTIONS

1
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• The motorist yield zone should be 6 feet (min) and 20 feet
(preferred) to create space for a turning motorist to yield
to a through-moving bicyclist or pedestrian.

• Install No RightTurn on Red Sign (use R10-11, R10-11a, or
R10-11b). 

• The provision of a dedicated right-turn lane provides
a space for vehicles to queue and allows for separate
signal phasing.

• Provide Advance Bicycle Detection.
• Provide bicycle detection to call the bicycle through

movement.
• Install Bicycle Signal.
• Install Pedestrian Signal with push button.

++ Bicycles may proceed on a pedestrian signal if a bicycle
signal is not provided (use R9-5 sign).

++ Bicycle detection should be used so the bicycle phase is 
only called when bicyclists are present.

1

5

6
7

2

3

4

7

++ Provide adequate signal timing for bicyclists and 
pedestrians to completely clear intersections before 
permitting conflicting movements to proceed. Prioritize 
the shortest crossing distance rather than a direct path of 
travel to reduce exposure to opposing traffic. 

++ Consider directionality of pedestrian and bicycle travel 
when designing and placing signals and signs.

++ It is acceptable for bicycle and pedestrian signal heads to 
share the same pole as long as the faces are visible to both 
approaches. 

++ Right-turning vehicles should not occupy the crossing 
at the same time as path users. At intersections without 
dedicated right-turn lanes, a leading bicycle or pedestrian 
interval should be used so that path users can clear the 
intersection and avoid conflicts with motorists. 

++ The crossing should only be recessed beyond 20’ if 
motorist movements will not conflict with other path users 
(i.e., if the path users and turning vehicles have separate 
signal phases). Where space is available, a dedicated right-
turn lane provides an opportunity to separate bicycle and 
vehicle movements through separate signal phases. Where 
space is not available, the yield zone provides space for 
right turning vehicles to queue.

++ The preferred configuration of this treatment uses a 
dedicated right-turn lane and separate signal phases for 
right-turning vehicles and path users. 

Montgomery County Bicycle Master Plan Design Toolkit (2017)

MassDOT Separated Bike Lane Planning and Design Guide (2015)

GUIDANCECONSIDERATIONS
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UNSIGNALIZED TREATMENTS FOR BIKE PATHS AT 
INTERSECTIONS

This treatment provides an example of an unsignalized treatment where shared use paths and protected bike lanes 
cross intersections. These treatments should be considered when overpasses and underpasses are not feasible. Where 
possible, signalized crossings are preferred to unsignalized crossings. 

++ Provide (optional) raised crossing.

++ Prioritize the shortest crossing distance rather than a direct 
path of travel to reduce exposure to traffic.

++ Crossings should be located where the bicyclist and 
motorist have good lines of sight before the motorists’ 
attention is entirely focused on merging with traffic.

++ Minimize the turning speed of motor vehicles using the 
shortest curb radii practicable. Consider the use of a 
mountable truck apron within the shoulder to narrow the 
crossing and slow motorists.

++ A Rectangular Rapid Flash Beacon (RRFB), should be 
considered where sight lines are restricted or where traffic 
volumes are high and gaps in vehicle traffic are insufficient 
for bicyclists and pedestrians to safely cross. 

++ Design the bike lane to intersect the roadway at an angle 
between 60 and 90 degrees.

++ Provide active warning to increase likelihood of motorist 
yielding.

++ Install Bicycles and Pedestrians Ahead signage (W11-15 
and W16-9P).

++ Install Stop Bar.

++ This space should provide for one vehicle to not block the 
crossing or the motor vehicle lane.

1
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Montgomery County Bicycle Master Plan Design Toolkit (2017)
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NACTO Urban Streets  Design Guide (2013)

Bicyclist and pedestrian safety and comfort are enhanced by smaller curb radii, which shorten exposure for bicyclists 
and pedestrians and reduce vehicle turning speeds. One of the most challenging aspects of intersection design is to 
determine methods of accommodating large vehicles, including school buses, freight vehicles, and transit vehicles, 
while keeping intersections as compact as possible. This requires a great deal of design flexibility and engineering 
judgment, as each intersection is unique in terms of the angles of the approach and departure, the number of travel 
lanes, the presence of a median, and a number of other features that fundamentally impact corner design. 

++ On-street parking and bike lanes may provide a larger 
effective radii to accommodate the appropriate design 
vehicle. 

++ At signalized intersections where large vehicles are expected, 
corner design should assume that the large vehicles will use 
the entire width of the receiving lanes on the intersecting 
street. Consideration can be given to recessing the stop bar 
on the receiving street to enable the vehicle to use the entire 
width of the receiving roadway (i.e., encroaching on the 
opposing travel lane).

++ A compound curve can be used to vary the actual curb 
radius over the length of the turn so that the radius is 
smaller as vehicles approach a crosswalk and larger when 
making the turn.

++ In some cases where there are alternative access routes, 
it may be possible to restrict turning movements by 
large vehicles (via signage) at certain intersections and 
driveways to enable tighter curb radii. Turn restrictions 
and alternate access routes should be properly signed and 
locally approved.

++ On low-volume (less than 4,000 vehicles per day), two-lane 
streets, corner design should assume that a large vehicle 
will use the entire width of the departing and receiving 
travel lanes, including the oncoming traffic lane.  

++ In some cases, it may be possible to allow a large turning 
vehicle to encroach into the first opposing travel lane on the 
departure side (on multi-lane roads) to make the turn. 

++ Mountable truck aprons deter passenger vehicles from 
making higher-speed turns, but accommodate large 
vehicles without encroachment or off-tracking into 
pedestrian areas. Mountable truck aprons should be 
visually distinct from the adjacent travel lane and sidewalk.

++ The design vehicle should be selected according to the 
types of vehicles using the intersection with consideration 
of relative volumes and frequencies. In most cases, the curb 
radii are based on a Single Unit vehicle with a 42-foot turning 
radius. If accommodations are needed for a larger design 
vehicle, a radius evaluation based on this larger vehicle 
would be required. Examples of typical turning templates 
would include a SU, WB-40, WB-50, WB-60 and WB-62.

++ Intersection design should strive for the minimum curb 
radius that accommodates a frequent design vehicle. The 
maximum curb radii are shown below.

CORNERS AND CURB RADII

Actual 

   E�ective Curb Radius

Curb
Radius
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GUIDANCE

Functional 
Classification Local Collector Arterial

Local 20 feet 30 feet 30 feet

Collector 30 feet 40 feet 40 feet

Arterial 30 feet 40 feet 50 feet
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LANE NARROWING

FHWA Achieving Multimodal Networks (2016)

Lane narrowing can improve comfort and safety for vulnerable road users. Narrowing lanes creates space that can be 
reallocated to other modes, in the form of wider sidewalks, bike lanes, and buffers between cyclists, pedestrians and 
motor vehicles. Space can also be dedicated to plantings and amenity zones, and reducing crossing distances.

Narrowing existing motor vehicle lanes may create enough 
space for protected bike lanes, widened sidewalks and buffers, 
or a combination of on-street bike lanes and enhancements to 
the pedestrian realm. 
Narrower lanes can contribute to lower operating speeds along 
the roadway, which may be appropriate in dense, walkable 
corridors. 

++ Motor vehicle travel lanes as narrow as 10 feet are allowed 
in low-speed environments (45 mph or less) according to 
AASHTO A Policy on Geometric Design of Highways and 
Streets.

++ 10-foot travel lanes are not appropriate on 4-lane undivided 
arterial roadways.
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GUIDANCECONSIDERATIONS

Roadway Before Narrowing

Narrowing Motor Vehicle 
Lanes to increase Sidewalk 
and Amenity Zones

Narrowing Motor Vehicle 
Lanes to increase Amenity 
Zone and add Bike Lanes
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CONSIDERATIONS GUIDANCE

FHWA Road Diet Informational Guide (2014)

NACTO Urban Street Design Guide (2013)

Manual on Uniform Traffic Control Devices (2009)

A road diet is a reallocation of cross-section elements, often accomplished by removing motor vehicle travel lanes or 
parking lanes. This strategy can be applied broadly to a wide variety of cross sections where one or more travel lanes are 
repurposed to provide more space for pedestrians and bicyclists. Road diets are most typically done on roadways with 
excess capacity where anticipated traffic volumes have not materialized to support the need for additional travel lanes.

The most common road diet configuration involves converting 
a four-lane road to three lanes: two travel lanes with a turn 
lane in the center of the roadway. The center turn lane often 
improves safety and reduces motor vehicle delay by giving 
turning vehicles that previously blocked the through lanes 
their own turning lane. 

The space gained for a center turn lane is often supplemented 
with painted, textured, or raised center islands. If considered 
during reconstruction, raised center islands may be 
incorporated in between intersections to provide improved 
pedestrian crossings, incorporate landscape elements and 
reduce travel speeds.

++ Four-lane streets with volumes less than 15,000 vehicles 
per day are generally good candidates for four- to three-
lane conversions.

++ Four-lane streets with volumes greater than 15,000 
vehicles per day may be good candidates for four- to three-
lane conversions. A detailed traffic analysis is needed to 
determine feasibility and potential impacts.

++ Six-lane streets with volumes less than 35,000 vehicles per 
day may be good candidates for six- to five-lane (including 
two-way center turn lane) conversions. A detailed traffic 
analysis is needed to determine feasibility.

Roadway configurations with two travel lanes and a center 
turn lane can:

++ Discourage speeding and weaving.

++ Reduce the potential for rear end and side swipe collisions.

++ Improve sight distances for left-turning vehicles and the 
visibility of pedestrians crossing the street.

++ Reduce pedestrian crossing distances and exposure to 
motor vehicle traffic.

LANE RECONFIGURATION (ROAD DIET)
RE
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NC
ES

Typical four-lane road with 
on-street parking

Three-lane road diet with 
two-way center turn lane, 
on-street parking, and 
protected bike lane
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FHWA Small Towns and Rural Multimodal Networks Guide (2016)

In rural areas, bicycling typically consists of a mixture of long distance touring, recreational bicycling, and some 
transportation or commute bicycling. 

Advisory Shoulders
Along low speed, low volume roadways with insufficient space 
for a shoulder  (see  Shoulder  Bikeways  on page 19),  a shared 
lane marking or advisory shoulder may be appropriate. 
Advisory shoulders require a request to experiment from 
the FHWA and are considered part of the vehicle travel lane. 
Vehicles may regularly drive in the advisory shoulder when 
passing oncoming vehicles. 
Roadway Surface
Surface condition and pavement smoothness are important 
for bicyclist control and safety. Surface defects or pavement 
with irregular edges or sharp drop-offs can be hazardous for 
bicyclists. 
Consider placement of raised pavement markers so as not to 
obstruct bicyclists’ path. 
Rumble Strips
Consider the design and placement of rumble strips to 
minimize interaction with bicyclists. Longitudinal rumble strips 
can be difficult for bicyclists to cross. For more guidance on 
rumble strips see Shoulder Bikeways on page 19. 

RURAL AREAS
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Advisory shoulders should be marked using a broken lane line 
of 3 feet  line segments and 6 feet gaps.
The preferred width of an advisory shoulder is 6 feet, however 
4 feet is acceptable when no curb and gutter are present.  

GUIDANCE

Bicyclists Riding in Waimānalo

Bicyclists Riding in Kalaeloa

Bicyclist Riding on Kalaniana‘ole Highway near Hanauma Bay 
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City of Portland Traffic Design Manual (2017)

Work zones and other traffic control changes which require temporary lane closures or detours should be designed to 
accommodate bicycle travel on all streets where bicyclists are allowed to ride.

++ Work zone concerns for bicyclists may include road or 
path closures, sudden changes in elevation, construction 
equipment or materials, and other unexpected conditions. 

++ Accommodations for bicyclists in a work zone may require 
the installation of temporary facilities including diversion 
routes, paved surfaces, structures, signs, and signals.

++ Work zone signs, construction vehicles, and other 
construction materials should not be stored or placed 
within bicycle facilities or on sidewalks that are open for 
use. 

++ Temporary closures and detours should be clearly marked 
in advance.

++ Temporary facilities should maintain the preexisting level 
of separation between bicyclists and vehicle traffic where 
possible. 

++ Where possible, provide a bike lane on the same roadway 
as the work zone by shifting or narrowing adjacent traffic 
lanes.

++ A temporary bike lane can be created in an existing traffic 
lane  on multilane streets. 

++ On low-speed streets, bicyclists can be directed to share a 
travel lane with vehicles. 

TEMPORARY BIKE LANE CLOSURES (DUE TO CONSTRUCTION)
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Protected Bike Lane Work Zone Accomodation in Seattle, WA
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NACTO Urban Street Design Guide (2013) 

FHWA Separated Bike Lane Planning and Design Guide (2015)

Protected bike lanes have been implemented in many cases as low-cost retrofit projects (e.g., using flex posts and paint 
within the existing right-of-way). More permanent forms of separation, such as curb-protected bike lanes, cost more and 
are less flexible once implemented. A phased implementation approach, where “pilot” projects transition to permanent 
protected bike lanes may solve both of these problems, by implementing the facility slowly and troubleshooting before 
permanent materials and high costs are necessary.

Lower-cost retrofits or demonstration projects allow for quick 
implementation, responsiveness to public perception and 
ongoing evaluation. Separation types for short-term protected 
bike lane designs often include non-permanent methods, such 
as flexible delineator posts, planters or parking stops (see page 
17). Pilot projects allow the agency to:

++ Test the protected bike lane configuration for bicyclists and 
traffic operations.

++ Evaluate public reaction, design performance, and safety 
effectiveness.

++ Make changes if necessary. 

++ Transition to permanent design. 

++ Permanent separation designs provide a higher level of 
protection and often have greater potential for placemaking, 
quality aesthetics, and integration with features such as 
green stormwater infrastructure. Agencies often implement 
permanent separation designs by leveraging private 
development (potentially through developer contribution), 
major capital construction, and including protected bike 
lanes in roadway reconstruction designs. Examples of 
permanent separation materials include raised medians 
and bike lanes at an intermediate or sidewalk level.

EVOLUTION OF A BIKE LANE
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Progression from pilot project to protected bike lane
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NACTO Urban Street Design Guide (2013) 

FHWA Separated Bike Lane Planning and Design Guide (2015)

Demonstration projects can be effective ways to introduce new infrastructure treatments and test alternative designs with 
minimal levels of investment. Typically, demonstration projects are planned with a definite life span (such as two weeks to 
three months). The planned duration of a demonstration determines the level of detail and needed durability of materials 
used.

QUICK BUILD/DEMONSTRATION PROJECTS
RE

FE
RE

NC
ES

Two-Way Protected Bike Lane Demonstration Project on South 
Broadway in Colorado

Demonstration projects provide an opportunity for agencies 
to test various bicycle facility design configurations and gauge 
public acceptance of the installation. These types of projects 
should be implemented in areas with known bicycle activity, 
where the demonstration project is likely to see frequent use.
Gathering public input on the project is an important step in the 
demonstration project process and should include online and 
in-person opportunities for community members to provide 
feedback. Project websites can be useful tools to solicit 
feedback through surveys or other interactive forums.
Temporary installations should be designed to be as attractive 
as possible in order to dissuade feedback based primarily on 
the aesthetics, rather than the merits, of the project.
The time it takes to plan and install demonstration projects 
can vary significantly. The level of support from the local 
government and/or community groups heavily impacts the 
time it takes to complete each step in the timeline. 

++ The bicycle facility design used in a demonstration 
project should closely resemble the design that would be 
implemented in a permanent installation. This consistency 
is important when gauging public support and setting 
community expectations.

++ Many demonstration projects are constructed using 
temporary materials such as flex posts or moveable 
planter boxes. Using cost-efficient materials allows for 
easy modification during testing. If the design is later made 
permanent, materials such as concrete curbing or irrigated 
planter boxes may be used instead.

++ The cost to implement a project will vary. Demonstration 
projects can often be implemented at lower costs through 
the use of volunteers and in-kind donations from local 
government departments or construction companies. 
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TASK TIMEFRAME CAPITAL 
NEEDED

Planning 3 months to a 
year $

Demonstration 
(install project; 

collect traffic data; 
and gather public 

feedback)

1 week to 3 
months $  - $ $

Analyze data 1 month $

Interim design 1 to 3 years $ $
Permanent 
installation 1 to 5 years $ $ $

Demonstration Project Timeline
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NACTO Urban Street Design Guide (2013)

MassDOT Separated Bike lane Planning & Design (2015)

Protected bike lanes require routine maintenance to ensure they provide safe bicycling conditions. Because of their location 
on the edge of the roadway, protected bike lanes are more likely to accumulate debris in all seasons. As bicyclists cannot 
always exit from protected bike lanes, they may have no opportunity to avoid obstacles such as debris, obstructions, 
slippery surfaces, and pavement damage or defects.

A protected bike lane should be maintained in a similar manner 
as the adjacent roadway, regardless of whether the protected 
bike lane is at street level or sidewalk level. Maintenance of 
protected bike lanes is therefore the responsibility of the 
public or private agency that is responsible for maintaining the 
adjacent roadway. 
Generally, protected bike lane widths of 8 feet or more are 
compatible with smaller sweepers, but responsible parties may 
have larger and incompatible maintenance fleets. Narrower 
sweepers (approximately 4 feet to 5 feet minimum operating 
width) may be required to clear one-way protected bike lanes.
Trash Collection
Where protected bike lanes are introduced, the general public, 
public works staff and contractors should be trained to place 
garbage bins in the street buffer zone to avoid obstructing the 
bike lane. Sidewalk buffers may be used to store bins where 
street buffers are too narrow. Special consideration may be 
required in protected bike lane design for access to large 
dumpsters which require the use of automated arms. This may 
require spot restrictions of on-street parking or curb cuts to 
dumpster storage in order to accommodate access.

Sweeping and Debris Removal
For street-level  protected bike lanes without raised medians, 
debris can collect in the street buffer area between vertical 
objects and can migrate into the bike lane if not routinely 
collected. Landscaped areas, including green stormwater 
infrastructure, can also collect debris and require regular 
attention. Fine debris can settle into permeable pavement and 
inhibit surface infiltration unless vacuumed on a routine basis. 
At a minimum, permeable pavement should be vacuumed 
several times per year, depending on the material type.

PROTECTED BIKE LANE MAINTENANCE
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Two-Way Protected Bike Lane at South Street and Halekauwila Street
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FHWA Achieving Multimodal Networks: Applying Design Flexibility 
and Reducing Conflicts (2016)

Boston Complete Streets Design Guidelines (2013)

FHWA Accessible Shared Streets (2017)

Shared streets prioritize pedestrian and bicycle movement by slowing vehicular speeds and communicating clearly 
through design features that motorists must yield to all other users. The design of these spaces should create conditions 
where pedestrians and bicyclists can walk or ride on the street and cross at any location, as opposed to at designated 
locations. The design should also reinforce to bicyclists to operate at slower speeds and prioritize the movement and 
comfort of pedestrians.

++ The curbless nature of shared streets furthers universal 
access.

++ Street zones may be delineated with pavement materials, 
color, bollards, or street furniture.

++ Sidewalk space in front of buildings should be paved with a 
surface that is smooth and vibration free.

++ Stormwater on shared streets can be captured using valley 
gutters, additional inlets, and/or bioswales or other green 
infrastructure.

++ A shared street may be closed to motor vehicles to host 
public events. Care should be taken to maintain access for 
bicyclists when it is closed to other vehicles.

++ If traffic volumes exceed thresholds, consider limiting 
access to only taxis, deliveries, and paratransit.

++ Shared streets should not have vertical curbs, allowing 
pedestrians to use the entire right-of-way. This encourages 
cautious behavior on the part of all users, which in turn 
reinforces slower speeds and comfortable walking and 
bicycling conditions.

++ Vehicle speeds should not exceed 15 mph at any time.

++ Shared street gateway treatments should inform drivers 
they are entering a shared space. Common ways to do so 
include:

• Narrowing entrances to one lane.

• Elevating the street to the pedestrian level

• Using a colored or textured pavement

• Traffic volumes should not exceed 100 vehicles in the
peak hour.

++ Use tactile walking surface indicators (such as detectable 
warnings and directional indicators) to help people with 
vision disabilities move through and across shared streets.

SHARED STREETS
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CONSIDERATIONS
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Detectable warning 
surface

Directional indicator 
(optional)

Detectable edge

Detectable change 
in surface texture
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NACTO Urban Street Design Guide (2013) 

Manual on Uniform Traffic Control Devices (2009)

APBP Bicycle Parking Guidelines (2010)

APBP Essentials of Bike Parking: Selecting and Installing Bike Parking that Works (2015)

Bicycle parking enhances the usefulness of bicycle networks by providing locations for the secure storage of bicycles during 
a trip. Bicycle parking enables bicyclists to secure their bicycles while enjoying the offerings of a street or patronizing 
businesses and destinations in the city. Bicycle parking requires far less space than automobile parking-- in fact, 10 
bicycles can typically park in the area needed for a single car. 

Bicycle parking consists of a rack that supports the bicycle 
upright and provides a secure place for locking. Bicycle racks 
should be permanently affixed to a paved surface. Movable 
bicycle racks are only appropriate for temporary use, such as 
at community events or valet bike parking.
On-street bicycle parking is intended for short term use. 
Bicyclists parking overnight should utilize off-street bicycle 
parking facilities. Bicyclists typically find a variety of fixed 
objects in the street to which they lock their bicycles. These 
include parking meters, tree well fences, lawn fences or other 
objects. These objects may satisfy the need for bicycle parking, 
but if this is the intent, they should be designed and located 
with this use specifically in mind. Otherwise, the use of such 
objects for parking may indicate insufficient or inappropriately 
located bicycle parking facilities.

++ Bicycle racks should provide two points of support for 
bicycles to prevent locked bicycles from falling over.

++ Bicycle rack footings can be mounted in soil, concrete, or 
asphalt, or mounted to stable surfaces using anchors.

BIKE PARKING
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Bike Rack and Fix-It Station at Bishop St. and Queen St.
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The publications listed here are resources for planning and design in implementing safe, comfortable facilities for 
pedestrians and bicyclists in a variety of environments. Many of these resources are available online at no cost. For full 
citation information, see Appendix A.

National Association of City Transportation Officials 
(NACTO)
• Urban Street Design Guide (2013)
• Transit Street Design Guide (2016)

NATIONAL STANDARDS AND RESOURCES

Massachusetts Department of Transportation (MassDOT)
• Separated Bike Lane Planning & Design Guide (2015)

City and County of Honolulu 
• Complete Streets Design

Manual (2016)

American Association of State Highway and Transportation 
Officials (AASHTO)
• Guide for the Development of Bicycle Facilities, 4th edition

(2012)
• A Policy on Geometric Design of Highways and Streets,

6th Edition (2011)

Federal Highway Administration (FHWA)
• Achieving Multimodal Networks: Applying Design

Flexibility and Reducing Conflicts (2016)
• Separated Bike Lane Planning and Design Guide (2015)
• Small Towns and Rural Multimodal Networks Guide (2016)
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There are many terms used to describe different components of the transportation system, treatments, and bikeway 
facility types. To promote consistency and ease of understanding, the following terms are used throughout this guide.

GLOSSARY

Arterial Road – Roadway designed for high-speed, high-
volume travel between major points in both urban and rural 
areas.1

Average Daily Traffic (ADT) – The total volume of traffic on 
a street during a given time period divided by the number of 
days in that time period.1

Bicycle Boulevard – Bicycle boulevards are streets with 
low motorized traffic volumes and speeds, designated and 
designed to give bicycle travel priority. Bicycle boulevards 
use signs, pavement markings, and speed and volume 
management measures to discourage through trips by motor 
vehicles and create safe, convenient bicycle crossings of busy 
arterial streets.6

Bicycle Box – Designated area on the approach to a 
signalized intersection consisting of an advanced stop line 
and bicycle symbols. Bicycle boxes should be primarily 
considered to mitigate conflicts between through bicyclists 
and right-turning motorists and to reduce conflicts between 
motorists and bicyclists at the beginning of the green signal 
phase.
Bicycle Detection – A system of hardware and software that 
detects the presence of bicyclists at a traffic signal and calls 
the green signal for the activated approach. Bicycle detection 
may consist of inductive loops, microwave, magnetometers, 
or pushbutton technologies.
Bicycle Level of Service (BLOS) – Model used to estimate 
bicyclists’ average perception of the quality of service of a 
section of roadway between two intersections.1

Bicycle Signal – Traffic control device used to improve 
intersection safety and operations for bicyclists. Bicycle 
signal heads can be installed at signalized intersections to 
indicate bicycle signal phases and other bicycle-specific 
timing strategies.2, 6

Bicycle Signal Head – An assembly of one or more 
signal faces that is provided for controlling bicycle traffic 
movements on one or more intersection approaches.2

Bike Lane – A portion of a roadway that has been designated 
for preferential or exclusive use by bicyclists by pavement 
markings and, if used, signs.3

Bike Route – A signed route that is preferred for bicycling due 
to low traffic or access to destinations. Does not necessarily 
have a delineated or dedicated space for bicycling. 
Bikeway – Any type of bicycle facility, including paths in 
separate rights-of-way and on-street bikeways. Includes bike 
lanes, paved shoulders, signed bike routes, and shared use paths.
Centerline – Line dividing the roadway from opposite moving 
traffic. Also the survey line with continuous stationing for the 
length of the project.8

Collector Road – Collector roads gather traffic from local 
roads and funnel that traffic into the arterial roadway network. 
In the rural environment, collectors generally serve primarily 
intra-county travel (rather than statewide).2

Cone of Vision – A transportation safety concept pertaining 
to the visual acuity of the human eye and the area of focus 
by a motorist or other roadway user. Motorists tend to focus 
on the roaday at a distance three to four times the stopping 
sight distance. Because of this tendency, as motorists 
drive at higher speeds, they are less likely to notice objects, 
pedestrians, or bicyclists in the area of their peripheral vision.
Conflict Areas – A two-dimensional zone within which 
potential travel paths cross and crashes could occur between 
users of the same mode or users of differing modes. 
Typical conflict areas include approaches to intersections, 
intersections, and driveways.
Contra-Flow Bikeway – A bikeway (usually a bike lane) in the 
opposite direct of motor vehicle traffic on a one-way street. 
Contra-flow bikeways require careful consideration of traffic 
control and conflicts with motor vehicle traffic. 
CrossingIsland – Raised islands placed on a street at 
intersections or midblock locations to separate crossing 
pedestrians from motor vehicles. Also known as refuge areas, 
refuge islands, center islands, pedestrian islands, or median 
slow points.2

Curb Radius – The radius of the arc formed where two 
intersecting curbs meet. Smaller curb radii encourage slower 
turning speeds at intersections. 
Design Speed – Design speed is a selected speed used to 
determine various geometric design features of the roadway. 
The assumed design speed should be logical with respect to 
the topography, anticipated operating speed, adjacent land 
uses, and the functional classification of the roadway.1

Flexible Delineator Posts – Flexible delineator posts, also 
called flex posts or flex stakes, are used to provide vertical 
demarcation of a roadway feature, including some bike 
lanes. These posts are typically made of plastic with an 
internal spring mechanism mounted to a base plate. Flexible 
delineator posts can be secured to the pavement using bolts, 
epoxy, or other techniques. The color of the plastic post 
should match the color of the pavement marking or striping 
with which it is associated.
Floating transit islands - Floating transit islands are sidewalk-
level platforms built between the bikeway and the roadway 
travel lane. These facilities direct bicyclists behind the bus 
stop, reducing or eliminating most conflicts between buses 
and bicyclists, and expanding available sidewalk space. 
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GLOSSARY (CONTINUED)
Free-Flowing Right Turn Lane – Free-flowing right turn lanes 
(also called channelized right turn lanes) provide larger turn 
radii and allow for higher vehicular turning speeds. The right 
turn may operate as a free-flow movement if an acceleration 
lane is provided on the cross street, or the movement may be 
controlled by a YIELD sign where the turning roadway enters 
the cross street.
High-Intensity Activated Crosswalk Beacon (HAWK) – The 
pedestrian hybrid beacon (also known as the High-Intensity 
Activated crossWalK, or HAWK) is a pedestrian- or bicyclist-
activated warning device located on the roadside or on 
mast arms over midblock pedestrian crossings. The beacon 
head consists of two red lenses above a single yellow lens. 
Chapter 4F of the MUTCD includes information on the HAWK 
pedestrian hybrid beacon and how it should be used.3

Lane Narrowing – A design strategy used for traffic calming 
effects and for reallocating existing pavement width to create 
designated space for other uses, including bike lanes.
Level of Traffic Stress (LTS) – A rating system to 
estimate the levels of tolerance for traffic stress, which 
is a combination of perceived danger and other stressors 
associated with riding a bicycle close to motor vehicle 
traffic. People can be classified into groups based on their 
tolerance of traffic stress (Strong and Fearless, Enthusiastic 
and Confident, Interested but Concerned, and Not Able or 
Interested). Bicycle facilities can be rated based on the degree 
of traffic stress they impose on bicyclists, determined by 
bikeway facility width, proximity to traffic, traffic speeds and 
volumes, and likelihood of bikeway obstruction.
Local Road – Locally classified roads account for the largest 
percentage of all roadways in terms of mileage. Local roads 
are not intended for long-distance travel, instead providing 
direct access to abutting land on the origin and/or destination 
end of a trip. Local roads are often designed to discourage 
through traffic.2

Mid-Block Crossing – Designated crosswalks away from an 
established intersection provided to facilitate crossings at 
places where there is a significant pedestrian desire line such 
as bus stops, parks, and building entrances.5

Mixing Zone – A mixing zone requires turning motorists to 
merge across a bike lane at a defined location in advance of an 
intersection. A mixing zone design limits bicyclists’ exposure 
to motor vehicles by defining a limited merge area for the 
turning motorist. Mixing zones are compatible only with one-
way protected bike lanes.
Mountable Curb/Curb Apron – Mountable curbs with curb 
aprons deter passenger vehicles from making higher-speed 
turns but accommodate the occasional large vehicle without 
encroachment or off-tracking into pedestrian areas.
MUTCD – The Manual on Uniform Traffic Control Devices 
is a compilation of national standards for all traffic control 
devices, including traffic signals.3

Neighborhood Traffic Circles – Raised islands typically 
built at the intersections of local residential streets to reduce 
motor vehicle speeds. They may be operated without stop 
control, or as two-way or all-way stop-controlled intersections. 

Neighborhood traffic circles frequently do not include raised 
channelization to guide approaching traffic into the circulatory 
roadway.2, 6

Path – Short for “shared use path” and often synonymous 
with the word “trail,” a path is a separated facility, typically 
in an independent right-of-way such as a greenbelt or 
abandoned railroad. See Shared Use Path.
Pavement Markings – Pavement markings are used to 
convey messages to roadway (or shared use path) users. They 
indicate which part of the road to use, provide information 
about conditions ahead, and indicate where passing is 
allowed. Symbols are used to indicate permitted lane uses. 
The MUTCD provides specifications regarding pavement 
markings.3

Peak Hour Volume – The volume of traffic that uses the 
approach, lane, or lane group in question during the hour 
of the day that sees the highest traffic volumes for that 
intersection.
Predictable Sign Design – Predictable sign design provides 
uniformity and consistency to the roadway, thereby improving 
safety and mobility for all road users.3

Rectangular Rapid Flashing Beacon (RRFB) – User-actuated 
amber light-emitting diodes (LEDs) that supplement warning 
signs at unsignalized intersections or mid-block crosswalks. 
It can be activated by pedestrians or bicyclists manually by a 
push button or passively by a pedestrian or bicyclist detection 
system.2

Regulatory Signage – Regulatory signs are used to inform 
road users of selected traffic laws or regulations and indicate 
the applicability of the legal requirements. Chapter 2B of the 
MUTCD provides specifications regarding regulatory signage.3

Right(s)-of-Way – Land or property that is used for public 
purposes including streets, sidewalks, utilities, etc.  
Road Diet – A short-hand term referring to reconfiguring a 
roadway to remove lanes in order to provide more space for 
pedestrians and bicyclists. Road diets are most typically 
performed on roadways where traffic volumes do not 
necessitate the existing number of lanes.
Roadway – The paved portion of a street, from curb to curb, 
designed to convey motor vehicle, bicycle, transit, and/or 
freight traffic.
Rumble Strip – A textured or grooved pavement treatment 
designed to create noise and vibration to alert motorists of 
a need to change their path or speed. Longitudinal rumble 
strips are sometimes used on or along shoulders or center 
lines of highways to alert motorists who stray from the 
appropriate traveled way. Transverse rumble strips are placed 
on the roadway surface in the travel lane, perpendicular to the 
direction of travel. Rumble strip dimensions vary depending 
on their purpose and jurisdiction.1

Protected Bike Lane – One- or two-way bikeway that 
combines the user experience of a shared use path with the 
on-street infrastructure of a conventional bike lane. They are 
physically separated from both motor vehicle and pedestrian 
traffic.
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GLOSSARY (CONTINUED)
Shared Lane Marking – Shared lane markings (or “sharrows”) 
are pavement markings that denote shared bicycle and 
motor vehicle travel lanes. The markings are two chevrons 
positioned above a bicycle symbol, placed where the bicyclist 
is anticipated to operate. 
Shared Roadway – Roadway that is open to both bicycle and 
motor vehicle travel.
Shared Use Path – Shared use paths, also commonly referred 
to as trails or greenways, are paths designed for and generally 
used by bicyclists, pedestrians, and other non-motorized 
users. Shared use paths are generally the preferred type of 
infrastructure for the majority of bicyclists in the “interested 
but concerned” category, due to their separation from the 
roadway and vehicular traffic. In many states, the term “trail” 
refers to an unimproved recreational facility intended for uses 
such as walking, hiking, and mountain biking. Care should be 
taken when using this term, as in some parts of the country, 
trails have distinctly different design guidelines.
Shoulder – The portion of the roadway contiguous with 
the traveled way that accommodates stopped vehicles, 
emergency use, and lateral support of the subbase, base, and 
surface courses. Shoulders, where paved, are often used by 
bicyclists.1

Shared use path – A separated path along a roadway that 
serves people bicycling and walking within the street right-of-
way. Compared to paths in independent rights-of-way, shared 
use paths have a higher likelihood of interactions with motor 
vehicles at driveways and intersections. 
Sight Distance – Sight distance is the visually unobstructued 
distance required to execute a stopping maneuver (stopping 
sight distance), pass another vehicle (passing sight distance), 
perform an unexpected maneuver (decision sight distance), 
or execute a movement at an intersection (intersection sight 
distance). Sight distances depend on roadway geometry, 
travel speeds, deceleration rates, and reaction times.
Signal Timing – The process of selecting appropriate values 
for timing parameters implemented in traffic signal controllers 
and associated system software.7

Signalized Intersection – Intersection between two traveled 
ways (roadway/roadway or roadway/shared use path) where 
user movements are regulated by a traffic control signal.
Speed Cushion – Speed cushions are either speed humps or 
speed tables that include wheel cutouts to allow large vehicles 
to pass unaffected, while reducing passenger car speeds. 
Speed cushions extend across one direction of travel from the 
centerline, with a longitudinal gap provided to allow vehicles 
with wide wheel bases to straddle the hump.5

Speed Hump – Parabolic vertical traffic calming devices 
intended to slow traffic speeds on low-volume, low-speed 
streets.5

Street – A public corridor designed to provide access to 
businesses, housing, parks, and civic buildings within a city. 
The entire right-of-way, including sidewalks, the roadway, 
vegetated buffers, etc. is considered part of the street.

Street Buffer – The portion of a protected bike lane design 
that divides the bike lane from motor vehicle traffic. 4

Traffic Calming – A strategy and toolkit to slow the speeds 
of motor vehicle traffic to a “desired speed” by incorporating 
physical features, such as chicanes, mini traffic circles, speed 
humps, and curb extensions.
Traffic Control – Devices such as traffic signals, warning 
signs, stop signs, yield signs, and other regulatory signs.
Traffic Diversion – A traffic calming technique in which 
raised areas are constructed to redirect motor vehicle traffic 
to alternate routes but permit passage of bicyclists and 
pedestrians. Traffic diverters are common treatments on 
bicycle boulevards.
Traffic Volume – The number of vehicles passing a given 
point over a specific period of time.
Trailhead – Designated point of access to a shared use path 
that may provide parking, information kiosks, restrooms, 
water fountains, and other amenities.9

Two-Stage Turn Queue Box – Two-stage turn queue boxes 
are areas set aside for bicyclists to queue to turn at signalized 
intersections outside of the traveled path of motor vehicles 
and other bicycles. In addition to mitigating conflicts inherent 
in merging across traffic to turn, two-stage bicycle turn 
boxes reduce conflicts between bicycles and pedestrians 
and separate queued bicyclists waiting to turn from through 
bicyclists moving on the green signal.3

Vertical Deflection Treatment – Traffic calming techniques 
that compel motorists to reduce their travel speed by 
changing the elevation of the roadway at defined locations 
along a street. Examples include speed humps, speed tables, 
and raised crosswalks.
Wayfinding – A system of directional signs along streets 
or paths that assist people in finding major destinations. 
Wayfinding can be designed specifically for drivers, bicyclists, 
or pedestrians.

1 American Association of State Highway Transportation 
Officials (AASHTO)
2 Federal Highway Administration (FHWA)
3 Manual on Uniform Traffic Control Devices (MUTCD)
4 Massachusetts Department of Transportation (MassDOT)
5 National Association of City Transportation Officials (NACTO)
6 National Center for Safe Routes to School
7 National Cooperative Highway Research Program (NCHRP)
8 Texas Department of Transportation (TxDOT)
9 United States Access Board 

GLOSSARY RESOURCES
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Resources cited throughout this Guide are listed here.
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2013.
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Calming Website. http://www.ite.org/traffic/

Manual on Uniform Traffic Control Devices. Federal 
Highway Administration. 2009. http://mutcd.fhwa.
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Innovative Bicycle Facilities: SW Broadway Cycle 
Track and SW Stark/Oak Street Buffered Bike Lanes. 
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http://www.actransit.org/wp-content/uploads/AC_
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Portland’s Neighborhood Greenways Assess-
ment Report. Portland Bureau of Transportation. 
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tion/50518 
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Access Board. 2011. https://www.access-board.gov/
attachments/article/743/nprm.pdf

Road Diet Informational Guide. FHWA Safety Pro-
gram. FHWA Report No. FHWA-SA-14-028. Federal 
Highway Administration. 2014. http://safety.fhwa.
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Separated Bike Lane Planning and Design Guide. 
Massachusetts Department of Transportation. 
2015. https://www.massdot.state.ma.us/highway/
DoingBusinessWithUs/ManualsPublicationsForms/
SeparatedBikeLanePlanningDesignGuide.aspx

Separated Bike Lane Planning and Design Guide. 
Federal Highway Administration. 2015. https://www.
fhwa.dot.gov/environment/bicycle_pedestrian/publica-
tions/separated_bikelane_pdg/

Shared use path Level of Service Calculator: A User’s 
Guide. Federal Highway Administration. 2006. 
https://www.fhwa.dot.gov/publications/research/safe-
ty/pedbike/05138/05138.pdf

Small Towns and Rural Multimodal Networks Guide. 
2016. https://www.fhwa.dot.gov/environment/
bicycle_pedestrian/publications/small_towns/fhwa-
hep17024_lg.pdf

Traffic Design Manual. City of Portland. 2017. 
https://www.portlandoregon.gov/transportation/arti-
cle/648243

Urban Bikeway Design Guide. National Association 
of City Transportation Officials. 2014. http://nacto.
org/publication/urban-bikeway-design-guide/

Urban Street Design Guide. National Association of 
City Transportation Officials. 2013. http://nacto.org/
publication/urban-street-design-guide/

Walker, L., M. Tresidder, and M. Birk. Fundamentals 
of Bicycle Boulevard Planning and Design. Initiative 
for Bicycle and Pedestrian Innovation and Portland 
State University. 2009. https://www.pdx.edu/ibpi/
sites/www.pdx.edu.ibpi/files/BicycleBoulevardGuide-
book%28optimized%29.pdf 
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