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Title VI Note
The Flint Hills Metropolitan Planning Organization (MPO) hereby gives public notice that it is
the policy of the agency to assure full compliance with Title VI of the Civil Rights Act of 1964,
the Civil Rights Restoration Act of 1987, Executive Order 12898 on Environmental Justice, and
related statutes and regulations in all programs and activities. Title VI requires that no person
in the United States of America shall, on the grounds of race, color, sex, or national origin,
be excluded from the participation in, be denied the benefits of, or be otherwise subjected
to discrimination under any program or activity for which the MPO receives federal financial
assistance. Any person who believes they have been aggrieved by an unlawful discriminatory
practice under Title VI has a right to file a formal complaint with the MPO. Any such complaint
must be in writing and filed with the FHMPO’s Title VI Coordinator within one hundred and
eighty (180) days following the date of the alleged discriminatory occurrence. For more
information, or to obtain a Title VI Discriminatory Complaint Form, please see our website at
www.FlintHillsMPO.org

DISCL AIMER
The preparation of this report has been financed in part through funds from the Federal
Highway Administration and Federal Transit Administration, U. S. Department of Transportation,
under the Metropolitan Planning Program, Section 104(f) of Title 23, U.S. Code. The contents
of this report do not necessarily reflect the official views or policy of the U.S. Department of
Transportation.
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Benefits of
Walkable,
Bikeable
Communities
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Introduction
A multimodal transportation network provides opportunities
for people to take a variety of modes to accomplish their
transportation needs including walking, biking, driving, and
transit. Walking and bicycling are healthy, non-polluting, lowcost, quiet, and fun forms of transportation that are ideal for
many trips, including commuting and shopping. A multimodal
network can benefit all people who live, work, play, study,
and do business in Manhattan, regardless of how they get
around. A bicycle- and pedestrian-friendly Manhattan will help
improve public health and quality of life as well as providing
positive safety and economic impacts. Efficient, convenient,
and affordable transportation options like bicycling and
walking can make life easier, better, and more enjoyable for
both residents and visitors.

A MULTIMODAL
NE T WORK C AN
BENEFIT ALL PEOPLE
WHO LIV E, WORK,
PL AY, S TUDY, AND
DO BUSINESS
IN MANHAT TAN,
REG ARDLESS OF HOW
THE Y GE T AROUND.

This section summarizes the need, purpose, and benefits
of a multimodal transportation network as it relates to
transportation choice and equity, the economy, livability,
traffic safety, and personal and environmental health.
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Transportation Choices
and Equity
Without transportation choices, community members have
a hard time getting to work, buying healthy food, seeing
a doctor, going to school, or connecting with others.
Convenient, safe, and affordable transportation options are
not always available to those who need them most.
• Manhattan households spend approximately the same
amount on transportation as they do on housing (27
percent and 25 percent of household income, respectively).
The typical Manhattan household spends approximately
$11,865 per year on transportation, with motor vehicle
ownership costs making up three-fourths of total
transportation costs ($8,927).1 By comparison, average
annual bicycle ownership costs approximately $350, and
walking is free.2 There is great opportunity for biking and
walking trips to replace vehicle trips: 40 percent of all trips
in the US are two miles or less.3
• Walking and bicycling facilities provide people with more
travel options beyond using a personal vehicle, and the
freedom to decide how to get from Point A to Point B in
the safest, most convenient, least expensive, and most
enjoyable way. A multimodal network provides added
freedom and independence for youth and parents (who are
otherwise transporting their children) as well as for some
people who cannot drive and those who have chosen not to
drive.
• A multimodal network can help connect college students
with the community and reduce their transportation costs.
With rising housing, child care, tuition, books, and supply
costs, college student budgets are tight. In a study of 34
college campuses, 48 percent of college students reported
experiencing food insecurity due to financial hardship.4
College students financially benefit when they can get to
school and work without bearing the costs of owning and
maintaining a personal vehicle.
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• Low-stress bicycle facilities provide options for people
of all ages and abilities. About 60 percent of people are
classified as “interested but concerned” bicyclists. This
group is more cautious and has some inclination towards
bicycling, but is held back by concern over sharing the
road with cars. They are not very comfortable on major
streets, even with a striped bike lane, and prefer separated
pathways or low traffic neighborhood streets. Investing
in low-stress facilities can have a high impact on bicycle
ridership because they welcome a wide range of people.
• In many cases, residents already walk and bike in places
where dedicated sidewalks and bikeways are not present
or are not safe and comfortable. New or improved facilities
would allow them to travel more safely and efficiently.
A multimodal network makes daily transportation and
physical activity more viable for people with low incomes,
youth, seniors, and those with disabilities. For the 7.6
percent of Manhattan households that do not have
access to a motor vehicle, maintaining and improving the
multimodal network will give them safe and dignified
access to destinations.
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Economy
A multimodal transportation network has the potential to
reduce expenses for the City as well as support a strong local
economy.
• Streetscape improvements support local jobs and
businesses.5 Downtown Manhattan underwent a large
redevelopment and revitalization process that resulted
in a mixed-use, human-scaled, walkable district that has
generated more than 400 new jobs and $75 million in sales
tax. Commercial occupancy is steady at 96 percent, up
from 50 percent in 2007, and residential occupancy is at 98
percent.
• Bicyclists spend more. Customers who arrive by automobile
spend the most per visit across all establishments, but
cyclists tend to shop more frequently and spend 24 percent
more per month than drivers do.6
• Access to trails and walkability may raise property
values. In a controlled study of 90,000 houses in 15 US
metropolitan housing markets, houses with the aboveaverage levels of walkability were found to command a
premium of about $4,000 to $34,000 over houses with just
average levels of walkability.7 Several studies conducted
over the last two decades found that trails and greenways
can have a positive impact of urban and suburban property
values of residences near the facilities.8
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Quality of Life
Creating conditions where walking, bicycling, and using
other active modes is accepted and encouraged increases
a community’s quality of life and its ability to attract new
residents.
• The design, land use patterns, and transportation systems
that compose the built environment have a profound
impact on quality of life issues. The aesthetic quality of
a community improves when visual and noise pollution
caused by automobiles is reduced and when green space
is reserved for facilities that enable people of all ages to
recreate and commute in pleasant settings.
• Traffic-calmed bicycle boulevards create attractive places
to live. Bicycle boulevards are lower volume, lower speed
streets retrofitted with traffic calming improvements and
wayfinding. Bicycle boulevards can discourage cut-through
vehicle traffic in neighborhoods, reduce speeding, and
enhance a sense of place and community, improving quality
of life for residents, whether they bicycle or not.
• Pedestrian and bicycle programs and projects encourage
more use of active transportation, which leads to a better
quality of life. Better quality of life attracts more diverse
and creative people, leading to higher economic growth for
a city and region. Residents are more satisfied with their
quality of life in more walkable communities.9
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• Walkable and bikeable communities attract new residents,
especially younger people. More than Gen Xers and Baby
Boomers, Millennials prefer walking to driving. Younger
generations are more likely to like biking and taking public
transit, while older generations are more likely to say they
like driving. When making housing decisions, Millennials
value having bike lanes and paths nearby more than older
generations. Across generations, people say that sidewalks
and places to take walks are the most important factors in
deciding where to live, more important than easy access to
the highway. Six in ten people would pay more to live in a
walkable community where they can easily access parks,
shops, and restaurants. Families with kids at home are
more willing to pay more to live in a walkable community
than those with no kids at home. This is especially true for
Millennials with kids in school.10
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Traffic Safety
A multimodal transportation network that is safer for people
walking and biking is safer for drivers as well.
• Bike lanes reduce crashes. Well-designed bicycle lanes and
off-street paths are proven safety countermeasures shown
to reduce the number of bicycle-involved collisions and
injuries. Bicycle lanes help reduce the potential exposure to
collisions by 35 percent and a separated paved path helps
reduce the exposure by 80 percent.11 When bicyclists are
present, 79 percent of drivers feel comfortable driving on
a street with a protected bike lane, compared to only 68
percent when the street has no markings.12 In addition,
the definition of space on a roadway makes drivers more
comfortable passing people biking.
• Reducing traffic speeds makes roadways safer for all users,
especially pedestrians. A pedestrian’s risk of severe injury
or death in a crash increases exponentially as car speeds
increase. Older adults are at higher risk of death in a crash
than the general population due to their increased physical
vulnerability to injury and complications from injuries.13
• Narrow lanes moderate travel speeds. Narrower lane
widths, down to 10 feet, are correlated with safety benefits
for drivers as well as other users of the street. Narrower
lanes generally result in lower travel speeds and thereby
increase street safety and reduce traffic noise. Narrowing
travel lanes can also create more space for people walking,
biking, and taking transit.14

• Complete streets are safer streets. Four-lane undivided
roadways result in hazardous speed differentials and
unpredictable vehicle behavior, as vehicles change lanes to
move around turning vehicles. A road diet typically involves
converting a four-lane road into a two-lane road with a
center turn lane. The Federal Highway Administration has
found that road diets typically have minimal effects on
vehicles capacity, while improving safety for all roadway
users.15 Studies indicate a 19 to 47 percent reduction in
overall crashes when a road diet is installed on a previously
four-lane undivided roadway.16 Road diets can free up
space for the other travel modes and uses, allowing the
installation of bike lanes and wider sidewalks.
• Raised medians and refuge areas make everyone safer.
There has been a demonstrated 46 percent reduction in
pedestrian crashes when raised medians or pedestrian
refuge areas are provided at pedestrian crossings at marked
crosswalks.17 Raised medians have also been found to
reduce motor vehicle crashes by 15 percent.18
• When more people walk and bike, walking and biking are
safer. Motorist behavior improves as motorists grow to
anticipate the presence of people on foot and on bikes. The
likelihood that a given person walking or bicycling will be
struck by a motorist decreases as the number of people
bicycling and walking increases.19
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Personal and
Environmental Health
A multimodal transportation network will help Manhattan
combat two costly public health problems: physical inactivity
and pollution.
• Development of better bicycle and walking infrastructure
is a proven strategy for encouraging more routine, daily
exercise.20 In Riley County, 23 percent of adults report
no leisure-time physical activity and 24 percent report
not having access to exercise opportunities.21 Walking
and biking for transportation and recreation is a way to
achieve the U.S. Department of Health and Human Services’
recommended 150 minutes per week of moderate aerobic
activity.22
• Physical activity reduces rates of chronic disease and
obesity and associated healthcare costs. Physical
inactivity is now widely understood to play a significant
role in the most common chronic diseases in the United
States, including heart disease, stroke, and diabetes, and
approximately 280,000 adults in the U.S. die prematurely
due to obesity-related illnesses every year. Each additional
hour per day spent in the car increases the likelihood of
obesity by 6 percent.23 Obese adults spend 42 percent
more nationally on direct healthcare costs than adults
who are a healthy weight.24 The health benefits from a
physically inactive person becoming physically active and
having a reduced probability of suffering from chronic
diseases or missing work for health-related reasons can
save the region approximately $1,530 per newly active
person per year in healthcare costs.
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• Bicycling health benefits outweigh safety risks nine
to one.25 In addition to experiencing health benefits
from increased physical activity, studies have shown
that bicyclists breathe in less pollutants than vehicle
drivers.26 Even more effective are separated bike facilities,
which have been shown to reduce exposure to vehicular
pollutants by as much as 33 percent in one study.27
• Reductions in vehicle-miles traveled have a positive impact
on air quality. Air pollution is associated with asthma
attacks and cardiovascular disease-related events.28
Fetuses, newborns, children, and people with chronic
illnesses are especially vulnerable to the health impacts
of air pollution from vehicles.29 The average household
in Manhattan drives 20,728 miles per year30, resulting
in emissions of approximately 2.3 pounds of particulate
matter, 32 pounds of nitrous oxide, half a pound of sulfur
oxide, 47 pounds of volatile organic compounds, and
19,214 pounds of carbon dioxide. The associated pollution
mitigation and clean-up costs to the public amount to
about $610 per household—more than $11 million dollars
per year for all households in Manhattan.31
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Peer &
Aspirational
City Review
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Introduction
This section highlights active transportation planning,
design, and non-infrastructure programming in four United
States cities that are considered peer or aspirational cities in
relation to Manhattan, Kansas. This memorandum focuses
on infrastructure engineering topics, including existing
infrastructure characteristics, adopted policies and design
standards, and funding considerations. Peer and aspirational
cities’ approaches to education, encouragement, and
enforcement programming are also included.

In March 2019, Flint Hills Metropolitan Planning Organization
(MPO), the City of Manhattan, and the consultant team
developed a list of perspective peer and aspirational
communities to compare with the City of Manhattan. The
initial list consisted of communities currently recognized as a
Bicycle Friendly Community (BFC) by the League of American
Bicyclists. Some of these communities have also achieved
Walk Friendly Community (WFC) recognition, operated by
the University of North Carolina Highway Safety Research
Center. The final list of peer and aspirational cities consists of
those the Manhattan Area Chamber of Commerce has visited
or plans to visit through the Inter-Region Visits program.
Communities with BFC ratings above Bronze were categorized
as aspirational cities. The cities included in the review are
listed in TABLE 1.

TABLE 1: Communities' Recognition for Walking and Bicycling

City

Bicycle Friendly
Community Rating

Walk Friendly
Community
Rating

Number and
Ranking of Bicycle
Friendly Businesses

Number and Ranking
of Bicycle Friendly
Universities

Ames, Iowa

Bronze

n/a

1 Bronze (Workiva)

0

Columbia, Missouri

Silver

n/a

1 Gold (PedNet
Coalition)

0

Fort Collins, Colorado

Platinum

Silver

55 total, ranging from 1 Platinum (Colorado
Bronze to Platinum
State University)

Lincoln, Nebraska

Bronze

Honorable Mention

1 Gold (University of
Nebraska, Outdoor
Adventures)

1 Silver (University of
Nebraska)

Manhattan, Kansas

Bronze

n/a

0

1 Gold (Kansas State
University)

11

PE E R & A S PIR ATIO N A L CIT Y R E V IE W

CITY OF MANHATTAN, KANSAS | BICYCLE AND PEDESTRIAN MOBILITY MANUAL

Characteristics
TABLE 2 provides a brief summary of community
characteristics of the reviewed cities. On average, reviewed
communities have a pedestrian commute mode share of
6.1 percent and a downtown Walk Score of 90. The average
bicycle commute mode share across peer cities is 2.4 percent.
Manhattan’s pedestrian commute mode share is 9.2 percent
and the bicycle commute mode share is 2.1 percent.

Key Takeaways for Manhattan
Manhattan is keeping pace with the reviewed communities
in terms of active transportation commute mode share and
downtown Walk Score. The City should continue efforts to support
walkability and bikeability throughout the city, including as one
travels farther from downtown and the Kansas State University
campus.

TABLE 2: Community Characteristics

City
Ames

Population
(2017)

Pedestrian
Downtown
Mode Share* Walk Score**

Bicycle Mode
Share

Ratio of Bike Program Staff to Population

66,500

9.8%

89

3.4%

Unknown, due to error in LAB materials.

Columbia

121,700

5.2%

97

1.3%

1 per 72,000

Fort Collins

165,000

6.4%

79

3.5%

1 per 8,000

Lincoln

284,700

3.1%

95

1.4%

1 per 92,000

54,800

9.2%

85

2.1%

1 per 56,000

Manhattan

*2017 American Community Survey five-year estimate
**Walk Score assigns a numerical score to a location based on how easily someone can accomplish daily errands without using a car. The location is scored based on distance to
amenities. Destinations located a five-minute walk (.25 mile) receive maximum points. The score is refined by incorporating block length, intersection density, and population
density information. A maximum score is 100 points. Scores from 90 – 100 mean that daily errands do not require a car, 70-89 means “most” errands can be accomplished by
walking, and 50-69 is “somewhat” walkable. Car dependent locations score 0-49 points.
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Engineering
This section considers communities’ progress toward
implementing on- and off-street active transportation
infrastructure. Special attention is paid to whether
infrastructure design considers best practice design guidelines.

Infrastructure Characteristics
On average, 30 percent of roadways in peer and aspirational
cities are considered part of the bicycle network. BFC
reports also provide information about the degree to which
major streets have appropriate bicycle facilities. Among the
communities reviewed, the percent of arterial and collector
roadways with bike facilities ranges from zero to 87 percent.
BFC reports scored whether roadways with high posted speed
limits feature bicycle facilities. Communities received more
points for more separated facilities as posted speed limits
increase (i.e., separated bike lane, multiuse path). For example,
a striped bike lane on streets with speed limits over 35 miles

per hour would receive lower points towards the overall BFC
evaluation than a street with separated bike lanes and the
same posted speed limit. Measuring the percentage of highspeed roadways with bike facilities is an important metric.
Without low-stress facilities, such as sidewalks, shared use
paths, or separated bike lanes, these roadways are barriers to
active transportation.

Key Takeaways for Manhattan
Manhattan should continue adding bicycle and pedestrian
facilities to major streets. These facilities require adequate
separation from motorized traffic. Arterial roadways are often
overrepresented in terms of fatal pedestrian and bicycle
crashes. Eighteen percent of Manhattan’s streets include bicycle
infrastructure and 12 percent of major roadways feature bike
facilities. The city has 202 miles of sidewalk.

TABLE 3: Infrastructure Characteristics

City
Ames

High Speed
Roadways with
Bike Facilities

Total Bicycle Network
Mileage to Total Road
Network Mileage
Miles of Sidewalk and Share Use Paths

0%

27% The exact number is unknown, but the Complete Streets Plan
states that there are approximately 245 miles of streets in Ames,
excluding US Highway 30 and Interstate 35, and that almost
all streets have sidewalks on both sides. There are 38 miles of
multiuse paths in Ames.

Columbia

31%

26% 538 miles of sidewalk, inventoried with a digital map, and over 15
miles of shared use paths.

Fort Collins

87%

52% The City has collected data representing approximately 540 street
miles of sidewalk. Fort Collins aims to install 71 miles of paved
trails by 2020.

Lincoln

11%

13% Not calculated, but planning documents note that "most" streets
feature sidewalks on both sides. There are 248 miles of trails in
Lincoln.

Manhattan

12%

18% 202 miles of sidewalks and 34 miles of trails

*Note that not all existing facilities may meet NACTO Urban Bikeway Design Guide or FHWA Small Town and Rural Multimodal Networks Design Guide guidelines for increasing
separation between people bicycling as roadway volume and posted speed limit increase.
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Adopted Policies & Plans
TABLE 4 identifies peer and aspirational communities’ efforts
to adopt policies and plans to strategically implement active
transportation networks.

Key Takeaways for Manhattan
If not already conducted, the City of Manhattan would benefit
from creating an ADA Self-Evaluation and Transition Plan and
adopting a Complete Streets Policy or Ordinance.

TABLE 4: Adopted Plans and Policies

Complete Streets Policy
with Implementation
Traffic Calming Policies
Guidance
and Practices

City

Adopted Pedestrian
and Bicycle Plans

Ames

No bike plan

Yes, Complete Streets
Ames was adopted in
2018

A traffic calming program
was included in the 2017–
2022 CIP

Columbia

The Bicycle and
Pedestrian Network
Plan was a component
of the 2040 Long
Range Transportation
Plan (LRTP). The City
also created a 2012
Sidewalk Master Plan.

The original policy was
created in 2004 and
updated in 2014. All new
streets must include
active transportation
accommodations. The
City reports annually on
progress.

The Public Works Department The ADA Sidewalk
Transition Plan was created
operates a Neighborhood
Traffic Management Program in 2018
to install traffic calming
devices

Fort Collins

The City updated their
pedestrian plan in
2011 and created a
bike plan in 2014

Yes, the policy mostly
focuses on adding
active transportation
infrastructure to new
construction

The Neighborhood Traffic
Mitigation Program was
developed based on
residents’ requests for
speeding reduction. The
program uses physical
infrastructure and
enforcement tools.

The Pedestrian Needs
Assessment created a
citywide inventory of
missing pedestrian links
and ADA compliant curb
ramps

Lincoln

The Lincoln Bike Plan:
On-street Bicycle
Facilities Plan was
adopted in 2019

A Complete Streets
policy was created in
2013. The 2019 bike plan
recommended creating a
Complete Streets Manual.

Lincoln operates a
Neighborhood Traffic
Mitigation Program.
Neighborhoods are required
to pay for any infrastructure.

An ADA Transition Plan was
created in 2007

Manhattan

New plan in progress;
1999 Bicycle Master
Plan still in use

No, but the Manhattan
Area Transportation
Study (2015) included
a "Complete Streets
Toolkit"

Public Works completes
traffic calming projects
throughout the community.
The City measures speed
reductions resulting from the
projects.

No ADA Transition Plan;
currently performing selfevaluation, working toward
transition plan
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Current ADA Transition
Plan
The City’s ADA Transition
Plan was last updated in
2011. The 2017–2022 CIP
includes an Accessibility
Enhancement Program.
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Design Considerations
Design considerations for active transportation are important
to set expectations for infrastructure delivery. Contextsensitive standards should increase separation between active
transportation users and motorists as speed and volumes
increase. This approach results in low-stress streets that
encourage people to walk and bike more often. In addition
to discouraging active transportation, high-speed streets can
also be dangerous for pedestrians and bicyclists. As motor
vehicle speeds increase, so does the chance of a pedestrian
dying after being hit by a motorist (FIGURE 1).
TABLE 5 shows the extent to which communities have
adopted design standards that align with National Association
of City Transportation Officials (NACTO) guidance from the
Urban Bikeways Design Guide. This guide provides information
about installing on-street bikeways that range from bike
boulevards to separated bike lanes, with the goal of creating
low-stress streets.

Key Takeaways for Manhattan
The BFC Feedback Report for Manhattan specifies building
buffered and separated bike lanes. The Mobility Manual
will provide context-sensitive facility selection and design
guidance. The manual will integrate guidance from national
public agencies and organizations including American
Association of State Highway and Transportation Officials
(AASHTO), Federal Highway Administration (FHWA), and
NACTO. The document will develop with the goal of providing
a transportation network that is safe and inviting to a wide
range of users. For example, the FHWA Small Town and Rural
Multimodal Networks Design Guide uses three infrastructure
categories to recommend context-sensitive facilities according
to separation from motor vehicle traffic. These categories are:
mixed traffic, visually separated, and physically separated.
They are depicted in FIGURE 2 on the following page. The
darker grey shading illustrates space for active transportation.

FIGURE 1: A person's chances of surviving a crash decrease as the speed at which the motorist is traveling increases
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TABLE 5: Design Considerations

Bicycle Facility Selection Criteria
that Increase Separation of
Bicyclists Based On Motor Vehicle
Speed and Volume

Adopted Design Manual that
Meets NACTO Standards or
Endorses the NACTO Urban
Bikeways Design Guide

Pedestrian Sidewalk and
Crossing Standards

Ames

Complete Streets Ames provides
facility selection criteria

Complete Streets Ames follows
NACTO guidelines

Included in Complete Streets
Ames

Columbia

No

NACTO standards are referenced in
City documents

Sidewalk and multiuse path
standards are included within
the City's "Design Standards for
Streets, Sidewalks, and Bikeways"
(2004)

Fort Collins

Included in the 2014 Bicycle Master
Plan, specifically within Appendix C:
Recommended Design Guidelines

Included in the 2014 Bicycle Master
Plan. Fort Collins is a NACTO
member city

Included within the 2011
Pedestrian Plan Update,
Crosswalk Identification Policy,
and Pedestrian Priority Areas
(updated in 2018)

Lincoln

Included within 2019 Lincoln Bike Plan

The latest bike plan contains
designs included within NACTO
guides, but the plan does not
include dimension details or other
design specifics

Included within Title 3: Design
Standards for Zoning Regulations:
"Sidewalks shall be at least four
(4) feet wide and have a slope
not to exceed five (5) percent or a
slope of 8.33"

Manhattan

No

In progress

In progress

City

FIGURE 2: Infrastructure categories from the FHWA Small Town and Rural Multimodal Networks Design Guide.
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Infrastructure Funding
Considerations
The communities reviewed within this report differ according
to funding mechanisms. Two of the four use tax revenue
specifically set aside for active-transportation-focused
projects.

Key Takeaways for Manhattan
A dedicated funding source for active transportation
can provide security that infrastructure projects will be
implemented into the future. Equity should be included within
project prioritization processes and funding structure.

TABLE 6: Infrastructure Funding Considerations

Equity Included as Consideration for
Funding Allocation

City

Dedicated Active Transportation Funding Source

Ames

Two percent of the total transportation budget is spent on
bicycling. Pedestrian-focused funding is mostly categorized as
ADA compliance improvements.

Not clear from existing CIP

Columbia

The City's quarter-cent sales tax for capital improvements
funds the Annual Sidewalks budget item. Columbia built much
of its pedestrian and bicycling network through a $30 million
federal grant.

Not included within funding allocation
parameters

Fort Collins

The Safe Routes to Everywhere funding program programmed
$14 million from 2016 to 2025 for pedestrian improvements.
Additionally, the City has used two dedicated taxes to fund
infrastructure, including walking and bicycling improvements.
"Keep Fort Collins Great" is a 0.85% dedicated tax and "Building
on Basics" is a 10-year quarter cent tax. Project categories
have included building pedestrian and bicycle grade separated
crossings and ADA sidewalk improvements.

Health and equity criteria are considered when
developing a list of prioritized pedestrian
projects. These factors represent 20% of the
score. The rest of the score is dedicated to
safety (45%) and location (35%).

Lincoln

Not specified

Not specified

Manhattan

Not specified
The City maintains a small annual budget for active
transportation projects. A 0.25% sales tax was renewed in 2018
to fund recreation and trails improvements over 10 years.
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Education, Encouragement, and
Enforcement Programming
Education, encouragement, and enforcement programs help
residents of a community learn more about walking and
bicycling and view these forms of transportation as safe,
healthy, and normal. Peer and aspirational communities
tended to focus more on educational programming than
encouragement or enforcement activities. Table 7 summarizes
main findings.

Key Takeaways for Manhattan
Educational and encouragement programs should be made
available for all ages. Education that targets motorists are
important to create a culture of safety. Conversely, campaigns
that place exclusive focus on people walking and bicycling
should be avoided. This approach can implicitly or explicitly
discourage active transportation and disproportionately blame
active transportation users for crashes.

18

Conversations about the role of enforcement within traffic
safety programs continues to evolve. Although enforcement
is largely regarded as a component of traffic safety,
overemphasis can create other issues for motorists and
people walking and biking. The Vision Zero Network and
other resources provide theory and practice regarding this
topic. The Vision Zero Network is a collaborative campaign
focused on reducing roadway deaths to zero.
Nearly 50 communities are Vision Zero Cities with published
goals of eliminating traffic deaths and severe injuries,
among other minimum standards. VZN suggests that
engineering, education, and encouragement should be
prioritized to advance traffic safety. Although enforcement
tactics play a role, public agencies should be careful
not to overemphasize this aspect of traffic safety. Road
design should support safe conditions, such as speed limit
compliance and predictable behavior: “traditional officerinitiated enforcement should be a tactic of last resort…not
the first line of attack.”32
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TABLE 7: Community Campaigns and Events

City

Youth and Adult Safety Education
Involving Driving, Walking, and
Bicycling

Ames

• Bike, Walk, Drive SMART Campaign
• Safe Routes to School route mapping

Community Encouragement
Campaigns and Events

Law Enforcement Agency
Involvement

• Healthiest Ames, a local community • The Ames Police
Department
organization, has proposed Open
collaborated with other
Streets and other programming.
City departments to
• They provided all third-grade
create Bike, Walk, Drive
students with free bicycle helmets
SMART
in 2017 and 2018.
• The Municipal Code outlines a
process for allowing street mural
painting on public streets
• The City produced a free shareduse path map
• Ames Main Street promotes the
economic benefits of walking by
organizing several walking-based
shopping events and festivals
throughout the year

Columbia

Fort Collins

• The City is in the process of
implementing an educational campaign
for walking, bicycling, and driving safety

• The League of American Bicyclists
describes Columbia's Bike Month
events as "excellent"

• The City's Vision Zero Policy set a goal
of eliminating all traffic deaths and
serious injuries by 2030

• The City published the 2015 Get
About Columbia Bike Map

• Recurring meetings
are held between law
enforcement officers
and community
residents to discuss
social equity and
infrastructure concerns
or requests. Columbia
calls these Community
Unity Meetings.

• The City created a Walk and Wheel Skills • Open Streets events are held every • Fort Collins Police
Services collaborated
summer. The 2018 event featured
Hub in 2017 for children to learn about
with other City
tactical urbanism projects along
walking, bicycling, and driving safety
departments and
the route.
• Ride Smart Drive Smart is an education,
advocacy groups to
• The City encourages participation
encouragement, and enforcement
create the Ride Smart
in International Walk-to-School Day
program that uses a van to participate in
Drive Smart program
and National Bike-to-School Day
community events
• More than 20 schools participate in Safe
Routes to School planning
• Fort Collins developed a Bicycle Safety
Education Plan and was the first city
in Colorado to adopt to State's Moving
Toward Zero Deaths initiative
19
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City
Lincoln

PE E R & A S PIR ATIO N A L CIT Y R E V IE W

Youth and Adult Safety Education
Involving Driving, Walking, and
Bicycling

Community Encouragement
Campaigns and Events

Law Enforcement Agency
Involvement

• The City's Bike Lincoln website provides
education and encouragement materials

• Bike-to-Work Week is celebrated in
mid-May

• Involvement is unknown

• A bike share program launched in
2018
• Trail Trek is a unique fundraising
event where residents can choose
from multiple tours and distances
to benefit Lincoln's trail network
Manhattan

• The Riley County Police
• The City produced a Community
Department participates
Bike Map available as an interactive
in Bike Month planning
map or printed document
• A Safe Routes to School Plan for Unified
activities and other
School District 383 was finalized in 2015 • Bike Month education and
transportation planning
encouragement events occur
initiatives
throughout May
• Utility bill inserts provide safety
education tips to residents

• Green Apple Bikes (GAB) is a
volunteer-led bike share program
• Essential Bikes provides donated
bicycles to community members
with financial need
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Multimodal
Level of Service

22
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Introduction
The development of a multimodal transportation network is
dependent on a variety of factors, from street network and
roadway characteristics to trip generators and destinations.
As the City of Manhattan continues to incorporate bicycle
and pedestrian facilities into the transportation system, an
underlying framework will be necessary to guide objective
decision-making for active transportation investments in a
manner consistent with the vision, goals, and objectives of the
Bicycle and Pedestrian Systems Plan (Systems Plan).
Bicyclist and pedestrian comfort are at the heart of this
network development framework. The Systems Plan envisions
a community in which people of all ages and abilities can
safely and comfortably travel by foot, bike, and other forms of
non-motorized transportation. To achieve this vision, the City
of Manhattan’s active travel network will consist of bicycle
boulevards, separated bike lanes, shared-use paths, sidewalks,
and similar facilities that provide a low-stress experience for
people walking and bicycling.

The City has created the following methodology and
framework to analyze the transportation system’s current and
future ability to integrate low-stress facilities. The framework
also provides the parameters and data inputs for developing
general network recommendations and more specific facility
recommendations for individual corridors. FIGURE 3 on the
following page depicts the process through which the City can
integrate GIS-based data, network planning principles, and
facility design guidance with plan values and public input to
create an active transportation network that meets the needs
and aspirations of the community.
This section provides a brief description of the five steps in
the multimodal level of service and network development
processes. Each step builds on the findings of the previous
step(s) to arrive at a complete bicycle and pedestrian network.
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FIGURE 3: Multimodal Level of Service and Network Development Process Overview
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Step 1

Level of Service for Bicycling
and Walking
Multimodal level of service analysis is a data-driven process
that uses roadway characteristics, location and type of bicycle
and pedestrian facilities, traffic volume and other available
data to understand existing conditions for bicycling and
walking, to locate system gaps, and to identify opportunities
to create an interconnected system for bicycling and walking.
This analysis consists of two separate components: Bicycle
Level of Traffic Stress and Pedestrian Level of Service. Each of
these individual analyses uses a number-based scoring system
to rate travel conditions.

Bicycle Level of Traffic Stress
A majority of the public would like to walk or ride bicycles
more but are discouraged from doing so by perceived safety
concerns, lack of facilities, or a lack of knowledge about where
the appropriate facilities are located. Surveys nationally show
that 50-60 percent of people say they would ride a bicycle
more (or start riding) if they had access to facilities that
provided more separation from traffic, lower traffic speeds,
and/or lower traffic volumes. Additionally, evidence has
shown that increasing the number of bicyclists on the road
improves safety for all transportation modes. Cities with high
bicycling rates tend to have lower crash rates.

The Bicycle Level of Traffic Stress (LTS) Analysis evaluates
"a combination of perceived danger and other stressors (e.g.,
noise, exhaust fumes) associated with riding a bike close to
vehicle traffic". The analysis incorporates roadway and traffic
characteristics, including posted speed limit, street width, and
the presence and character of bicycle lanes, to categorize each
roadway segment and intersection into one of four levels of
traffic stress:
• LTS 1 - tolerated by most children
• LTS 2 - tolerated by the mainstream adult population
• LTS 3 - tolerated by "cyclists who are 'enthused and
confident' but still prefer having their own dedicated space
for riding
• LTS 4 - tolerated only by those characterized as "strong and
fearless"
The results of the LTS analysis help identify existing areas
with a high level of service as well as focus areas for
improvement. LTS provides an intuitive framework to describe
the benefits of bicycle infrastructure, and demonstrates that
some roadways need more intervention than others to provide
a truly comfortable experience.
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METHODOLOGY
The methods used for the LTS analysis were adapted from
the 2012 Mineta Transportation Institute (MTI) Report
11-19: Low-Stress Bicycling and Network Connectivity. The
approach outlined in the MTI report uses roadway network
data, including posted speed limit, the number of travel
lanes, and the presence and character of bicycle lanes, as
a proxy for bicyclist stress/comfort level. The method used
in this analysis utilizes additional data such as on-street
parking, traffic signals, shared-use paths, and motor vehicle
volumes (ADT) to provide a more nuanced, context-sensitive
interpretation of on-the-ground conditions. A recent study by
Furth et al provided additional methodological guidance for
incorporating ADT.33
The Level of Traffic Stress analysis is completed through an
assessment of street segments, intersection approaches, and
intersections using spatial data and aerial imagery. Figure
2 below depicts these three elements. Broadly, every street
link (a section of roadway) receives three scores based on
its characteristics: one score for its segment, the space of
roadway between intersecting streets; one score for the
approach to an intersection, accounting for right turn lanes;
and one score for its intersection, where one segment crosses
another. See TABLE 8 for more information about data
limitations and assumptions.

The scores assigned are based on a link’s characteristics that
affect a bicyclist’s perception of safety and comfort. The
scores range from 1 to 4, where 1 represents the lowest stress,
and 4 represents highest stress and discomfort. These three
scores determine the overall LTS score. It is important to note
that LTS scores are assigned based on a weakest link principle;
this means that while a segment may provide a relatively lowstress path, a high-stress intersection will result in an overall
high-stress score. Tables 2-6 below summarize the scoring
methodology used in this analysis.
The following tables specify the scoring criteria based on
roadway configuration, bike lane and parking presence,
crossing condition, and presence of right turn lane. The criteria
are adapted from the original 2012 Mineta Institute report.
These tables are used in combination to create the segment,
approach, and intersection scores described above.

FIGURE 4: Street link showing the three possible scores it could receive. Because not all links have these three sections, some links may instead
receive one or two scores.
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TABLE 8: LTS Data Assumptions and Limitations

Inputs

Notes

Assumptions

Bicycle
Facilities

Bicycle lanes have a positive impact on bicycle
level of travel stress and are a primary input for
developing an LTS model. The width of facilities
can have an impact on the associated comfort level.
Wider facilities provide greater comfort, especially
on higher-speed roadways.

For analysis purposes, a standard width of 5 feet was
assumed for all bike lanes within the city. Buffered
bike lanes, which provide an additional degree of
separation from motor vehicles and great operating
space for bicyclists, were considered to be greater than
6 feet, meeting the requirements for the LTS 1 widths
outlined in Table 2-6 below.

Speed Limit

Higher speed roadways are considered to be less
comfortable for bicyclists, particularly in mixed
traffic or with minimal separation from motor
vehicles. Low-speed roadways are considered more
comfortable.

Speed limit data was available for a subset of
roadways within the city limits.

Presence and
Width of OnStreet Parking
Adjacent to
Bicycle Lanes

On-street parking is particularly important for
corridors on which bicycle lanes are present. Bicycle
levels of travel stress are greater on bicycle lanes
adjacent to parking than on bicycle lanes without
parking due to the potential for ‘dooring’ incidences.

A standard width of 7.5 feet was assumed for all
parking lanes.

Functional
Classification

Functional classification refers to the character or
service a street is intended to provide.

Kansas Department of Transportation’s functional
classification system was used to identify and remove
limited access freeways from this analysis. The City of
Manhattan’s functional classification system was used
to identify local residential roadways not likely to have
a marked centerline.

Number of
Travel Lanes

Roadways with multiple travel lanes in each
direction are generally considered to be less
comfortable for bicyclists, particularly in mixed
traffic, whereas two-lane roadways are considered
more comfortable.

Shared Use
Path Location

Shared use paths and sidepaths can be a vital
component of a municipality’s active transportation
network. Increased separation from motor vehicles
can improve comfort and safety; however, trails are
still impacted by the quality of roadway crossings.

Shared use paths are reflected on the analysis map as
an LTS 1. Roadway crossings were evaluated, however
most crossings occurred at a signalized intersection.

For roadways with adjacent shared use paths
(sidepaths), an LTS score was still generated for onstreet bicycling.
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Data was scored according to TABLE 9. Most local roads scored LTS 2 due to the speed limit and lack of traffic calming. The
exceptions being Moro St., etc. The goal is a AAA network, and so any infrastructure (Bike Blvds, Lanes, protected lanes) will
need accommodating signage, parking, & speed limit compliance to create a complete LTS 1 network.
TABLE 9: Criteria for Level of Traffic Stress in Mixed Traffic

Number of
Lanes

Effective
ADT*

Prevailing Speed (mph)
≤20

25

30

35

40

45

≥50

0 - 750

LTS 1

LTS 1

LTS 2

LTS 2

LTS 3

LTS 3

LTS 3

751 - 1500

LTS 1

LTS 1

LTS 2

LTS 3

LTS 3

LTS 3

LTS 4

1501 - 3000 LTS 2

LTS 2

LTS 2

LTS 3

LTS 4

LTS 4

LTS 4

3000+

LTS 2

LTS 3

LTS 3

LTS 3

LTS 4

LTS 4

LTS 4

1 thru lane per
direction (1-way,
1-lane street or
2-lane street
with centerline)

0 - 750

LTS 1

LTS 1

LTS 2

LTS 2

LTS 3

LTS 3

LTS 3

751 - 1500

LTS 2

LTS 2

LTS 2

LTS 3

LTS 3

LTS 3

LTS 4

1501 - 3000 LTS 2

LTS 3

LTS 3

LTS 3

LTS 4

LTS 4

LTS 4

3000+

LTS 3

LTS 3

LTS 3

LTS 3

LTS 4

LTS 4

LTS 4

2 thru lanes per
direction

0 - 8000

LTS 3

LTS 3

LTS 3

LTS 3

LTS 4

LTS 4

LTS 4

8001+

LTS 3

LTS 3

LTS 4

LTS 4

LTS 4

LTS 4

LTS 4

3+ thru lanes per
direction

Any ADT

LTS 3

LTS 3

LTS 4

LTS 4

LTS 4

LTS 4

LTS 4

Unlaned 2-way
street (no
centerline)

*Lower value is used for streets without marked centerlines or classified as residential with fewer than 3 lanes.

All lanes, with the exception of Miller Pkwy & Amherst Ave are 3-5ft in width and therefore TABLE 10 was only minimally
utilized.
TABLE 10: Criteria for Bike Lanes Not Alongside a Parking Lane

Number of
Lanes

Bike Lane
Width (ft)

Prevailing Speed (mph)
≤20

25

30

35

40

45

≥50

1 thru lane per
direction, or
unlaned

6+

LTS 1

LTS 2

LTS 2

LTS 3

LTS 3

LTS 3

LTS 3

4-5

LTS 2

LTS 2

LTS 2

LTS 3

LTS 3

LTS 4

LTS 4

2 thru lanes per
direction

6+

LTS 2

LTS 2

LTS 2

LTS 3

LTS 3

LTS 3

LTS 3

4-5

LTS 2

LTS 2

LTS 2

LTS 3

LTS 3

LTS 4

LTS 4

3+ thru lanes per
direction

Any width

LTS 3

LTS 3

LTS 3

LTS 4

LTS 4

LTS 4

LTS 4
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TABLE 11 was not scored in the data as all limited bike infrastructure was not alongside a parking lane.
TABLE 11: Criteria for Bike Lanes Alongside a Parking Lane

Bike Lane Reach (Bike Lane +
Parking Lane Width) (ft)

Number of Lanes

Prevailing Speed
(mph)
25

30

35

15+

LTS 1

LTS 2

LTS 2

12-14

LTS 2

LTS 2

LTS 2

2 lanes per direction
(2-way)

15+

LTS 2

LTS 2

LTS 2

2-3 lanes per
direction (1-way)

15+

LTS 2

LTS 2

LTS 2

LTS 3

LTS 3

LTS 3

1 lane per direction

Other multilane

Bike Intersection LTS as shown in TABLE 12 was not completed. Instead the Ped LOS for intersections was used for
both bikes & peds at intersections. This was due to the overall lack of bike infrastructure. The Ped LOS score reflects
the highest (most dangerous) score for any segment of the intersection.
TABLE 12: Criteria for Unsignalized Crossings

Width of Street
Being Crossed

Speed Limit of Street Being
Crossed (mph)
≤25

30

35

≥40

Up to 3 lanes

LTS 1

LTS 1

LTS 2

LTS 3

4-5 lanes

LTS 2

LTS 2

LTS 3

LTS 4

6+ lanes

LTS 4

LTS 4

LTS 4

LTS 4

TABLE 13 was not used in the analysis.
TABLE 13: Approach Criteria

Approach Criteria

Speed Limit of Street
Being Crossed (mph)

Single right-turn lane with length less than or equal
to 75 feet

No effect on LTS

Single right-turn lane with length between 75 and
150 feet

LTS 3

Otherwise*

LTS 4

*Other conditions may include single right-turn lanes with a length greater than 150 feet and double right-turn lanes.
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Pedestrian Level of Service
The Pedestrian Level of Service (PLOS) analysis examines the
levels of comfort, safety, and ease of mobility that pedestrians
experience traveling throughout Manhattan. PLOS analysis
incorporates important roadway characteristics like posted
speed limit, number of travel lanes, presence of pedestrian
facilities, and presence of a buffer between pedestrian and
motor vehicle traffic to identify gaps within the pedestrian
network and opportunities to enhance network connectivity
through targeted infrastructure improvements.

METHODOLOGY
PLOS treats segments and intersections separately. A level of
service was identified for each roadway segment in the study
area, apart from limited access highways, while intersections
were examined that were identified as marked or unmarked
crosswalks in the City of Manhattan data (includes all major
crossing).

SEGMENT ANALYSIS
The selected segment-based PLOS is rooted in the concept
that a doubling of travel speed results in a four-fold increase in
vehicle stopping time and resulting crash severity. According
to one study, speed has the following impact on pedestrian
fatalities:34
• At 20 mph the odds of pedestrian fatality are 5 percent
• At 30 mph the odds of pedestrian fatality are 45 percent
• At 40 mph the odds of pedestrian fatality are 85 percent
While other studies have found some variation, these
approximate numbers are reported consistently across the
literature.
It is imperative that dedicated travel facilities are provided
to create safe travel conditions for pedestrians. This PLOS
analysis is based primarily on safety and does not consider
factors of the built environment known to make walking an
attractive and preferred form of transportation. While built
environment factors are not explicitly considered, lower
posted speeds and more dedicated pedestrian space will
typically correlate with places people want to walk, based on
the surrounding land uses and urban form (e.g., residential
neighborhoods and commercial uses in lower speed urban
areas).
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The segment-based PLOS measures pedestrian safety using
four factors: posted speed limit, roadway width (number of
travel lanes), pedestrian buffer (on-street parking or bicycle
lanes), and the presence of sidewalks. TABLE 14 outlines the
scoring methodology of the PLOS analysis. The PLOS follows a
five-point scale, with 1 representing the highest comfort level.
Generally, more pedestrian space on a lower speed roadway
segment correlates to a higher comfort level. An incomplete
sidewalk network, higher speeds, and a greater number of
lanes correlate to a lower comfort level. Bicycle lanes or onstreet parking act as buffers between pedestrians and motor
vehicle traffic, increasing comfort.

CROSSING ANALYSIS
Intersections along major roadways are reviewed for the
quality of pedestrian crossing infrastructure. The selected
intersection-based Pedestrian Level of Service is rooted in
evidence on pedestrian crash reduction factors related to
design treatments or interventions:35
• Installation of a pedestrian crossing reduces crashes by 25
percent
• Conversion of an unsignalized intersection to a roundabout
reduces crashes by 27 percent
• Installation of a raised median and crosswalk reduces
crashes by 56 percent
• Speed reduction by enforcement reduces crashes by 71
percent
Signalized and unsignalized intersections are examined
along roadways with a functional classification of ‘collector’
or ‘arterial’. Each intersection leg is scored based on the
characteristics of the crossing. Like the segment-based
scoring, a PLOS score of 1 represents the highest level of
service. PLOS decreases as infrastructure gaps and speed are
added using the cumulative scoring indicated in TABLE 16
below. Stop-sign controlled or uncontrolled crossings receive
additional points since pedestrians must find gaps in traffic.
For conditions that do not substantially impact PLOS, such as
no marked crosswalk at crossings of streets with posted speed
limits of 25 miles per hour or less, zero points are added to the
cumulative score.
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TABLE 14: PLOS Data Inputs

Inputs

Assumptions

Sidewalks

Data available

Crosswalk Markings

May be available, but not in dataset provided

Curb Ramps

May be available, but not in dataset provided

Traffic Signals

Data available

Stop Signs

Data available

Speed Limit

Data available for local roadways

Presence of On-Street Parking Data available
Bicycle Lanes

Data available

TABLE 15: Scoring Matrix for Pedestrian Level of Service: Roadway Segments (1 = Highest Comfort Level)

Number of Lanes

Prevailing Speed (mph)
≤25

≥40

30-35

2 lanes

> 2 lanes 2 lanes

> 2 lanes 2 lanes

> 2 lanes

Complete sidewalk on both sides next to a buffer*

LOS 1

LOS 1

LOS 1

LOS 1

LOS 2

LOS 3

Complete sidewalk on both sides

LOS 1

LOS 1

LOS 2

LOS 3

LOS 3

LOS 4

Complete sidewalk on one side next to a buffer*

LOS 2

LOS 2

LOS 2

LOS 3

LOS 3

LOS 4

Complete sidewalk on one side

LOS 2

LOS 3

LOS 3

LOS 4

LOS 4

LOS 5

*Bicycle lanes and/or on-street parking.

TABLE 16: Scoring Matrix for Pedestrian Level of Service: Intersections (1 = Highest
Comfort Level)

Number of Lanes

Speed Limit (mph)
≤25

30 - 35

≥40

Baseline (Signalized intersection)

1

1

2

More than 2 lanes*

1

2

2

No marked crosswalk

0

1

1

Curb ramp missing on one or both ends

1

1

1

Crossing controlled by stop sign

0

0

1

Uncontrolled or Yield crossing

1

1

2

Total Score

Sum of applicable parameters
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Step 2

Network Principles
The application of underlying principles to bicycle and
pedestrian network development provides consistency
and rationale to corridor selection, network coverage, and
other important decisions. The following network principles
correspond to measurable connectivity analysis methods
described in the Federal Highway Administration's Guidebook
for Measuring Multimodal Network Connectivity. Before
beginning the network development process, the City of
Manhattan should establish measures and desired outcomes
for each of the principles listed below.

Route Directness
Route directness relates to the network's ability to support
nonmotorized travel via shortest, straightest paths. This
can be measured in terms of out-of-direction travel as a
percentage of shortest path route, or network permeability.

Access to Destinations

To assist with the network development process, this section
includes sample measures and desired outcomes for each
of the five network principles. These measures can be
changed and desired outcomes adjusted to better reflect the
community's values and aspirations.

This principle relates to how well bicycle and pedestrian
facilities connect to important destinations in the community.
There are a variety of performance measures for this network
principle, including number of homes and/or jobs accessible
by nonmotorized travel, percentage of parks and schools
accessible by nonmotorized travel, or nonmotorized travel
shed size.

Network Completeness

Network Quality

Network Completeness describes the extensiveness or
comprehensiveness of the network. This can be measured as a
percentage of streets with nonmotorized facilities, percentage
of streets with low-stress facilities, or percentage of planned
bicycle and pedestrian facilities that have been completed.

Network quality relates to the character of the nonmotorized
travel environment and can be measured through the bicycle
level of traffic stress and pedestrian level of service indicators
described in the previous section. Manhattan may consider
aiming for a certain percent of the network to have low ratings
for bicycle level of traffic stress and a certain percent with
high ratings for pedestrian level of service.

Network Density
Network density describes the number of facilities within
a given area. In Manhattan, it is likely that nonmotorized
facility development can occur at a denser scale in Downtown
Manhattan and surrounding neighborhoods than in
neighborhoods and areas further from Downtown. As such,
more routing opportunities will likely be available within and
closer to Downtown. Network density measurements can
include lane miles of nonmotorized facilities per square mile,
intersection density, or intersection density of nonmotorized
facilities.
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TABLE 17: Network Principles and Performance Measures

Number of
Lanes

Performance Measure

Desired Outcome

Network
Completeness

Existing bicycle facilities as a percentage of the sum of all
existing and planned bicycle facilities

100 percent of all bicycle facilities are complete

Existing pedestrian facilities as a percentage of the sum
of all existing and planned pedestrian facilities

100 percent of all bicycle facilities are complete

Lane miles of bicycle facilities per square mile

To be determined based on existing and desired
outcomes

Intersection density

To be determined based on existing and desired
outcomes

Route
Directness

Signalized crossings of multi-lane roadways

80 percent of multi-lane roadway intersections
on the bicycle network offer a signalized
crossing

Access to
Destinations

Percentage of parks and schools served by the bicycle
network

100 percent of all parks and schools are within
1/4-mile of a bicycle facility

Percentage of parks and schools served by the pedestrian
network

100 percent of all parks and schools are directly
served by the pedestrian network

Percentage of streets that offer low-stress environments
for bicycling (LTS 1-2)

85 percent of all streets

Percentage of streets that offer high pedestrian level of
service (PLOS 1-2)

75 percent of all streets

Network
Density

Network
Quality

The desired outcomes should be calibrated during the network development process to account for baseline measurements and
availability of resources to achieve the desired outcomes.

33

M U LTIM O DA L L E V E L O F S E RV ICE

CITY OF MANHATTAN, KANSAS | BICYCLE AND PEDESTRIAN MOBILITY MANUAL

Step 3

Step 5

Network
Development

Route
Refinement

Applying the network principles described above, the City
of Manhattan can piece together an initial nonmotorized
network connecting key destinations throughout the
community. The complete network should reflect the ideal
corridors and routes for bicycle and pedestrian travel. Other
important inputs may include bicycle and pedestrian crash
data, bicycle LTS and pedestrian LOS, existing nonmotorized
facilities, land uses and destinations, and policy directives or
exemptions that may dictate facility development on specific
corridors or roadway types.

The final step of the network development process is the
verification of route recommendations and refinement of
proposed facilities to address existing or future roadway
geometry or other characteristics that may limit or prohibit
ideal facility installation. If through a cursory evaluation of
feasibility it is determined that an ideal facility cannot be
implemented, alternatives should be explored, including
downgraded facility types or parallel routes. By refining
route recommendations, the City will arrive at a proposed
nonmotorized network that best meets the desired network
principles targets and incorporates practical considerations to
support future implementation.

Step 4

Facility
Selection
With an initial conceptual network in place, the City of
Manhattan must determine the appropriate facility type for
each segment/corridor of the network. The selection process
is based on the facility selection matrix, which provides
contextual guidance to identify an appropriate nonmotorized
facility or facilities based on two key roadway attributes:
posted travel speed and average annual daily traffic. In
addition, user type should be considered. For example, near
schools, facility selection should consider school age children
as the priority users.
Like the previous network development step, the facility
selection step will determine ideal conditions for the proposed
network.
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4

Project
Evaluation
Guidelines
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Introduction
The purpose of this section is to describe the approach for
evaluating and prioritizing the implementation of pedestrian
and bicycle infrastructure recommendations in the Systems
Plan. This approach is intended to provide the opportunity
to revisit prioritization and recalibrate to account for
changes in the future, in addition to providing flexibility in
implementation priorities.

Project
Categories

• Project implementation categories

The project evaluation strategy for the Systems Plan is
designed to result in four project categories representing
varying phases and approaches to project implementation.
Each project will be evaluated in two ways: project priority
and project feasibility. Each project will be evaluated as
“high” or “low” on each axis, resulting in four implementation
categories as illustrated below.

• Evaluation criteria based on two “axes” of evaluation:

• Do now projects are rated high priority and high feasibility

This section describes:

– Project priority per the System Plan’s goals and
objectives

• Do when projects are rated high priority and low feasibility

– Project feasibility or readiness

• Long-term projects are rated low priority and low
feasibility

• Do if projects are rated low priority and high feasibility

High
Low

Project Priority

TABLE 18: Project Implementation Categories

DO WHEN

DO NOW

High priority projects that require
more study, analysis, or funding for
implementation

High priority and easy to implement
projects that should be pursued in
the short term

LONG TERM

DO IF

Low priority, challenging projects
that are part of the long-term vision,
but are not a priority at this time

Lower priority projects that should
be pursued if nearby development
or an overlapping project occurs

Low

High
Project Feasibility
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Project Evaluation Criteria and
Methodology
The Systems Plan includes prioritized and phased system improvements consistent with the Plan’s goals and objectives and
informed by stakeholder outreach and engagement.

PROJECT PRIORITY
The Systems Plan goals and objectives were used to develop prioritization criteria. These criteria were weighted based on input
from project stakeholders to produce overall project prioritization score. Projects were prioritized using data developed during
the planning process including existing conditions and network analysis. Each project received a score ranging from 0 to 10.
Projects with a total score of seven or greater will be considered a high priority, and projects with a total score less than seven
will be considered a lower priority.

TABLE 19: Project Prioritization

Criteria

Definition

Input

Score Max Points Multiplier

Connectivity

The project connects to
existing/proposed facilities
and helps the overall network
in an orderly and efficient
manner

Project fills a network gap

2

Project connects to multiple existing
facilities

2

Project connects to multiple proposed
facilities

1

Project provides a citywide connection

2

Safety Reactive

38

The project addresses a safety Project is located in a high crash area
concern as identified through (more than one pedestrian or bicycle
involved crash within 100 ft)
crash history of pedestrianand bicycle-involved collisions
Project is located in a moderate crash
area (one pedestrian or bicycle involved
crash within 100 ft)

3

2

Project is located in a low crash area
(one pedestrian or bicycle involved crash
within 100 ft)

1

Project is located in an area with no
reported history of pedestrian- or
bicycle-involved collisions

0

7

2

3

1
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Criteria

Definition

Input

Score Max Points Multiplier

Safety Proactive

The project addresses a safety
concern as identified through
crash risk (e.g., traffic speeds,
traffic volumes, number of
lanes, and other factors)

Project is located in an area with a high
crash risk

3

Project is located in an area with a
moderate crash risk

2

Project is located in an area with a low
crash risk

1

Project provides physical separation
between motorists and people walking/
biking

1

Project upgrades a corridor from an LTS/
LOS 4 to an LTS/LOS 2 or better

3

Project upgrades a corridor from an LTS/
LOS 3 to an LTS/LOS 2 or better

2

Project designates an LTS/LOS 2 as a
bikeway or upgrades an LTS/LOS 2 to an
LTS/LOS 1

1

Project located in high need area

3

Project located in medium need area

2

Project located in low need area

1

Project located in high need area

3

Project located in medium need area

2

Project located in low need area

1

Project was identified by members of the
community

1

Project was identified in previous
planning process

1

Comfort

Equity

Demand

Support

Total Possible

The project provides a lowstress bicycle facility or highcomfort pedestrian facility
that welcomes people of all
ages and abilities

Links areas with higher
concentrations of vulnerable
populations including
low-income households,
households without a vehicle,
people of color, students,
youth, and seniors
Links people to areas with
high concentrations of
residents, destinations,
transit, and other community
amenities

The project was identified
during public and stakeholder
engagement or through a
previous planning effort

4

1

3

2

3

1

3

2

2

1
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PROJECT FEASIBILITY
In addition to project prioritization, the Systems Plan will
capture the feasibility of project implementation in terms
of the project’s potential costs, design complexity, right-ofway impacts, and roadway impacts. Project feasibility will be
evaluated using the inputs below.

PROJ EC T PRIO RITI Z ATIO N G UID E LIN E S

Following an initial screening, City staff may review initial
results and, based on their institutional knowledge of the
street network, local construction costs, and project delivery
timelines, recommend changes to individual project feasibility
scores to better reflect on-the-ground constraints and
opportunities. When combined, the project priority score and
project feasibility score will determine the implementation
category for each project.

TABLE 20: Project Feasibility/Readiness

Criteria

Definition

Ease of
The project's potential costs,
Implementation right-of-way impacts, and
roadway impacts

40

Input

Outcome

Project can be implemented with signs and
striping with minimal roadway impacts

High feasibility

Project requires hardscape improvements, has
right of way impacts, or is highly complex

Low feasibility
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5

Facility
Selection &
Design
Guidance
42
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INTRODUCTION
This chapter provides a quick reference to assist in planning and
designing active transportation infrastructure. The guidance here is
intended to serve as a starting point in the facility planning process.
Throughout the section are references to more detailed guidance
documents.
The chapter begins with an overview of universal design principles,
operational needs of bicyclists and pedestrians, and types of
bicyclists. Following the overview is guidance on facility selection
as well as descriptions of facility types, including common design
features, typical applications, and appropriate land use and roadway
contexts. Next, the crossing treatment toolkit highlights tools to
improve safety at intersections for people walking and bicycling. A
discussion of maintenance considerations for design, construction,
operations, and communication completes the chapter.
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Resources
The following standards and guidelines were referenced in preparing this document. Consult the
latest versions for any facility design considerations.

Design manuals and guidance
endorsed by KSDOT for design of
state highways and federal-aid
projects
Manual on Uniform Traffic Control Devices
(MUTCD) (https://mutcd.fhwa.dot.gov/
pdfs/2009r1r2/mutcd2009r1r2edition.pdf)
AASHTO A Policy on Geometric Design
of Highways & Streets (Greenbook)
(can be purchased at https://bookstore.
transportation.org.)

2007 Mitigation Strategies for Design
Exceptions (https://safety.fhwa.dot.gov/
geometric/pubs/mitigationstrategies/)

AASHTO Guide for the Development of
Bicycle Facilities, (can be purchased at
https://bookstore.transportation.org.)

2016 FHWA Small Town and Rural
Multimodal Networks Guide (https://
www.fhwa.dot.gov/environment/bicycle_
pedestrian/publications/small_towns/
fhwahep17024_lg.pdf)

AASHTO Guide for the Planning, Design,
and Operation of Pedestrian Facilities
(can be purchased at https://bookstore.
transportation.org.)

2014 NCHRP 783: Evaluation of the
13 Controlling Criteria for Geometric
Design (http://www.trb.org/Publications/
Blurbs/171358.aspx)

Additional Guidance, Resources,
and Research
2015 FHWA Separated Bike Lane Planning
and Design Guide (https://www.fhwa.
dot.gov/environment/bicycle_pedestrian/
publications/separated_bikelane_pdg/
separatedbikelane_pdg.pdf)
2012 NACTO Urban Bikeway Design Guide
(https://nacto.org/publication/urbanbikeway-design-guide/)

44

2015 MASSDOT Separated Bike
Lane Planning and Design Guide
(http://www.massdot.state.ma.us/
highway/DoingBusinessWithUs/
ManualsPublicationsForms/
SeparatedBikeLanePlanningDesignGuide.
aspx)

FHWA Interim Approvals (https://mutcd.fhwa.
dot.gov/res-interim_approvals.htm)
2011 (Draft) United States Access Board,
Public Right-of-Way Accessibility Guidelines
(https://www.access-board.gov/guidelinesand-standards/streets-sidewalks/publicrights-of-way)
2005 Safety Effects of Marked vs. Unmarked
Crosswalks at Uncontrolled Locations
(https://www.fhwa.dot.gov/publications/
research/safety/04100/ref.cfm)
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Universal Design
Universal Design is the concept of meeting the needs of all potential users to the greatest
extent possible while considering the physical, cognitive, emotional and social changes that
people experience over the course of a lifetime.

PRINCIPLES

LEGAL REQUIREMENTS

The Center for Universal Design at North
Carolina State University developed the
seven principles of Universal Design. The
following are intentionally broad to guide a
wide range of design disciplines including
environments, products, and communication:

AMERIC AN WITH DISABILITIES AC T
( ADA )

• Equitable Use - Useful to people with
diverse abilities
• Flexibility In Use-The design
accommodates a wide range of individual
preferences and abilities
• Simple and Intuitive Use-Easy to
understand regardless of language,
abilities, knowledge, or concentration
level
• Perceptible Information-The design
communicates information effectively to
the user regardless of the user’s sensory
abilities
• Tolerance For Error-The design minimizes
hazards and the adverse consequences of
accidental or unintended actions

Passed in 1990 and updated in 2010, states
that “If a public entity has responsibility or
authority over streets, roads, or walkways,
its transition plan shall include a schedule
for providing curb ramps or other sloped
areas where pedestrian walks cross
curbs, giving priority to walkways serving
entities covered by the Act, including
State and local government offices and
facilities, transportation, places of public
accommodation, and employers, followed
by walkways serving other areas.” ADA
requirements apply to shared use paths as
well as sidewalks.

PROWAG ( PUBLIC RIGHT- OF -WAY
ACCESS GUIDELINES )
• Federal standards proposed by the
United States Access Board. While this
resource is in draft status as of 2018, many
agencies apply PROWAG as a minimum in
anticipation of formal adoption.

• Low Physical Effort-The design can be
used efficiently and comfortably and with
a minimum of fatigue
• Size and Space For Approach and UseAppropriate size and space is provided for
approach and use of facility regardless of
user’s body size, posture, or mobility
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FOR MORE
INFORMATION

Design Considerations

United States Access Board.
Proposed Accessibility
Guidelines for Pedestrian
Facilities in the Public-Rightof-Way (PROWAG). 2011.
(Chapter R3 and R4)

Vertical Clearances – ADA standards
mandate that guardrails of other barriers
be provided where the vertical clearance to
an obstruction is less than 80 inches. The
leading edge of such guardrail or barrier must
be located not more than 27 inches above the
sidewalk.

United States Access Board.
ADA Accessibility Guidelines
(ADAAG). 2002. (Section 4)

Curb Ramps – Perpendicular and parallel
curb ramps are recommended over diagonal
curb ramps.

AASHTO. Guide for the
Planning, Design, and
Operation of Pedestrian
Facilities. 2004.

Width of Accessible Route – PROWAG states
minimum width of an accessible route must
be 4 feet. If an accessible route has less
than 5 feet clear width, then passing spaces
at least 5 feet x 5 feet must be located at
reasonable intervals not to exceed 200
feet (ADAAG). To remove need for passing
areas use 5 feet as the minimum width of
sidewalks. A 6-foot sidewalk width is desired
to allow two pedestrians to walk side by side
and allow pedestrians with mobility aids to
more easily pass each other.
Protruding Objects – ADA standards mandate
that objects located between 27 inches and
80 inches from the ground not protrude
more than 4 inches into the corridor. Objects
longer than 4 inches should be placed no
lower than 80 inches.
Sidewalk Surface – Avoid decorative
pavement within the pedestrian zone to make
it easier to discern for pedestrians with vision
impairments. Avoid textured paving materials
in the pedestrian through zone as they can
cause pain to those in mobility devices with
spinal injuries. According to ADA standards,
sidewalk surfaces must be slip resistant.
Apply a broom finish to concrete surfaces to
increase skid resistance.
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Grade – The grade of the walkway will
generally follow the grade of the roadway
and should ideally be no greater than 5%
(ADAAG). Provide rest areas and periodic
landings to lessen impact of steep grades.
Changes in Level – When possible, prevent
changes in level through good design and
active maintenance. If changes in level are
unavoidable, follow the ADAAG requirements
for changes in level.
Cross-Slopes – The maximum cross slope is
2%. Design for lower slopes to account for
construction tolerances.
Driveways – Design the pedestrian portion
of the driveway using the accessible route
criteria: maximum cross-slope of 2%, flush
changes in level and a minimum of 4 feet in
width.
Gaps, Grates, and Openings – The maximum
gap for grating and joints is 0.5 inches. For
rail crossing flangeway gaps, there must be a
maximum of 2.5 inch gap for non-freight rail
and maximum of 3.0 inch gap for freight rail.
The long dimension of the opening should be
perpendicular or diagonal to the dominant
direction of travel (ADAAG).
Doorway openings – If doors open onto
pedestrian accessible routes, follow the
Appendix D, Section 404 of 36 CFR Part
1191 (ADA) for requirements for clear space
to provide accessible route to and around
doorway openings.
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Operating Needs of Bicyclists
Bikeway designers must have a clear understanding of how bicyclists operate and how their bicycle influences that operation.
Bicyclists, by nature, are much more affected by poor facility design, construction and maintenance practices than motor vehicle
drivers. By understanding the unique characteristics and needs of bicyclists, a facility designer can provide quality facilities and
minimize user risk.

Bicycle as a design vehicle
The figure to the right illustrates the
operating space and physical dimensions of
a typical adult bicyclist, which are the basis
for typical facility design. Bicyclists require
clear space to operate within a facility. This is
why the minimum operating width is greater
than the physical dimensions of the bicyclist.
Bicyclists prefer five feet or more operating
width.

BIC YCLE RIDER - T YPIC AL
DIMENSIONS
Operating
Envelope
8’4”

Feature

Typical Speed*

Paved level surfacing

8-12 mph**

Crossing Intersections

10 mph

Downhill

30 mph

Uphill

5 -12 mph

2012 AASHTO Guide for
the Development of Bicycle
Facilities, 4th Edition

Eye Level
5’

Similar to motor vehicles, bicyclists and
their bicycles exist in a variety of sizes and
configurations. These variations occur in
the types of vehicle (such as a conventional
bicycle, a recumbent bicycle or a tricycle),
and behavioral characteristics (such as the
comfort level of the bicyclist). The figure on
the following page summarizes the typical
dimensions for bicycle types. In addition to
the design dimensions of a typical bicycle,
there are many other commonly used humanscale mobility devices to consider when
planning and designing bicycle facilities, such
as electric scooters and skateboards.

DESIGN SPEED EXPEC TATIONS FOR
UPRIGHT ADULT BIC YCLISTS

FOR MORE
INFORMATION

Handlebar
Height
3’8”

Physical Operating Width
2’6”
Minimum Operating Width
4’
Preferred Operating Width 5’

* Typical speed for casual riders per AASHTO 2013.
**18 mph typical for recumbent bicyclists.
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BIC YCLE DESIGN VEHICLE - T YPIC AL DIMENSIONS
A: Adult Typical Bicycle
B: Adult Tandem Bicycle
C: Adult Recumbent Bicycle
D: Child Trailer Length
E: Child Trailer Width
F: Trailer Bike Length

A

5’ 10”

B

C

8’

D

6’10”

E

3’ 11”

F

2’ 6”

Source: AASHTO Guide for the Development of Bicycle Facilities, 4th Edition
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Bicycle User Type
The current AASHTO Guide to the Development of Bicycle Facilities encourages designers to
identify their rider type based on the trip purpose (Recreational vs. Transportation) and on
the level of comfort and skill of the rider (Causal vs. Experienced). A user-type framework for
understanding a potential rider’s willingness to bike is illustrated in the figure below. Originally
developed by planners in Portland, OR* and supported by research**, this classification
identifies three distinct types of bicyclists.
Highly Confident – This group is willing to ride a bicycle
on any roadway regardless of traffic conditions. They
are comfortable taking the lane and riding in a vehicular
manner on major streets without designated bicycle
facilities.
Somewhat Confident - This group of bicyclists is willing
to ride in most roadway situations but prefers to have a
designated facility. They are comfortable riding on major
streets with a bike lane.

T YPIC AL DISTRIBUTION OF
BIC YCLIST T YPES IN THE TOTAL
POPUL ATION
Highly
4-7%
Confident

5-9%

Somewhat
Confident

Interested but Concerned – This group is more cautious
and has some inclination towards bicycling, but is held
back by concern over sharing the road with cars. They are
not very comfortable on major streets, even with a striped
bike lane, and prefer separated pathways or low traffic
neighborhood streets.
* Roger Geller, City of Portland Bureau of Transportation. Four Types
of Cyclists. http://www.portlandonline.com/transportation/index.
cfm?&a=237507. 2009.
** Dill, J., McNeil, N. Four Types of Cyclists? Testing a Typology to
Better Understand Bicycling Behavior and Potential. 2012.

5156%

Interested but
Concerned
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Operating Needs of Pedestrians
Pedestrians have a variety of characteristics and the pedestrian network should accommodate a variety of needs, abilities, and
possible impairments. Age is one major factor that affects pedestrians’ physical characteristics, walking speed, and environmental
perception. Children have low eye height and walk at slower speeds than adults. They also perceive the environment differently
at various stages of their cognitive development. Older adults walk more slowly and may require assistive devices for walking
stability, sight, and hearing. The table below summarizes common pedestrian characteristics for various age groups.
The MUTCD recommends a normal walking speed of 3.5 feet per second when calculating the pedestrian clearance interval at
traffic signals. The walking speed can drop to under 3 feet per second for areas with older populations and persons with mobility
impairments. While the type and degree of mobility impairment varies greatly across the population, the transportation system
should accommodate these users to the greatest reasonable extent.

PEDESTRIAN - T YPIC AL DIMENSIONS
Eye Level
4’6”-5’10”

Pedestrian Characteristics by Age
Age

Characteristics

0-4

Learning to walk
Requires constant adult supervision
Developing peripheral vision and depth perception

5-8

Increasing independence, but still requires
supervision
Poor depth perception

9-13

Susceptible to “darting out” in roadways
Insufficient judgment
Sense of invulnerability

14-18

Improved awareness of traffic environment
Insufficient judgment

Shoulders
1’10”
Walking
2’6”
Minimum Accessible Width
4’
Preferred Operating Width
5’
Source: AASHTO. Guide for the Planning, Design, and
Operation of Pedestrian Facilities, Exhibit 2-1. 2004.
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19-40

Active, aware of traffic environment

41-65

Slowing of reflexes

65+

Difficulty crossing street
Vision loss
Difficulty hearing vehicles approaching from
behind
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Operating Needs of Runners

Operating Needs of Strollers

Running is an important recreation and
fitness activity commonly performed on
shared use paths. Many runners prefer
softer surfaces (such as rubber, bare earth or
crushed rock) to reduce impact. Runners can
change their speed and direction frequently.
If high volumes are expected, consider
controlled interaction or separation of
different types of users.

Strollers are wheeled devices pushed by
pedestrians to transport babies or small
children. Stroller models vary greatly in
their design and capacity. Some strollers are
designed to accommodate a single child,
others can carry 3 or more. Design needs of
strollers depend on the wheel size, geometry
and ability of the adult who is pushing the
stroller.

FOR MORE
INFORMATION
2004 AASHTO Guide for
the Planning, Design, and
Operation of Pedestrian
Facilities (Chapter 2.2)
2011 (Draft) United States
Access Board, Public Right-ofWay Accessibility Guidelines

Strollers commonly have small pivoting
front wheels for easy maneuverability, but
these wheels may limit their use on unpaved
surfaces or rough pavement. Curb ramps are
valuable to these users. Lateral overturning is
one main safety concern for stroller users.

Eye Level
3’ 2”
Shoulders
1’ 10”
Sweep Width
4.3’
Preferred Operating Space
5’

Sweep Width
3’ 6”

Physical Length
5’
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Operating needs of wheelchair users
As the American population ages, the number of people
using mobility assistive devices (such as manual wheelchairs,
powered wheelchairs) increases.
Manual wheelchairs are self-propelled devices. Users propel
themselves using push rims attached to the rear wheels.
Braking is done through resisting wheel movement with the
hands or arm. Alternatively, a second individual can control
the wheelchair using handles attached to the back of the
chair.

Effect on Mobility

Design Solution

Difficulty propelling over
uneven or soft surfaces.

Firm, stable surfaces and
structures, including ramps
or beveled edges.

Cross-slopes cause wheel
chairs to veer downhill.

Cross-slopes of less than two
percent.

Require wider path of travel.

Sufficient width and
maneuvering space.

Power wheelchairs use battery power to move the wheelchair.
The size and weight of power wheelchairs limit their ability
to negotiate obstacles without a ramp. Various control units
are available that enable users to control the wheelchair
movement, based on their ability (e.g., joystick control, breath
controlled, etc).
Maneuvering around a turn requires additional space for
wheelchair devices. Providing adequate space for 180 degree
turns at appropriate locations is an important element of
accessible design.

Person Using Manual Wheelchair

Person Using Power Wheelchair

Eye Height
3’8”
Handle
2’9”
Armrest
2’5”
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Physical Width 2’6”

Physical Width
2’2”

Minimum Operating Width
3’

Minimum Operating Width
3’

Minimum to Make a 180 Degree Turn
5’

Minimum to Make a 180 Degree Turn
5’
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FACILITY
SELECTION AND
DESIGN GUIDANCE
Selecting the best bikeway facility type for a given roadway can be
challenging, due to the range of factors that influence bicycle users’
comfort and safety. There is a significant impact on cycling comfort
when the speed differential between bicyclists and motor vehicle
traffic is high and motor vehicle traffic volumes are high.
In addition to facility selection guidance, this section outlines key
considerations for the design and implementation of pedestrian and
bicycle facilities.
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Level of Traffic Stress
As discussed in Chapter 3, the Bicycle Level of Traffic Stress (LTS) analysis evaluates levels of stress associated with riding a
bike close to vehicle traffic. The analysis incorporates roadway and traffic characteristics, including posted speed limit, street
width, and the presence and character of bicycle lanes, to categorize each roadway segment and intersection into one of four
levels of traffic stress. As shown in FIGURE 5, interested but concerned bicyclists (the majority of bicyclists) will only use LTS 1
and 2 roadways. Consider which pieces of the network are more stressful than desired, and use the facility selection table on the
following page to determine potential bikeway facility types that serve interested but concerned bicyclists.

FIGURE 5: LTS and Bicyclist User Profiles

LTS LEVEL
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DESCRIPTION

WHAT TYPE OF BICYCLISTS WILL RIDE
ON THIS LTS FACILITY?
INTERESTED BUT
CONCERNED

HIGHLY
CONFIDENT

SOMEWHAT
CONFIDENT

LTS 1

Presents the lowest level of traffic stress;
demands less attention from people riding
bicycles, and attractive enough for a relaxing
bicycle ride. Suitable for almost all people
riding bicycles, including children trained to
ride in the street and to safely cross
intersections.

YES

YES

LTS 2

Presents little traffic stress and therefore
suitable to most adults riding bicycles, but
demands more attention than might be
expected from children.

YES

YES

LTS 3

More traffic stress than LTS2, yet significantly
less than the stress of integrating with
multilane traffic.

YES

SOMETIMES

NO

LTS 4

A level of stress beyond LTS 3. Includes
roadways that have no dedicated bicycle
facilities and moderate to higher vehicle
speeds and volumes OR high speed and high
volume roadways WITH an exclusive riding
zone (lane) where there is a significant speed
differential with vehicles.

YES

NO

NO

YES

SOMETIMES
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Facility Selection Table
As a starting point to identify a preferred facility, use the chart below to determine the recommended type of bikeway to be
provided in particular roadway speed and volume situations. To use this chart, identify the daily traffic volume and travel speed
on or the existing or proposed roadway, and locate the facility types indicated by those key variables.
Other factors beyond speed and volume which affect facility selection include traffic mix of automobiles and heavy vehicles,
the presence of on-street parking, intersection density, surrounding land use, and roadway sight distance. These factors are not
included in the facility selection chart below, but should always be considered in the facility selection and design process.
FIGURE 6: Bicycle and Pedestrian Facility Contextual Guidance

BICYCLE AND PEDESTRIAN FACILITY
CONTEXTUAL GUIDANCE
FACILITY TYPE

AVERAGE ANNUAL DAILY TRAFFIC
(1,000 veh/day or 100 veh/peak hr)

STREET CLASSIFICATION

YIELD ROADWAY

0

5

10

15

20

25

30+

20

25

30

35

40

45

50+

LOCAL

BIKE BOULEVARD/CALM STREET

ADVISORY BIKE LANE

LOCAL

LOCAL

BIKE LANE

COLLECTOR

BUFFER SEPARATED BIKE LANE

COLLECTOR

BARRIER SEPARATED BIKE LANE
MULTI-USE PATH*

COLLECTOR
ARTERIAL
LOCAL
COLLECTOR
ARTERIAL

SIDEWALK

LEGEND
SEPARATION

Minimal Separation
Moderate Separation
Good Separation
High Separation

*Multi-use paths may be acceptable
where space is constrained and walking
and/or bicycling volumes are low.
Re-evalute the need for separation
between bicylists and pedestrians when
volumes increase. A sidewalk and
barrier separated bike lane may provide
a higher level of service for both modes.

POSTED TRAVEL SPEED (mph)
min

VOLUME

max

min

SPEED

max

Acceptable

Desired

Acceptable
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Yield Roadway
A yield roadway is designed to serve pedestrians, bicyclists, and motor vehicle traffic in the same slow-speed travel area. Yield
roadways serve bidirectional motor vehicle traffic without lane markings in the roadway travel area. Yield roadways are designed
with narrow roadway dimensions to prioritize local access and community livability.

FOR MORE
INFORMATION
Refer to sections on Slow
Streets and Shared Streets in
FHWA Achieving Multimodal
Networks 2016.

Design Features
• Low volumes and familiar users encourage
slow speeds and respectful meeting and
passing events within a narrow roadway.
• Pedestrians, bicyclists, and motorists all
share a slow-speed, low-volume roadway
space.
• Multipurpose roadside visually and
physically constrains the roadway.
• A limited-width paved roadway surface
with no center line markings.

Benefits
• Less costly to build and/or maintain than
fully paved cross sections.
• Connects local residential areas to
destinations on the network.
• Limits impermeable surface area and
minimizes stormwater runoff.
• Maintains aesthetic of narrow roads and
uncurbed road edges.
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• Encourages slow travel speed when
narrower than 20 ft (6.0 m).
• Can support a larger tree canopy when
located within wide unpaved roadside
areas.
• Supports on-street or shoulder parking for
property access.
• Low maintenance needs over time.

Appropriate Context
• Land use: Within built-up areas,
particularly near residential land uses
where most traffic is familiar with
prevailing road conditions.
• Roadway conditions: very low volumes and
low speeds
• Street classification: local residential
roadways. Not for through motor vehicle
travel.
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Bicycle Boulevards/Calm Streets
Bicycle boulevards are low-volume, low-speed streets that are safe for bicyclists of all ages and abilities. Streets are modified
to enhance user comfort by using treatments such as signage, pavement markings, traffic calming and/or traffic reduction, and
intersection modifications. These treatments allow through movements of bicyclists while discouraging similar through-trips by
non-local motorized traffic.

Typical Application
• Parallel with and in close proximity to
major thoroughfares (1/4 mile or less).

• According to NACTO, bicycle boulevards
should have a maximum posted speed of
25 mph. Use traffic calming to maintain an
85th percentile speed below 22 mph.

• Follow a desire line for bicycle travel that
is ideally long and relatively continuous
(2-5 miles).

• Implement volume control treatments
based on the context of the bicycle
boulevard, using engineering judgment.

• Avoid alignments with excessive zigzag
or circuitous routing. The bikeway should
have less than 10% out of direction travel
compared to shortest path of primary
corridor.

• Design intersection crossings to enhance
safety and minimize delay for bicyclists.

Appropriate Context
• Street classification: local/collector

Design Features
• Signs and pavement markings are the
minimum treatments necessary to
designate a street as a bicycle boulevard.

FOR MORE
INFORMATION
2012 AASHTO Guide for
the Development of Bicycle
Facilities, 4th Edition
(Chapter 4.10)
2012 NACTO Urban Bikeway
Design Guide
2016 FHWA Small Town and
Rural Design Guide (Chapter
2-9)

• Roadway conditions: AADT up to 3,000,
speeds up to 25 mph
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Advisory Shoulders
Advisory shoulders create usable shoulders for bicyclists on a roadway that is otherwise too narrow to accommodate one. The
shoulder is delineated by pavement marking and optional pavement color. Motorists may only enter the shoulder when no
bicyclists are present and must overtake these users with caution due to potential oncoming traffic.

NOTE

Geometric Design

T WO -WAY CENTER TR AVEL L ANE

Advisory shoulders are a new
treatment type in the United
States and no performance
data has yet been collected
to compare to a substantial
body of international
experience. In order to
install advisory shoulders,
an approved Request to
Experiment is required as
detailed in Section 1A.10
of the MUTCD. FHWA is
also accepting requests
for experimentation with
a similar treatment called
“dashed bicycle lanes.”

ADVISORY SHOULDER

The two-way center travel lane is created
from the remaining paved roadway space
after the advisory shoulder has been
accounted for.
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Unlike a conventional shoulder, an advisory
shoulder is a part of the traveled way, and
it is expected that vehicles will regularly
encounter meeting or passing situations
where driving in the advisory shoulder is
necessary and safe.
The preferred width of the advisory shoulder
space is 6 ft. Absolute minimum width is 4 ft
when no curb and gutter is present.
Consider using contrasting paving materials
between the advisory shoulder and center
travel lane to differentiate the advisory
shoulder from the center two-way travel
lane in order to minimize unnecessary
encroachment and reduce regular straddling
of the advisory shoulder striping.

Preferred two-way center travel lane width is
13.5–16 ft although may function with widths
of 10–18 ft.

Appropriate Context
• Street classification: local/collector and
arterial
• Roadway conditions: AADT limit 3,0006000+; Speed limit 25-35mph+

Accessibility
Advisory shoulders as described here are
not intended for use by pedestrians. When
advisory shoulders are intended for use by
pedestrians, they must meet accessibility
guidelines.
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Markings

Intersections

A broken lane line used to delineate the
advisory shoulder should consist of 2 ft line
segments and 6 ft gaps.

Advisory shoulder designs work best on
road segments without frequent stop or
signal controlled intersections that require
vehicles to stop within the roadway. The
designer should strive to maintain the visual
definition of the advisory shoulder through
all driveways and street crossings, and
provide a conventional shoulder at controlled
intersections.

Where additional edge definition is desired,
stripe a normal solid white edge line in
addition to the broken advisory shoulder line.
In general, do not mark a center line on the
roadway. Short sections may be marked
with center line pavement markings to
separate opposing traffic flows at specific
locations, such as around curves, over hills,
on approaches to at-grade crossings, and
at bridges. At these locations, widen the
paved roadway surface to provide space
for paved bicycle-accessible shoulders and
conventional width travel lanes.

Signs
Use signs to warn road users of the special
characteristics of the street. Potential signs
for use with advisory shoulders include:
Use an unmodified Two-Way Traffic warning
sign (W6-3) to clarify two-way operation of
the road.

At minor street crossings, use a dotted line
extension on both sides of the advisory
shoulder to maintain delineation of the
advisory shoulder space.

FOR MORE
INFORMATION
2016 FHWA Small Town and
Rural Design Guide (Chapter
2-17)
2015 FHWA Bicycle Facilities
and the Manual on Uniform
Traffic Control Devices.
https://www.fhwa.dot.
gov/environment/bicycle_
pedestrian/guidance/mutcd/
dashed_bike_lanes.cfm

If contrasting pavement material is used,
maintain the material through driveway
crossings and minor intersections, as shown
in the image above.
Where the road is controlled by a stop
sign or traffic signal, discontinue the
advisory shoulder 50 ft in advance of the
intersection. At these locations, provide a
bicycle accessible paved shoulder outside of
the travel lanes or design for operation as a
shared roadway.

Use a NO CENTER LINE warning sign (W8-12)
to help clarify the unique striping pattern.
Use a NO PARKING ON PAVEMENT (R8-1)
to discourage parking within the advisory
shoulder.
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Bike Lanes
Bike lanes designate an exclusive space for bicyclists through the use of pavement markings and signage. The bike lane is
typically located on the right side of the street, between the adjacent travel lane and curb, and is used in the same direction as
motor vehicle traffic.

from
face of
curb

FOR MORE
INFORMATION
2012 AASHTO Guide for
the Development of Bicycle
Facilities, 4th Edition
(Chapter 4.6)
2012 NACTO Urban Bikeway
Design Guide
NCHRP 766: Recommended
Bicycle Lane Widths
for Various Roadway
Characteristics
2016 FHWA Small Town and
Rural Design Guide (Chapter
3-11)
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Typical application

Appropriate Context

• Wider than minimum dimensions preferred
whenever possible.

• Street classification: local/collector and
arterial

• Recommend greater protection as volumes
warrant more than one travel lane in each
direction

• Roadway conditions: AADT limit 6,00020,000+; Speed limit 30-35mph+
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Buffered Bike Lanes
Buffered bike lanes are conventional bicycle lanes paired with a designated buffer space, separating the bicycle lane from the
adjacent motor vehicle travel lane and/or parking lane. Buffered bike lanes follow general guidance for buffered preferential
vehicle lanes as per MUTCD guidelines (section 3D-01).
Buffered bike lanes are designed to increase the space between the bike lane and the travel lane and/or parked cars. This
treatment is appropriate for bike lanes on roadways with high motor vehicle traffic volumes and speed, adjacent to parking lanes,
or a high volume of truck or oversized vehicle traffic.

Typical application

Appropriate Context

Applicable wherever a standard bike lane is
being considered and special situations such
as:

• Street classification: local/collector and
arterial

• Streets with high travel speeds, high
volumes, and/or high % of large vehicle
traffic,
• Streets with door zone risk, and
• Streets with extra lanes or width.
• Buffer may be placed on the side of the
bike lane with greater conflict, or both
sides if width allows.

• Roadway conditions: AADT limit 20,000+;
Speed limit 30-35mph+

FOR MORE
INFORMATION
2012 NACTO Urban Bikeway
Design Guide
NCHRP 766: Recommended
Bicycle Lane Widths
for Various Roadway
Characteristics
2016 FHWA Small Town and
Rural Design Guide (Chapter
3-11)
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Separated Bike Lanes
A separated bike lane (SBL) is an exclusive bike facility that combines the user experience of a separated path with the on-street
infrastructure of a conventional bike lane. A SBL is physically separated from motor traffic and distinct from the sidewalk. SBLs
have different forms but all share common elements—they provide space that is intended to be exclusively or primarily used by
bicycles, and are separated from motor vehicle travel lanes, parking lanes, and sidewalks. In situations where on-street parking
is allowed, these facilities are located to the curb-side of the parking (in contrast to bike lanes). SBLs are either raised or at street
level and may use a variety of elements for physical protection from passing traffic.
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Bike Lane Setback to Parking or Obstructions

Dimensions to be based on the design speed of the roadway, as reported in Table 9-21 Stopping Sight Distance for
Turning Roadways in AASHTO’s A Policy on Geometric Design of Highways and Streets.

Permanent Separation Options

Appropriate Context

MEDIAN SEPAR ATION

• Street classification: local/collector and
arterial
• Roadway conditions: All volumes and
speeds

Raised Curb
(1’ min.
width)
Optional
Planting

Width considerations
• 7 foot recommended minimum to allow
passing.
• 5 foot minimum width in constrained
locations.
• When placed adjacent to parking, provide a
parking buffer that is a minimum of 3 feet
wide to allow for passenger loading and to
prevent door collisions.

GR ADE SEPAR ATION

• Curb design, and shy distance to
obstructions will impact the effective
width of the facility.
Raised
Bike
Facility

• Design so that bicyclists can pass each
other without leaving the separated bike
lane.

P

• Design as wide as needed to allow for
available maintenance vehicles.
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FOR MORE
INFORMATION
2015 FHWA Separated Bike
Lane Planning and Design
Guide
2015 MassDOT Separated
Bike Lane Planning and
Design Guide
2012 NACTO Urban Bikeway
Design Guide
2016 FHWA Small Town and
Rural Multimodal Networks
Guide (Chapter 4-25)

Two Way Operation
CONSIDER ATIONS
Two-way separated bike lanes allow bicycle
movement in both directions on one side of
the road. Two-way separated bike lanes share
some of the same design characteristics as
one-way separated bike lanes, but require
additional considerations at driveway and
side-street crossings.
• Two-way separated bike lanes introduce
more complex interactions and more
challenging bikeway connections.
• Compared to one-way, two-way increases
risk of injury by 50% at unsignalized
intersections.
• Two-way separated bike lanes may require
more complicated signalization and
signal progression of contra-flow bicycle
direction can be challenging.
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Remedies for these issues are generally more
expensive and complicated than on oneway facilities. Generally, one-way facilities
function better than two-way facilities.
Two-way facilities can function well if there
are very few intersections and conflict points,
such as along a large park or body of water.

DRIVE WAYS & CONFLIC T POINTS
Driveways are a critical problem for two
way separated bike lanes. Design strategies
for driveways include elimination and/or
mitigation. Elimination of driveways can
be accomplished using standard access
management strategies.
Mitigation can be accomplished by improving
sight lines, slowing vehicles by utilizing more
abrupt driveway aprons, raising awareness of
bicyclists, and setting them back.
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Multiuse Path
The City of Manhattan uses the term “multiuse path” to refer to a multiuse facility located immediately adjacent and parallel to
a roadway. Bicycle traffic may ride against the normal flow of motor vehicle traffic on these facilities. The multiuse path design
process should aim to mitigate wrong-way riding when bicyclists enter or leave the path.

Appropriate Context

Roadway Separation

• Street classification: local/collector and arterial

Separation from the roadway should be informed by the speed
and configuration of the adjacent roadway and by available
right-of-way.

• Roadway conditions: All speeds and volumes

Width Considerations
Widths and design details of sidepath elements may vary
in response to the desire for increased user comfort and
functionality, the available right-of-way, and the need to
preserve natural resources.
As user volumes or the mix of modes increases, additional
path width is necessary to maintain comfort and functionality.
Minimum recommended pathway width is 10 ft. In lowvolume situations and constrained conditions, the absolute
minimum sidepath width is 8 ft. Provide a minimum of 2 ft
clearance to signposts or vertical elements.

Preferred minimum separation width is 6.5 ft. Minimum
separation distance is 5 ft.
Separation narrower than 5 ft is not recommended, although
may be accommodated with the use of a physical barrier
between the sidepath and the roadway. The barrier and end
treatments should be crashworthy which may introduce
additional complexity if there are frequent driveways and
intersections.
On high-speed roadways, a separation width of 16.5–20
ft is recommended for proper positioning at crossings and
intersections.
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FOR MORE
INFORMATION
2012 AASHTO Guide for
the Development of Bicycle
Facilities, 4th Edition (Chapter
5)

Advantages

Challenges

Sidepaths are most advantageous when:

Sidepath challenges include:

• Few driveways / side streets are
encountered

• Two-way travel on one side of the street

• Sidepaths are available on both sides of
the roadway

PROWAG Guidelines: http://
www.access-board.gov/
guidelines-and-standards/
streets-sidewalks/publicrights-of-way

• Crossings are designed to be clear and
visible to all users
• Adequate signage is used on the path

• Starting and ending points
• Driveway/Intersection safety
• Rules of the road are not always clear to
drivers or bicyclists
• Should not be used as an alternative to
bike lanes

• Trail serves an important high-use link

2016 FHWA Small Town and
Rural Multimodal Networks
Guide (Chapter 4-3)

Design Strategies for Driveways Across Sidepaths
Minimum
6’ setback
from
roadway

Stop bar placed at least 4’
from crosswalk

Yield line
placed 6’ from
crosswalk
W11-15, W16-7P used
in conjunction with
yield lines
Adjacent Crossing - A separation of 6 feet emphasizes the visibility of
riders at the approach to the crossing.
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Yield line placed 6’
from crosswalk

Stop bar placed
25’ from crossing

W11-15, W16-7P
used in conjunction
with yield lines

Setback Crossing - A set back of 25 feet separates the path crossing
from merging/turning movements that may be competing for a driver’s
attention.
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Trails
The City of Manhattan uses the term “trail” to mean a multi-use facility not running parallel to a roadway. Trails accommodate
pedestrians, so ADA access requirements must be met.

WIDTH:

STRIPING:

• 10’ minimum, 8’ acceptable in
constrained areas

When striping is required, use a
4 inch dashed yellow centerline
stripe with 4 inch solid white
edge lines.

• 12 - 14’ where heavy use exists

SHOULDER:

Solid centerlines can be
provided on tight or blind
corners, and on the
approaches to roadway
crossings.

Provide 2 foot or greater shoulder on
both sides of the trail. An additional
foot of lateral clearance (total of
3’) is required by the MUTCD for
the installation of signage or
other furnishings.

Surface Treatments
Shared use paths can be unpaved but
these facilities may have greater problems
with erosion, use by people with physical
disabilities, use by alternative wheeled users
(e.g. in-line skaters, skateboarders, etc), and
snow removal. Unpaved paths may require
more maintenance effort, but are more
environmentally friendly.
Paved paths are usually surfaced with either
asphalt or concrete.

Single Track Trails
Manhattan's single track trails are designed
primarily for recreational use rather than
for transportation. More information on
design for single track trails can be found
in the International Mountain Bicycling
Association's publication Trail Solutions:
IMBA’s Guide to Building Sweet Singletrack.

Pros

Asphalt

Concrete

Unpaved

Smooth surface
(no joints)

Lower long-term
lifecycle cost than
asphalt

Lower construction and
maintenance cost than
asphalt/concrete

Less frequent
maintenance
required than
asphalt

Pervious/more
environmentally friendly

Runners tend
to prefer over
concrete
Cheaper up
front cost than
concrete (usually)

Runners tend to prefer over
paved

Accelerated snow
melting
Cons More frequent
maintenance
required than
concrete
More prone to
edge failure and
root damage than
concrete

Natural feel

Simple maintenance
Higher up front
cost than asphalt

Not as accessible to all
users as paved trails

Runners tend to
dislike this material

Non-motorized users may
cover less distance

Can have joint
issues (saw cut
joints preferred)

Prone to rutting and
erosion if not designed
correctly

Slower snow
melting

May require more frequent
maintenance in some cases
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Sidewalks

Sidewalks are the most fundamental element of the walking network, as they provide an area for pedestrian travel separated
from vehicle traffic. A variety of considerations are important in sidewalk design. Providing adequate and accessible facilities can
lead to increased numbers of people walking, improved safety, and the creation of social space.
The pedestrian area along a street may have multiple zones, including a parking lane/enhancement zone, edge zone, furnishing
zone, pedestrian through zone, and frontage zone. The graphic below illustrates how these zones work in a main street setting.

Property Line

FURNISHING
ZONE

The parking lane can act as a
flexible space to further buffer
the sidewalk from moving
traffic. Curb extensions and
bike corrals may occupy this
space where appropriate.

The furnishing zone
buffers pedestrians
from the adjacent
roadway, and
is also the area
where elements
such as street
trees, signal poles,
signs, and other
street furniture are
properly located.

In the edge zone there
may be a 6 inch wide curb.

Edge Zone

PARKING L ANE/
ENHANCEMENT ZONE

PEDESTRIAN THROUGH
ZONE
The through zone is
the area intended for
pedestrian travel. This
zone should be entirely
free of permanent and
temporary objects.
Wide through zones are
needed in downtown
areas or where pedestrian
flows are high.

FRONTAGE
ZONE
The Frontage
Zone allows
pedestrians a
comfortable
“shy” distance
from the building
fronts. It provides
opportunities for
window shopping,
to place signs,
planters, or chairs.
Not applicable
if adjacent to a
landscaped space.
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Widths

Appropriate Context

The width and design of sidewalks will vary depending on
street context, functional classification, and pedestrian
demand. Below are preferred widths of each sidewalk zone
according to general street type. Standardizing sidewalk
guidelines for different areas of the city, dependent on the
above listed factors, ensures a minimum level of quality for all
sidewalks.

• Street classification: local/collector, and arterial
• Roadway conditions: all speeds and volumes

Property Line

STREET
CL A SSIFIC ATION

PARKING L ANE/
ENHANCEMENT
ZONE

FURNISHING
ZONE

PEDESTRIAN
THROUGH ZONE

FRONTAGE
ZONE

Local/Residential Streets

7 feet (if used)

2 - 5 feet

5 - 6 feet

1+ feet

Town/Main Street Areas

7 feet (if used)

4 - 6 feet

6 - 12 feet

2.5 - 10 feet

Suburban Arterials

7 feet (if used)

6+ feet

6+ feet

Varies

Urban Arterials

7 feet (if used)

4 - 6 feet

6 + feet

Varies

A wider furnishing zone
allows for snow storage.

Six feet enables two
pedestrians (including
wheelchair users) to walk sideby-side, or to pass each other
comfortably
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Dipping the entire sidewalk at the
driveway approaches keeps the crossslope at a constant grade, but allows
faster vehicle turning. This is the
least-preferred driveway option.

Placing the sidewalk behind the
driveway eliminates the need for
curb ramps and typically reduces
the speed at which vehicles exit
and enter the driveway

Planter strips allow sidewalks to remain
level, with the driveway grade change
occurring within the planter strip.

FOR MORE
INFORMATION
PROWAG Guidelines: http://
www.access-board.gov/
guidelines-and-standards/
streets-sidewalks/publicrights-of-way
2004 AASHTO Guide for
the Planning, Design, and
Operation of Pedestrian
Facilities (Chapter 3.2)
2013 NACTO Urban Street
Design Guide
2016 FHWA Small Town and
Rural Multimodal Networks
Guide (Chapter 4-19)
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When sidewalks abut hedges,
fences, or buildings, add an
additional two feet of lateral
clearance to provide appropriate
shy distance.

When sidewalks abut angled on-street parking,
use wheel stops to prevent vehicles from
overhanging in the sidewalk.

Obstructions

Driveways

Obstructions to pedestrian travel in the
sidewalk corridor typically include driveway
ramps, curb ramps, sign posts, utility and
signal poles, mailboxes, fire hydrants and
street furniture.

Driveways are a common sidewalk
obstruction, especially for wheelchair users.
When constraints only allow curb-tight
sidewalks, dipping the entire sidewalk at
the driveway approaches keeps the crossslope at a constant grade. However, this
may be uncomfortable for pedestrians and
could create drainage problems behind the
sidewalk.

Reducing the number of access points
reduces the need for special provisions.
Pursue this strategy first. Place obstructions
between the sidewalk and the roadway to
create a buffer for increased pedestrian
comfort.
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Implementation Strategies
Bicycle and/or pedestrian facilities can be added through new build projects or major reconstructions. These opportunities may
take several years to secure funding and carry out design and construction. Design new builds as multimodal corridors from the
beginning of network and transportation planning and avoid the use of minimum dimensions for bicycle and pedestrian facilities.
A shorter term method to implement bikeways and pedestrian facilities is to combine the addition of bicycle and pedestrian
facilities in maintenance operations, resurfacing or rehabilitation to retrofit streets. There are three common methods of finding
space for bicycle facilities on existing streets: lane removal/reconfiguration, lane narrowing, and parking removal.

Context Considerations
The implementation of bicycle and/or
pedestrian facilities will need to consider
the purpose of the subject roadway and
the surrounding land uses, as well as,
the connection to a larger multi-modal
transportation network for determining the
appropriateness of the facility. The existing
and desired context of the location is critical
in determining the purpose of the place,
roadway, and associated characteristics
within the right-of-way.
Often space within a right-of-way may be
limited so the implementation of bicycle and/
or pedestrian facilities should be balanced
against other roadway and adjacent land use
needs.

Lane Removal/Reconfiguration
The name “Road Diet” refers to the
conversion of a four-lane undivided roadway
with two through lanes in each direction to a
3-lane undivided roadway consisting of two
through lanes on either side of a two-way
left turn lane (TWLTL). Other lane reduction
approaches are also referred to as road diets,
e.g. 5-to-3 lane conversions but the 4-to-3
conversion is most common.

The 2012 FHWA Memorandum on Promoting
the Implementation of Proven Safety
Countermeasures lists road diets as one of
the nine proven safety countermeasures.
According to the FHWA Road Diet
Informational guide, benefits of the 4-to-3
lane conversion include:
• A 19 to 47 percent reduction in overall
crashes
• A reduction in speed differential which
reduces crash severity
• A reduction in various types of delay
• Right of way available for reallocation to
pedestrian and bicycle facilities
• Risk reduction for pedestrians whether
crossing at an intersection or mid-block

FOR MORE
INFORMATION
2019 FHWA Bikeway
Selection Guide
2015 FHWA Incorporating
On-Road Bicycle Networks
into Resurfacing Projects
2014 FHWA Road Diet
Informational Guide
2011 AASHTO A Policy
on Geometric Design
of Highways & Streets
(Greenbook)
2013 NACTO Urban Street
Design Guide

• An improvement of the livability or
comfort level of the street

71

FACILIT Y S E L EC TIO N & D E SIG N G UID E LIN E S

CITY OF MANHATTAN, KANSAS | BICYCLE AND PEDESTRIAN MOBILITY MANUAL

Lane Narrowing

Parking Removal

Contrary to expectations, narrower lane widths do not reduce
roadway capacity and can increase roadway safety.

If removal, reconfiguration or narrowing of existing lanes does
not provide sufficient space for active transportation facilities,
removal of on-street parking can be considered. Removal of
parking is often a controversial proposal. On-street parking is
valuable in retail districts. On-street parking positively impacts
walkability by providing a buffer between the sidewalk and
roadway travel lanes. With this in mind, parking removal
should be considered in the larger context of adjacent land
uses. Parking removal may be more successful in areas with
little to no retail land uses and low use of existing on-street
parking.

NARROWER L ANES DO NOT REDUCE C APACIT Y
“The measured saturation flow rates are similar for lane widths
between 10 feet and 12 feet. … Thus, so long as all other
geometric and traffic signalization conditions remain constant,
there is no measurable decrease in urban street capacity when
through lane widths are narrowed from 12 feet to 10 feet.”
John Zegeer, P.E.,(2007).
Several studies confirm that there is no documented reduction
of capacity associated with narrowed lanes. Capacity is not
degraded until lane widths are reduced to less than 10 feet.
The 2010 Highway Capacity Manual has been revised to
eliminate any saturation flow adjustments for lane widths
between 10 and 13 feet wide.

NARROWER L ANES DO NOT INCRE A SE CR A SH
R ATES
Several studies indicate that 10-foot lanes cause no more
crashes than 12-foot lanes in urban and suburban areas, and
may cause fewer.
Potts, Ingrid B., Douglas W. Harwood, and Karen R. Richard.
“Relationship of Lane Width to Safety on Urban and Suburban
Arterials.” 2007.
Hauer, E., F. M. Council, and Y. Mohammedshah. “Safety Models for
Urban Four Lane Undivided Road Segments.” 2004.
NCHRP Report 330: “Effective Utilization of Street Width on Urban
Arterials.” 1990.
TABLE 21: Recommended Lane Widths from
AASHTO Green Book (feet)

Rural

Urban

Arterial

11-12

10-12

Collector

10-12

10-12

Local

9-12

9-12
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Some strategies to reduce the impact of parking removal are:
• If considering removal of one lane only, look for streets with
less than 50% parking occupancy,
• Include immediate side streets in corridor parking
occupancy analysis, and
• Consider side street reconfiguration to increase parking
capacity and offset losses.

Resurfacing Opportunities
Resurfacing of a street can provide an opportunity to easily
and cost effectively add bicycle facilities. The FHWA has
published guidance on the ways to take advantage of this
process. Key lessons from FHWA Resurfacing Workbook
include:
• Provide adequate time
• Multimodal approach – include key staff
• Review relevant plans
• Apply design flexibility
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CROSSING
TREATMENT
TOOLKIT
Intersections and crossings are a critical component of street
design. They are where the movements of people walking, biking,
and driving converge and where conflicts are most likely to occur.
Successful intersection design improves mobility and safety for all
users, and presents opportunities to improve the public realm. This
section outlines treatments to improve comfort, safety, and mobility
at intersections.
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Intersections
Intersections are where the majority of bicycle-motor vehicle crashes occur. Proper design can reduce the
risk faced by bicyclists at intersections.

Design Principles for Intersections

HORIZONTAL CURVE R ADIUS AND SPEED

MINIMIZE SPEED
Control through and turning speed of the
majority of vehicles. Slower speeds at
intersections reduce crash frequency and
severity as well as increase yielding rates to
bicyclists and pedestrians. See charts below.

INCRE A SE AWARENESS
Use signage and markings to make the
presence of bicyclists expected and
anticipated.

INCRE A SE CONSPICUIT Y

AASHTO. A Policy on Geometric Design of Highways and Streets.
2011. Table 3-7 and Equation 3-8

DRIVER YIELDING R ATES AND TR AVEL
SPEEDS AT CROSSINGS

Use geometry to put bicyclists in a position
where they are more visible through
advance stop lines for cars and bend in or
out geometry at side streets and driveways.
Position motorists so that they cross the
path of bicyclists at an angle as close to 90
degrees as possible.

ISOL ATE CONFLIC TS
Minimize the size and number of conflict
points between turning vehicles and through
moving bicyclists. Conflicts can also be
isolated through signal phasing.

CLE ARLY A SSIGN PRIORIT Y

Geruschat, D.R., Driver Behavior in Yielding to Sighted and Blind
Pedestrians at Roundabouts. 2005.

Make it obvious which user has the legal
right-of-way. Angled crossings and ambiguous
designs can create confusion or a false sense
of security.
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Crosswalks
A marked crosswalk signals to motorists that they must stop for pedestrians and encourages pedestrians to cross at designated
locations. Installing crosswalks alone will not necessarily make crossings safer especially on multi-lane roadways.
At mid-block locations, mark crosswalks where there is a demand for crossing and there are no nearby marked crosswalks.
Continental markings provide
additional visibility

6’ minimum
Align the crosswalk as closely as possible with the
through pedestrian zone of the sidewalk corridor

FOR MORE
INFORMATION

Guidance

traffic with the least exposure to vehicular
traffic and traffic conflicts.

At signalized intersections, mark all
crosswalks. At un-signalized intersections,
crosswalks may be marked under the
following conditions:

• At an intersection with visibility
constraints, to position pedestrians where
they can best be seen by oncoming traffic.

2004 AASHTO Guide for
the Planning, Design, and
Operation of Pedestrian
Facilities

• At a complex intersection, to orient
pedestrians in finding their way across.

• At an intersection within a school zone on
a walking route.

• At an offset intersection, to show
pedestrians the shortest route across

2005 FHWA Safety Effects
of Marked vs. Unmarked
Crosswalks at Uncontrolled
Locations

• At intersections that serve pedestrian
attractors or where pedestrian activity
exists.

Types of Crosswalks

2009 FHWA Manual on
Uniform Traffic Control
Devices

2010 FHWA Crosswalk
Marking Field Visibility Study
2013 NACTO Urban Street
Design Guide
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Refuge Medians
Median refuge islands provide added comfort when crossing roadways. Refuge islands simplify the pedestrians’ decision-making
process by splitting the crossing into two phases, and may communicate presence of crossing to motorists. Angle refuge islands
to direct users to face oncoming traffic.

Refuge
Median
6’ min
Refuge
Median
Include detectable warning
surface at curbs and edge of each
island to delineate the “safe”
areas vs roadways

Seek as great a storage
capacity as possible in
design

The angled crosswalk “turns” pedestrians so they can more
easily see oncoming traffic in the second half of the roadway.

Typical application

FOR MORE INFORMATION

• On streets with a median or two-way left turn lane

2004 AASHTO Guide for the Planning, Design, and Operation of
Pedestrian Facilities

• Can also be installed by narrowing lanes or shoulders at
the crossing.
• Particularly important in areas where pedestrians access a
transit stop or other clear origins/destinations are across
from each other.

2004 AASHTO Policy on Geometric Design of Highways and
Streets
2013 NACTO Urban Street Design Guide
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Curb Extensions
Curb extensions minimize pedestrian exposure during crossing by shortening crossing distance and giving pedestrians a better
chance to see and be seen before committing to crossing. They are appropriate for any crosswalk where it is desirable to shorten
the crossing distance and there is a parking lane adjacent to the curb. Curb extensions also increase the available space for street
furniture, benches, and low-level plantings. They may be implemented on downtown, neighborhood, suburban, and residential
streets, large and small.

Crossing distance
is shortened

Curb extension length can be
adjusted to accommodate bus
stops or street furniture.

1‘ buffer
from edge of
parking lane

FOR MORE
INFORMATION
2004 AASHTO Guide for
the Planning, Design, and
Operation of Pedestrian
Facilities
2004 AASHTO Policy
on Geometric Design of
Highways and Streets
2013 NACTO Urban Street
Design Guide
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Typical application
• In most cases, the curb extensions should
be designed to transition between the
extended curb and the running curb in the
shortest practicable distance.
• For purposes of efficient street sweeping,
the minimum radius for the reverse curves
of the transition is 10 ft. Balance the two
radii so they are nearly equal.
• Terminate curb extensions one foot short
of the parking lane to maximize bicyclist
safety. Various measures to improve the
visibility of the curb extension such as curb
paint or other delineators may be used.

• If there is no parking lane, adding
curb extensions may be a problem for
bicycle travel and truck or bus turning
movements.
• Curb extensions may be created from
temporary materials such as bollards and
pavement coloring. Follow FHWA guidance
for use of color in colored crosswalks and
islands.
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Mountable Truck Aprons
A mountable truck apron is a roadway design treatment that consists of a mountable (rollover) curb and colored or textured
pavement to delineate the roadway and the apron. Often installed at signalized intersections, mountable aprons visually narrow
an intersection to help calm traffic and reduce motor vehicle speeds. While freight, emergency, and other large vehicles are
provided extra space to safely complete the turn, smaller vehicles (the majority of motorized road users) are discouraged from
taking sweeping, high-speed turns.
Mountable truck aprons may be installed as retrofits to existing intersections or during full construction projects. The images
below show examples mountable truck aprons installed as retrofits. In these conditions, the existing drainage profile was
maintained, allowing street runoff to flow to the existing storm drains. The image on the right shows additional paint and striping
to indicating where motorists should yield for pedestrians and avoid driving on the apron.

Typical application
• Install 3-inch rolled curb to allow
mounting by trucks and larger vehicles.
Install 6-inch standard curb on which
pedestrians wait.
• Install detectable warning on the curb
ramp outside the truck apron where it
transitions to street level.
• Recess the crosswalk striping for improved
durability. Continue striping through the
mountable curb area.
• To increase longevity and maintain
contrast, use concrete (may be colored) in
the mountable truck apron area.
• Use vertical delineators to separate
pedestrian space from mountable
truck apron and provide guidance
to maintenance vehicles when snow
accumulation hides curb.
• Incorporate gutter between mountable
truck apron and standard curb to facilitate
drainage.
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Right Turns and Bike Lanes
On-street bike facilities can create a threat when through-traveling bicyclists conflict with right-turning motorists.

SEPAR ATED BIKE
L ANES

When a Through Travel Lane Drops
into a Right-Turn Only Lane

When an Auxiliary Right Turn Only
Lane is Added

Separated bike lanes have
additional options for
interacting with right turn
lanes. See NACTO Urban
Bikeway Design Guide for
guidance.

FOR MORE
INFORMATION
2012 NACTO Urban Bikeway
Design Guide
2012 AASHTO Guide for
the Development of Bicycle
Facilities, 4th Edition
(Chapter 4.8.1)

Bicyclists are not provided priority in weaving
area and must use caution to merge across
motor vehicle traffic. Do not provide dotted
line transition areas in these locations.

Bicycle lane dropped in advance of the
intersection encourages bicyclists to merge
across as gaps permit. Shared lane markings
may be used to provide additional guidance.

Exclusive bicycle signal phase used to
separate conflicting movements
80

Parking Lane into Right Turn Only lane:
Through Bike lanes provide bicycle priority
within weaving area

Right Turn Only lane through widening:
Through bike lanes provide bicycle priority
within weaving area
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Shared Right Turn Lane
The shared right turn lane places shared lane markings within a right turn only lane. This
treatment is recommended at intersections lacking sufficient space to accommodate both a
standard through bike lane and right turn lane.

The combined width of the bike lane and parking lane create sufficient
space for a right turn only lane

FOR MORE
INFORMATION
2012 AASHTO Guide for
the Development of Bicycle
Facilities, 4th Edition
(Chapter 4.8.1)
2012 NACTO Urban Bikeway
Design Guide

The combined width of the bike lane and buffer may be used to create a
right turn only lane if 9 feet or greater
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Channelized Right Turn Lanes
In some intersections of arterials streets, design vehicle requirements or intersection angles may result in wide turning radii at
corners. Configuring the intersection as a channelized (or free-right) turn lane with a raised refuge island can improve conditions
for pedestrians trying to cross the street.
To improve safety and comfort for pedestrians, measures to slow traffic at the pedestrian crossing are recommended such as
provision of a raised crosswalk, signalized pedestrian walk phase, high visibility crosswalk, and/or pedestrian crossing signage.
Corner aprons may be used where larger turn radius is required based on volume of large vehicles.
Unobstructed
sight lines

Optional raised crossing

14’ m

ax

Lane narrowing

Desired speed through turn lane:
14-18 mph

4’ min

Detectable
warning
surfaces

Crossing may be:

5’ clear/turning space allows for
maneuvering of weelchairs or
the passing of two wheelchairs.
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•

Raised

•

Street Level

•

Intermediate Level
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Bike Box
A bike box is a designated area located at the head of a traffic lane at a signalized intersection that provides bicyclists with a safe
and visible space to get in front of queuing motorized traffic during the red signal phase. Motor vehicles must queue behind the
white stop line at the rear of the bike box.

Typical application

Guidance

• Place bike boxes only at signalized
intersections.

• Prohibit right turns on red for motor
vehicles if the bike box is in front of the
right turn only lane.

• Bike boxes are best utilized in central
areas where traffic is usually moving more
slowly.
• Use bike boxes in locations that have a
large volume of bicyclists.

• Bike boxes may not be the best treatment
for facilitating bicyclist left turns. See Two
Stage Turn Queue Box.
• Carefully consider multi-lane bike boxes
before implementation as the maneuvering
time required to position is higher.

FOR MORE
INFORMATION
2012 NACTO Urban Bikeway
Design Guide
2017 FHWA Interim Approval
for Optional Use of an
Intersection Bicycle Box
(IA-18)
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Two Stage Turn Queue Box
Two-stage turn boxes offer bicyclists a safe way to make turns at multi-lane signalized intersections from a separated or
conventional bike lane. On separated bikeways, bicyclists are often unable to merge into traffic to turn due to physical
separation, making the provision of two-stage turn boxes critical.

FOR MORE
INFORMATION
2012 NACTO Urban Bikeway
Design Guide
2017 FHWA Interim Approval
for Optional Use of TwoStage Bicycle Turn Boxes
(IA-20)

Typical Application

Design Guidance

• Streets with high vehicle speeds and/or
traffic volumes.

• Right turn on red from cross-street
prohibited per FHWA IA-20.

• At intersections with multi-lane roads with
signalized intersections.

• Place the two stage turn box in a
protected area that does not conflict
with vehicular or bicycle through lanes.
Typically this is within the shadow of
an on-street parking lane or separated
bikeway buffer area.

• At signalized intersections with a high
number of bicyclists making a left turn
from a right side facility
• On streets with separated bike lanes and
intersecting bikeways

84

• Place the turn box in front of the crosswalk
to avoid conflict with pedestrians
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Conflict Markings
Conflict markings clarify the intended path of bicyclists before and at intersections. They guide bicyclists on a direct path through
intersections in addition to crossing at driveways and ramps by providing delineation between the paths of the bicyclists and
adjacent moving or crossing motor vehicles.

2-6 ft.
2 ft.

2-6 ft.
2 ft.

Design Guidance
4.47

Conflict markings, also known as intersection
crossing
markings
MUTCD
Two Stage Turn
Queue - No
Parking Laneare allowed in the
4.47
Two Stage Turn Queue - No Parking Lane
as dotted line extensions of bicycle lanes.
Green may be used to add further conspicuity
in accordance with Interim Approval 14.
Green color may be broken or solid.
Conflict markings improve intersection safety
by:

2-6 ft.
2 ft.

FOR MORE
INFORMATION
4.47 Two Stage Turn Queue -2012
No Parking
Lane
NACTO

Urban Bikeway

Design Guide
2011 FHWA Interim Approval
for Optional Use of Green
Colored Pavement for Bike
Lanes (IA-14)

• Raising awareness of conflict areas
• Reinforcing priority of through moving
bicyclists over turning motorists.
• Guiding bicyclists on a direct path
• Reducing stress of crossing intersections
• Increasing predictability
• Reducing conflicts between vehicles and
bicyclists.
Agencies should coordinate design so that
the application is consistent.
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Entrance/Exit Ramps
Some arterials may contain high speed freeway-style designs such as merge lanes and exit ramps, which can create difficulties for
bicyclists. The entrance and exit lanes typically have intrinsic visibility problems because of low approach angles and feature high
speed differentials between bicyclists and motor vehicles.
Strategies to improve safety focus on increasing sight distances, creating formal crossings, and minimizing crossing distances.

Main St

1 MIN.

0.1 MI.

Crossing located before
drivers’ attention is focused
on the upcoming merge

Bike lane for confident
bicyclist to continue
through without exiting
onto ramp

Industrial Dist
15 MIN.

2.0 MI.

Waterfront

3.0 MI.

20 MIN.

Wayfinding signage
clarifying path to
destinations

Crossing located in
location with lowest
speed and highest
visibility

Ramp geometrics
minimize speed for
exiting vehicles

W11-1

FOR MORE
INFORMATION
2012 AASHTO Guide for
the Development of Bicycle
Facilities, 4th Edition
(Chapter 4.12.10)

86

W11-15

R1-2

Design Guidance

EXIT R AMPS:

ENTR ANCE R AMPS:

Use a jug handle turn to bring bicyclists to
increase the approach angle with exiting
traffic, and add yield striping and signage to
the bicycle approach.

Angle the bike lane to increase the approach
angle with entering traffic. Position crossing
before drivers’ attention is focused on the
upcoming merge.
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Roundabouts
At single lane roundabouts it is important to indicate to motorists, bicyclists and pedestrians the right-of-way rules using
appropriately-designed signage, pavement markings, and geometric design elements.
Truck apron keeps
roadway narrower

Comfortable splitter islands
Well-defined crossings

Design Guidance
• 25 mph maximum circulating design speed.
• Design approaches/exits to lowest speeds
possible.
• Encourage bicyclists navigating the
roundabout like motor vehicles to “take the
lane.”
• Maximize yielding rate of motorists to
pedestrians and bicyclists at crosswalks.
• Provide separated facilities for bicyclists
who prefer not to ride on the roadway.
Designing roundabouts that are safe and
accessible to people with vision impairments
requires significant future research. The
following design guidance can lessen the
impacts:
• Install setback, highly-visible crosswalks
with detectable warning surfaces and
guidance surfaces.
• Install single lane roundabouts rather than
multi-lane roundabouts.

• Add accessible medians and splitter islands
to reduce crossing distances and allow
pedestrians to negotiate one direction of
traffic at a time.
Traffic engineers are encouraged to work
with people with vision impairments in their
community to identify other design strategies
and opportunities for compromises early on in
the planning process.

Multi-Lane Roundabouts

FOR MORE
INFORMATION
2012 AASHTO Guide for
the Development of Bicycle
Facilities, 4th Edition
(Chapter 4.12.11)
2010 NCHRP 672:
Roundabouts An
Informational Guide
KSDOT Roundabout Guide

Multilane roundabouts involve higher vehicle
speeds and a more complicated environment
for all users.
• Do not use shared lane facilities for
bicyclists.
• Use bike ramps to connect with off-street
facilities.
• Provide pedestrian activated signals
to improve yielding at dual lane exits/
entrances.
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Protected Intersections
A protected intersection, or “bend-out” uses a collection of intersection design elements to maximize user comfort within the
intersection and promote a high rate of motorists yielding to people bicycling. The design maintains a physical separation within
the intersection to define the turning paths of motor vehicles, slow vehicle turning speed, and offer a comfortable place for
people bicycling to wait at a red signal.

FOR MORE
INFORMATION
2015 MassDOT Separated
Bike Lane Planning and
Design Guide
2015 FHWA Separated Bike
Lane Planning & Design
Guide
2015 Lessons Learned:
Evolution of the Protected
Intersection at https://
altaplanning.com/resources/
evolution-of-the-protectedintersection/
88

Typical Application

Benefits

• Streets with separated bikeways protected
by a wide buffer or on-street parking.

• Helps reduce conflicts between rightturning motorists and bicycle riders by
reducing turning speeds and providing a
forward stop bar for bicycles.

• Where two separated bikeways intersect.
• Where it is desirable to create a curb
extension at intersections to reduce
pedestrian crossing distance.
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Bicycle Lane Continuation at
T-Intersections
Preservation of momentum is critical to bicyclists. Momentum lost when stopping for a traffic light or stop sign must be
regained, requiring additional travel time and energy consumption. For this reason, some bicyclists may ignore, or discount the
importance of, intersection controls such as stop signs and signals. This is especially prevalent at T-intersections where a bike
lane is present at the top of the intersection. It is a common interpretation that, because motor vehicles do not cross the bike
lane, it is safe for people riding a bicycle to continue through the intersection without adhering to the traffic control.

Design Guidance
There are many permutations of possible
design. The continuing side must exhibit the
following characteristics if the continuing
bike lane stays in-street:
• Physical barrier, or curb separation so that
left turning vehicles do not conflict with
through moving bicyclists
• Yield to pedestrians condition if
intersecting pedestrian signals exist. A
bicycle signal may provide added safety if
the pedestrian crossings are actuated and
called half or more of the signal cycles.
The following characteristic must be
exhibited if the continuing bike lane
transitions to a shared use path or otherwise
behind the curb:

R9-6

T-Intersection with Buffered Bike
Lane and Turn Box

• Bicycle slip ramps to terminate and
reestablish the bike lane.
• Widened sidewalk to meet shared use path
design guidance.
Other design features may assist the usability
of the intersection. Considerations include:
• Formal way to allow bicyclist left turns
from the continuing bike lane. These could
include use of the pedestrian crossing or a
two-stage turn queue box.
• Ability for bicyclists originating from the
cross-street to enter the continuing bike
lane from the intersection.

T-Intersection with Curb-Separated Bike Lane

X.XX T-Intersection
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Mid-Block Crossings
Mid-block crossings may be necessary where there are existing pedestrian desire lines or walking distance to the nearest
signalized crossing is excessive. Depending on volumes and speeds, treatments at those crossings can range from a marked
crosswalk to full signalization.

Design Guidance

Midblock Crossing Location,
Before (uncontrolled)

Treatment options at mid-block crossings
vary in motorist compliance rate, cost, and
delay. These alternatives include marked
crosswalks, median refuge islands, active
warning beacons, pedestrian hybrid beacons
(PHB), and full signalization. The MUTCD
dictates markings and signage used with each
type, but engineering judgement should be
used to determine the appropriate design
solution.

Multiple Threat Crashes

Midblock Crossing Location, After

A “Multiple Threat” crash (also referred to as
a double or dual-threat crash) occurs when
one vehicle yields to a pedestrian or cyclist in
a crosswalk, but the vehicle in the adjacent
lane does not yield, striking the crossing
person (see figure below). Advance yield lines
increase likelihood of yielding to a pedestrian
in a multiple threat scenario by 61% due to
improved sight lines.

Source: NACTO

In this scenario, neither the pedestrian nor Car B can see each other.
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Detectable warning
Curves in paths help slow
surface helps visually
path users and make them
impaired pedestrians
aware of oncoming vehicles
identify the edge of
the street

Crosswalk markings legally establish
midblock pedestrian crossing

R1-2 YIELD or R1-1
STOP for path users

W11-2
or W11-15,
W16-9P

If used, a curb ramp
should be the full
width of the path

Consider a median refuge island when
space is available. This example angles
pedestrians towards approaching traffic.

Crosswalk only
Marked/un-signalized crossing typically
consists of a marked crossing area, signage
and other markings to slow or stop traffic.
When space is available, using a median
refuge island can improve user safety by
providing pedestrians and bicyclists space to
perform the safe crossing of one side of the
street at a time.

T YPIC AL APPLIC ATION
• Maximum traffic volumes
• ≤9,000-12,000 Average Daily Traffic
(ADT) volume
• Up to 15,000 ADT on two-lane roads,
preferably with a median
• Up to 12,000 ADT on four-lane roads
with median
• Maximum travel speed: 35 MPH

• Minimum line of sight
• 25 MPH zone: 155 feet
• 35 MPH zone: 250 feet
• 45 MPH zone: 360 feet

CONSIDER ATIONS
• Where the speed limit exceeds 40
miles per hour, do not use marked
crosswalks alone at unsignalized
locations.
• Do not install crosswalks at locations
that could present an increased risk
to pedestrians, such as where there
is poor sight distance, complex or
confusing designs, a substantial
volume of heavy trucks, or other
dangers, without first providing
adequate design features and/or traffic
control devices.
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FOR MORE
INFORMATION
2012 NACTO Urban Bikeway
Design Guide
2017 FHWA Interim Approval
IA-21
FHWA Safety Effects of
Marked vs. Unmarked
Crosswalks at Uncontrolled
Locations

Active Warning Beacons
Active warning beacons are user actuated
illuminated devices designed to increase
motor vehicle yielding compliance at
crossings of multi-lane or high volume
roadways. Types of active warning beacons
include conventional circular yellow flashing
beacons, in-roadway warning lights, or
pedestrian activated beacons. Warning
beacons and flashing lights increase driver
awareness of pedestrians at a crosswalk and
increase yield compliance by 20-80%.

T YPIC AL APPLIC ATION
• Do not use warning beacons at crosswalks
controlled by YIELD signs, STOP signs, or
traffic signals.
• Use warning beacons that initiate
operation based on pedestrian or
bicyclist actuation and cease operation
at a predetermined time after actuation
or, with passive detection, after the
pedestrian or bicyclist clears the
crosswalk. Beacons should be unlit when
not activated.
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• Installations of active warning beacons on
median islands improves driver yielding
behavior.
• Activated flashing beacons have the most
increased compliance of all the warning
beacon enhancement options.

CONSIDER ATIONS
• While RRFBs were proven to be highly
effective, their properties can be
replicated through the use of other
devices.
• FHWA recommends the use of pedestrian
activated beacons, with two circularshaped yellow lights that flash in an
alternating pattern, with a flash rate of
50-60 times per minute and an illuminated
period of each flash a minimum of ½ and
maximum of 2/3 of the total cycle.
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W11-15

Pedestrian Hybrid Beacon

T YPIC AL APPLIC ATION

A hybrid beacon, formerly known as a
High-intensity Activated Crosswalk (HAWK),
consists of a signal-head with two red lenses
over a single yellow lens on the major street,
and pedestrian and/or bicycle signal heads
for the minor street. There are no signal
indications for motor vehicles on the minor
street approaches.

• Hybrid beacons have volume based warrants

Hybrid beacons are used to improve nonmotorized crossings of major streets in
locations where side-street volumes do not
support installation of a conventional traffic
signal or where there are concerns that a
conventional signal will encourage additional
motor vehicle traffic on the minor street.
Hybrid beacons may also be used at midblock crossing locations.
The primary difference compared to a
standard signal is that a hybrid beacon
displays no indication (i.e., it is dark) when
it is not actuated. Upon actuation (by a
pedestrian or bicyclist on the minor street).
If bicyclists are a major user of the crossing,
minimize or eliminate the flashing “wig-wag”
phase as bicyclists can enter the intersection
at speed and drivers proceeding may not see
them approaching.

in the MUTCD, but have frequently been
installed without meeting warrants if
roadway speed and volumes are excessive for
comfortable user crossing.
• Where bike routes intersect major streets
without existing signalized crossings.
• Where off-street bicycle or pedestrian
facilities intersect major streets without
existing signalized crossings.

FOR MORE
INFORMATION
2014 FHWA Pedestrian
Hybrid Beacon Guide Recommendations and Case
Study
2012 NACTO Urban Bikeway
Design Guide
2009 FHWA Manual on
Uniform Traffic Control
Devices (Chapter 4F)

• At mid-block crossings of major roadways
with high bicycle or pedestrian volumes.

CONSIDER ATIONS
• If installed within a signal system, signal
engineers should evaluate the need for the
hybrid signal to be coordinated with other
signals.
• Prohibit parking and other sight
obstructions for at least 100 feet in
advance of and at least 20 feet beyond
the marked crosswalk to provide adequate
sight distance.
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Grade-Separated Crossings
Bicycle/pedestrian underpasses provide critical non-motorized system links by joining areas separated by barriers such as
railroads and highway corridors. There are no minimum roadway characteristics for considering grade separation. Depending on
the type of facility or the desired user group grade separation may be considered in many types of projects.

14’ min.

10’ min.

Center line
striping

Underpasses
Safety is a major concern with underpasses. Shared use path
users may be temporarily out of sight from public view and
may experience poor visibility themselves. To improve the
perception of safety, design underpasses to be spacious and
well-lit, with the entrance and exit visible throughout its
entire length.

MATERIAL S AND MAINTENANCE
• 14 foot width allows for maintenance vehicle access.
• Potential problems include conflicts with utilities, drainage,
flood control and vandalism.
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T YPIC AL APPLIC ATION
• 14 foot minimum width, greater widths preferred for
lengths over 60 feet.
• 10 foot minimum height.
• The underpass should have a centerline stripe even if the
rest of the path does not have one.
• Consider lighting during the design process for any
underpass with high anticipated use or in culverts and
tunnels.
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Center line
striping
ADA generally limits
ramp slopes to 1:20

17’ min.

Overpasses
Bicycle/pedestrian overpasses provide critical
non-motorized system links by joining areas
separated by barriers such as waterways
or major transportation corridors. In most
cases, these structures are built in response
to user demand for safe crossings where they
previously did not exist.
While overpasses reduce conflicts between
pedestrians/cyclists and drivers, they can
be inconvenient and as a result, under-used.
Overpasses require a minimum of 17 feet
of vertical clearance to the roadway below
versus a minimum elevation differential of
around 12 feet for an underpass. This results
in potentially greater elevation differences
and much longer ramps for bicyclists and
pedestrians to negotiate.

GUIDANCE
• 12 feet minimum width or the paved
width of the approach path plus 2 feet,
whichever is greater. If the overpass has
any scenic vistas, provide additional
width to allow for stopping. A separate 5
foot pedestrian area may be provided for
facilities with high bicycle and pedestrian
use.

Path width of approach path
width plus 4 feet preferred for
shared bicycle and pedestrian
overpasses

• 10 foot headroom on overpass; clearance
below will vary depending on feature
being crossed.
• Roadway: 17 feet
• Freeway: 18.5 feet
• Heavy Rail Line: 23 feet
• The overpass should have a centerline
stripe even if the rest of the path does not
have one.

Railing
height of 42
“ min.

FOR MORE
INFORMATION
2012 AASHTO Guide for
the Development of Bicycle
Facilities (Chapter 5.2.10)
2004 AASHTO Guide for
the Planning, Design, and
Operation of Pedestrian
Facilities

ACCESSIBILIT Y
Overpasses for bicycles and pedestrians
typically fall under the Americans with
Disabilities Act (ADA), which strictly limits
ramp slopes to 5% (1:20) with landings at 400
foot intervals, or 8.33% (1:12) with landings
every 30 feet.
Overpasses pose potential concerns about
visual impact and functional appeal, as well
as space requirements necessary to meet ADA
guidelines for slope.

MATERIAL S AND MAINTENANCE
• Potential issues with vandalism.
• Overpasses can be more difficult to clear
of snow than underpasses.
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Bicycle Signals
Bicycle signals are typically used to improve identified safety or operational problems involving bicycle facilities. Bicycle signal
heads may be installed at signalized intersections to indicate bicycle signal phases and other bicycle-specific timing strategies.
Bicycle signals can be actuated with bicycle sensitive loop detectors, video detection, or push buttons.
Bicycle signals are typically used to provide guidance for bicyclists at intersections where they may have different needs from
other road users (e.g., bicycle-only movements).
Contrasting backplate
or color

R10-10b

Bicycle Detection

FOR MORE
INFORMATION
2012 NACTO Urban Bikeway
Design Guide
2013 FHWA Interim Approval
for Optional Use of a Bicycle
Signal Face (IA-16)

Typical Application
BIC YCLE SIGNAL S ARE USED:
• For contra-flow bicycle movements,

• Where a protected phase can’t be
provided.

• Where high-volume turns will cross the
bikeway, and

CURRENT RESTRIC TIONS ON
BIC YCLE SIGNAL S INCLUDE:

• Where concurrent phases are possible.

• No use of leading bicycle interval (LBI).

• Where a bicycle lane is established to the
right of a right turn only lane (prohibited
by MUTCD).

• No conflicts of any kind with vehicle
movements.

BIC YCLE SIGNAL S ARE NOT USED:
• Where conflicting turning traffic is minor.
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• Where conflicting turning traffic can be
prohibited.

• No bicycle scrambles.
• No use with hybrid beacons.
• Must have bike lane, no shared lane
approaches.
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Pedestrian Signals
Pedestrian signal indicators demonstrate to pedestrians when to cross at a signalized crosswalk. Equip all traffic signals
with pedestrian signals except where a pedestrian crossing is prohibited.
Countdown pedestrian signals are particularly valuable for pedestrians, as they indicate whether a pedestrian has time
to cross the street before the signal phase ends. Use countdown signals at all signalized intersections.

Audible pedestrian traffic signals provide crossing
assistance to pedestrians with vision impairment at
signalized intersections

Signalization Principles

USE FIXED TIMING

KEEP C YCLES SHORT

Use pre-timed rather than actuated signals in an urban
environment to create a predictable pedestrian intersection.

Keep signal cycle length low to reduce wait time and promote
pedestrian and vehicle compliance.

PRIORITIZE

TIME TO INTENDED SPEED
Set progressions based on the speed desired. If set to the
speed limit, any deviation from that limit will then encourage
drivers to speed to catch up to the “green wave.”

ADJUST BY TIME OF DAY
Use time-of-day adjustments to subtly move capacity around
based on different needs for the time of day to achieve the
safest scenario.

Prioritize pedestrians, transit, and bicycles. Signals set the
tempo of the entire street. Transit signal priority is useful,
as is bike-speed progression. But pedestrian safety and
accessibility is the key priority.
Consider the use of a Leading Pedestrian Indication (LPI)
to provide additional traffic protected crossing time to
pedestrians

FE WER SIGNAL PHA SES
Minimize the number of phases. Like the cycle length,
the number of phases will influence strongly the rate of
compliance by pedestrians, bicyclists, and drivers.
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Pedestrian Turning Conflicts
Two of the most common crash types involving pedestrians are left hooks and right hooks. The conflict occurs when vehicles have
a green signal with a permissive left- or right-turn, and pedestrians have a WALK signal. Signal phasing can be improved with the
following measures.

FOR MORE
INFORMATION
United States Access Board.
Proposed Accessibility
Guidelines for Pedestrian
Facilities in the Public-Rightof-Way (PROWAG). 2011.
2004 AASHTO Guide for
the Planning, Design, and
Operation of Pedestrian
Facilities
2013 NACTO Urban Street
Design Guide

LE ADING PEDESTRIAN INTERVAL
Pedestrian WALK signal is displayed 2-4
seconds before the vehicular green indication
to allow pedestrians time to establish a
presence in the intersection before vehicles
start turning (also referred to as Pedestrian
Lead Time).

L AGGING LEF TS ( IF PERMISSIVE )
Delay the ability of permissive lefts until midway through the phase so that pedestrians
are out in the intersection and visible or are
completing their crossing.

SPLIT PHA SING
Allow only one approach to proceed at a time,
this reduces the number of turning conflicts
possible during the pedestrian phase.

EXCLUSIVE PEDESTRIAN PHA SING
With an exclusive pedestrian phase,
WALK signals are provided without green
indications for any conflicting vehicle
movements. Scramble pedestrian phasing
is one type of exclusive phase during which
pedestrians may walk in all directions,
including diagonal. Exclusive pedestrian
phasing and scramble pedestrian phasing

98

should always include audible information,
because pedestrians with vision impairments
cannot rely on the sound of vehicular traffic
to identify the start of the WALK phase.

REDUCED CORNER R ADII
The size of a curb’s radius can have a
significant impact on pedestrian comfort
and safety. A smaller curb radius provides
more pedestrian area at the corner, allows
more flexibility in the placement of curb
ramps, results in a shorter crossing distance
and requires vehicles to slow more on the
intersection approach. During the design
phase, choose the smallest possible radius
for the circumstances.

ADVANCE STOP BARS
Advance stop bars increase pedestrian
comfort and safety by stopping motor
vehicles well in advance of marked
crosswalks, allowing vehicle operators a
better line of sight of pedestrians and giving
inner lane motor vehicle traffic time to stop
for pedestrians. 10 feet is desirable from the
crosswalk.

SIGNS
Signs remind
motorists of their
duty to yield to
pedestrians while
turning left or right.
MUTCD sign R10-15 (see right) is commonly
used for this purpose. Blank out signs may be
of use where pedestrian volumes are heavy,
pedestrian volumes are intermittent, or crash
history is documented.
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Heavy Truck Traffic
The presence of heavy truck traffic can make vulnerable road users feel unsafe and uncomfortable. Collisions with heavy trucks
are much more likely to be fatal for pedestrians and bicyclists than collisions with passenger vehicles. Locate bicycle and
pedestrian facilities on alternate routes, where practical. When an alternate route is not available, walking and bicycling facilities
on routes with heavy truck traffic should be separated from truck traffic to the maximum extent possible.

Buffers
Large trucks create wind drafts, noise, and
air pollution. Providing a separated trail with
a vegetated buffer can shield bicyclists and
pedestrians from these negative impacts.
When a physically separated trail is not
practical, provide a wide shoulder with a
buffer and bike-friendly rumble strips.

Maintenance

Truck side skirt

Shoulders along truck routes may require
more frequent sweeping, especially if trucks
are hauling sand or gravel. Debris tends to
collect along the edges of roadways, creating
a hazard for bicyclists.

Signage
Place signage along truck routes to notify
drivers of the presence of bicyclists and
pedestrians. Bike Route Guide (D11-1c) signs
are used to indicate to bicyclists that they are
on a designated bikeway and make motorists
aware of the bicycle route.

1.5-4 ft or wider buffer

4 ft or wider
paved shoulder

Truck Side Guards
Truck side guards and truck side skirts
prevent bicyclists and pedestrians from
becoming trapped beneath a truck in a
collision. Truck side skirts also decrease air
drag on the truck, improving fuel efficiency.
Governments can require truck side guards on
agency vehicles and contractors’ vehicles, and
develop programs to encourage use of side
guards on trucks.

FOR MORE INFORMATION
US Department of Transportation Volpe Center:
https://www.volpe.dot.gov/our-work/truckside-guards-resource-page
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MAINTENANCE
A well-maintained bike facility is safe and comfortable for people
of all ages and abilities. The facility is accessible year round and
free of debris, snow, and cracks or other obstacles, allowing people
bicycling the maximum width of a street, bike lane, or shared use
path. Maintenance goals include the following:
• Prevent falls and crashes.
• Provide clearly defined, year round facilities.
• Encourage facility use, leading to increased bicycling and high
return on investment.
• Prolong useful life of valuable infrastructure investments.
Well maintained networks are functions of flexibility, inter-agency
coordination and balance of resources. Inter-agency cooperation and
agreements are a crucial ingredient.
This section discusses facility selection, design, construction,
operations, and communication with regards to maintenance.
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Key considerations
Poorly maintained facilities may discourage people from
bicycling and may contribute to crashes. Key considerations
include:
• Provide redundancy in the network to allow bicyclists
options.
• When planning new or improved bikeways, default to
higher levels of physical protection: User comfort increases
with separation from motor vehicles.
• Avoid minimum widths: Minimum widths increase the
difficulty of maintaining bikeways.
• Access to facilities. If using a barrier, gates may be a better
solution than bollards.
• Design for users beyond bicycles: People using electric
standing scooters, skateboards, and rollerblades will also
use bikeways. People using wheelchairs and strollers
may decide to use the facility in case of poor sidewalk
maintenance or other obstructions.

• Collaborate between departments and staff during project
scoping and design to understand and prepare for all
opportunities and constraints to ensure the outcome is well
maintained facilities once built. This includes staff time,
equipment, grouping equipment (APS poles, etc.) to control
scattered “clutter” to work around, and expectations/
priorities. Set responsibilities for maintenance along
bikeways of all jurisdictions.
• Local maintenance agreements and cost participation
decisions among responsible agencies.
• Report back: Annually report on maintenance operations
and progress toward maintenance goals.
• Consider current equipment and capabilities for
maintenance when designing bikeways. Narrow separated
bikeways may necessitate the procurement of additional
equipment to maintain.
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Shared Use Path Maintenance
Necessary maintenance activities vary significantly between
jurisdictions and by the type of trail surfacing. Maintenance
activities can generally be categorized into one of two
types, ‘routine maintenance’ which is done annually or more
frequently, and ‘major’ or ‘capital maintenance’ which involves
more intensive activity at a less than annual frequency. A
robust routine maintenance program may include any of the
activities described in TABLE 22. However, it should be noted
that every segment of the trail will have different needs
and levels of expenditure. It is estimated that for routine
maintenance approximately $1,000 to $2,500 should be
budgeted annually per mile of trail.
Major or capital maintenance activities typically involve
more intensive maintenance repairs such as pavement seal
coating, pavement overlays, pavement reconstruction or other
structural rehabilitations.

Any paved bikeway surface will deteriorate over time with
asphalt surfaces dropping in quality rapidly after 10 years.
Pavement Condition Index (PCI) and other measures such as
the Ride Quality Index (RQI) provide quantitative assessments
of pavement condition. These methodologies can be used as a
performance measure of system preservation and can be used
to trigger targeted preservation efforts. Preservation efforts
such as seal coating extend the life of asphalt efficiently and
at a lower cost than waiting for the surface to fail requiring
expensive reconstruction. Maintenance activities vary
considerably around the country and different approaches
and pavement preservation intervals could be considered
based on local experience and climate. Concrete shared use
path surfacing does not suffer from the rapid decay in surface
quality and may only need minor spot repairs over a much
longer period of time.

TABLE 22: Routine Maintenance

Routine Maintenance

Function

Frequency

Sweeping of shared use paths

Keep paved surfaces debris free.

Spring, after snow melt and as
needed. Fall during leaf drop.

Litter and trash removal

Keep path clean and of consistent quality.

Annually, or as needed.

Mowing of shared use path
shoulders

Increases the effective width of the shared use path
if bordered by grasses. Also helps encroachment of
weeds.

As needed during the growing
season.

Tree/ brush trimming

Eliminate encroachments into shared use path
corridor and to open up sight lines.

Annually, or as needed.

Weed abatement

Manage existence and/or spread of noxious weeds if
present.

Annually

Snow removal

Keep shared use path clear and usable year round.

As needed

Sign and other amenity inspections

Identify and replace damaged infrastructure

Annually

Crack sealing and surface repair

Seal cracks in asphalt surfacing to reduce long-term
damage

Annually

102

FACILIT Y S E L EC TIO N & D E SIG N G UID E LIN E S

CITY OF MANHATTAN, KANSAS | BICYCLE AND PEDESTRIAN MOBILITY MANUAL

Pavement Condition

People riding bicycles are more sensitive to changes in
pavement condition than people driving motor vehicles.
Proper maintenance can extend high quality pavement
condition along bicycle facilities and improve bicycling safety
and comfort.

Design
Design considerations can impact pavement condition and
longevity. The following are considerations that can prevent
poor conditions or extend the time pavement remains in good
condition.

ALL FACILITIES:
• Material selection: Concrete and asphalt differ in terms of
cost, time before repairs are needed, and maintenance /
major rehabilitation costs. Selecting the correct pavement
for a particular project will help balance these factors. As
necessary, consult KSDOT's Bureau of Construction and
Materials for material recommendations, particularly on
standalone bicycle facility projects.

ON -STREET FACILITIES:
• Gutter to pavement transition: Design at least three ft of
pavement outside of the gutter seam to avoid transitions
that pose a potential threat to people bicycling.

SHARED USE PATHS:
• Trees: Designing with trees in mind can prevent pavement
heaving. Shallow-rooted trees and compacted soils causes
roots to move toward the pavement surface toward air and
water. This results in heaved sections of pavement.
• Expansion Joints: Use joints that accommodate expansion,
while serving people walking and bicycling on the shared
use path. Use saw-cut expansion joins over troweled joints
on concrete paths to create a smoother surface and to
guarantee ADA gap requirements of 1/4 in maximum are
met.

• Bridges: Design bridge decking from high quality material
that will resist the elements. Use bicycle-safe expansion
joints.
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Construction Considerations

Operations Considerations

GENER AL CONSIDER ATIONS:

Thoughtful maintenance operations and policy decisions can
yield higher quality pavement for longer periods of time.

• Consider establishing standards for specific vibration levels,
pavement surface texture values, and bicycle riding quality.
• If possible, schedule bike facility implementation to
coincide with resurfacing. This results in new bikeways with
high quality pavement condition. The FHWA Workbook for
Building On-Road Bicycle Networks through Resurfacing
Projects provides many strategies.

SOLVING PAVEMENT CONDITION ISSUES:
• Fill or grind down ridges / cracks to avoid bicycle wheels
becoming caught in a pavement irregularity. Ridges or
cracks that run parallel to bicycle travel are especially
important to repair.
• Repair edge drop-off on shoulders, especially in locations
with high bicycle ridership.
Chip sealing has the potential to improve pavement quality
and provide preventative maintenance; however, the chip seal
process has potential to create a rough or loose surface for
bicycling, especially where “chips” accumulate. Consider the
following:
• Add new surfacing only to the edge of basic, buffered, and
separated bike lanes.
• Use fine 1/4 inch minus aggregate.
• Sweep bike lanes or shoulders in the weeks after chip seal
projects.
• Respond quickly to remove gravel piles following chip seal
projects. Install appropriate signs and consider using detour
signs to guide people bicycling to other routes.
Transitions are places that pose potential threat to people
bicycling when the transition is severe. Ensure no more than a
1/4 inch vertical transition from gutter to adjacent pavement.
Inspect the transition during and after construction.
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• Include trails and bikeways in regular maintenance
schedule and budget.
• Make repair of potholes a higher priority--meeting
pavement quality standard for cars or higher.
• Create standards for utility work and other projects so that
cuts are back-filled in a manner that returns the roadway
to the original pavement condition. Do not leave ridges,
cracks, or other deformities. Similarly, trenching projects
involving bike lanes should trench the entire bike lane to
avoid condition issues or joints.
• Examine transitions for every roadway project, not just
those that include dedicated bicycle facilities.
• Consider maintenance timing and the quality differences
between cold patch (winter) and hot mix (summer).
• Consider drainage structures and keep them cleaned out for
proper functioning

Communication Considerations
Successful operations include timely collaboration between
active transportation, design, maintenance, and construction
departments and staff. Include staff whose work focuses on
active transportation within resurfacing and pavement quality
discussions. Review resurfacing candidate projects for bike
facility feasibility. Install bicycle facilities after recent overlay
projects.
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Debris and Obstructions
Facility selection
Consider maintenance obligations dependent
on local conditions. For example, some
bikeways that are channelized between
vertical curbs will collect leaves and other
debris. Similarly, some bike lanes will be kept
clean through vehicle wind blast.

Design
Design should reinforce bikeway
characteristics that reduce maintenance
needs. Debris frequently builds up in areas
with poor drainage. The FHWA notes that
for areas prone to an abundance of debris,
“Eliminating the source of the problem by
providing better drainage is ultimately a
more cost-effective solution than increased
sweeping.”

ALL FACILITIES:
• Plan for at least a 2 ft clearance between
the edge of the pavement and the
vegetation.
• If necessary, consider options ranging from
additional staff to purchasing additional
right-of-way.

PHYSIC ALLY SEPAR ATED BIKE
L ANES AND SHARED USE PATHS:
• Use widths appropriate for street sweeping
equipment.

STRUC TURES:
• Underpass design should encourage
daylighting or other methods of lighting
the structure. People bicycling often have
difficulty seeing pavement quality issues
when traveling through underpasses
because of the abrupt change in light.

Operations
• Regularly sweep bike facilities for glass, sand, and gravel. Sweeping for
leaves is especially important in fall and spring. Do not sweep onto the
sidewalk.
• Ensure that street sweeping crews are instructed to sweep close to the right
edge of the roadway.
• Painted buffers may need more frequent sweeping.
• Pay attention to areas that fill with debris. These may be the same areas
that fill with snow and ice in winter.
• Use vacuum trucks if street sweeping equipment is not adequate to remove
debris or if previous pavement is used.

Communication
INTERNAL COMMUNIC ATION:
• Standardized employee training and standard sweeping procedure helps
reduce variation in the level of debris left after sweeping.

COMMUNIC ATING WITH THE PUBLIC:
• Restricting parking helps clean streets at regularly scheduled days
and times.
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The AASHTO Guide includes other
considerations specific to ensuring proper
trail drainage. Excessive on-street bikeway
cross-slopes can cause crashes when ice is
present.
• Design for adequate drainage to prevent
pooling and ice formation.

CONSTRUC TION
Storm drain design and placement prevents
water and ice collection along bikeways.
Grates that are not bicycle-friendly can
present hazards to people bicycling.

OPER ATIONS
FACILIT Y SELEC TION
Consider trade offs between
overpass and underpass
structures when designing to
minimize water pooling and
ice.

Good winter maintenance is crucial in
meeting goals of year-round accessibility.

Water Pooling and Ice
DESIGN
Design considerations for water pooling and
ice are similar to those strategies to avoid
debris accumulation such as leaves and
gravel. Additionally:
• Permeable pavement: Using permeable
pavement on shared use paths or
separated bike lanes outside of the
roadway envelope can reduce the amount
of de-icing material needed and improve
drainage. This pavement type comes with
other considerations, however, such as the
need to be vacuumed so that it does not
silt up and become slippery.
• Frequent inlets or stormwater
management treatments, such as
bioswales, can reduce pooling concerns.
• The AASHTO Guide maximum shared
use path cross-slope is 2% (with 1%
recommended), which allows for
adequate drainage. Facilities that serve
people walking must be ADA compliant.

106

Black ice and ice in general pose a serious
threat, even for short stretches. Apply
anti-icing treatment before frost or light
snow events in accordance with roadway
guidelines. Apply de-icer treatment as needed
while clearing snow from bike facilities and
use environmentally friendly materials to the
extent possible.
Pre-wetted salt is roadway salt that is
sprayed down with a brine solution either
upon application or in storage prior to being
loaded in trucks. Pre-wetting facilitates the
dissolution of the salt, allowing for quicker
reaction times than dry salt, less material
than dry salt and improved application
accuracy.
Some roadway maintenance departments
combine a beet juice or cheese brine, a biproduct of cheese production with roadway
salt or salt brine. These substances are an
inexpensive additive to a de-icing solution
that improves the adherence of salt and sand
to the roadway and also lowers the freezing
temperature of the ice. The advantages
include being inexpensive, good adherence
to the roadway, and improved environmental
friendliness as compared to plain road salt.
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ONE-WAY SEPARATED BIKE LANE (SBL) SNOW MANAGEMENT
During winter, snow may accumulate at the edges of the bikeway, reducing it’s operating width. Minor snow accumulations
(shown in purple below) will not negatively effect the functionality of the facility, since bicyclist volumes are lower during
winter. With each successive storm the operating width is further reduced (shown by STORM 1; STORM 2; STORM 3). To
maintain a functional operating width of the bikeway routine plowing after snow events needs to be prioritized.

1

The operating width of SBLs is
reduced in winter months due to
snow piling up on the edges of
the bikeway. The encroachment
of snow can be managed
through routine plowing and
snow removal after clean up.

2
A skid steer loader
with a plow and/or
brush is the ideal tool
to plow one-way
SBLs.

3

As more snow builds up within the buffer
area, it begins to spill further into bikeway,
effecting its operating width. The
operating width should never fall below 4
feet.

4
A snow bank of 1.5 feet or less has minimal impact
on the operating width of the bikeway. Snow
accumulations of this amount can be accommodated almost entirely within the buffer.

STORM 3

STORM 3

STORM 2

STORM 2
STORM 1

STORM 1

5
Areas in which
snow encroaches
into the bike lane
should not reduce
clear zone to less
than 4 feet in
width

6

Plowing and snow removal is a coordinated
effort between crews and/or agencies clearing
roadways, parking lanes and bike lanes. The
order of operations may vary depending on the
configuration and interagency agreements.

Delineator posts should be removed during the winter
months to avoid being struck and damaged during
plowing operations.
One-Way
Separated Bike Lane
(5’ Min)

Snow

Buffer

Adjacent Travel Lane

(3’ Min)

DESIGN

• Consider structural pavement design and
if the facility can support the weight of
maintenance equipment.

Designing facilities with maintenance in mind
improves maintenance operations during
snow events.

• Surfaces with a tapering edge, such as
speed bumps and humps, can be difficult
to clear.

• Minimum widths result in higher stress
facilities. This is especially true in winter,
when people riding bikes may feel less
confident next to passing motor vehicle
traffic.

SEPAR ATED BIKE L ANES:

• Mountable curbs increase comfort but
may be difficult for plows to detect and
properly clear snow adjacent to this curb
type
• Provide snow storage space, such as a
boulevard. Width needs will vary; identify
needs in a timely manner.

FACILIT Y SELEC TION
Well-designed separated
bike lanes and shared use
paths encourage people to
keep riding bikes year-round.
When planning bikeways,
opt for increased separation
whenever possible.

• Bike lane and snow storage widths are
important to ensure separated bike lanes
that are well-maintained during snow
events. Allow space between physical
barriers for snow removal.
• See guidance on selecting snow removal
equipment for separated bikeways.36
• Sidewalk level separated bike lanes or
at-grade separated bike lanes with raised
medians, may simplify snow removal.
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OPER ATIONS

COMMUNIC ATION

Bare lane regain time:

Internal communication:

• This concept is important to facilitate bicycle travel,
especially for less confident bicyclists. Set clear policies
related to the timing of snow removal on bike facilities
after snow events.

• Standardized employee training and standard snow removal
procedure helps reduce variation in snow clearance quality.

• ADA requires shared use paths remain clear and usable
year-round.
Snow removal priorities:
• Neighborhood streets without dedicated bicycle facilities
are important elements of a low stress network. A possible
conflict exists because these streets are likely lower
priority for snow removal. Local agencies should work to
set priorities that ensure robust winter bikeway networks.
Removing snow from mountable aprons:
• Clear snow from mountable aprons by first clearing the
truck apron, then clearing the travel lane outside the apron,
and finally clearing curb ramps and bicycle and pedestrian
spaces.
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Communicating with the public:
• Restricting parking helps achieve prompt snow removal.
This must be adequately communicated.
• Plowing operations can be hazardous to bicyclists. For
example, clearing snow in an active contraflow lane
requires a plan to address and promote safe practices.
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Pavement Markings and Signs

Construction

SIGNS:

RECESSED MARKINGS:

• Signs are important to reinforce the
presence of a bike facility. This is
especially important during snow events
when markings may be less visible.

• Recessed markings significantly increase
the longevity of pavement markings.

WHEEL TR ACKING:
• Bicycle intersection crossing markings
should be placed in such a way that motor
vehicle tires do not interfere with the
marking.

Operations
STRIPING:
• Plan to renew bicycle-specific striping
and pavement markings at the same time
as other pavement markings.37 Certain
markings may require more frequent
replacement due to turning movement
wear or the durability of the material used.

• Establish a schedule for regularly checking
signs.

COMMUNIC ATING
WITH THE PUBLIC
Electronic signs reminding
people of bikes may be
temporarily installed along
specific bike facilities or
along new project corridors.

• Maintain on-street bicycle signs in the
same manner as other signs.38

STRUC TURES, LIGHTING, AND
OTHER FE ATURES:
• Routinely check trail lighting, if provided.
• Lighting at key intersections or high crash
locations may need additional attention.39
• Structures: “Surfaces should repel paint,
lighting should be hard to damage, and
other parts and pieces should not be easy
to remove.”40
• Replace bollards and other physical
delineators, as needed.
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6

Demonstration
& Pilot Project
Guidelines
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Introduction
Demonstration Project vs. Pilot Project
For the purposes of this guide, a demonstration project is low-cost temporary roadway
project typically lasting less than one week. The primary purpose of a demonstration project
installation is to provide engagement and education by exploring new ideas to improve walking,
bicycling, and public space.
A pilot project uses more durable materials to last up to three or four months. Pilot projects
demonstrate design solutions to improve walking, bicycling, and public space. Typical projects
for both a demonstration and a pilot may include crosswalk markings, median safety islands,
curb extensions, and bike lanes. Pilot projects are more focused on evaluating road use behavior
and the impact of the project elements on vehicle speeds, yielding rates, and/or pedestrian and
bicycle usage. Pilot projects may be used to evaluate longer-term interim or final installations.

DEMONS TR ATION
AND PILOT PROJEC TS
ALLOW MANHAT TAN
PUBLIC AGENCIES
AND COMMUNIT Y
PARTNERS TO
E VALUATE POTENTIAL
INFR A S TRUC TURE
IMPROV EMENTS
BEFORE IN V ES TING IN
PERMANENT CHANGES.

Why Use Demonstration and Pilot Projects?
Demonstration and pilot projects allow Manhattan public agencies and community partners
to evaluate potential infrastructure improvements before investing in permanent changes.
Benefits include:
• Increase public engagement, awareness, and understanding by inviting people to try new
active transportation projects
• Build support for longer-term project implementation
• Test and evaluate project components before making further investments
• Encourage people across disciplines and departments to work together in new ways
and strengthen relationships with elected officials, school representatives, non-profit
organizations, local businesses, and residents

Who is this for?
This guide builds off of precedents from past projects in Manhattan to provide Public Works
and Community Development with an approach to planning, designing, implementing, and
evaluating demonstration and pilot projects across the city.
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Selecting a Site and Project Type
There are multiple factors to consider when selecting a site
and project type for a demonstration or pilot project.

Selecting a Site
When selecting a site for a pilot project, there should be
a demonstrated need for making changes at a specific
intersection or crossing. The need should be identified from
a previous planning effort (e.g., a Safe Routes to School
Plan, Comprehensive Plan, Bicycle/Pedestrian Master Plan)
or another planning process that included engagement with
community members. By installing a pilot project, the cCity
will be communicating to the public that they are evaluating
potential solutions for long-term change. The project location
should improve overall safety and non-motorized access to
priority destinations within a community.
A more ephemeral demonstration project, however, may not
need to originate from an existing plan’s recommendations.
Rather, a demonstration project may be installed to simply
provide an engagement platform and an opportunity for
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discussion with community members. Still, a demonstration
project should be designed to closely match best practices for
geometric design of a permanent feature or features (see more
in Planning, Permitting, and Design).

Selecting a Project Type
The selected demonstration project should have safety
benefits for all people using the roadway. Instead of
considering project components separately, they should be
thought about as ingredients for a project. It is important to
work with Public Works to determine how to best combine
project components. For example, crosswalk markings are
often installed with curb extensions or median safety islands.
Project types should be selected based on the context of
the specific installation site. Traffic conditions, physical
characteristics of the roadway, the behaviors and needs of
people traveling through the site, and other factors should be
considered to develop a viable and context-sensitive project.
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POTENTIAL PROJEC T COMPONENTS
HIGH -VISIBILIT Y CROSSWALK MARKINGS
High visibility crosswalk markings highlight pedestrian
crossing locations. Ladder, zebra, and continental crosswalk
markings are more visible to approaching motorists than
standard parallel lines. Crosswalk markings delineate the
path that pedestrians (and bicyclists at trail crossings) should
take across the street, and help alert drivers to their presence.
Crosswalk marking may be applied where pedestrian traffic is
anticipated and encouraged. Demonstration or pilot projects
will be easiest at intersections or crossings where ADA
compliant curb ramps are in place and where walkways exist
on both sides of the street.
Stripe the crosswalk as wide or wider than the walkway it
connects to (no less than six feet wide). Align the crosswalk
as closely as possible to the pedestrian desire line.
Retroreflective materials are recommended, especially at
locations with no or low lighting.
Typical components and materials include high-visibility white
paint or traffic tape (type dependent on duration of project),
retroreflective glass beads, and crosswalk stencils. In some
locations, it may also be appropriate to include in-street
pedestrian crossing signage.

CURB EX TENSIONS
Curb extensions, also called bump-outs or bulb-outs, visually
and physically narrow the roadway without detracting from
the vehicular travelway. They create shorter crossings for
pedestrians and they increase the visibility of people walking
and driving. Curb extensions can be used at intersections or
midblock crossings. Demonstration and pilot projects using
curb extensions are easiest on streets with shoulders or
curbside parking.
At a minimum, the length of a curb extension should be at
least the width of the existing crosswalk markings, if present.
Curb extensions should be slightly narrower than adjacent
parking lanes (consider engineering factors, including the
vehicles using the roadway). Barrier elements such as flexible
delineators can be used to demarcate the curb extension from
parking and travel lanes.
Typical components and materials include paint (type
dependent on duration of project), temporary traffic
tape (paint can be used for shorter duration projects),
retroreflective glass beads, and flexible delineators.
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MEDIAN SAFET Y ISL AND ( PEDESTRIAN REFUGE
ISL AND )
Median safety islands create a two-stage crossing for people
walking or biking across a street. Median safety islands
shorten the crossing distance and reduce the number of lanes
people have to cross at once. Generally, median safety islands
are located between opposing lanes of traffic. Median safety
islands may be used at signalized or non-signalized crossings
along streets where people walking or bicycling would benefit
from being able to cross one direction of traffic at a time.
Ideally, median safety islands should be at least 10 feet wide
to allow a bicycle with a trailer to wait; however, they can be
as narrow as six feet in constrained conditions (length of one
bicycle). Median safety islands should be at least 40 feet long;
median safety islands of this length or longer are generally
more noticeable for approaching motorists. When installed
on a two-way street, median safety islands should be placed
along the centerline of the roadway between opposing vehicle
travel lanes with a “KEEP RIGHT” sign placed on each end.
Typical components and materials include yellow paint
(type dependent on duration of project), temporary traffic
tape (paint can be used for shorter duration projects),
retroreflective glass beads, and yellow flexible delineators.
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BIKE L ANE
A bike lane is a designated space for people to ride bicycles
within the street right-of-way. Buffered bike lanes include an
additional striped buffer between the bike lane and adjacent
vehicle travel (or parking) lane. Separated bike lanes include
a physical barrier between the bike lane and adjacent vehicle
travel lane, such as bollards or a low curb.
Bike lane demonstration and pilot projects may require more
detailed traffic control planning. In addition, it’s important to
consider how to transition the project end points, and whether
the bike lane connects to an existing network. Streets with
curbside parking can work well if parking can be prohibited
during the demonstration or pilot project. Streets with
shoulders or wide outside lanes can also work well depending
on the space available.
Conventional bike lanes should be 5 to 7 feet wide. Buffered
bike lanes should include a painted buffer of at least 2 feet.
Separated bike lanes should include a physically separated
barrier space of at least 3 feet. For more information, see the
NACTO Urban Bikeway Design Guide.
Typical components and materials include paint (type
dependent on duration of project), stencils for bike lane
markings, bike lane sign, and barrier elements for separated
bike lanes (typically flexible delineators for demonstration or
pilot projects).
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Planning, Permitting, and Design
Project Planning

PROJEC T DUR ATION

SITE DESIGN

Project duration could be decided based on project goals,
project budget, or community support. However, it will also
impact other decisions including materials, evaluation metrics,
and design and coordination.

Before beginning project design, refer to the previous section
to determine the project location and preferred project type.
The next step is to develop an initial sketch of the project
site and potential design solutions to address the purpose of
the demonstration or pilot project. The initial sketch can be
an opportunity to note existing features that need further
exploration and discussion, such as the presence of driveways,
ADA considerations, transit stops, and other elements that may
be a factor in more detailed design.
Once the project location, project type, and general
application have been defined, then it’s time to develop a more
detailed site design and layout. Public Works will know how to
reference roadway design standards, including the MUTCD and
other local standards, and whether temporary traffic control is
required during installation.
A detailed design of the demonstration or pilot project should
be drawn to scale and reference existing features such as
curbs and curb cuts. In coordination with Public Works, the
movements of motorized design vehicles through the project
site have to be taken into account (e.g., if the project requires
school buses to access, detailed design should show how
turning movements will be accomplished).

DEMONSTR ATION PROJECT
Demonstration projects will generally be 1 to 7 days long.
These types of shorter projects can be a great tool for testing
new treatments and starting conversations about potential
changes—either at that specific location, or for discussion at
a different location in the city. When selecting evaluation
metrics and conducting analysis, it’s important to understand
the limitations and implications of the data based on a short
project duration.

PILOT PROJECT
Pilot project will generally be 3 to 4 months long. These
longer-term temporary infrastructure projects require more
durable materials, and more durable materials have a higher
cost. Data-based analysis of behavior changes is more feasible
with a longer project duration. For example, a multiple-month
installation of a mid-block marked crossing and median safety
island can be evaluated using before/after motor vehicle
speed and yielding compliance in addition to qualitative
evaluation methods.
Additionally, pilot projects may have a more significant impact
on adjacent residents or business owners than demonstration
projects. The communication and coordination with residents
and city services will be more involved and nuanced for a
multi-month pilot project than a one-day demonstration
project.
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Material Selection
Projects being considered for demonstrations or pilots should
use materials that would be acceptable in the context of
the specific project for the expected project duration. Public
Works should provide guidance on appropriate materials
including colors, dimensions, quantities, and vendors.
For a shorter-term demonstration project, diluted tempera
paint may be used within curb extensions and median refuge
islands for easier removal at the end of the project. Corn
starch may be used to thicken tempera paint for edge line
striping. For longer-term pilot projects, more durable acrylic
traffic paint may be more appropriate (however, it is much
more difficult to remove—coordinate with the road authority
on the type of paint to use and potential approaches to
project removal).

MUTCD CONSIDER ATIONS
The MUTCD governs traffic control devices with the goal of
ensuring consistency in messaging to road users. Consistency
is important for safe transportation infrastructure because
the meaning of each device must be universally understood
by drivers. The city should only use treatments that are
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compliant with the MUTCD. The use of non-standard
treatments could increase the risk of a crash or injury, and
liability related to the use of non-standard treatment falls to
the road authority.
Specifically, the MUTCD includes recommended colors for
various treatments and discourages non-standard use of color
as it could distract drivers, reducing their ability to notice
pedestrians or other moving elements.
Additionally, the MUTCD provides guidance on crosswalk
design and pavement color.
The FHWA has issued an interpretation on crosswalks that
states: “Examples of acceptable treatments include brick
lattice patterns, paving bricks, paving stones, setts, cobbles,
or other resources designed to simulate such paving.
Acceptable colors for these materials would be burnt red, rust,
brown, burgundy, clay, tan or similar earth tone equivalents.
All elements of pattern and color for these treatments are to
be uniform, consistent, repetitive, and expected so as not to
be a source of distraction. No element of the aesthetic interior
treatment is to be random or unsystematic. No element of
the aesthetic interior treatment can implement pictographs,
symbols, multiple color arrangements, etc., or can otherwise
attempt to communicate with any roadway user.”
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The following is a summary of guidance for material colors
based on MUTCD considerations:
• Use yellow flexible delineators on yellow center areas like
median centerlines, and white flexible delineators on side
areas like curb extensions.
• Use red, rust, brown, burgundy, clay, tan, or similar earth
tone pavement color equivalents for interior areas of
median safety islands or curb extensions.
• Do not use blue in curb extensions or median safety islands
as it could be confused with a disability parking zone.
• Do not use green as a solid color unless it is within a bike
facility (the lane itself, not the buffer).
• If patterns are used, keep them at a pedestrian scale, so
they are not distracting to motorists on the approach.
Additional guidance based on MUTCD considerations:
• Geometry of tapers for median safety islands and curb
extensions should comply with design speed to the greatest
extent possible.
• Keep width of marked crosswalks, bike lanes, and travel
lanes within established ranges.

Permitting
The City of Manhattan uses a Special Event Permit to approve
the installation of a demonstration or pilot project. The
Finance Department manages the Special Event Permit;
both the Police Department and the Parks and Recreation
Department have to sign off on the Special Event Permit after
it’s reviewed by Public Works.
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EX TERNAL APPLIC ATION
If a neighborhood group or other non-city entity wants to
install a demonstration or pilot project, then there may be
more coordination and communication required to get the
required internal city stakeholders (e.g., Public Works) to
engage. The City is encouraged to think more about the types
of projects that may be allowed for external applications. For
example, Community Development may be the first recipient
of an external application to determine whether the idea may
be appropriate for a demonstration or pilot project. If deemed
a possibility, then Community Development would share with
Public Works for consideration before suggesting any other
next steps.
Depending on the application, Public Works may be motivated
by the project and may devote staff time to assist. However,
the applicant may be required to develop an engineering
drawing with turning movements and other details for review.
The City is encouraged to develop internal capacity to
streamline an application process for inviting non-city
applications for demonstration or pilot projects. This could
allow the City to take conceptual designs and help turn them
into installation diagrams, or provide resources to support
the development of an engineering diagram (for example,
a match program with a neighborhood group). Community
Development can consider developing an internal budget,
limiting the number of external applications, and then
developing the needed support internally to turn a select
number of external applications into projects each year. The
City may additionally partner with the Flint Hills MPO and
other agencies and community organizations to organize and
install demonstration projects, including developing and
maintaining a shared project material inventory.

INTERNAL APPLIC ATION
If the permit application is internal, the process can be
negotiated in terms of which department is leading. Still,
a review of the potential locations for projects with Public
Works should be done first. Then, measurements and
installation designs are needed to be attached to the permit
application form. After the form is submitted there is typically
about a one-week turnaround to issue the permit.
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Documentation and Evaluation
Thoughtful evaluation can help to build support for active
transportation and achieve long-term goals around equitable
street design. If the project does not perform as intended,
future designs can be calibrated to reflect lessons learned.
Documenting conditions before and during the project
installation creates a record of the temporary changes and
how the project impacts the community. Photos and video
before project installation, during installation, and while
the project is active will be important resources for future
reference.
The first step in planning evaluation is developing questions
that the evaluation will seek to answer. Engage Community
Development and Public Works, and other key stakeholders
such as community groups and businesses located near the
project site, to articulate the evaluation questions. Typically,
it’s best to avoid yes/no questions. Examples of evaluation
questions may include:
• How many people engaged with the project site?
• What impact did the project have on driver behavior at this
site?
• How did the project affect perception of safety at the site?
• What did users like and dislike about the project?
The questions selected will then determine the best
evaluation methods and tools to use.
A note about crash history: because of their infrequency,
crashes should not be used as a before and after evaluation
tool. Crash history at a site may help identify that site
for treatment, but it will be difficult to measure the
demonstration project’s impact on crashes over a short period
of time.

Evaluation Methods
INTER AC TIVE DATA COLLEC TION
Interactive data refers to data that is collected from people
(i.e. asking people to answer a question or give information).
Examples include quotes or observations. These kinds of data
are useful in telling the story of the project in a genuine and
human-focused way. Interactive data can be collected from
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both demonstration projects and pilot projects. Interactive
data collection can typically be used to understand user
perception—a measurement of how safe a person feels under
various network scenarios.
Typical methods to gather interactive data include intercept
surveys, questionnaires, interviews and testimonials, idea
boards, and social media.

PA SSIVE E VALUATION
Passive evaluation refers to data that can be collected through
passive observation or analysis. Passive evaluation methods
will help to determine how the project may have impacted
key users, and whether or not it was a success. This type of
evaluation typically applies to longer-term temporary projects,
such as pilot projects.
Typical examples include pedestrian, bicycle, and vehicle
counts, traffic speeds, or yielding compliance. Additionally,
measuring vehicle delay can be valuable if there are concerns
about traffic backups as a result of the project.
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Installation, Maintenance, and
Removal
Installation

Maintenance

The installation of a demonstration or pilot project requires
thoughtful consideration of timing, tasks, roles, and
responsibilities. Depending on the duration, project extents,
and installation complexity, there will be varying needs for
the number of people required, for temporary traffic control,
and for other materials or tools. Below are questions to
consider to help determine installation needs.

Maintenance of the demonstration project installation will
depend on how long the project is installed and extent of
the project. Very short-term demonstration projects may not
require any ongoing maintenance. Pilot projects will likely
require a plan to maintain the project elements over time. The
level of expected maintenance required should be determined
when planning the project, and a plan for touching-up or
replacing project elements should be discussed.

How long will the installation take? A typical intersection
installation takes about 2 to 4 hours with about 3 to 4 people
assisting. Consider splitting the installation into segments if
fewer people are available. Additionally, consider providing
food and water, as well as direction to an available restroom.
Provide guidance for the type of clothing to wear, including
high-visibility vests.
Who is doing the installation? Check with the City to
determine if volunteers can assist with installation. If
installation by the City or a contractor is preferred, check to
see if permission can be granted under the liability of the City.
Also, check to see if the engineer or a representative from the
City is on site to document installation and the final product.
What type of project is being installed? Plan for delivery of
the project materials to a convenient location near the site.
Additionally, provide any required support materials (e.g.,
paint rollers, marking chalk, tape measures, scissors, etc.).
Also, plan for any pre-treatment of the street surface (e.g.,
will the intersection be swept the night before if painting
is involved in the project?). If the installation is weather
dependent, schedule a backup rain date ahead of time.

For example, if flexible delineators are installed, plan to check
periodically that they haven’t been damaged or removed. If
the project includes paint, check to see if there are any needs
for touch ups or if covered elements become uncovered
accidentally. If traffic tape is used, check that the edges do not
get torn or if any sections are removed. Additionally, check to
see what provisions there are for street sweeping and trash
removal.

Removal
Project removal is generally more straight-forward than
installation; however, a plan should be made for removal
ahead of time. Depending on the complexity of the project,
traffic control may be required for removal. Also, check to
see if there will be any permanent impact to the existing
infrastructure; make a plan to remedy if so. As with
installation, check to make sure that pedestrian accessibility
is not impacted by the project’s removal process. There should
be a plan for reusing project elements, if possible, and storing
them in a predetermined location.

Are any special roadway operations to consider? If there
are buses or other unique vehicles using the street, check
that accommodations are made to continue operations or
provide any detours, if necessary. Coordinate with the City
to phase the installation of the project if needed to maintain
continuous pedestrian access. Additionally, check that the
installation does not limit ADA accessibility.
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