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What is Vision Zero?
Arlington County is committed to safety on our transportation system. In recent years, our roads are
ranked as some of the safest in the country for people to walk, bike, take transit, or drive. Despite this,
on average, nearly fifty-five (55) people are seriously injured and four (4) are killed in crashes on roads in
the County every year.
In 2019 the County adopted a Vision Zero resolution to
reduce the number of serious injuries and fatalities on its
roads to zero . By joining over forty of our peer
communities across the United States in setting a goal of
zero traffic deaths, our County is clearly stating that lifealtering injuries or deaths on the transportation system
can, and should, be prevented.
Key aspects of Vison Zero in Arlington County include:
•
•

Eliminating all traffic fatalities and serious injuries
Working proactively to create safe, healthy,
equitable mobility for all
Identifying and addressing safety issues before
they cause harm
Providing opportunities for everyone in the
community to help improve transportation safety

•
•

In September 2019, an equity resolution also affirmed the Arlington County’s Vision Zero Action Plan
community’s vision of being a diverse and inclusive
world-class urban place where each person is important. An equitable approach to Vision Zero includes
studying who benefits and is burdened by existing safety conditions and using the results to guide
planning and implementation of safety improvements.

“Vision Zero is a strategic,
fundamental shift in how we
address safe transportation that:
•
•
•

Recognizes that traffic deaths and
injuries are preventable
Factors human behavior and error into
proposed solutions
Emphasizes that safety enhancements
don’t have to be expensive”

The County adopted its first five-year Vision Zero
Action Plan in Spring 2021. The Plan outlines
actions the County and community will take over
the next five years to help eliminate deaths or
serious injuries on Arlington’s roadways by 2030.
Among the first Action Items, our Action Plan
calls for the creation of this multimodal safety
toolbox to establish shared understanding of
key engineering strategies available to address
roadway safety issues in our community.

-Arlington County Vision Zero Action Plan, 2021
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Toolbox Purpose
This Multimodal Safety Engineering Toolbox was initiated in Arlington’s first five-year Vision Zero
Action Plan under Action Item B7: Multimodal Safety Toolbox. The objectives of this Toolbox are to:
1. Inform stakeholders about safety improvement options and their appropriate uses and
contexts
2. Communicate tools to a community audience using easy-to-understand language
3. Facilitate coordination between staff, contractors, developers, and the community when
discussing transportation safety improvements
4. Create a shared understanding and realistic expectations around safety treatments.
The Toolbox describes each tool, how it is applied in Arlington to address safety issues, and its expected
impact on safety. It also includes general information about each tool’s application, typical placement,
estimated costs, and delivery timelines.
This Toolbox is not meant to replace engineering investigations, feasibility evaluation, and design. The
selection of tools for a specific location is always subject to engineering judgement and contextsensitive design, as described in each section of this document.
The Multimodal Safety Engineering Toolbox is also not intended to be a menu from which community
members can request safety tools for their street. Before staff consider a tool or tools to use in a certain
situation, they must first conduct an analysis to understand the existing safety issue. Therefore, to
achieve desired safety benefits, community-reported concerns should focus on observing and
communicating safety issues rather than asking for specific tools.
To learn more about Arlington’s process to identify safety issues and move issues forward for tool
selection and implementation, please see the Appendix on Safety Issue Identification & Tool Selection.

Limitations of the Engineering Toolbox
As identified in the Action Plan, Arlington’s overarching transportation safety target areas are:
•
•
•
•
•
•

High-Injury Network Corridors
Intersections
Pedestrians
Bicycles
Alcohol
Distraction

•
•
•
•
•
•

Speed
Work Zones
Equity
Information Quality
Transparency & Accountability
Safety Culture

The tools in this engineering Toolbox are primarily able to address the following safety target areas:
Intersections, Pedestrians, Bicycles, Speed, and Work Zones.
While engineering plays a large role in addressing transportation safety issues, these tools alone cannot
achieve our public safety goals. Other actions set forth within the Action Plan are intended to make
strides in other target areas over the course of the next five years. For example:
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•
•
•

•

•
•

To reduce crashes on our High Injury Network Corridors, staff are committed to conducting
safety audits on the High Injury Network and prioritizing tools and projects (both small and
large scale) to improve this network.
To minimize dangerous behaviors like Alcohol and Distraction, we will deploy public
information and engagement campaigns with community partners to help the community
understand the gravity that their decisions have on the people around them.
To achieve Equity in transportation safety—ensuring that all people have access to safe travel
options and no one is disproportionately affected by traffic violence—we are investigating
imbalances in crashes, injuries, and self-reported safety concerns across neighborhoods and
demographics. The findings of these analyses will collectively guide future engagement and
investment, and ultimately lead to continuous assessment of our progress toward equity.
To improve Information Quality for transportation decision-making, we are working with
police to ensure crash reports are recorded accurately, collecting data from local trauma
centers to catch severe transportation injuries not reported to police, developing transportation
inventories to allow for safety analysis that goes beyond crash histories, and enhancing
outreach efforts so that the feedback we collect is representative of the entire community.
To serve our community with Transparency & Accountability, we are reporting out on our
Vision Zero Performance Metrics and progress toward each individual action item set forth in
the plan every quarter and publishing transportation data and guidelines.
To create a true Safety Culture in Arlington, we are actively partnering with the community,
community organizations, nonprofit organizations, fellow government organizations,
transportation service providers, and more to share and collect information and experiences
about transportation safety—so that there is a shared responsibility to travel safely in Arlington
no matter who you are and where you are going.
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Toolbox Organization
The tools in this toolbox are organized into the following sections:
1.
2.
3.
4.
5.

Crossings and Signals
Bicycle and Pedestrian Facilities
Transit Facilities
Speed and Traffic Management
Other Road Design Elements (for example: geometry, streetscapes, and lighting)

New Tools
Traffic engineers and planners across the world are constantly seeking and implementing new tools to
make roadways safer for vehicles, bikes, pedestrians, and other user groups. Therefore, this toolbox will
be updated to include new tools over time, as appropriate.

How to Read the Tool Descriptions
Each transportation engineering tool within this Toolbox includes a description of each of the following
aspects of the tool:
•
•
•
•
•
•
•
•
•

Safety Benefits
Street Types
Land Use Context
Primary User Groups
Key Implementation Considerations
Expected Crash Reduction
Cost
Timeline
References

Safety Benefits
Broad categories of safety benefits for each tool include:
•
•
•
•
•

Speed Reduction,
Crossing Improvements
Visibility Improvements
Conflict Reduction
Transit Access Improvements.

Street Types
Each road or trail in Arlington may not have the same characteristics, so the same tool may deliver
different results from one location to another. Choosing the best tool for a specific location depends on
factors like street characteristics, number of travel lanes, geometry, vehicle speeds, and volumes. For
example, some treatments are more appropriate for use on neighborhood roads while others are better
used on arterial streets with higher traffic volumes.
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County streets are categorized using “functional classifications,” which provide a basic idea of how
people use the road. Below is a summary of the Arlington County street network functional
classification as defined in the County’s most recent Master Transportation Plan Streets Element. The
Toolbox identifies on which road types each tool is applicable.
Controlled-Access Highways
• Interstates, highways, and freeways
• Owned and managed by the Virginia Department of Transportation (VDOT) or federal agencies
• High speed limits (45+ MPH)
• 2+ lanes in each direction
Principal Arterial Streets
• Major connecting roads with high traffic volumes
• Owned and managed by VDOT or Arlington County
• Mid-level speed limits (25-45 MPH)
• 2+ lanes in each direction
Minor Arterial Streets
• Roads with medium traffic volumes that connect principal arterial streets with local streets
• Owned and/or managed by VDOT or Arlington County
• Mid-level speed limits (25-30 MPH)
• 1-2 lanes in each direction
Local Principal Streets
• Low volume roads that connect arterial roads to neighborhoods
• Typically owned by Arlington County
• Low level speeds limits (20-25 MPH)
• 1 lane in each direction
Local Minor Streets
• Low volume roads that provide access to homes or facilities within a neighborhood
• Typically owned by Arlington County
• Low level speed limits (20-25 MPH)
• 1 lane in each direction

9

Arlington County’s Street Network Functional Classification
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Land Use Context
Engineers must consider the land use context near a street or trail, such as: nearby homes, civic
buildings, businesses, public spaces (plazas or parks), or future site plans when choosing the best tool
for a location. Context-sensitive planning ensures that engineers understand how and why people
travel in an area.1 The Toolbox lists the following land use contexts in Arlington for each tool:
•
•
•

Suburban: Somewhat developed areas with at least some detached, single-family housing and
some pedestrians
Urban: More developed areas with at least some multifamily housing and more pedestrians
Urban Core: The most developed areas with dense, high-rise buildings and greatest amount of
pedestrians

Primary User Groups
The main types of roadway users expected to benefit from or use each tool are indicated with the
following icons:
Pedestrians

Bus Operators & Riders

Bicyclists and Scooter Riders

Motorcyclists

Car Drivers
Truck Drivers & Goods Movement

Key Implementation Considerations
Each tool description lists factors that may impact its implementation. These often include aspects
specific to the engineering of a particular tool and the roadway and environment in a location
considered for implementation. Nearby bus routes and Metro/bus stops, as well as other connecting
transportation facilities (nearby streets, trails, bridges, bikeshare stations, or pick up-drop off areas) are
other required considerations. Other key factors that could impact the ease, cost, or timeline of
implementation are also noted.

Expected Crash Reduction
Transportation researchers have estimated the probability of a tool to reduce crashes (measured as a
percentage). This Toolbox highlights research-based crash reduction estimates for each tool when
available. When research-based crash reduction estimates are not available, the Toolbox provides other
research to indicate potential safety outcomes.

1

For more information see the Expanded Function Classification System (FCS) and associated design matrix in the
National Cooperative Highway Research Program’s Research Report 855, which can assist in identifying the
preliminary requirements for proper consideration of roadway context and user needs.
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Note: According to the Federal Highway Administration (FHWA), crash reduction estimates should be
regarded as a generic guide for understanding the impacts of a safety tool. Environmental, traffic
volume, multimodal, geometric, and operational conditions may impact a tool’s effectiveness.
Engineers must use professional judgement and consider local factors when considering the best tool
for a location.2 Deploying multiple tools at the same location may have complementary safety benefits.

Cost
The cost ranges listed for each tool include estimates for planning, engineering, installation, and
maintenance. Some tools require monitoring and maintenance to ensure they remain effective
throughout their lifecycle. Tools that require significant ongoing maintenance are less desirable for
application than those that require minimal maintenance and are indicated with a tool icon.
Cost categories for each tool in this Toolbox are as follows:
Low – Typically $5,000 or less
Moderate – Typically $2,000 to $100,000
Medium – Typically $100,000 to $300,000
High – Typically $300,000 or more
Tool that typically requires significant ongoing maintenance

Timeline
The timeline ranges listed for each tool include estimates for planning, engineering, and
implementation. Timeline categories listed for each tool are as follows:

Short – Within 1 year
Medium – 1-3 years
Long – 3+ years

Definitions & References
The Toolbox includes definition of key terms, as well as links and references to resources and research
studies that provide further information about each tool.

2

Federal Highway Administration, Crash Reduction Factors (2014), https://safety.fhwa.dot.gov/tools/crf/
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Safety Benefits
Page
#

Tool

Speed
Reduction

Crossing
Improvements

Visibility
Improvements

Conflict
Reduction

Transit Access
Improvements

Crossings and Signals
15

Raised Refuge Islands

•

•

•

•

•

17

Protected Intersections

•

•

•

•

•

19

Hardened Centerlines and Turn Wedges

•

•

•

•

21

Pedestrian Hybrid Beacons (PHB)

•

•

•

23

Rectangular Rapid Flashing Beacons (RRFBs)

•

•

•

25

Signal Timing and Phasing

•

27

No Right Turn on Red Signage

•

29

•

31

Parking Restrictions at Crossing Locations/
Daylighting
Signage and Pavement Markings

34

Traffic Signal Backplates

•

•
•
•

•

•

Varies
•
Bicycle and Pedestrian Facilities

36
38

Conventional, Contraflow, or Buffered Bike
Lanes
Separated Bicycle Facilities

40

Multi-Use Trails/Pathways

42

Sidewalks

•

•

•

•

•

•

•

•

•

•

•
•

Transit Facilities
45

Transit Priority Lanes

•

•

•

•

47

Transit Stops

50

Floating Bus Stops/Bus Islands

•

•

•

•

53

Slow Zones

•

•

54

•

•

56

Speed Humps, Raised Crossings, and Similar
Raised Areas
Automated Enforcement

•

•

58

Speed Feedback Indicator Signs

•

59

Speed-Related Signage or Pavement
Markings
Speed Limit Reduction and Policies

•

•

•

•

•
•

Speed and Traffic Management

61

•

Other Road Design
64

Modern Roundabouts

•

•

65

Modifications to Corners

•

•

•

•

67

Roadway Reconfigurations

•

•

•

•

69

Lighting

•

•

TABLE: Treatments in the Arlington County Vision Zero Multimodal Safety Engineering Toolbox

13

Crossings and Signals
Crossings and Signals

14

Raised Refuge Islands
Purpose
Protect people crossing the street by slowing
vehicle speeds, increasing vehicle yielding,
increasing pedestrian visibility and providing a
pedestrian waiting area.

Description

Offset

Straight

Separated Bike
Lane (One Way)

Separated Bike
Lane (Two-Way)

Raised refuge islands have a cut out area that is
at least six feet wide for pedestrian and bicyclist
refuge and are used as a supplement to a
crosswalk. Raised refuge islands ensure
pedestrians have a safe place to wait if they
cannot cross both directions of traffic at once.
The crossing may be accompanied by
additional signage to increase pedestrian
visibility.
Also known as pedestrian refuge islands.

Safety Benefits
•
•
•
•
•

Reduces crossing distance and time
pedestrians are exposed to traffic.
Allows pedestrians to cross the street
one direction of travel or fewer lanes at
a time.
Eases crossing for slower pedestrians
(e.g. youth, elderly and disabled).
May provide space for additional
lighting at the crossing.
May slow vehicle speeds going through
or turning at the crosswalk.

•
•

Roads with fewer gaps in traffic.
Roads with high pedestrian crossing
volumes.

Primary User Groups

Street Types and Context
Applicable Street Types
Principal, Minor Arterial, and Local Principal
streets in developed areas.

Key Implementation
Considerations
•

Other Location Guidance
Most beneficial at uncontrolled crossings,
multi-lane roads, wide signalized crossings, or
complex intersections. Other applicable
locations include:
• Crossings at the midblock or at
intersections.

•

The design must accommodate
pedestrians with disabilities and should
be part of an ADA compliant pathway.
Raised refuge islands at intersections
may impact the ability of vehicles to
make safe left turns. An analysis must
be performed to determine the impacts
to vehicles turning left and in particular
15

•
•

•

the impacts to emergency vehicle
access.
Preferred width between 6 and 10 feet
to accommodate bicyclists and larger
volumes of pedestrians.
Curb extensions can be built along with
raised refuge islands to restrict onstreet parking and reduce crossing
distance.
Temporary refuge islands can be
constructed with temporary curbing or
flex posts.

References
•
•
•
•
•

Expected Crash Reduction

•

32% for vehicle-pedestrian crashes, 26% for all
crashes, 29% for all injuries (Zegeer et al. 2017).

•

Cost

Refuge islands constructed with temporary
materials are typically lower cost.

•

Arlington County Marked Crosswalk
Guidelines
Arlington County Median Nose
Guidelines
Virginia Department of Transportation
Road & Bridge Standards
PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System
Chapter 8 of Designing Sidewalks and
Trails for Access: Part II of II: Best
Practices Design Guide
American Disabilities Act Accessibility
Guidelines for Buildings and Facilities
FHWA Guide for Improving Pedestrian
Safety at Uncontrolled Crossing
Locations
FHWA Proven Safety
Countermeasures: Medians and
Pedestrian Crossing Islands in Urban
and Suburban Areas

Timeline

Varies. Use of temporary materials or minimal
roadway reconfiguration can speed
implementation.

Raised refuge islands provide protected space for people crossing. Photo: N Quincy St near Wilson Blvd.
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Protected Intersections

Typical elements of a protected intersection.

Purpose

Safety Benefits

Slow vehicle turning and reduce conflicts
between pedestrians, bicyclists, and vehicles.

•

Description

•

Protected intersections are a type of
intersection design that improves safety by
reducing the speed of turning traffic, improving
sightlines, and designating space for all road
users. Protected intersections reduce conflict
points between drivers and bicyclists by
separating the two modes. The separation is
achieved through corner islands that reduce
vehicle turning speeds and provide an area for
vehicles to wait while yielding to bicyclists and
pedestrians in the crosswalk. Protected
intersections eliminate the merging and
weaving movements from vehicles typically
found in conventional bike lanes and shared
streets. By clearly defining pedestrian and
bicyclist spaces and mitigating conflicts
between vehicles and vulnerable users,
protected intersections provide a safer
environment for all modes.

•
•
•

Reduces the speed of vehicles turning
right while maintaining appropriate
turn radius for larger vehicles.
Reduces conflict points between
pedestrians, bicyclists, and drivers.
Promotes predictable movement.
Allows eye contact among drivers,
bicyclists, and pedestrians.
Defines pedestrian and bicyclist
operating spaces within the
intersection.

Street Types and Context
Applicable Street Types
Principal Arterial, Minor Arterial, and Local
Principal streets in developed areas.

Other Location Guidance
Protected intersections work best at signalized
intersections with high volumes of bicycles and
vehicles.
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Primary User Groups

with a better safety record than conventional
bike lane designs (Schepers et al., 2011).

Cost
Key Implementation
Considerations
•
•

•

Protected intersections often require
modifications to corner radii.
An analysis of traffic conditions and
civil engineering impacts must be
performed to determine feasibility of
design options and consider safety
needs against operational tradeoffs.
Protected intersections must consider
accessible paths for people with
disabilities.

Expected Crash Reduction
A crash modification factor (CMF) has not yet
been determined. However, studies of “bend
out” intersection approaches (which bend the
bicycle lane away from the intersection center
as it approaches the intersection, as shown in
the figures below) find that separation
distance, or the distance between the bicycle
crossing and the motor vehicle through lane
from which the turning vehicle is turning, of 6.5
– 16.5 feet offers the greatest safety benefit,

Varies based on the amount and type of
treatments installed, but a fully built-out
intersection has a high cost.

Timeline

Often three or more years for a fully built out
protected intersection, although a protected
intersection may be delivered in a shorter
timeframe using quick-build materials.

References
•
•
•

NACTO Don’t Give Up at the
Intersection
Lessons Learned: Evolution of the
Protected Intersection
MassDOT Separated Bike Lane
Planning and Design Guide

Bicyclists can wait to cross the intersection behind raised refuge islands. Photos from outside Arlington County.
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Hardened Centerlines and Turn Wedges
Purpose
Reduce vehicle turning speed and increase
vehicle yielding to pedestrians.

Description
Hardened centerlines are flexible delineator
posts placed along the yellow centerline at an
intersection to block the diagonal path through
the intersection and encourage drivers to turn
left at a slower speed.
Turn wedges are raised curbs or flexible
delineator posts and pavement markings
wedged between the sides of perpendicular
crosswalks at an intersection to reduce turning
speeds and encourage driver yielding.

Hardened centerlines are installed between opposing
travel lanes.

Safety Benefits
•
•
•

Slows left-turning vehicles without
reducing traffic capacity.
Guides vehicles to wider turning angle
for safer and more predictable turns.
Increases visibility of pedestrians in
crosswalk to turning drivers.

Street Types and Context
Applicable Street Types
Principal and Minor Arterials in Urban and
Urban Core contexts. Local Principal and Local
Minor streets in all contexts.

Other Location Guidance
•
•
•

Hardened centerlines can be installed
at intersections or midblock crossing
locations.
In areas with turn-related crash
histories or observed improper yield
behaviors.
Turn wedges can be installed at the
corners of an intersection.

Primary User Groups

Turn wedges, made of flexible delineator posts and
pavement markings, slow turning vehicles. Photos from
outside Arlington County.

Key Implementation
Considerations
•
•
•
•

The turning paths of the design vehicle
must be considered.
Can be constructed rapidly and
inexpensively using paint and flexible
delineators.
The turning radius of trucks and buses
should be considered when installing
turn wedges.
Roadway maintenance activities like
plowing and street sweeping must also
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be considered when designing in-street
infrastructure.

Timeline

Expected Crash Reduction
46% for all crashes at raised medians (Bahar et
al. 2007).
A crash reduction estimate has not been
established for turn wedges.

Typically, a quick-build treatment.

References
•

Cost
•
Typically, a lower cost treatment.

•

Chapter 8 of Designing Sidewalks and
Trails for Access: Part II of II: Best
Practices Design Guide
American Disabilities Act Accessibility
Guidelines for Buildings and Facilities
FHWA Guide for Improving Pedestrian
Safety at Uncontrolled Crossing
Locations FHWA Proven Safety
Countermeasures

Turn wedges help to protect crossing pedestrians. Photo from outside Arlington County.
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Pedestrian Hybrid Beacons (PHB)
Purpose
A push-button activated beacon-controlled
crossing that provides a protected walk phase
for pedestrians and/or bicyclists.

Description
Beacons at major street crossing locations that
remain dark until a pedestrian or bicyclist
activates it via a pushbutton. When a
pedestrian presses the pushbutton, the beacon
turns yellow and then red to give people
walking and biking the right of way. Also called
High Intensity Activated Crosswalks (HAWKs).

Safety Benefits
•
•
•

Reduces pedestrian/bicycle wait times.
Provides a safe opportunity for people
to cross a busy road between signalized
intersections.
Reduces “multiple threat crashes.”
These crashes occur when a vehicle on
a multi-lane road stops for a crossing
pedestrian and another vehicle coming
from the same direction in the adjacent
lane strikes the pedestrian.

Pedestrian hybrid beacon at a crosswalk on an arterial
road. Photo of S Hayes St near 12th St S.

Key Implementation
Considerations
•
•

•

Street Types and Context
Applicable Street Types
All Principal and Minor Arterial streets

Beacons are preferably placed above
the crosswalk, rather than the side of
the road.
Most effective when vehicle speeds are
too high or gaps in traffic are too
infrequent for pedestrians to cross
safely.
PHBs are not common; consider
outreach efforts when implementing a
PHB to educate drivers, pedestrians,
and bicyclists.

Expected Crash Reduction

Other Location Guidance

55% for vehicle-pedestrian crashes (Zegeer et
al. 2017).

Are only placed at midblock locations. PHBs
can also be used:

Cost

•
•
•
•

Outside of turn lanes
Along trails that cross a major road
Where traffic signals do not meet
MUTCD warrants
Where there is >1 lane per direction and
AADT >9,000

Primary User Groups

Costs vary by site complexity.

Timeline

May extend beyond three years, depending on
complexity.
21

References
•
•
•
•

Manual of Uniform Traffic Control
Devices
Arlington County Marked Crosswalk
Guidelines
FHWA Guide for Improving Pedestrian
Safety at Uncontrolled Crossing
Locations
NCHRP 562 & TCRP 112: Improving
Pedestrian Safety at Unsignalized
Intersections

•
•
•

Pedestrian Hybrid Beacon Guide,
Recommendations and Case Study
Safety Effectiveness of the HAWK
Pedestrian Crossing Treatment
FHWA Proven Safety
Countermeasures: Pedestrian Hybrid
Beacons

Pedestrian hybrid beacons may be placed at key crossing locations for both pedestrians and bicyclists. Photo of S Frederick St &
George Mason Dr.
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Rectangular Rapid Flashing Beacons (RRFBs)
Purpose
Increase driver yielding to pedestrians at
uncontrolled crossings.

Description
Pedestrian-activated bright, irregularly flashing
LEDs mounted with pedestrian crossing signs
at uncontrolled crossings. Rectangular Rapid
Flashing Beacons (RRFBs) make a crosswalk
more visible to people driving and alert drivers
that a person is trying to cross. They can be
activated by pedestrians/bicyclists manually by
a push button or passively by a
pedestrian/bicycle detection system. In
Arlington, an RRFB is typically accompanied by
high-visibility crosswalk pavement markings,
and yield markings/signage. Can be solar
powered or hard-wired to the electricity grid.

Safety Benefits
•
•
•

Increases driver yielding.
Increases pedestrian/bicycle visibility.
Reduces the risk of multiple threat
crashes at crossings on multi-lane
roads.

Street Types and Context
Applicable Street Types
Principal and Minor Arterial streets where there
are two or more lanes in one direction.

Other Location Guidance
RRFBs are a treatment option at many types of
unsignalized pedestrian crossings, including at
standard pedestrian, school, or trail crossings.
•

RRFBs are particularly effective at
multilane crossings with operating
speeds (85th percentile) below 35mph.
Before and after data at five different
Arlington RRFBs show about a 90%
average increase in driver yielding
behavior.

Pedestrian crossing signs and flashing lights comprise
rectangular rapid flashing beacons. Photo of S Carlin
Springs Rd near 8th St S.

•

Consider a Pedestrian Hybrid Beacon
(PHB) for roadways with multiple lanes,
higher traffic volumes, or higher
speeds.

Primary User Groups

Key Implementation
Considerations
•
•
•
•

•

Vehicle speeds should be below 35mph.
RRFBs should generally not be used at
YIELD or STOP intersections.
RRFBs are never used at an existing
traffic signal.
If multiple RRFBs are needed in close
proximity, consider redesigning the
roadway to address systemic safety
challenges.
Other treatments may be more
appropriate in locations with sight
distance constraints.

Expected Crash Reduction
47% for vehicle-pedestrian crashes (Zegeer et
al. 2017).
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Timeline
Cost
One to three years.
The cost to install RRFBs can increase if the
crossing does not already have a marked
crosswalk with curb ramps that meet Federal
Americans with Disabilities Act requirements.
Costs to maintain signage and electronics
devices must also be considered. RRFBs may be
solar or electric (AC) powered, which can
impact both cost and location selection.

References
•
•
•

Arlington County Marked Crosswalk
Guidelines
FHWA Guide for Improving Pedestrian
Safety at Uncontrolled Crossing
Locations
PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System
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Signal Timing and Phasing
Leading Pedestrian Interval, Protected Phasing, Pedestrian Recall
Purpose

Primary User Groups

Changes to signal timing can partially or fully
separate vehicular turns from vehicles going
straight or pedestrian and bicyclist movements.
Can also reduce wait times to cross or turn,
encouraging safer movements.

Key Implementation
Considerations

Description

•

Traffic signals can be adjusted to improve
crossings for pedestrians and bicyclists. There
are various types of traffic signal modifications:

•

•

•

•

Leading pedestrian intervals (LPIs) are
adjustments to traffic signals to give
pedestrians typically a three to seven
second head start before drivers enter
the intersection.
Protected phasing, such as protected
turns or crossings, provide for exclusive
movements for people driving, walking,
or biking without conflict from other
modes.
Pedestrian recall provides a pedestrian
phase without the pedestrian having to
press the pushbutton.

•

•

Signal timing operations must account
for motor vehicle volumes and turning
movement volumes.
Shorter cycle lengths better service
pedestrians and bicyclists.
Concurrent signal phasing gives
pedestrians more frequent crossing
opportunities and less delay compared
to exclusive signal phasing; however,
they result in more conflicts which may
lead to crashes.
May impact delay and operational
safety for all travel modes.

Expected Crash Reduction
50% for vehicle-pedestrian crashes, depending
on specific signal phasing (Chen et al. 2012).

Cost

Safety Benefits
•
•
•

Reduce conflicts between turning
vehicles and road users crossing parallel
to traffic.
Increase visibility of pedestrians or
bicyclists.
Increase driver yielding.

Street Types and Context
Applicable Street Types
All street types.

Other Location Guidance
Signal timing adjustment is applicable at all
signalized intersections and is based on safety
or corridor needs.

Varies, depending on the site conditions,
design and materials.

Timeline

Varies, from months to three or more years,
depending on complexity of the signal
modification. Simple timing adjustments can
be implemented rapidly. Phasing modifications
that require new signal heads or corridor signal
coordination, or other complex adjustments
typically take longer.
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References
•
•
•
•

Pedestrian and Bicycle Information
Center — Signals and Signs
PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System
FHWA Traffic Signal Timing Manual,
Chapter 4
Manual on Uniform Traffic Control
Devices

A traffic signal in Arlington County. Photo of Glebe Rd at Wilson
Blvd.
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No Right Turn on Red Signage
No Turn on Red Signs and other Turn Restrictions

Purpose
Reduces conflicts between turning vehicles and
other vehicles, pedestrians, and bicyclists at
intersections.

Description
Signs that prohibit motor vehicles from making
a permitted right turn movement during a
conflicting walk or bike signal phase (right turn
on red).

Safety Benefits
•
•
•

Reduces conflicts between vehicles
where sight distance may be restricted.
Reduces the number of potential
pedestrian/bicyclist conflicts and turnrelated conflicts at the intersection.
Prioritizes pedestrian and bicyclist
safety and convenience at
intersections.

Street Types and Context
Applicable Street Types
•

All street types where a traffic signal is
present.

Other Location Guidance
Intersections. Especially important at:
•
•
•

Intersections with high volumes of
pedestrians and bicyclists.
Intersections with restricted sight
distance.
Intersections with a history of turnrelated crashes.

Primary User Groups

Turn restriction on a local street. Photo at Wilson Blvd & N
Barton St.

Key Implementation
Considerations
•
•

Must meet MUTCD criteria to be
installed.
Intersection impacts such as motor
vehicle operations, should be studied.

Expected Crash Reduction
A crash reduction estimate is not available for
this tool.

Cost

Typically, a low-cost treatment.

Timeline

No Right Turn on Red signs can typically be
implemented in less than one year. The time
needed to conduct an analysis may take longer.
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References
•
•

Arlington County Sign Installation
Guidelines
Manual on Uniform Traffic Control
Devices

•
•
•

PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System
BIKESAFE: Bicycle Safety Guide and
Countermeasure Selection System
Highway Safety Manual
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Parking Restrictions at Crossing Locations /
Daylighting

Visibility obstructed.

Visibility maintained by daylighting.

Purpose

Street Types and Context

Improve sightlines between drivers and
pedestrians or bicyclists crossing the street.

Applicable Street Types

Description
Signs, pavement markings, curb extensions,
planters, or vertical delineators that restrict onstreet parking near a crossing. Parking
restrictions help to enhance visibility between
all travel modes near driveways and at other
crossing locations.

All street types with on-street parking.

Other Location Guidance
•

•

Safety Benefits
•

•
•

Prevents drivers from parking too close
to a crosswalk, giving sufficient space
for pedestrians to wait to cross the
street.
Allows drivers, pedestrians, and
bicyclists to see each other without
objects/barriers in the way.
Creates a physical barrier that prevents
a driver from parking their car too close
to the crosswalk.

Applied at crossings, including
intersections, driveways, and other
mid-block pedestrian crossing locations
where parked vehicles may block
sightlines.
Applied at crossings with high
pedestrian or bicyclist volumes.

Primary User Groups

Key Implementation
Considerations
•

•

The length of parking restrictions at
driveways or intersections depends on
vehicle speeds, expected crossing road
users, and other location-specific
engineering factors.
Roadside obstructions (signal cabinets,
trees, etc.) may also be considered for
relocation to improve sight distance.
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The type of obstruction has a
significant impact on cost and
implementation timeline.

Expected Crash Reduction
30% for vehicle-pedestrian crashes (Gan et al.
2005).

Cost

Timeline

Less than one to three or more years,
depending on complexity.

References
•
•

Varies based on treatment type and
maintenance costs. For example, planters
(which are applicable in some scenarios) require
additional installation and maintenance costs.

Arlington County Marked Crosswalk
Guidelines
Unsignalized Intersection Improvement
Guide

Flexible delineator posts and pavement markings indicate parking restrictions at crossings. Photos of 10th St N & N Garfield St
(right) and N Quincy St near 5th Rd N (left).
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Signage and
Pavement Markings
Purpose
Informs road users of regulations, warnings,
and guidance. Delineates travel lanes,
crossings, and increase visibility of road users.
Reinforces road user priority in areas with
potential for conflict.

Description
Signs and pavement markings provide traffic
control for vehicles, pedestrians, and bicyclists.
Signage informs all road users about
regulations, warnings, and guidance. Markings
may reinforce these principles, as well as
inform pedestrians, bicyclists, and drivers on
where they should be positioned in relation to
the rest of the road. Pavement markings can
also be used to supplement space on the road
for safety and access, such as marking bicycle
lanes with green colored pavement. Examples
include:
Centerline markings: Separate opposing traffic
movements. Usually used on arterials and
collectors that have way of 20 feet or more in
width and with average daily traffic of 4,000
vehicles per day or greater.
Skip lines: White skip markings typically convey
areas where users can change lanes. White skip
markings can also guide users to their
appropriate receiving lanes though
intersections or gaps in markings. Yellow skip
markings show the separation of traffic
movements through intersections or gaps in
markings.
Don’t block the box: Is used to convey the
edges of an intersection that are in close
proximity to signalized intersections or other
nearby traffic control, such as an emergency
signal, that might cause vehicles to stop within
the intersection and impede other traffic
Crosswalks and pedestrian crossing signage:
High-visibility (parallel) or standard (transverse)

Warning sign and pavement markings indicating a lane
shift on a local street. Photo of N Stafford St near 21st St
N.

white pavement markings to indicate
pedestrian crossing locations. Signs typically
include an icon of a pedestrian and arrow.
Trail crossing signage: Indicates where trail
users (pedestrians and bicyclists) may cross
using pedestrian and bicycle signs and an
arrow.
Stop bars and stop signs: Indicates where
vehicles stop.
Yield triangles (also known as shark teeth),
yield signs, and yield here to pedestrian signs:
Indicate where vehicles yield to other road
users (including pedestrians and bicyclists if at a
marked crossing).
Sharrows and Bicycles May Use Full Lane sign:
Indicates where bicyclists are expected to
operate in a shared lane with motor vehicles.
Bicycle lane extensions: Indicate where bicycle
lanes cross intersections. Typically marked with
hashed lines and aligned with adjacent highvisibility crosswalk markings for pedestrians.
Bike lane green colored pavement: Enhances
visibility of bike lanes.
Speed pavement markings or signs: Indicates
vehicle speed limits.
School pavement markings, school crossing
signs, and school speed limit signs: Indicates
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the presence of a nearby school, where children
may cross near a school, and motor vehicle
speed limits near schools.
Buffer areas: Indicate where motor vehicles
shall not cross when driving or parking.

Safety Benefits
•
•
•
•

Assign traffic control and/or provide
warning at intersections.
Increase predictability and often
separation of all modes by providing
proper guidance.
Improve yielding at crossings and
intersections.
Provide guidance, access, and enhance
safety through intersections and areas
of potential conflicts.

Street Types and Context
Applicable Street Types
All street types in all contexts.

Expected Crash Reduction
15% for pedestrian crashes, with the
installation of pedestrian signs (Gan et al.,
2005).
40% for all crashes, with the installation of
advance crossing signs (Gan et al., 2005).
Colored bicycle lanes at signalized intersections
have been found to reduce bicycle crashes by
39% (Turner et al., 2011).

Cost

Signs and pavement markings are typically lowcost to implement.

Timeline

Other Location Guidance
Signage and pavement markings may be used
to supplement existing traffic controls in
locations with:
•
•
•
•
•
•

High motor vehicle, pedestrian, or
bicycle volumes
Speeding issues
School zone
Trail crossings
Intersections, especially complex ones
Commercial driveways

Signs and pavement markings alone can
typically be implemented in less than one year.
If implemented with other tools project
timelines can be longer. Pavement markings
must be applied during warmer weather and on
dry pavement.

Primary User Groups

Key Implementation
Considerations
The Manual of Uniform Traffic Control Devices
(MUTCD) is the national standard for all
signage and pavement markings.

A 20 mph pavement marking. Photo from outside Arlington
County.
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References
•
•
•
•
•

Manual of Uniform Traffic Control
Devices (MUTCD)
NACTO Urban Bikeway Design Guide
AASHTO Guide for the Development of
Bicycle Facilities
BIKESAFE: Bicycle Safety Guide and
Countermeasure Selection System
Arlington County Sign Installation
Guidelines

•
•
•
•

Arlington County Marked Crosswalk
Guidelines
Arlington County Cross Traffic Does
Not Stop Guidelines
Arlington County Speed Feedback
Indicator Sign Guidelines
Arlington County Turning Vehicles
Yield to Pedestrians Sign Guidelines

Arlington County In-Street Pedestrian Crossing
Sign Guidelines

Signs and pavement markings in the process of being installed at the intersection of a commercial driveway and
crosswalk/separated bike lane in Arlington. Photo of N Quincy St at 5th Rd N.
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Traffic Signal
Backplates
Purpose
Traffic signal backplates increase driver
awareness of the signal where expectancy or
visibility are reduced.

Description
Backplates—thin plates of material that
surround traffic signal lights—are intended to
improve the visibility of a traffic signal by
providing a consistent and controlled-contrast
background. Using retroreflective lining can
alert drivers to the presence of a signal during
power outages when the faces may be dark.

Orange retroreflective rectangular backplates behind
pole-mounted traffic signals. Photo on Arlington Blvd.

Key Implementation
Considerations
•
•

Safety Benefits
•
•

Increases the conspicuity of traffic
signals.
Cited as an aging driver best practice.

Street Types and Context
Applicable Street Types
All street types.

Installation is more difficult on older
signals that utilize span wire without
tether wires.
Often implemented on high speed
roadways or locations where signal
visibility may be obscured such as by
sun glare during certain times of the
day or year.

Expected Crash Reduction
15% crash reduction for all crash types (CMF
Clearinghouse).

Cost

Primary User Groups
Cost may vary depending on complexity of
traffic control needed for backplate installation.

Timeline

Typically, less than one to three years,
depending on whether they are spot- or
corridor based-locations.

References
Retroreflective backplates help improve traffic signal
visibility. Photo of Arlington Blvd & Park Dr.

•

Manual on Uniform Traffic Control
Devices 2009
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D. Nabors, Mark Suennen, and Jeffrey Shaw, Traffic Signal Backplates with Retroreflective Borders: A
Proven Safety Countermeasure, ITE Journal, June 2015

Bicycle and Pedestrian
Facilities
Bicycle and
Pedestrian Facilities
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Conventional, Contraflow, or Buffered Bike
Lanes
Purpose
Provides on-road dedicated space for bicycle
travel.

Description
Bicycle lanes are a portion of the roadway
designated for the use of bicyclists using
signage, striping, and pavement markings. On
most streets, bicycle lanes are provided either
adjacent to the curb or between the curbside
parking lane and the right travel lane. There are
many types of bicycle lanes:
•
•
•

Conventional bicycle lanes are marked
with a white line.
Buffered bicycle lanes include a marked
buffer area to provide greater
separation from vehicle travel lanes.
Contraflow bike lanes provide space for
bicyclists traveling in the opposite
direction of the adjacent travel lane.
These facilities are used on one-way
roads and are marked with a double
yellow centerline.

Safety Benefits
•
•
•
•

Reminds drivers of the presence of
bicyclists.
Channelizes bicycle and vehicle
movements.
When implemented with a reduction in
the number or width of travel lanes, can
reduce driver speeding.
Enables bicyclists to ride without
interference from vehicle traffic.

Additional benefits of contraflow bike lanes:
•
•

Access for bicyclists traveling in
opposite directions of one-way streets.
Decreases wrong-way bicycling and
riding on the sidewalk.

Contraflow bicycle lane, bike entry point-of-view

Contraflow bicycle lane, vehicle entry point-of-view.
Photos of 9th St S near S Glebe Rd.

Street Types and Context
Applicable Street Types
•

Must consider motor vehicle volumes
and speeds when determining if these
bicycle facilities are appropriate for a
given street. See other location
guidance or the FHWA Bikeway
Selection Guide for more information.

Other Location Guidance
•
•

On roads with posted speed limits
below 35 mph.
On roads with motor vehicle volumes
below about 5,000 per day.
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Primary User Groups

Cost

Key Implementation
Considerations

Typically, moderate to medium cost.

•
•
•

May require motor vehicle travel or
parking lane width reduction or
reconfiguration.
Sight distance and potential for
conflicts at driveways must be
considered.
On roads with high travel speeds, high
traffic volumes, and/or high transit or
truck volumes, consider separated bike
lanes instead.

Expected Crash Reduction
Installing bike lanes has been found to reduce
bicycle crashes by 58% and may also reduce
crashes between motor vehicles by 27%
(Abdel-Aty et al., 2014).

Timeline

One year to three or more years, depending on
complexity. For example, some bike lanes tied
to capital projects may take longer for
installation.

References
•
•
•
•

FHWA Bikeway Selection Guide
NACTO Urban Bikeway Design Guide
AASHTO Guide for the Development of
Bicycle Facilities
BIKESAFE: Bicycle Safety Guide and
Countermeasure Selection System

A crash reduction rate has not yet been
determined for conventional bicycle lanes;
however, a study based in Australia finds that
contraflow bicycle lanes reduce collision risk for
bicyclists on one-way streets (Fehr & Peers,
2018).
A crash reduction rate has not yet been
determined for buffered bicycle lanes;
however, research shows that buffered bicycle
lanes are perceived to be safer by bicyclists and
drivers and are associated with safe driving
behaviors. (Burbidge and Shea, 2018).

Bicycle lanes give dedicated roadway space to bicyclists.

37

Separated Bicycle Facilities

Separated bicycle lane with flex posts and a parking lane.
Photo of Wilson Blvd near N Quinn St.

Separated bicycle lane in Arlington. Photo of Clarendon
Blvd near N Pierce St.

Purpose
Provides physical separation between the
bicycle lane and travel lane.

Description
Separated bike lanes are separated from
vehicles horizontally through a buffer from the
vehicle travel lane and vertically with a physical
object. Vertical separation may be in the form
of a flex post, parking stop, flexible delineators,
planter, or concrete barrier. In areas with onstreet parking, the bike lane can be located
between the parked cars and curb, using the
parked cars as a barrier. Separated bike lanes
may be one- or two-way (also called “cycle
tracks”).

Safety Benefits
•
•
•

Reduces conflicts with vehicles and
bicycles.
Provides a higher level of comfort and
safety for people in the bike lane due to
physical separation.
Prevents vehicles from driving,
stopping, or waiting in the bike lane.

Separated bicycle lane with a planting strip used as
separation between the bike lane and motor vehicle travel
lanes. Photo of Fairfax Dr near N Glebe Rd.

Street Types and Context
Applicable Street Types
All arterial streets and some Local Principal
Streets.

Other Location Guidance
•

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

Typically not implemented where many
single family homes with driveways are
present due to crossing conflicts and
sight distance limitations.

Primary User Groups

Key Implementation
Considerations
•

•
•
•

Consider pedestrian and bicycle
conflicts, especially people with limited
mobility or vision disabilities. People
with vision disabilities may have
difficulty hearing approaching bicycles
or scooters in the bike lane when
crossing.
As with all transportation facilities,
separated bicycle lanes need to follow
state fire code regulations.
Consider the utility of separated bicycle
lanes on corridors with multiple
driveways/conflict points.
May impact on-street parking.

Expected Crash Reduction

Cost

Separated bike lanes can be implemented as
part of routine resurfacing projects using lowcost materials, or as part of reconstruction
projects using curbing and grade separation.
Even with low-cost materials, separated bike
lanes require a relatively high degree of
engineering and typically involve a relatively
high level of public engagement.

Timeline

One to three or more years, depending on
complexity and implementation approach.

References
•
•
•

NACTO Urban Bikeway Design Guide
AASHTO Guide for the Development of
Bicycle Facilities
BIKESAFE: Bicycle Safety Guide and
Countermeasure Selection System

74% reduction in crashes reported in Montreal,
but reduction varies overall from 8-94%. (City
of Minneapolis, 2019).

Separated bicycle lanes can be protected with a variety of materials.
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Multi-Use Trails/Pathways
Purpose
Creates a dedicated route for pedestrians,
bicyclists, scooters, and skaters that is separate
from motor vehicles. Serves both
transportation and recreational users.

Description
Multi-use trails provide two-way travel for
walking, bicycling, jogging, and skating. They
are paved pathways that may be built
independent from the road network or
alongside a roadway. Also called shared use
path or sidepath.

Pedestrians and bicyclists can enjoy multi-use trails.

Multi-use paths can be connected to trails and
sidewalks to provide users with shorter, more
direct routes and to create a robust pedestrian
and bicycle network.

and drivers on the intersecting road that a
crossing is upcoming.

Width can vary based on right-of-way
constraints. Multi-use trails should be wide
enough for two bicyclists to ride side-by-side,
either for social cycling or safe passing,
preferred 12 feet or wider and a minimum of 10
feet. Paths may have a yellow stripe or dash to
separate opposite directions of travel.

Safety Benefits

When multi-use trails intersect with major
roads, marked crosswalks should be provided.
Signs and sometimes pavement markings
should indicate to both multi-use path users

Street Types and Context

Wayfinding signs can help users navigate multiuse paths and determine nearby destinations.

•
•
•

Physically separates pedestrians and
bicycles from vehicles.
Reduces conflicts with drivers.
Can accommodate two-way pedestrian
and bicycle use.

Applicable Street Types
Can be implemented along an independent
alignment or along an existing roadway
alignment, which may cross any street type.

Primary User Groups

Key Implementation
Considerations
•

Connection to a multi-use trail. Photo of S Four Mile
Run Dr at S Oakland St & Washington & Old Dominion
Trail.

•

The design must accommodate
pedestrians with disabilities and should
be part of an ADA compliant pathway.
Permeable pavement materials or
green stormwater infrastructure can be
40

•

•

used to manage runoff in particularly
environmentally sensitive areas.
In constrained sections of trail where
the minimum width is not possible, a
width of eight feet can be used;
however, this may increase trail user
conflicts and crash risk and decreases
trail user comfort.
May require easements for right-ofway, which will require additional time
and resources.

Expected Crash Reduction
86% reduction in crashes with bicyclists,
compared to bicyclists riding in the roadway.
(Chen et al. 2012).

Timeline

Typically, three or more years for new multiuse trails on independent rights of way. Shorter
timeframes may be possible for multi-use trails
adjacent to a roadway.

References
•
•

AASHTO Guide for the Development of
Bicycle Facilities
BIKESAFE: Bicycle Safety Guide and
Countermeasure Selection System

Cost

Varies, but are typically among the more
expensive types of bicycle and pedestrian
facilities. Depending on the location and
existing conditions, implementation of multiuse trails may require terrain grading, surface
installation, lighting installation or upgrades,
landscaping, and signage.
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Sidewalks
Purpose
Sidewalks provide space along a street for
pedestrian travel that is separated from moving
vehicles.

Description
Sidewalks provide the greatest benefit to
people when they are wide enough for two
people to walk side-by-side, maintained in
good condition with minimal to no bumps or
cracks (and with no cracks or bumps of 1/4 inch
height or greater, per ADA Standards), kept
clear of debris and overgrowing plants, and
built with curbs.

Safety Benefits
•

•

•

Improves safety and comfort of people
walking by separating pedestrians from
people moving faster on bikes or in
cars.
Provides space for utilities, signs, and
amenities such as bus shelters or
waiting areas, bicycle parking, public
seating, public art, newspaper stands,
trash and recycling receptacles, and
landscaping elements.
Makes walking an easy choice between
destinations by creating a network for
pedestrian travel.

Sidewalks provide safety and comfort for pedestrians of
all ages and abilities. Photo of N Sycamore St at 29th St S.

Key Implementation
Considerations
•

•

•

Street Types and Context
Applicable Street Types

•

All street types except controlled access.

Other Location Guidance
Sidewalks should be placed on both sides of the
street. On local streets where right of way is
limited, a sidewalk may be placed on only one
side of the street that provides the most
connectivity.

Primary User Groups

•

The design must accommodate
pedestrians with disabilities and should
be part of an ADA compliant pathway.
All new and reconstructed sidewalks
and curb ramps should comply with
ADA regulations.
Sidewalks should be a minimum of 5
feet. Six-foot minimum width is
preferred to allow for passing of people
using wheelchairs. The widths of
sidewalks will vary based on context
and expected pedestrian volumes.
Most sidewalks should be designed
with curbs to elevate pedestrians from
the roadway.
When feasible include a buffer zone
between the street and the sidewalk to
separates drivers from pedestrians.
Utilities, traffic control devices, trees,
and furniture can be placed in this
buffer zone. There may be no buffer
zone in constrained areas.
Construction of new sidewalks where
they are not already present is a major
undertaking. There are multiple
programs that implement sidewalks
throughout the County, including the
Neighborhood Complete Streets
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Program, the Neighborhood
Conservation Program, the Complete
Streets capital portfolio, and other
capital programs.

Expected Crash Reduction
88% for pedestrian crashes, as compared to a
site without a sidewalk (McMahon et al., 2002)
74% for pedestrian crashes, as compared to a
site without a sidewalk (Gan et al., 2005)

Cost

Timeline

Timeline varies from less than one year for
simple spot sidewalk section installation or
maintenance to three or more years for large or
complex projects.

References
•
•
•

New sidewalk cost can vary based on the
length, material, and presence of curbs.
Construction of significant lengths of new
sidewalks is typically among the higher cost
safety treatments available.

A buffer between the sidewalk and the roadway provides
space for amenities such as trees. Photo of S Carlin Springs
Rd at Campbell Elementary School.

•

NACTO Urban Street Design Guide
PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System
United States Access Board Proposed
Guidelines for Pedestrian Facilities in
the Public Right-of-Way (PROWAG)
FHWA Proven Safety
Countermeasures: Walkways

Sidewalks should be wide enough to accommodate
two people walking side by side. In areas where high
pedestrian volumes are expected, sidewalks can be
wider. Photo of N Quincy St.
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Transit Facilities
Transit Facilities
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Photo: Arlington County Transit Stop by Dan Reed licensed under CC BY-NC 2.0.

Transit Priority Lanes
Purpose
Improve transit speeds, reliability, efficiency
and reduce conflicts between buses and other
vehicles by separating/identifying bus travel
from general purpose travel lanes.

Description
Roadway lanes with preferential or exclusive
usage by buses to improve bus operations.
Travel lanes or parking lanes are converted to
transit priority lanes with signage and
pavement markings indicating “Bus Only”.
Transit priority lanes allow buses to operate
separately from other vehicles. Delays from
congestion or curbside activities are reduced,
which could improve transit speeds, safety, and
reliability.
Red paint may be used to signify/identify
transit priority lanes. Transit priority lanes
painted red improve compliance.

Safety Benefits
•
•
•
•

Improves transit operations by
reducing bus delay
Reduces bus conflicts with curbside
activities
Reduces bus conflicts with other
vehicles
Makes streets more organized, easier
to use.

Transit priority lanes can be implemented adjacent to
separated bicycle facilities (Graphic source: NACTO).

Street Types and Context
Applicable Street Types
Principal and Minor Arterials, primarily in Urban
or Urban Core contexts.

Other Location Guidance
•
•
•

Roadways with frequent bus service
and vehicle congestion.
Roadways where transit is greatly
delayed by traffic.
Roadways with frequent bus service
and extra travel lanes or parking lanes.

Primary User Groups

Key Implementation
Considerations
•
•
•
•

May be installed next to a bike lane.
Can be dedicated full-time or during
peak periods of the day.
Turns across transit priority lanes
should be carefully managed.
Traffic signals may be timed to give
transit vehicles priority.

45

•

Red colored pavement can be used to
accentuate the transit priority lane or
parts thereof.

Expected Crash Reduction
50% reduction of head-on fatal/injury crashes
for installation of shoulder bus lanes (Gan et al
2005)

Timeline

One to three or more years, depending on
complexity.

References

Cost

•
•

Restriping roadway and installation of new
signage. Use of red colored pavement increases
installation and maintenance costs.

•
•

NACTO Transit Street Design Guide
Manual on Uniform Traffic Control
Devices for Streets and Highways –
Interim Approval 22
Arlington County Bus Stop Guidelines
& Standards Manual
DDOT Bus Priority Toolbox

A bus only lane in Arlington. Photo of N Moore St near the Rosslyn Metro Station.
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Transit Stops
Purpose

•

A safe, accessible, easily identifiable, and
comfortable area for waiting, boarding, and
alighting of bus passengers.

Description
A bus stop is an area used for the waiting,
boarding and alighting of bus passengers and
includes associated amenities for bus
passengers, and a bus stop zone is the clear
curb and roadway area needed for the bus to
safely service the stop.
The bus stop is the first point of contact
between the passenger and the bus service.
The spacing, location, design, and operation of
bus stops significantly influence transit system
performance and customer satisfaction.
The minimum County standard for bus loading
areas includes:
•

•

ADA-compliant passenger loading pad
at all bus stops in Arlington that shall
comply with the federal “Americans
with Disabilities Act” (ADA), and a bus
stop sign designating what transit
services provide service to the bus stop.
No parking within the bus stop zone.

•
•

A minimum clear/unobstructed bus
stop passenger loading pad of 5’
parallel to the road/curb by 8’
perpendicular to the curb (the existing
width of a sidewalk may be counted
towards the 8’ wide perpendicular to
the curb area);
A maximum cross slope of 1:50 (2%) for
the passenger loading pad; and,
Connection to/from the passenger
loading pad, curb, and sidewalk or
pedestrian path by an accessible route

Another option at a bus stop is the use of a bus
bulb. A bus bulb is a curb extension with a bus
stop. Instead of the bus pulling over to the curb
to allow passengers to board and alight, bus
bulbs allow buses to stop in the travel lane. This
reduces conflicts with other vehicles by
eliminating the need for buses to merge in and
out of traffic at the stop.

Safety Benefits
•
•

Improves access, safety, convenience,
and comfort and may encourage the
use of transit.
Accommodate transit users of all
abilities and ensure ADA accessibility
improving independent mobility by
providing options other than the
reliance on more costly paratransit
service.

Street Types and Context
Applicable Street Types
All except Controlled Access Highways.

Other Location Guidance
•
The requirements for the loading pad are based
on guidance from the U.S. Access Board,
Accessibility Standards:
•

A firm, stable surface for the passenger
loading pad;

•

There are three general placement
classifications of bus stops: farside,
nearside, and midblock.
Farside bus stops are positioned
adjacent and past the intersection.
Farside stops are generally preferred by
designers. They allow pedestrians to
47

•

•

cross behind the bus, which is safer
than crossing in front of the bus. On
multi-lane roadways, they also increase
the visibility of crossing pedestrians for
drivers waiting at the signal.
Nearside stops are positioned adjacent
to the intersection as the bus
approaches the intersection. Nearside
stops should be used when farside
stops are not feasible to install or if the
trip generator is nearside (hospital,
senior center, etc.)
Mid-Block stops are used away from
intersections typically along blocks
where there is a major destination or
trip generator mid-block. More curb
space is typically required to implement
a mid-block stop.

Primary User Groups

•

•

benches, shelters, trash receptacles,
and micro transportation hubs.
The County is currently in the process
of reviewing the compliance of existing
bus stops. Bus stops that do not meet
the minimum standards are added to
the queue for upgrade to ensure the
proper loading space.
Bus stops are prioritized through the
review of ridership and other criteria.
Additional amenities are considered
along with the requirement for
compliance to the minimum standard.

Expected Crash Reduction
The expected crash reduction for this
treatment varies with the type of transit stop
and its design. A 1% reduction in pedestrian
crashes is expected with the installation of farside bus stops (ITE, 2004).

Cost
Key Implementation
Considerations
•

•
•
•
•
•
•

Comprehensively evaluate potential
safety concerns, including personal
safety, when designing waiting,
boarding, and alighting areas.
Access to street crossings must be
provided, including crosswalks and curb
ramps.
Provide adequate sight distance, e.g.,
provide visibility between bus operator
and waiting riders.
Consider impacts on other traffic such
as vehicles, pedestrians, bicycles
Bus operational movements must be
accounted for in roadway design.
ADA accessible pathways that connect
the bus stop to destinations (trip
generators).
Based on ridership and other criteria,
bus stops can include a variety of other
passenger amenities including static
and real-time bus information, lighting,

Right-of-way (ROW) acquisition, utility
relocations, the proposed site (needing
grading, drainage, retaining walls, etc.), and
design are the most variable expenditure for
bus stops and can be extremely costly.
Additional amenities such as benches, bus
shelters, real-time information can be high
cost, however, these costs are identifiable and
less variable.

Timeline

Less than one to three or more years,
depending on complexity.
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References
•

•
•

American Association of State Highway
and Transportation Officials
(AASHTO): Guide for Geometric
Design of Transit Facilities on Highways
and Streets
Arlington County Bus Stop Guidelines
& Standards Manual
Manual on Uniform Traffic Control
Devices for Streets and Highways

Transit users are also pedestrians and bicyclists. Photo of N
Glebe Rd near 15th St N.

•
•
•

NACTO Design Guidelines for
Accessible Bus Stops
Transit Cooperative Research Project
Report 19: Guidelines for the Location
and Design of Bus Stops
U.S. Access Board: Americans With
Disabilities Act: Accessibility Standards

Bus stops should be accessible to people of all ages and
abilities. Photo on Washington Blvd near 9th St N.
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Floating Bus Stops/Bus Islands
Purpose
To eliminate the conflict between bicyclists
traveling in bike lanes and transit vehicles that
must pull curbside to load and unload
passengers. Bus islands may also reduce
conflicts with the bus and traffic in the generalpurpose lanes as the need to merge from a pulloff into the general-purpose lane is eliminated.

Description
A concrete island located between
transit/traffic lanes and bike lanes where transit
passengers board and alight transit vehicles.
Pedestrians cross the bike lane when traveling
to or from the platform where the bus stop is
located. Also called side boarding island bus
stop.
Floating bus stops have one or two crosswalks
across the bike lane and detectable warning
strips. For bike lanes that are not at sidewalk
level, a raised crosswalk can be implemented
across the bike lane to encourage bicyclist
yielding, reduce bicyclist speeds, and enhance
pedestrian visibility and comfort. The bike lane
can also be gently curved horizontally to
encourage slower bicyclist speeds. If a raised
crossing is not provided, accessible ramps must
be provided across the bike lane. Yield signs or
stop signs may be used to instruct bicyclists to
yield or stop for pedestrians crossing the bike
lane.

Transit riders have space to wait for their bus on the
floating bus island. Photo outside of Arlington County.

Bus riders use crosswalks across the bike lane to access
the floating bus stop island. Photo outside of Arlington
County.

Floating bus stops must be a minimum of 9 feet
wide (10 feet preferred) with a one-foot offset
from the travel lane and meet the minimum
standards for an Arlington County transit stop
and ADA.

Safety Benefits
•

Eliminates conflicts between transit
vehicles and bicyclists at stops because
the bus no longer must cross the
bicycle lane to access the stop or return
to the general-purpose lane/travel lane.

A floating bus stop with yield lines for approaching
bicyclists, an accessible pedestrian crossing, lighting,
street furniture, and other amenities. Photo at
Wilson Blvd & N Pierce St.
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•

•
•
•
•
•

Reduces transit delay and increases
safety by eliminating the need for the
bus to merge into the general-purpose
traffic lane.
Eliminates bus-bicycle conflict
Provides more space for pedestrians by
separating the passenger waiting area
from the sidewalk.
Typically, provides more space for
people waiting for transit.
May provide more space for transit
amenities.
Provides a pedestrian refuge at
crosswalks.

Street Types and Context

•

•
•

•

Applicable Street Types
All streets where bus stops and separated bike
lanes are both present, particularly in Urban
and Urban Core contexts.

•

Other Location Guidance

approaching bicycles or scooters in the
bike lane.
Traffic control such as “Yield” or “Stop”
shall be included along the bike lane
before the bus stop to ensure they are
aware of pedestrians who cross the
bike lane.
Designs must plan for and provide
easily navigable, safe access for visually
impaired persons to the bus stop.
The space between the bicycle lane and
the sidewalk must have a detectable
warning so pedestrians with vision
disabilities can distinguish between the
walking space and conflict space.
Rails or pedestrian fence can be
included to limit pedestrians walking
across the bike lane and help to guide
pedestrians to crosswalks.
Additional measures may be needed to
minimize conflicts between pedestrians
and bicyclists

Floating bus stops may be considered at:
• Streets with moderate to high transit
frequency or ridership.
• Streets with high pedestrian or bicycle
volumes.
• Streets with planned or existing
protected bike facilities.

Expected Crash Reduction

Primary User Groups

Costs will vary based on site and project
complexity.

A crash reduction rate has not yet been
determined.

Cost

Timeline
Key Implementation
Considerations
•

Consider pedestrian and bicycle
conflicts, especially people with limited
mobility or vision disabilities. All
passengers must be aware of crossing
bicycle lanes to access the bus stop.
People with vision disabilities may have
difficulty determining the location of
the floating bus stop and hearing

Typically two to three or more years,
depending on materials used and existing site
conditions. Often implemented in conjunction
with a separated bike lane project.

References
•
•

NACTO Transit Street Design Guide
Arlington County Bus Stop Guidelines
& Standards Manual
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Speed and Traffic
Management
Speed and Traffic
Management
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Slow Zones
Purpose
Reduce speeds and facilitate safer mobility for
all roadway users in residential neighborhoods,
especially around schools.

reduced injuries by 30% in some jurisdictions
(NYCDOT).

Cost

Description
Gateways with speed limit signs on both sides
of the street introduce the presence of a slow
zone, with speed limits set at 20mph.
School slow zones may include elements such
as school crossing warning signs, high visibility
crosswalks, school speed limit signs, speed
pavement markings, and potentially speed
cameras in the future.

Safety Benefits
•
•
•

Manage speeds.
Increase driver awareness of vulnerable
road users.
Reduce severe crash outcomes by
reducing speeds.

Street Types and Context

Varies, depending on the number and type of
treatments.

Timeline

One to three years, depending on the
measures and materials selected (quick-build or
long-term capital project).

References
•
•
•
•

Philadelphia Neighborhood Slow Zone
Program Application
New Jersey School Zone Design Guide
Arizona Traffic Safety for School Zones
Manual
NACTO Urban Design Guide

Applicable Street Types
Local streets. May also be applicable on some
collector streets, e.g. School Slow Zones within
600 ft of a school.

Primary User Groups

Key Implementation
Considerations
•

School slow zones treatments should
be applied within 600 ft of a school
crossing or access point.

Driver visibility is greater, and the risk of pedestrian fatality
or serious injury is lower, when vehicles are traveling slower.

Expected Crash Reduction
A crash reduction estimate has not yet been
developed for this treatment. Slow zones have
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Speed Humps, Raised
Crossings, and Similar
Raised Areas
Purpose
Reduce vehicle speeds, increase driver yielding,
and improve bicyclist and pedestrian crossing
safety.

Description
A family of traffic calming devices that involve
raising the height of the pavement for a short
section to slow motor vehicle traffic and
improve safety conditions. Variations include:
•

•

•

Speed humps are similar to speed
humps but are wider and have a flat top
to limit disturbances to larger vehicles
such as emergency response or transit
vehicles. Large yield triangles are
marked on the sloped areas to provide
a visual warning for users.
Raised crossings are designed in a
similar manner to speed tables but
provide a crossing along the flat tops.
The crossings can be either at sidewalk
level or modified to be 3.5” high to
address drainage challenges.
Speed cushions have wheel cutouts to
allow large vehicles such as buses or
emergency vehicles to pass through
unaffected. Unlike speed tables, speed
cushions can’t be used in combination
with crosswalks.

Safety Benefits
•
•
•

May reduce vehicle speeds and improve
driver yielding to crossing pedestrians.
Raised crossings increase the height of
pedestrians in driver’s field of vision.
Raised crossings may provide a
continuous travel path for pedestrians
with disabilities. Detectable warning
surfaces (e.g. truncated domes) must
always be implemented at pedestrian

Speed humps are rounded and extend the width of
the street. Photo at N Adams St and Key Blvd.

•

crossings, per ADA standards, to
provide access for people with vision
disabilities.
May reduce the frequency and severity
of crashes for all road users.

Street Types and Context
Applicable Street Types
All local streets.

Other Location Guidance
•

•

Vertical traffic control measures such
as speed humps, tables, and cushions
are best used on streets with lower
motor vehicle speeds (25 mph and
under) and volumes where traffic
calming is needed, such as near
pedestrian and bicycle activity
generators (i.e., schools, parks, trail
crossings).
Requires community engagement and
outreach.

Primary User Groups

Key Implementation
Considerations
•

Consider priority and delay of
emergency response vehicles, buses, or
heavy vehicles.
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•
•

Certain designs may require
modifications to existing drainage.
Investigate feasibility of other traffic
calming measures first.

Costs are typically in the moderate range.

Timeline

Expected Crash Reduction
For raised crossings:
•
•

45% for pedestrian crashes (Elvik et al.
2004).
51% for bicycle-motor vehicle crashes
on entrances or exits to streets and
driveways (Schepers et al. 2011).

A definitive crash reduction estimate has not
been established for speed
humps/tables/cushions. Research suggests
speed humps, tables, and cushions reduce
crash severity (Elvik and Vaa, 2004).

Cost

Less than one to three years depending on
complexity and engagement. Raised crossings
implemented with changes to drainage may
take longer.

References
•
•
•
•
•

Field Guide for Selecting
Countermeasures at Uncontrolled
Pedestrian Crossing Locations
FHWA Guide for Improving Pedestrian
Safety at Uncontrolled Crossing
Locations
PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System
Manual on Uniform Traffic Control
Devices
AASHTO Guide for the Development of
Bicycle Facilities

Raised crossings are elevated to the level of the sidewalk to
improve visibility of pedestrians.
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Automated Enforcement
Purpose

•

Increase road safety and reduce serious injuries
and fatalities caused by red light running and
speeding.

•

Description
Systems to automatically issue fines for
running red lights or speeding.
Mounted cameras record images of vehicles
that speed or run red lights.
Speed cameras are a type of automated
enforcement technology or device which is
used to detect and deter vehicles traveling over
the posted speed limit. Recently authorized in
Virginia to be used in work zones and school
zones.

•

Automated speed enforcement is currently
allowed in:
•
•

School zones
Highway work zones

Red light cameras are most applicable at:
•

Red light cameras detect and takes photos of
vehicles that run red lights at signalized
intersections.
The goal of automated enforcement is to
improve safety on roads and at intersections.

Crash, speed, and citation data can be
factors in assessing and identifying
locations for automated enforcement.
There have been concerns that red light
cameras scare drivers (who want to
avoid a ticket) into more sudden
stops which may increase the risk of
rear-end collisions.
An engineering safety analysis must be
performed for candidate intersections.

Signalized intersections with a history
of red light running, red light running
related crashes, right-angle crashes, or
crashes between a motor vehicle going
straight and a pedestrian or bicyclist.

Primary User Groups

Safety Benefits
•
•
•
•
•
•
•

Reductions in red light running.
Reductions in illegal right turns on red.
Reductions in speeding.
Reductions in serious angle crashes at
intersections.
Reductions in speeding-related crashes
outside peak traffic flow times.
Replace risky and costly speed
enforcement of physical policing.
Operates 24/7.

Key Implementation
Considerations
•
•
•

Street Types and Context
Applicable Street Types
Red light cameras must be placed at signalized
intersections. Speed cameras may only be
placed in designated school zones or highway
zones by Virginia State law.

Other Location Guidance

•

Public education about the safety
benefits of automated enforcement
may increase support for the programs.
Install signage warning drivers in
advance of the first red light or speed
camera on a corridor.
Place speed cameras in school zones
away from traffic signals, stop signs,
yield signs, freeway ramps, curves with
advisory speeds, or established speed
transition zones.
Arlington County is allowed automated
enforcement systems at not more than
10 intersections or no more than one
intersection for every 10,000 residents,
whichever is greater.
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Expected Crash Reduction
16 to 25% for all injury crashes from red light
(Persuad et al. 2005, Hu et al. 2011) and 18.5 to
27.5% for injury crashes from speed cameras (Li
et al. 2013).

Cost

Revenue collected from camera violation fines
is directed into the County’s general fund.

Timeline

One to three years.

References
Red light and speed cameras require an initial
installation fee and then require monthly
operational fees. Additionally, a full-time police
officer must review footage to issue citations.

•
•

FHWA Red Light Camera Systems
Operational Guidelines
NHTSA Countermeasures that Work

Red light cameras are installed at signalized
intersections. Photo from outside Arlington County.
Red light camera warning sign. Photo on N Glebe Rd.
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Speed Feedback
Indicator Signs
Purpose
Manage driver speeds for the safety of all road
users by comparing the driver’s current speed
with the speed limit.

Description
Speed feedback indicator signs are traffic
control devices that have a speed-measuring
device and a messaging sign that displays
feedback to drivers going above the posted
speed. For example, the numbers flash on the
screen if the current speed is faster than the
speed limit. In this way, the speed feedback
indicator sign interacts with the driver, which
can lead to higher speed limit compliance.
Speed feedback indicator signs are also
referred to as dynamic speed feedback signs,
dynamic warning signs, radar speed signs,
radar message signs, electronic speed signs,
and dynamic speed display signs.

Safety Benefits
•
•

Increase driver awareness of the posted
speed limit and their own speed.
Reduce occurrence and severity of all
crashes.

Street Types and Context
Applicable Street Types
Applicable on arterials and Local Principal
streets.

Key Implementation
Considerations
•
•

All speed signage must meet federal
standards.
Signs are typically placed adjacent to
the roadway but may also be placed in
medians if there is no space on the right
side of the roadway.

Expected Crash Reduction
A CRF is not currently available.

Cost

Cost for permanent speed feedback indicator
signs is typically in the moderate range.
Arlington also has battery-powered portable
speed feedback signs that may be used for
short term speed mitigation or speed studies.

Timeline

One to three years.

References
•

Manual on Uniform Traffic Control
Devices 2009

Other Location Guidance
Speed feedback signs are deployed in areas
with a history of speeding confirmed through a
speed data collection effort.

Primary User Groups
A speed feedback sign. Photo of Williamsburg Blvd near 34th
Rd N.
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Speed-Related Signage or Pavement Markings
Purpose

Other Location Guidance

Manage driver speeds for the safety of all road
users.

Speed-related signage can be considered for all
roadways. Lower posted speeds are especially
effective at reducing pedestrian crash risk in
areas of high expected activity, such as:

Description
Speed limits are used to set the maximum
speed at which vehicles may legally travel. In
Arlington, speed limits are defined by an
engineering study and roadway context. Speed
limit signs and supplemental pavement
markings serve as reminders for drivers.
Because drivers base their speeds on the flow
of traffic and posted speeds, lower posted
speeds influence how fast drivers choose to
travel.
In Arlington, drivers violating the posted speed
limit in identified zones are subject to an
additional fine up to $200. Some residential
streets have a $200 additional speeding fine
zone. These roads are Principal Arterial, Minor
Arterial, and Local Principal Streets that meet
the minimum criteria including a documented
speeding issue within the specified threshold,
collected within 5 years from the evaluation.
Factors such as proximity to schools, parks, and
other pedestrian generators, as well as
pedestrian and bicycle crashes are additional
considerations for identifying the $200
additional speeding fine zones.

Safety Benefits
•
•

Increase driver awareness of the posted
speed limit.
Reduce occurrence and severity of all
crashes.

Street Types and Context

•
•
•
•

Near schools
Commercial areas or business districts
Near senior living centers
Residential neighborhoods

Primary User Groups

Key Implementation
Considerations
•
•

All speed signage must meet federal
standards.
Signs are typically placed adjacent to
the roadway but may also be placed in
medians and adjacent to the roadway
to create a gateway for increased
recognition.

Expected Crash Reduction
An estimate has not yet been determined for
this treatment; however, research indicates a
significant reduction in fatal and injury crashes
in certain cases (Gayah et al. 2018).

Cost

Cost for signs and pavement markings are
typically in the low to moderate range.

Timeline

Applicable Street Types
Signage is applicable in all street types in all
contexts. Speed-related pavement markings
are typically applied at a transition from an
arterial to a local facility or within slow zones.

Less than one year to three years.
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References
•
•
•

Manual on Uniform Traffic Control
Devices 2009, Sec. 7B.08–7B.10.
NACTO City Limits: Setting Safe Speed
Limits on Urban Streets
Arlington County Speed Feedback
Indicator Sign Guidelines

Drivers are reminded of the posted speed limit with both
signs and pavement markings.
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Speed Limit Reduction and Policies
Purpose
Reduce motor vehicle speeds to reduce the
severity of crashes.

Description
Crashes where vehicles are traveling at high
speeds can be impactful. Speeds can contribute
to the potential for a severe injury or fatality.
The Vision Zero Action Plan recommends
managing speeds to minimize the potential for
severe and fatal crashes. Minor reductions in
speed can have significant safety benefits.
Establishing safer speeds is a proactive way to
improve safety for all road users.

Safety Benefits
•
•
•
•

Create a more predictable environment
for all road users.
Reduce the likelihood of crashes.
In the event of a crash, fatalities and
serious injuries are much less likely.
Create street environments that
support access and safety for all people
regardless of mode of travel.

•

•

determine speed limits on statemaintained roads. Arlington County
must request a permit to adjust speed
limits on these state-maintained roads.
To adjust speed limits on Countymaintained roadways, the County
Board must adopt the suggested speed
limit changes into the County Code.
Statutory speed limits are determined
by Virginia’s General Assembly. These
speed limits apply to highways and
roadways lacking a posted speed limit.

Expected Crash Reduction
A 10% reduction in average operating speed of
a vehicle can result in 19% fewer injury crashes,
27% fewer severe crashes, and 34% fewer fatal
crashes. (Nilsson, 2004).

Cost

May require extensive staff time.

Timeline

Street Types and Context
Applicable Street Types
All street types in all contexts.

Other Location Guidance
Lower speeds are especially effective at
reducing crash risk in areas of high expected
activity.

Primary User Groups

Key Implementation
Considerations
•

One to three or more years.

References
•

•
•

•

NACTO City Limits: Setting Safe Speed
Limits on Urban Streets
FHWA Methods and Practices for
Setting Speed Limits: An Informational
Report
FHWA Integrating Speed Management
within Roadway Departure,
Intersections, and Pedestrian and
Bicyclist Safety Focus Areas
FHWA Proven Safety
Countermeasures: USLimits2

The Virginia Department of
Transportation has authority to
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The faster a vehicle is traveling during a crash, the greater the potential for severe and/or fatal outcomes.
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Other Road Design
Other Road Design
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Modern Roundabouts
Purpose
Reduce speeds and the number of conflict
points at intersections while maintaining
efficient traffic operations.

Description
Roundabouts are an intersection treatment in
which all approaches must yield to traffic
already within the roundabout. After yielding,
vehicles are able circulate the center island to
turn or continue straight. Larger vehicles may
utilize turning aprons if built around the island.
Crosswalks are typically set back from the
intersection allowing drivers to focus on
pedestrians crossing separately from the circle.

Safety Benefits
•
•
•

Reduces vehicle speeds by forcing
drivers to maneuver around the circle.
Reduces crossing distances for
pedestrians.
Reduces the conflict points.

•

Large vehicles such as emergency
vehicles or school buses may require
the roundabout to have a large radius.

Expected Crash Reduction
Converting a two-way stop-controlled
intersection to a roundabout results in an
estimated 82% reduction in serious injury
crashes. Converting a signalized intersection to
a roundabout results in an estimated 78%
reduction in serious injury crashes. (Highway
Safety Manual)

Cost

Roundabouts are typically lower in cost to
install and maintain than a signal. They
generally require significant curb and drainage
work, as well as extensive time and resources if
an easement is required for installation.

Timeline

Street Types and Context
Applicable Street Types
All street types.

Primary User Groups

Three or more years.

References
•

Key Implementation
Considerations
•
•
•

Signage should direct traffic flow and
create awareness of roundabout rules.
Typically requires significant right of
way at corners to implement.
May be landscaped with low shrubs or
vegetation that does not impede
visibility.

•

PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System:
Roundabouts
FHWA Proven Safety
Countermeasures: Roundabouts

•

Modern roundabout. Photo of N Park Dr & 1st St N.
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Modifications to Corners
Purpose
Shorten crossing distances, reduce motor
vehicle turning speeds, improve visibility and
sight distance, and increase pedestrian comfort
at intersections.

Description
A wide curb radius allows drivers to turn right at
high speeds and increases risk of collisions with
pedestrians. Reducing the corner radius
encourages drivers to slow down to take a
sharper turn. Reducing the corner radii also
reduces crossing distance for pedestrians and
provides flexibility for curb ramp placement.
Corners can be modified by adding curb
extensions or truck aprons.
•

Curb extensions can be implemented
either (1) with pavement markings or
flex posts for a low cost, temporary
solution or (2) using concrete to
permanently convert the space to
sidewalk area.

Safety Benefits
•
•
•
•
•
•

Shorten crossing distance.
Increase visibility between drivers and
pedestrians.
Narrow the roadway to reduce through
vehicle speeds.
Reduce vehicular turning speed.
Prevent drivers from parking near or on
the crosswalk.
Expand waiting areas for pedestrians
waiting to cross.

A curb extension using quick-build materials. Photo of
Yorktown Blvd & N George Mason Dr.

signalized intersection. Curb extensions can be
built in all-day parking lanes or wide shoulders.

Primary User Groups

Key Implementation
Considerations
•
•

•

Street Types and Context
Applicable Street Types

•

All street types.

Other Location Guidance
Curb modifications can be made everywhere
from a mid-block crosswalk to a large,

•

Curb modifications should not extend
into travel lanes or bicycle lanes.
Travel lane or turn lane removal or
narrowing must be analyzed prior to
considering using this tool to
accommodate a smaller curb radius.
Intersections with low truck volumes
can make use of corner radius
reduction. The corner radius should
make intersections as compact as
possible while accommodating larger
vehicles that travel through the
intersection.
Corner radii that are too small may
encourage motor vehicles to drive over
the curb and onto sidewalks or raised
bikeways.
Curb extensions can require
modifications to or relocation of
drainage structures.
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•

Curb modifications may require a
longer timeframe if included in a capital
or redevelopment project.

Expected Crash Reduction
A CMF has not yet been determined; initial
research indicates this treatment may be
effective at increasing driver yielding and
improving pedestrian safety (Johnson et al.
2005; Thomas et al., 2016).

Timeline

Less than one to three or more years,
depending on complexity.

References
•
•

Cost
•

NACTO Urban Street Design Guide
FHWA Guide for Improving Pedestrian
Safety at Uncontrolled Crossing
Locations
PEDSAFE: Pedestrian Safety and
Countermeasure Selection System

Costs vary depending on design, site
conditions, and materials. Designs with only
paint and/or flexible delineator posts are lowercost alternatives but require ongoing
maintenance.

Modifications to the curb can be made through flex
posts or other low-cost materials. Photo of 26th St N &
H Harrison St.

66

Roadway Reconfigurations
Purpose
To reduce the speed of traffic, crossing
distances for pedestrians, and/or provide
additional space for other elements or uses of
the roadway.

Other Location Guidance
•
•

Multi-lane roads may be eligible for
lane reconfiguration.
Prioritize roads with key pedestrian and
bicyclist routes.

Description

Primary User Groups

Reducing the number of lanes, the width of
lanes (lane width reductions), repurposing
lanes, or all three. Eliminating a travel or turn
lane can make room for a bicycle lane, wider
sidewalks, median islands, curb extensions, on
street parking, transit lane, landscaping, or
other uses.

Key Implementation
Considerations
•

Safety Benefits
•
•
•
•

Increase available space for pedestrian,
bicycle, transit, or other infrastructure
needs.
May reduce the number of potential
conflict points.
May slow motor vehicle speeds.
May reduce crossing distances by
eliminating a lane or through provision
of a pedestrian median island.

•
•
•
•

Street Types and Context
Applicable Street Types

•

For lane removals, an analysis must be
performed to determine the
operational and safety effects of lane
reductions on all users.
Consider bus stop locations and
operations in consultation with transit
providers.
Consolidating a travel through lane
may increase congestion.
Minimum lane widths and building
access must be maintained for
emergency vehicle access and buses.
Lane width reduction is often
implemented in part with the County's
programmatic roadway repaving effort.
Public engagement required.

All streets except Controlled Access Highways.

Road before (left) and after (right) four to three lane conversion. Photo of Wilson Blvd & near N Liberty St.
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Expected Crash Reduction
47% for all crashes in suburban areas (Persaud
et al. 2010).
29% for all crashes in urban areas (Pawlovich et
al. 2006).

Cost

Lane restriping projects vary in cost based on
length and complexity. Additional
infrastructure varies in cost.

Timeline

References
•
•
•
•
•
•

Evaluation of Lane Reduction “Road
Diet” Measures on Crashes
PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System
Road Diet Informational Guide
FHWA Guide for Improving Pedestrian
Safety at Uncontrolled Crossing
Locations
FHWA Achieving Multimodal Networks
FHWA Proven Safety
Countermeasures: Road Diets
(Roadway Reconfiguration)

One to three or more years, depending on
complexity.

Example of a four to three lane conversion with separated bike lanes.
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Lighting
Purpose
Increase visibility for all road users during
conditions when lighting levels are low,
especially at crossings.

Description
Overhead lighting improves visibility for all
road users by illuminating crossings, signs, and
street markings. Pedestrian-scale lighting is
generally lower than roadway-scale lighting.

Safety Benefits
•
•
•
•

Improves visibility for all users.
Increases safety on streets, at
crossings, and along trails.
May reduce crashes and injuries for all
road users.
May increase yielding and compliance
when used in conjunction with traffic
control devices.

Street Types and Context

Pole height, lightbulb type, and light color are considered
when choosing lighting. Photo of multiple Arlington
locations.

Key Implementation
Considerations
•

•

Applicable Street Types
All street types.

Other Location Guidance
•
•
•
•
•
•

Controlled and uncontrolled
intersections.
On crossing approaches.
Along sidewalks.
Beneficial at intersections in areas with
high volumes of pedestrians, such as
commercial or retail areas.
Near schools, parks, and recreation
centers.
On both sides of arterial streets.

Primary User Groups

•
•

Any lighting improvement needed will
be done following Streetlight
Management Plan for equipment,
ownership, standards, and procedures.
Lighting should be provided on
crosswalk approaches. If a crossing has
a crossing island, additional lighting
may be provided as warranted in
photometric calculations.
Consider energy usage and
environmental impacts.
Improvements to existing street
lighting may include adjustments in
brightness or bulb type. Adding new
streetlights or lighting structures
generally involve higher levels of
analysis, more resources, and longer
timelines.

Expected Crash Reduction
23% for injury crashes (Harkey et al. 2008).
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Cost

ownership. Large-scale lighting improvements
will have longer timeframes.

References
Varies based on type of fixtures, poles, and
underground connection.

Timeline

•
•
•

Typically, less than one to three or more years,
depending on the type of lighting
improvement, existing lighting conditions, and

•

Arlington County Streetlight
Management Plan
Arlington County Lighting
Specifications and Standards
ANSI/IES RP-8 Standard Practice for
Roadway Lighting
Arlington County Streetlight
Installation Process

Lighting improves visibility for all road users and is especially important at crossings.
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Appendix: Safety Issue
Identification and Tool
Selection
Appendix: Safety
Issue Identification
and Tool Selection
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How does Arlington County identify safety issues
and needs?
Arlington’s Department of Environmental Services (DES) identifies and assesses potential safety issues
using a three-step process:
•
•
•

Step 1: Location Identification – Initial identification of a potential safety issue through either
data analysis findings or through observational/experience-based suggestions.
Step 2: In-Depth Location Analysis – Once a potential safety issue is initially-identified,
transportation staff further investigate using additional data or professional observation
findings to confirm if there is a fact-based safety issue.
Step 3: Tool/Treatment Selection for Location – If the safety issue is confirmed during step 2,
the issue will move on for needs assessment, during which engineers will determine which tool
or tools to use to address the safety issue.

This section provides detail on each of these three steps.

Step 1: Location Identification
DES identifies potential transportation safety issues using a variety of sources—some based on data
and others based on observation:
•
•

•

•

•

Annual Crash Analysis and Hot-Spot Identification: The County conducts annual analysis of
crashes to identify spot-based safety issues (crash hot spots and corridors) and countywide
safety issues like common roadway types and contexts for certain types of crashes.
High-Injury Network Assessment: The County identified a Vision Zero High-Injury Network in
2020 as part of the development of the Vision Zero Action Plan. The corridors on the network
were identified because they have high densities of crashes that resulted in a fatal or severe
injury. Staff conduct safety audits and assessments on these corridors to identify both short
term and bigger picture improvements. Staff will revisit and update the High-Injury Network
every three years.
Systemic & Predictive Analysis: The County reviews crash data in combination with land use
variables, infrastructure/network variables, demographic variables, and equity indicators to
assess how crash factors intersect with these various environmental factors. These analyses,
which will be conducted every three years, will lead to the identification of and investment in
systemic safety improvements and set the stage for continuous systemic assessment of change
and progress over time.
Repaving: The County’s annual repaving program assesses the road network for pavement
quality and identifies roads to be resurfaced. When a street is being repaved, it presents an
opportunity for new markings, changes to the street configuration, safety, accessibility, and
other improvements. Staff conduct a crash analysis and review the Annual Crash Analysis and
Systemic & Predictive Safety Analysis results when a street is being repaved to identify
potential safety issues that can be addressed when remarking the street.
Capital Projects: At the initiation of a project funded through the County’s Capital
Improvement Plan, staff review crash data to understand if there are existing safety issues at
the site that can be addressed in the project plans. This is also true for smaller scale projects or
changes to a street.
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•

•
•

•

Development Projects: When coordinating plans for new development projects, staff
collaborate with developer staff to understand existing safety issues and needs at the site. Staff
will provide the latest crash data to the developer and identify crash trends that can be
mitigated through design coordination.
Studies or Plans: Staff may study crash histories and safety needs during the existing
conditions analysis of a corridor or sector plan or study. These safety analyses may lead to
short- or long-term recommendations for safety projects within the study area.
Community Feedback & Requests: The County receives inquiries from members of the
community through Customer Communications and Care Program (C3) and Report A Problem
(RAP) submissions. County staff review community input and analyze these comments
alongside crash and traffic data to identify potential for improvements. Within the Vision Zero
program, the County is also working toward more proactive engagement on safety, including
enhanced more dedicated engagement with hard-to-reach populations through focus groups
and pop-up community outreach efforts to ensure that the feedback we receive reflects the
entire Arlington community. Community requests may also be submitted in the form of
applications to various neighborhood programs, such as the Neighborhood Complete Streets
Program and the Neighborhood Conservation Program.
Coordination with Partners: County staff coordinate across departments to share information,
which can help identify safety issues. For example, if Arlington Police see a safety issue while
monitoring traffic, they can bring that issue to transportation staff. Similarly, if Arlington Public
School staff identify a safety issue on a school route, they can alert staff to review the issue.
Business improvement districts and alliances, County commissions and committees, and
community advocacy groups can also be partners in communicating potential safety issues.

Step 2: In-Depth Location Analysis
Some safety issues identified through programmatic analysis lead to rapid selection and
implementation of countermeasures designed to avert specific crash types. In these cases, field
verification of the existing conditions and applicability of the selected countermeasure(s) is still usually
required.
In other cases, the potential safety issues identified through the channels above may prompt a more indepth analysis. To further investigate locations where safety concerns have been identified to develop
appropriate countermeasures, the County may collect and analyze crash, roadway, vehicle, pedestrian,
and/or bicycle data for the site through the following methods:
•
•
•

Collection by staff using County-owned equipment.
Contracting out to private data collection entities.
Using pre-existing data—the County may already have data available for a given location.

Three major factors affect the County’s ability to collect data:
•
•
•

Seasonal conditions that affect travel patterns (e.g., we generally do not collect volume data
while schools are not in session)
Weather conditions that affect travel behavior (e.g., we generally do not collect data in adverse
weather conditions)
High volumes of data collection needs (i.e., we will add new data requests to an existing queue,
safety priorities can be escalated)

Collection and analysis of these data may take several months to review conditions holistically.
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Step 3: Tool/Treatment Selection for Location
Once staff review conditions, we can confirm whether the safety issue exists and why it exists. Once a
safety issue is confirmed, the next step is for staff to identify the appropriate tool or tools to address the
safety issues and patterns found.

How does Arlington County implement
multimodal engineering safety tools?
DES delivers safety improvements using signage and marking, policy/regulation, pilot, quick-build, and
capital projects. The sub sections below describe the general resources, timelines, and considerations
associated with each project delivery method.
Other departments within Arlington County are involved in the deployment of safety improvements or
projects. For example, the Neighborhood Conservation program or the site plan development process
may implement projects that deliver safety benefits. DES and the Vision Zero team collaborate with
other teams to ensure that all projects consider safety and deploy multimodal engineering safety tools
consistently and effectively.

Signage and Marking Projects
•
•
•
•

Cost is low and typically funded through general operating funds or repaving capital funds
Can be implemented within a year
Includes the deployment of a sign or pavement markings to address a safety concern
Typically does not include data collection or community engagement

Policy or Regulation Projects
•
•
•
•

Cost will vary based on the scale and impact of the initiatives
Includes any change that requires adjustment of County policies, codes, or regulation
Significant policy changes will likely require community engagement and possibly before/after
data collection to assess impacts
Timeline is likely to be over a year to allow for community engagement and process needs for
adjusting County Code (if needed)

Pilot Projects
•
•
•
•
•
•
•
•

Involve a new safety tool or strategy or in a new type of location
Cost is typically low (and funded through general operating funds or the Street Safety
Improvement Program – Vision Zero)
Can be implemented within a year
Use temporary materials that can be adjusted or removed based on field conditions
Can last 1 month to over 1 year depending on the scale and/or impact of the pilot
Involve substantial data collection before and during pilot projects to evaluate their effects
roadway operations or safety
Community members are informed about pilot project implementation, and feedback is
collected as part of subsequent analysis as necessary
Pilot projects may be included as part of a larger-scale capital project when needed to assist in
determining the best safety solution for a location.
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Quick-Build Projects
•
•
•
•
•
•
•
•

Cost is typically low to mid-range (and funded through general operating and maintenance
funds or the Street Safety Improvement Program – Vision Zero or other capital funds)
Can be implemented within 1-3 years
May use temporary or permanent materials depending on the project
Intended to be permanent projects or provide an interim condition while the County identifies
funding for a permanent solution
Data may be collected after a quick-build project is built to evaluate its effectiveness
The planning and design of quick-build projects is lower intensity compared to longer-term,
capital-funded projects
Community engagement is typically not required or minimal with quick-build safety
improvements, because they are targeted safety measures with proven safety benefits
In some cases, quick-build projects can begin with temporary materials and later be followed up
with permanent materials. This provides an opportunity to adjust the design based on realworld operating conditions.

Capital Projects
•
•
•
•
•
•
•

Cost is typically mid-range to high (and funded through budget set aside in the Capital
Improvement Program or can be implemented as part of a site plan development)
Have longer implementation timeframes (three or more years)
Are typically built with permanent materials that cannot be easily adjusted or removed
May require significant data collection before implementation to ensure appropriate long-term
design. Data may also be collected after implementation for evaluation.
The planning and design of individual capital projects is the most intensive. For example,
acquiring any number of temporary or permanent construction easements can take from six
months to three or more years.
Capital projects may also require procurement for construction management and services. The
procurement process for bidding construction contracts is typically about six months, and the
construction can range from six months to three or more years.
The highest level of community engagement is typically required for capital projects.
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Definitions
Definitions
List of terms and definitions coming soon…
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