TOWN OF BOWLING GREEN
PLANNING COMMISSION MEETING

AGENDA

Monday, March 09, 2020
6:00 PM

ROLL CALL AND DETERMINATION OF A QUORUM:

PUBLIC COMMENT:

PUBLIC HEARING:

None

APPROVAL OF THE MINUTES:

Minutes - 2/24/2020
NEW BUSINESS

None

REPORT OF THE ZONING ADMINISTRATOR:

UNFINISHED BUSINESS:

Unfinished Business - Chapter 6 Transportation

INFORMATIONAL ITEMS:

None

COMMISSION COMMENTS AND REPORTS:

ADJOURNMENT




TOWN OF BOWLING GREEN
PLANNING COMMISSION MEETING

MINUTES

Monday, February 24, 2020
6:00 PM

ROLL CALL AND DETERMINATION OF A QUORUM:

PRESENT

Chairman Jeff Voit

Vice Chairperson Lisa Gattie

Commissioner Arthur Wholey
Commissioner Valarie Coyle

ABSENT
Commissioner Armando Flores

PUBLIC COMMENT:

None

PUBLIC HEARING:

None

APPROVAL OF THE MINUTES:

Planning Commission Meeting Minutes 1.27.2020
Three typos were identified. Motion made by Vice Chairperson Gattie, Seconded by Chairman Voit to
approve minutes as amended.

Voting Yea: Chairman Voit, Vice Chairperson Gattie, Commissioner Wholey, Commissioner Coyle

NEW BUSINESS:

GWRC Comprehensive Plan Transportation Element Update - Kari Barber

Kari Barber presented the GWRC Comprehensive Plan Transportation Element Update. She also
presented the proposed 301 SmartScale application that was developed in conjunction with Town staff.

REPORT OF THE ZONING ADMINISTRATOR:

Review of ZP-2018-010 Magnolia Morning / Small Intimate Weddings

Reese Peck informed the Commission on the upcoming public hearing on ZP-2018-010 Magnolia
Morning / Small Intimate Weddings.




Planning Commission Meeting February 24, 2020 Minutes
Page 2 of 2

UNFINISHED BUSINESS:

None

INFORMATIONAL ITEMS:

Comprehensive Plan Advisory Committee Update - Jeff Voit
Jeff Voit updated the Commission on Comprehensive Plan Advisory Committee's January's meeting.

COMMISSION COMMENTS AND REPORTS:

Commission decided to move March's meeting to March 9, 2020.

ADJOURNMENT

Motion made to adjourn by Commissioner Wholey, Seconded by Commissioner Coyle.
Voting Yea: Chairman Voit, Vice Chairperson Gattie, Commissioner Wholey, Commissioner Coyle
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CHAPTER 6 — TRANSPORTATION

Introduction

Bowling Green is intent on improving its economic vitality and quality of life. Flanked by U.S. 301 and
Rt. 207 and bisected by Route 2, Bowling Green’s environment is greatly impacted by these
thoroughfares and as they grow and change, the town will both benefit from that growth and will need to
adapt to it.

This chapter will review the existing transportation system in the Town of Bowling Green, including
defining each highway’s functional classification system and giving an explanation of its significance;
providing traffic counts and projections to 2040 for major highways, and providing an inventory of
roadways and sidewalks. Further, this chapter will recommend a number of improvements to the
transportation system including bicycle, pedestrian and roadway improvements.

The Highway Network

Bowling Green is located approximately 10 miles to the east of Interstate 95 and 19 miles south of the
City of Fredericksburg. Major access roadways include Route 301, Route 207 and Route 2 (See Map 1,
Highway Network). The Route 301/Route 207 bypass provides access to Bowling Green from the east,
south and west while Route 2 provides access from the north. The Town has approximately 5.0 miles of
primary highways and 5.6 miles of secondary highways.

Primary Highways in the area include Route 301, Route 207 and Route 2. All other highways are
designated as secondary highways. The Virginia Department of Transportation (VDOT) maintains the
majority of streets and highways in Bowling Green, including Courthouse Lane which was recently
accepted into the state system. Trewalla Lane is the only Town-maintained street.

Traffic Counts
Traffic counts in Bowling Green encompass the major roadways falling under VDOT’s functional
classification system.

From 2007 to 2018, average annual daily traffic stayed relatively steady on primary and secondary
roadways around Bowling Green (Table 6-1). The Governor Harry “Nice” Bridge replacement, which is
slated to open in 2023, will significantly increase traffic in the area and by 2040 traffic is projected to
double on Bowling Green’s major roadways (Table 6-2). For more, see Map 2.

Table 6-1: Average Annual Daily Traffic (AADT)

Route From To AADT | Year | AADT | Year | AADT | Year
Primary
Highways
1 |Rt2 Rt 301 Bus. NCL Bowling 6300 2007 5700 2013 6400 2018
Green
2 | Rt207 Rt 207 Bus. Re 301 8400 2007 8600 2013 9100 2018
3 | Rt207 Bus. | WCL Bowling | Rt 2/ Rt 301 Bus. 4900 2007 4300 2013 5100 2018
Green
4 | Rt301/Rt2 | SCL Bowling | Rt2 5400 2007 5300 2013 6500 2018
Green
5 | Rt301Bus. | Rt2 SCL Bowling Green 5200 2007 4600 2013 5400 2018
6 | Rt301 Rt 301 Bus. N | Rt 608 12000 | 2007 | 11000 | 2013 | 11000 | 2018
Secondary
Highways




7 | Milford St. Rt 207 WCL Bowling 530 2007 520 2013 450 2018
Green
8 | Milford St. WCL Bowling | Rt 301 Bus. S 1500 2007 1400 2013 1200 2018
Green
9 | Chase St. Rt 301 Bus. Ennis St. 1300 2007 1100 2013 1300 2018
10 | Chase St. Ennis St. Rt 301 800 2007 660 2013 670 2018
11 | Maury Ave. | Rt216 Rt 301 440 2007 500 2013 500 2018
12 | Anderson Milford St. Rt 207 1100 2007 1300 2013 1300 2018
Ave.
13 | Davis Ct. N. Main St Dead End 590 2007 570 2013 570 2018
14 | Courthouse Ennis St. Rt 1229 1100 2007 920 2013 920 2018
Ln
Source: Virginia Department of Transportation (VDOT) — AADT and VMT Publications
Table 6-2: Route 301 and Route 207 Arterial Preservation Study
Caroline County Traffic Counts 2007-2040
Segment From To 2007 2009 2011 2013 2015 2017 2040
Route 722
. Bus SR 207 12,000 11,000 11,000 12,000 12,000 12,000 23,500
Milford
VA 207
US 301
Bus SR 207 . 8,400 8,000 8,400 8,900 9,100 9,000 18,000
Richmond Tpke
Bus US 301, Bus
SR 207 SR 207 11,000 10,000 11,000 11,000 11,000 10,000 19,600
Broaddus Ave
US 301
Bus US 301, Bus | NCLBowling
SR 207 Green; 16-608 12,000 11,000 8,500 11,000 12,000 11,000 21,600
Broaddus Ave | Lakewood Rd

Functional Classifications

Rural highways in Virginia are classified by Virginia Department of Transportation (VDOT) according to
function based upon a system developed by the American Association of State Highway and
Transportation Officials (AASHTO). The following is a short description of each of the classifications.
These classifications are also shown on the Highway Classification map (Map 3).

Principal Arterial highways provide an integrated network of roads that connect principal metropolitan
areas and serve virtually all urban areas with a population greater than 25,000. They serve long distance
travel demands such as state-wide and interstate travel. The only principal arterial route directly serving
Bowling Green follows Route 207 to the Route 301 bypass, includes the bypass, and then continues
northeast along Route 301.

Minor Arterial highways link cities and large towns and provide an integrated network for intrastate and
intercounty service. They supplement the principal arterial system so that all demographic areas are
within a reasonable distance of an arterial highway and are intended as routes that have minimum
interference to through movement. Route 301/Route 2 to the south of Bowling Green, Route 301 Business
from the bypass to Route 2, and Route 2 north are classified as minor arterial highways.




Direct access to properties from arterials is discouraged. Access to adjacent properties should occur
through the utilization of access management techniques such as internal, frontage, or service roads;
shared entrances; and limitations on the number, location, and spacing of entrances.

Major Collector highways provide service to any county seat, large towns, or other major traffic
generators not served by the arterial system. They provide links to the higher classified routes and serve
as important intra-county travel corridors. Major collectors include Route 301 Business from the
intersection of Route 2 to the bypass, Route 207 Business, and Route 619 (Chase Street) between the
Route 301 Bypass and Main Street.

Minor Collector highways collect traffic from local streets and bring all developed areas within a
reasonable distance of a collector road. They provide service to small communities and link important
local traffic generators with the rural areas. The closest roadways to minor collectors in Bowling Green
are Lakewood Drive (Route 608) and Milford Street.

Local Streets provide access to adjacent land and serve travel of short distances as compared to the higher
systems, and typically collect traffic from local subdivision roads and carry these vehicles to adjacent
neighborhoods and arterial roads. The design of the roadway and adjacent development should minimize
potential conflicts between vehicles and pedestrians. All of the remaining streets in Bowling Green are
classified as local.

The intended functional classification of a road plays a role in the determination of recommended right-
of-way widths. Recommended right-of-way widths based upon VDOT standards are shown in the
adjacent table, table 6-3.

Table 6-3: Recommended Rights of Way

Principal Arterials 120 to 200 feet
Minor Arterials 90 to 120 feet
Major Collectors 70 to 90 feet
Minor Collectors 70 to 90 feet
Local Streets 40 to 80 feet

Source: VDOT Geometric Design Standards

Roadway Safety

Statewide, safety needs are assessed by identifying a roadway’s Potential for Safety Improvement (PSI).
The top intersections and roadway segments from each VDOT construction district are ranked. Scores are
determined by number of actual crashes minus the number of predicted crashes for that type of
intersection or roadway and the traffic volumes. See Map 4, PSI Intersections, for more details.

Recommendations

There are a number of specific trouble spots and deficiencies on the Town's road network and system of
sidewalks which will likely necessitate improvements over the next several years. The potential
improvements discussed below range from changes in lane striping to the installation of curb and gutter
along several well-traveled Town roads. The following is a short summary of each recommended
improvement. These are from the last Comp Plan but they’ve not been completed and are still needed.
I’ve left them in.




1. New Town Block - To open new areas for commercial development downtown and to improve traffic
circulation, it is recommended that the Town investigate the feasibility of constructing a new street(s)
between Main Street and Milford Street. An investigation of public and private funding sources to
construct the new street(s) should be studied.

2. Maury Avenue - The combination of roadway width and pavement conditions along Maury
57

Avenue often pose significant safety problems, especially when vehicles are parked alongside the street.
Future parking prohibitions on one side of the street may be necessary to lessen this problem. The
widening of Maury Avenue as well as the installation of curb and gutter are recommended. Alternatively,
Maury Ave could be made into a residential shared street (see documentation in Map Annex); speed limit
could be dropped, speed humps or tables could be added, or it could be made into a one-way street east-
bound to prevent cut-throughs to Milford (as described below). A discussion needs to happen with the
residents of Maury Ave to determine the best solution.

3. White Street - With the construction of the Bowling Green Plaza Shopping Center, traffic on White
Street has increased significantly. Vehicles traveling westbound on Milford Street are using Maury
Avenue to White Street to Anderson Ave to avoid stopping at the light at Milford Street and Main Street.

4. Chase Street - Due to a great deal of pedestrian traffic, the installation of new sidewalks along Chase
Street which connect to the street's existing sidewalks are recommended. This pedestrian traffic is due in
part to the apartments located along the easternmost section of the street. In addition, curb and gutter are
also recommended for the easternmost section of this street between Butler Street and Route 301.

5. Courthouse Lane - To facilitate drainage and preserve the edge of the existing road surface, the
installation of curb and gutter are recommended for Courthouse Lane between Butler Street and Route
301.

6. Travis Street - Sight distance problems along Travis Street will likely necessitate the clearing of brush
and other vegetation along several stretches of the street. Travis Street experiences a great deal of cut-
through traffic to Courthouse Lane.

7. Sidewalk Extensions — The Town should pursue the addition of sidewalks on North and South Main
Street into the annexed areas.

8. Sidewalk Maintenance — The Town should complete a sidewalk condition inspection and provide a list
of problem areas to Virginia Department of Transportation (VDOT) for action. The first inspection was
completed in February 2008.

The following recommendations were prepared by VDOT in 2018 as part of a larger study of the US
301/Route 207 Corridor in Caroline and King George County. See Recommended Improvements, map 4.

Intersection #16: W Broaddus Avenue with Route 207
The intersection should be evaluated further as development occurs within the Town of Bowling
Green

Intersection #17: Route 2 Ramp with US 301




Reconfigure the intersection to a Continuous Green-T (CGT) intersection to accommodate left-
turning vehicles from eastbound Route 2 Ramp
The Town of Bowling Green has two intersections directly on US 301, Chase Street and
Courthouse Lane, that do not meet spacing standards and has a significant history of crashes
The CGT provides safe and efficient movements, thus encouraging traffic to utilize Route 2 ramp
due to reconfigure

intersections at Chase Street and Courthouse Lane

Intersection #18: Chase Street with US 301 (current SMART SCALE application)

Chase Street and Courthouse Lane do not meet VDOT Road Design Manual spacing standards and
have a significant history of crashes. Westbound Chase Street does not have immediate access (<20
min) to southbound US 301; therefore, keeping as much access for westbound Chase Street is
preferred

Option 1: Reconfigure the intersection to a Continuous Green-T (CGT) to accommodate left-
turning vehicles from westbound Chase Street. Reconfigure the eastbound approach to right-
in/right-out only.

Option 2: Reconfigure the intersection to a Partial Restrict Crossing U-Turn (RCUT) to
accommodate left-turning and through vehicles from westbound Chase Street. Reconfigure the
eastbound approach to right-in/right-out only. Reconfigure the intersection of Courthouse Lane to
permit lefts-in and U-turns.

Intersection #19: Courthouse Lane with US 301

Chase Street and Courthouse Lane do not meet VDOT Road Design Manual spacing standards and
have a significant history of crashes. The existing turn lanes does not meet the VDOT Road Design
Manual’s minimum standard for turn lane storage and taper lengths

Option 1: Eliminate the existing crossover and convert to traversable median for emergency
vehicles only. Reconfigure the intersection to right-in/right-only. Lengthen the existing southbound
US 301 right-turn lane.

Option 2: Reconfigure the intersection of Courthouse Ln to permit lefts-in and U-turns from
northbound US 301 and right-in/right-outs onto and from southbound US 301. Lengthen the
existing southbound US 301 right-turn lane.

Intersection #20: W Broaddus Avenue with US 301

Eliminate the southbound US 301 left-turn lane and extend the median stop bar towards US 301
mainline to improve sight distance

Inadequate sight-distance from the westbound approach, looking northbound, creates difficult
movement through the intersection.

Area between W Broaddus Avenue and Lakewood Road

Consolidate and eliminate crossovers and convert area to a Restricted Crossing U-Turn (RCUT)
superstreet as development occurs

Multiple crossovers do not meet the VDOT Road Design Manual spacing standards.

The area has been designated as a development area by the Town of Bowling Green. Consolidating
accesses and utilizing the superstreet concept will comply with VDOT standards and promote safe
and efficient traffic operations.




Intersection #21: Lakewood Road with US 301
Extend the existing US 301 turn lanes. Evaluate the US 301 northbound right-turn lane based on
future expansion of Fort A.P. Hill. Lengthen all existing turn lanes on Route 207. Evaluate the
intersection as development occurs and reconfigure to Restricted Crossing U-Turn (RCUT).

e Existing turn lanes do not meet the VDOT Road Design Manual’s minimum standard for turn lane
storage and taper lengths.
The Town of Bowling Green designated this area as a development area. Consolidating accesses
and utilizing the superstreet concept will comply with VDOT standards and promote safe and
efficient traffic operations.

Bicycle and Pedestrian

Creating a safe and inviting community to walk and bike makes Bowling Green a healthier and more
enjoyable place for the people who live there and it’s a boon to economic development as well. As
Bowling Green seeks to revitalize its downtown, it will need to take proactive steps to retain and improve
its friendly, walkable character as traffic increases.

The Town has a relatively extensive sidewalk system in place, most of which is maintained by VDOT
(See Map 5, Existing Sidewalks). Bowling Green is working with VDOT to complete gaps and to extend
the network to create a more walkable environment downtown and in residential districts and to ensure
the remaining sidewalks are kept in a serviceable and safe condition.

For bicyclists, the town will be working with VDOT to create safer conditions with signage and pavement
markings, as well as completing the bike lane on Broaddus Ave when feasible.

Recommendations

Increased traffic on US 301 from widening Governor Harry “Nice” Bridge will challenge Bowling
Green’s Main Street walkable character. To help mitigate those impacts, safety improvements are
recommended for a number of downtown streets and intersections, detailed below. See the Pedestrian
Recommendations Map, Map 6, for more.

Crossing Recommendations:

. Broaddus Ave and Anderson:
o Add a ladder-style/continental crosswalk! on Anderson and Pedestrian-activated Signal
on Broaddus (Rectangular Rapid Flash Beacon- RRFB)?
o Broaddus Ave and Main St:
o Five continental crosswalks and an appropriate pedestrian signal phase TBD (see
accompanying documentation), no turn on red during ped signal phase for slip lane.
Adequate night-time lighting levels.

1 According to a US DOT ”Crosswalk Marking Field Visibility Study”, ladder-style crosswalks were visible at twice the distance as lateral line
crosswalks (Annex)

2 According to US DOT “Field Guide for Selecting Countermeasures at Uncontrolled Pedestrian Crossing Locations” info about Rectangular
Rapid Flashing Beacons (Annex)




Broaddus Ave and Travis St:

o Crosswalk and pedestrian-activated signal (RRFB). Adequate night-time lighting levels.
Main St/ Milford St/Chase St:

o Four continental crosswalks, an appropriate pedestrian signal phase, nighttime lighting.
Main and Oak Ridge St:

o Continental crosswalk/raised crosswalk and Advance Yield Here To (Stop Here For)
Pedestrians Sign and yield (stop) Line, in street pedestrian crossing sign, adequate-night
time lighting levels 3

Main St and Maury Ave:

o Continental crosswalk/raised crosswalk and Advance Yield Here To (Stop Here For)
Pedestrians Sign and yield (stop) Line, in street pedestrian crossing sign, adequate-night
time lighting levels

Courthouse Ln and Travis St:

o Continental Crosswalk, Pedestrian crossing sign
Chase St and Ennis St:

o Continental Crosswalk, Pedestrian crossing sign, adequate-night time lighting levels
Main St and Courthouse Ln:

o Continental Crosswalk, Advance Yield Here To (Stop Here For) Pedestrians Sign,
adequate-night time lighting levels

Roadway Improvements:

Broaddus Ave:
o Complete bike lane on Broaddus to intersection of Main Street.  Add section of
sidewalk at intersection east of Main.
Anderson Ave:
o Shared Roadway Signage and Sharrows
Milford St:
o Complete the sidewalks west of Anderson connecting to Elliot Drive. Shared road
signage and Sharrows west of Main St.

Maury Ave:
o Complete the sidewalk. Alternatively, consider a residential shared street, dropping speed
limit®
Elliot Dr:
o Sidewalk on one side
White St:
o) Sidewalk on one side
o Main St:

o Shared Road Signage and Sharrows from Broaddus to Lafayette Ave. Shoulder
improvements south of that to 301. Bring all existing sidewalks and crossings into ADA
compliance.

Courthouse Ln:

o Complete sidewalks to apartment complex
Ennis St, Butler St, Lee St, Martin St:

o Complete the sidewalk

3 According to US DOT “Field Guide for Selecting Countermeasures at Uncontrolled Pedestrian Crossing Locations”, p 4 (Annex)

4VDOT Complete Streets: Bicycle and Pedestrian Facility Guidelines, Bus Stop Design and Parking Guidelines, p A(1)-13, Right turn lane design p
A(1)-21 (Annex)

5 See “Residential Shared Streets”, (Annex)




o Chase St:
o Complete the sidewalk east of Butler Street to the apartment complex.

Commuter Options

GWRideConnect

GWRideConnect is a program designed to promote ridesharing and provide commuting information for
all non-single occupancy vehicle modes of transportation to residents of Planning District 16 which
includes Caroline, King George, Spotsylvania and Stafford Counties as well as the City of
Fredericksburg. GWRideConnect assists people who are seeking transportation from the George
Washington Regional Commission (GWRC) area to employment locations, including the Washington
(DC-MD-VA) and Richmond metropolitan areas. GWRideConnect also assists residents in commuting to
employment centers within the GWRC area.

It is the primary goal of the program to place commuters in various modes of mass transportation to
eliminate their single occupancy vehicles from the highways. To foster this goal, the program assists in
the creation of new commuter pools (cars, vans and buses) and works to keep these pools successfully
operating. The closest VDOT maintained commuter parking lot to Bowling Green is located at the
intersection of Route 1 and Route 207 in Carmel Church. The lot has 50 spaces. Leased commuter lots are
located at 8051 Prosperity Way in Ladysmith and at 3411 Shannon Park Drive next to Shannon Airport in
Spotsylvania. These lots have 25 spaces and 35 spaces respectively. Free parking passes are required to
utilize the leased spaces and are obtained by contacting GWRideConnect. One private commuter bus line
offers daily service to Washington from commuter lots in Spotsylvania County on Route 208 and Route
3.

Rail/Bus/Air service

Although Virginia Railway Express (VRE) and Amtrak do not serve any stations in Caroline County,
stops are made just over the line at the stations in Spotsylvania, to the north, and Ashland in Hanover
County, to the south. Eight VRE passenger trains travel between Union Station in Washington and
Spotsylvania Station in Spotsylvania County each day. Additionally, five Amtrak trains travel between
the Fredericksburg Station and Union Station in Washington DC, stopping only at Quantico, Woodbridge,
and Alexandria in between.

Bus service to Richmond and Washington from the area is provided by Greyhound Bus Lines. The closest
station is located in Fredericksburg. Locally, Fredericksburg Regional Transit (FRED) provides bus
services throughout the region. Caroline County has paid into FRED and been part of its service route in
the past and may choose to again.

The closest major airport to the Town is Richmond International Airport. General aviation airports in the
area include Shannon Airport in Fredericksburg, Stafford Regional Airport in Stafford County, and the
Hanover Airpark in Hanover County.
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Town of Bowling Green
Highway Functional Classification
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Potential for Safety Improvement (PSI)
Intersections and Crash Locations in
the Town of Bowling Green
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Residential Shared Street

1.

Low-volume residential streets, especially in older cities and towns, often have narrow or
crumbling sidewalks. Many of these streets operate de facto as shared spaces, in which
children play and people walk, sharing the roadway with drivers.

Depending on the street’s volume and role in the traffic network, these streets have the
potential to be redesigned and enhanced as shared streets. Shared streets can meet the
desires of adjacent residents and function foremost as a public space for recreation,
socializing, and leisure.

Note: many low-volume residential streets in the United States were designed without
sidewalks. Most of these streets have limited access and low volumes, allowing them to
operate informally as shared spaces. Cities should aim to maintain low speeds (~ 10 mph)
and volumes on these streets, reinforcing their shared nature through materials and
targeted design enhancements.

Street furniture, including bollards, benches, planters, and bicycle parking, can help
define a shared space, subtly delineating the traveled way from the pedestrian-only
space.

A shared street sign should be used at the entrance to a shared street. In some cases, a
modified YIELD TO PEDESTRIANS sign (MUTCD 2B-2) may be added to reinforce the
conversion in early stages.

Shared streets should generally be designed to operate intuitively as shared spaces
without the need of signage. Signage serves to educate the public in the early stages of a
conversion. Residential shared street signage often depicts children playing to make

motorists aware that they are entering a low

<

speed area.

Provide tactile warning strips at the entrance to
all shared spaces. Warning strips should alert
drivers and pedestrians.

Shared streets generally permit motorists and
bicyclists to operate in a 2-way fashion. Narrower
shared streets may be made 1-way for motorists, '\ J
though 2-way bicycle traffic should still be

permitted. Certain restrictions and regulations may apply to vehicles on a shared street.
Designers should strive to make these behaviors implicit through the design details of the
street itself.

On wider shared streets, staggered blocks of landscaping, head-in parking, back-in angled
parking, or perpendicular parking can be used to create a chicane effect. In some cases,
parking may be permitted directly adjacent to properties in a residential environment.
Bollards, paving materials, and street furniture help to define parking spaces and to
delineate private from public space.




Chicane Effect:
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Another view of a residential shared street, showing staggered parking, signage and a rumble strip at
street entrance to warn motorists of the likely presence of pedestrians or cyclists.

This document summarized from the NACTO Urban Street Design Guide, found online at:

https://nacto.org/publication/urban-street-design-guide/streets/residential-shared-street/
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Objective

The objective of this study was to investigate the relative
daytime and nighttime visibility of three crosswalk marking
patterns: transverse lines, continental, and bar pairs.

Background

Crosswalk markings provide guidance for pedestrians
crossing roadways by defining and delineating paths on
approaches. These markings are used in conjunction with
signs and other measures to alert road users to a designated
pedestrian crossing point. Part 3 of the Manual on Uniform
Traffic Control Devices (MUTCD) contains basic information
about crosswalk markings."’ Because some States adopt
their own supplement or manual on traffic control devices
and some develop policies and practices for subjects not dis-
cussed in the MUTCD, differences in markings occur among
States, cities, and other jurisdictions.

While greater emphasis has recently been placed on research-
ing pedestrian treatments, there is insufficient research to
identify the relative visibility and driver behavior effects of
the many different styles and patterns of crosswalk markings
being used in the United States and abroad. Previous stud-
ies focused on whether the presence of the markings (rather
than a specific pattern) was effective.?* The lack of knowl-
edge of the relative visibility of different marking patterns has
inhibited the development of a consensus on whether more
uniformity is needed in the form of tighter MUTCD standards
or more comprehensive guidance on crosswalk markings.




Study Approach

In this study, participants drove an instrumented
vehicle on a route through the Texas A&M
University campus in College Station, TX. The
route provided an open road environment that
included portions in a typical college setting
(e.g., sidewalks, buildings, basketball arena) and
roads through the agricultural area of the cam-
pus, which were more rural in feel. Roadway
lighting was present at each of the crosswalk
locations. The study vehicle was equipped with
instrumentation that allowed the researchers
to measure and record various driving perfor-
mance data. However, the vehicle operated and
drove like a normal vehicle.

The 78 participants were divided almost evenly
between groups of male and female participants
and between groups of younger (younger than
55 years old) and older (55 years old or older)
participants.

Existing markings (six intersection and two
midblock locations) and new markings installed
for this study (nine midblock locations) were
tested. Figure 1 shows an example of the bar
pairs installed for this study, figure 2 shows
a continental example, and figure 3 shows a
transverse marking example.

Once the participant was comfortable in the
instrumented vehicle and had arrived in a park-
ing lot near the start of the route, he or she was
reminded to indicate when one of the following

items was seen: crosswalk markings, two-way
left-turn arrows, and speed limit signs. The
arrows and signs were included to ensure that
the driver utilized a normal eye glance pattern
and was not exclusively searching for cross-
walks. As soon as the driver said “crosswalk,”
the rear seat experimenter pressed the appropri-
ate button to place a mark indicating detection
in the computer file. Detection distances were
adjusted by an experimenter response-time
factor determined through pretesting. For the
nine crosswalks installed for this study, the
adjustments to the participant’s detection dis-
tance ranged between 3 and 13 percent.

After completing the initial route, the participant
was given additional instructions and asked to
drive the same route again to rate each crosswalk
marking on how easy it was to see using a scale
of A (excellent: very easy to see) to F (completely
unacceptable: | would have missed it if | was not
looking for it).

Figure 1. Photo. Example of bar pairs markings
installed for this study.




Figure 3. Photo. Example of transverse markings installed for this study.

Results

The primary objective of this research was to
study the visibility of crosswalk markings by
determining detection distance and identifying
the variables that affect this distance. The differ-
ences in detection distances were evaluated with
consideration of variables in the following classes:

e Light (day or night).
e Site characteristics.

o Marking type (transverse, continental, and
bar pairs).

o Location (study, existing intersection, exist-
ing midblock).

o Street characteristics (crossing width,
posted speed limit, sidewalk presence,
rural or urban feel).

o Retroreflectivity.
e Traffic characteristics.

o Traffic presence that could affect detection
distance.

o Pedestrian or bicyclist presence.
o Driver speed.
e Vehicle type (sedan or SUV).
¢ Driver characteristics.
o Driver eye height
o Gender.

o Age group (younger than 55 years old or
55 years old and older).

Initially, the statistical model examined con-
tained all main effects and possible two-way
interactions (termed the “extended” model). Not
all variables could be included in the extended
model due to exact linear dependency issues for
some of the factors (i.e., a linear combination of
one or more factors’ values can exactly duplicate
another factor’s values). Next, several models
with a subset of variables in the extended model
were explored to determine the best model for
identifying the variables that influence detec-
tion distance (termed the “reduced” model).
Interactions were dropped from the reduced
models when the p-value was less than 0.05
(they were not statistically significant).

The evaluations were conducted separately for
the study sites (where new markings were
installed at midblock locations) and the existing
sites (where markings were already present at an
intersection or were already present midblock
and had pedestrian warning signs). The pre-
liminary evaluations clearly showed a difference
in detection distance for day and night. Because
the nighttime condition had the additional variable
retroreflectivity to consider and because some
variables were expected to have different effects
during the night (such as marking type, vehicle
type, and driver eye height), separate analyses
were done for daytime and nighttime conditions.
In all combinations, daytime detection distances
were longer than nighttime detection distances.

For the study sites, the marking type (bar pairs,
continental, or transverse) was statistically
significant. The detection distances to bar pairs




and continental markings were statistically
similar, and they were both statistically different
from the detection distance to the transverse
markings both during the day and at night (see
figure 4).

The presence of traffic had an impact on detec-
tion distance at the study sites, in most cases
limiting the ability to see the markings farther
upstream, as expected (see figure 5). The impact
of traffic on the transverse markings was minimal
as the detection distances to these markings
were already small compared to the detection
distances for bar pairs or continental. Overall,
shorter detection distances were associated
with higher operating speeds; however, in most
cases the detection distances were only slightly
shorter. The characteristics of the streets also
influenced the detection of the crosswalk mark-
ings. An unexpected result was that the street
group with a posted speed limit of 45 mi/h had
longer nighttime adjusted detection distances
than the 30 mi/h roadway sections. This finding
was opposite the finding for daytime conditions.

Figure 4. Graph. Least square mean detection distance

by marking type and light level for study sites.
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Figure 5. Graph. Least square mean daytime

adjusted detection distance by marking type and
traffic presence at study sites.
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Daytime adjusted detection distances were
slightly shorter for higher speeds.

Age (younger versus older) was only a signifi-
cant factor during the day for the existing sites.
However, the size of this difference was quite
small and was not considered to be of practi-
cal significance. Variables that included gender,
driver eye height, and vehicle type as part of an
interaction term were found to be statistically
significant, but closer examination found them
to not be of practical significance.

For the existing sites, marking type had a
significant effect on detection distance during
the daytime at midblock crosswalks (as shown
in figure 6) and at nighttime. There were no
existing sites with bar pairs markings, hence
only continental and transverse markings
were compared. During the day, the detection
distances to the continental and transverse
markings at intersections were not significantly
different. The detection distance to midblock
continental was statistically different (longer)
from the detection distance to midblock
transverse markings.

During nighttime conditions at existing sites,
variables in addition to marking type had an
effect on detection distances, such as location
(midblock or intersection) and driver speed.
Driver speeds had mixed effects on detection
distance depending on location (intersection or
midblock) and light level (day or night). For
intersections, an increase in driver speed was

Figure 6. Graph. Least square mean daytime

adjusted detection distance by marking type and
location at existing sites.
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associated with longer detection distances for
both the daytime and nighttime conditions.
All of the intersections included in this project
were either stop-controlled or signal-controlled.
Several drivers appeared to be more focused
on the stopping maneuver than the detection
task and would not call out the recognition of a
crosswalk until close to the stop bar.

For midblock (uncontrolled) approaches, the
finding was dependent on light level. Nighttime
detection distance at midblock was similar to
intersections—longer detection distances
were associated with the higher speeds. For
daytime, the opposite occurred—higher driver
speeds were associated with shorter detection
distances at the midblock crosswalks. While
the higher driver speeds were associated with
shorter detection distances, the differences
were small and would not be considered of
practical significance.

The subjective ratings of visibility using the
letter-grade system were compared for all the
groups/variables identified in the preceding
analysis. The ratings for continental and bar
pairs were consistent over various comparison
groups, with better ratings for bar pairs and
continental markings than for transverse mark-
ings. Figure 7 shows the overall rating received
by each marking type for study sites.

Figure 7. Graph. Rating by marking type for study sites.

Conclusions

The conclusions from this study are as follows:

e The detection distances to continental and bar
pairs are statistically similar. The detection
distances to continental and bar pairs are
statistically different from transverse markings.

¢ For the existing midblock locations, a general
observation is that the continental marking
was detected at about twice the distance
upstream as the transverse marking during
daytime conditions. This increase in distance
reflects 8 s of increased awareness of the
crossing for a 30-mi/h operating speed.

e The results of the appearance ratings of the
markings on a scale of A to F mirrored the find-
ings from the detection distance evaluation.
Participants preferred the continental and bar
pairs markings over the transverse markings.

e Participants gave the continental and bar pairs
markings similar ratings during both the day
and night. However, the transverse marking rat-
ings differed based on the light level. The partici-
pants gave slightly better ratings, although still
worse than continental or bar pairs markings,
for transverse markings during the nighttime as
compared to the daytime.The lower ratings dur-
ing daylight conditions could be due to sun glare
or shadow issues mentioned by the participants.
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from: http://mutcd.fhwa.dot.gov/kno_2009.htm.
Site last accessed March 5, 2010.

Recommendations
Based on the findings from this research, the

researchers recommend that consideration be

i .. 2. Knoblauch, R.L., Tustin, B.H., Smith, S.A,,
given to revising the MUTCD as follows:

and Pietrucha, M.T. (1988). Investigation of
Exposure-Based Pedestrian Accident Areas:
Crosswalks, Sidewalks, Local Streets and Major
Arterials, Report No. FHWA-RD-87-038, Federal
Highway Administration, Washington, DC.

e Add bar pairs as a usable crosswalk pattern.

e Provide typical dimensions for the marking
patterns including spacing that will assist in
avoiding wheel paths.

Consider making bar pairs or continental the
“default” for all crosswalks across uncontrolled
approaches (i.e., not controlled by signals or
stop signs), with exceptions allowing transverse
lines where engineering judgment determines
that such markings would be adequate, such
as a location with low-speed residential streets.

. Knoblauch, R.L., and Raymond, P.D. (2000).

The Effect of Crosswalk Markings on Vehicle
Speeds in Maryland, Virginia, and Arizona,
Report No. FHWA-RD-00-101, Federal Highway
Administration, Washington, DC.

. Knoblauch, R. L., Nitzburg, M., and Seifert, R.F

(2001). Pedestrian Crosswalk Case Studies:
Sacramento, California; Richmond, Virginia;
Buffalo, New York; Stillwater, Minnesota,
Report No. FHWA-RD-00-103, Federal Highway
Administration, Washington DC.
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APPENDIX A(1)

INTRODUCTION"

A Complete Streets Policy is a transportation policy and design approach that requires
streets to be planned, designed, operated, and maintained to enable safe, convenient and
comfortable travel and access for users “of all ages and abilities” regardless of their mode of
transportation. Complete Streets allow for safe travel by those walking, cycling, driving
automobiles, riding public transportation, or delivering goods.

Although the guiding principle for complete streets is to create streets and related
infrastructure that provide safe travel for all users, each complete street has to be customized
and characterized by their surrounding environment and how the street fits into the
community. A complete street also has to accommodate the needs and expectations of the
travelers who want to access or pass through the surrounding neighborhood, community, or
region.

According to the National Complete Streets Coalition, typical elements that make up a
complete street include sidewalks, bicycle lanes (or wide, paved shoulders), shared-use
paths, designated bus lanes, safe and accessible transit stops, and frequent and safe
crossings for pedestrians, including crosswalks, median refuge islands, accessible
pedestrian signals, and curb extensions. Certainly, a design for a complete street in a rural
context will look quite different from one in a suburban or urban context. For example, a
complete street in a rural context could involve providing wide shoulders or a shared-use
path instead of sidewalks. The common denominator, however, is balancing safety and
convenience to accommodate all current and anticipated users.

Transit Buses can become a more attractive option when access points that comply with the
requirements of the Americans with Disabilities Act are integrated into streets, sidewalks, and
parking areas to allow easier, safer access for users “of all ages and abilities”.

The benefits of complete streets include:

e Making it easier for travelers to get where they need to go;

e Encouraging the use of alternative forms of transportation;

o Building more sustainable communities;

e Increasing connectivity between neighborhoods, commercial areas, streets, and
transit systems;

e Improving safety for pedestrians, cyclists, and motorists.

VDOT will collaborate with localities (cities, counties, and towns), and communities as well as
Transportation Planning Organizations (TPO), Metropolitan Planning Organizations (MPO)
and Planning District Commissions (PDC’s) during the planning and design phases of new
and reconstructed street projects. Together, they will decide how to provide the appropriate
transportation facility needed to serve the community and complement the surrounding
environment. This policy builds on current VDOT policies and guidelines and encourages
creativity for considering and providing multi-modal options within transportation projects,
while achieving safety and efficiency.

* Added 7/18 4.
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Specific VDOT Policies and Guidelines includes:

CTB Bicycle and Pedestrian Accommodation Policy, March 2004
o http://www.virginiadot.org/programs/bk-documents.asp

VDOT Instructional and Information Memorandum, [IM-LD-55 (Curb Ramps and Sidewalks)
o http://www.extranet.vdot.state.va.us/locdes/electronic _pubs/iim/IIM55.pdf

VDOT Instructional and Information Memorandum, I|IM-TE-384 (Pedestrian Crossing

Accommodations at Unsignalized Locations)*

o http://www.virginiadot.org/business/resources/IIM/TE384 Ped_Xing_Accommodations_Un
signalized_Locs.pdf

Multimodal System Design Guidelines
o http://drpt.virginia.gov/activities/filess DRPT MMSDG FINAL Chapters.pdf

VDOT Instructional and Information Memorandum, [IM-TMPD-1.0 (Implementation of the CTB
Policy for Integrating Bicycle and Pedestrian Accommodations)
o0 http://www.virginiadot.org/business/resources/IIM/TMPD-
1.0 Implementation_of the CTB Policy for Integrating Bicycle and Pedestrian Accom

modaitons.pdf

VDOT Pedestrian Safety Action Plan
0 http://mwww.virginiadot.org/business/resources/VDOT_PSAP_Report_052118 with_Appendix
_A_B_C.pdf

VDOT State Bicycle Policy Plan
o http://www.virginiadot.org/programs/bicycling and walking/bicycle policy plan.asp

VDOT State Pedestrian Policy Plan
o http://www.virginiadot.org/programs/bikeped/pedestrian policy plan.asp

VDOT Biking and Walking Web Page
o http://www.virginiadot.org/programs/bikeped/default.asp

Resources:

FHWA Public Roads, July-August 2010
o https://www.fhwa.dot.gov/publications/publicroads/10julaug/03.cfm

Florida DOT Complete Street Implementation Web Page
0 http://www.fdot.gov/roadway/csi/default.shtm

National Complete Streets Coalition
0 https://smartgrowthamerica.org/program/national-complete-streets-coalition/

NCDOT Complete Streets Planning and Design Guidelines
0 Complete Streets Guidelines (pdf)

Smart Growth America: Complete Streets Local Policy Workbook
0 https://smartgrowthamerica.org/resources/complete-streets-local-policy-workbook/

Washington State DOT Complete Streets
o http://www.wsdot.wa.qov/Projects/PracticalDesign/completestreets.htm

* Added 7/19 4.
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SECTION A(1)-1-BICYCLE AND PEDESTRIAN FACILITY GUIDELINES

VDOT POLICY TO IMPROVE BICYCLE AND PEDESTRIAN ACCESS

On March 18, 2004, the Commonwealth Transportation Board (CTB) approved and adopted
a policy aimed at providing bicyclists and pedestrian’s greater access to safe transportation
on roadways across the state. This policy shall supersede all current department policies and
procedures related to bicycle and pedestrian accommodations.

Highlights from the policy include:

e A framework through which VDOT will accommodate bicyclists and
pedestrians, including pedestrians with disabilities, along with motorized
transportation modes in the planning, funding, design, construction, operation,
and maintenance of Virginia’s transportation network to achieve a safe,
effective, and balanced multimodal transportation system.

e Sidewalks, bike lanes, shared-use paths or other accommodations will be
considered in the design of all new highway and major reconstruction projects,
depending on safety issues and the need.

Project Managers should be familiar with the policy prior to starting the Project Development
Process. The entire policy can be obtained at
http://www.virginiadot.org/programs/resources/bike _ped policy.pdf.

The following are a few excerpts from the policy:

The Virginia Department of Transportation (VDOT) will initiate all highway construction
projects with the presumption that the projects shall accommodate bicycling and walking.
VDOT will provide the leadership to implement this policy. During the decision process, the
project manager and local representatives will, based on the factors listed in the policy,
develop a recommendation on how and whether to accommodate bicyclists and pedestrians
in a construction project prior to the public hearing. VDOT will promote the inclusion of
bicycle and pedestrian accommodations in transportation planning activities at local, regional,
and statewide levels. There are exceptions to the provision of accommodations.

Bicycle and pedestrian accommodations can be developed through projects that are
independent of highway construction either within the highway right-of-way or on an
independent right-of-way. Highway construction funds can be used to build bicycle and
pedestrian accommodations either concurrently with highway construction projects or as
independent transportation projects. Both types of bicycle and pedestrian accommodation
projects will be funded in the same manner as other highway construction projects for each
system (i.e., interstate, primary, secondary, or urban).
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VDOT will work with localities (cities, counties, and towns), and communities as well as
Transportation Planning Organizations (TPO), Metropolitan Planning Organizations (MPO) and
Planning District Commissions (PDC’s) to select and design accommodations, taking into
consideration community needs, safety, and unique environmental and aesthetic
characteristics as they relate to specific projects. The selection of the specific
accommodations to be included in a project shall be based on the application of appropriate
planning design, and engineering principles.

Bicycle and Pedestrians accommodations shall be designed and built, or installed, using the
VDOT Road Design Manual, VDOT Roads and Bridge Standards and Specifications, the
AASHTO Guide for the Development of Bicycle facilities, AASHTO Guide for the Planning
Design _and Operation of Pedestrian Facilities, the Proposed Accessibility Guidelines for
Pedestrian Facilities in the Public Rights-of-Way (PROWAG) dated July 26, 2011, Manual
on_Uniform Traffic Control Devices (MUTCD) and the 2011 Virginia Supplement to the
MUTCD.

Below are additional nationally recognized resources to build upon the flexibilities provided in
the AASHTO guides, which can help communities plan and design safe and convenient
facilities for pedestrians, bicyclists and transit users.

On August 20, 2013 FHWA issued a Memorandum expressing support for taking a flexible
approach to bicycle and pedestrian facility design. In doing so, FHWA supports the use of
The National Association of City Transportation Officials (NACTO) NACTO Urban Bikeway
Design Guide and the_ITE Designing Urban Walkable Thoroughfares: A context Sensitive
Approach to build upon the flexibilities provided in the AASHTO guides, which can help
communities plan and design safe and convenient facilities for pedestrians and bicyclists.

On July 25, 2014, FHWA'’s Offices of Planning, Environment, and Realty; Infrastructure;
Safety; and Operations jointly issued a Memorandum announcing their official support and
endorsement of NACTO Urban Street Design Guide.

In May 2015, FHWA released the Separated Bike Lane Planning and Design Guide, which
outlines planning considerations for separated bike lanes (also sometimes called “cycle
tracks” or “protected bike lanes”) and provides a menu of design options covering typical one
and two-way scenarios. The guide consolidates lessons learned from practitioners designing
and implementing separated bike lanes throughout the U.S.

In March 2016, ITE released Recommended Design Guidelines to Accommodate
Pedestrians and Bicycles at Interchanges: An ITE Recommended Practice.

On April 21, 2016, NACTO released the NACTO Bike Share Station Sitting Guide
https://nacto.org/wp-content/uploads/2016/04/NACT O-Bike-Share-Siting-Guide_ FINAL.pdf,
which highlights best practices in station placement and design. This Guide is a highly useful
resource for bike share planners and operators, providing clear standards for how and where
to install bike share stations. This Guide is also a complement to NACTO's successful Urban
Bikeway Design Guide and Urban Street Design Guide."

"Rev. 7/19 4.
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In August 2016, FHWA released Achieving Multimodal Networks: Applying Design Flexibility
and Reducing Conflicts which highlights ways that planners and designers can address
common roadway challenges and barriers by focusing on reducing multimodal conflicts
achieving connected networks so that walking and bicycling are safe, comfortable and
attractive options for people of all ages and abilities. All of these guides build upon the
flexibilities provided in the AASHTO Guides and are designed to help municipalities consider,
evaluate and design a complete street network.

On October 13, 2016, NACTO and the Global Designing Cities Initiative unveiled the NACTO
Global Street Design Guide, the first-ever worldwide standard for redesigning city streets to
prioritize safety, pedestrians, transit and sustainable mobility for an urban century. The
Global Street Design Guide establishes a global baseline for designing streets and public
spaces while redefining the role of streets in a rapidly urbanizing world. The Guide broadens
how to measure the success of urban streets to include access, safety and mobility for all
users, environmental quality, economic benefit, public health and overall quality of life.

In July 2017, ITE released Protected Bikeways Practitioners Guide to provide transportation
professionals with an easy-to-navigate document for planning, designing, operating, and
implementing protected bikeways in the United States and Canada.

The 2017 Act of the General Assembly passed HB 2023, which allows Road Diets to be
implemented statewide without the loss of maintenance payments provided certain criteria
are met. 8§ 33.2-319 of the Code of Virginia was amended and reenacted.

The following resources are available:

¢ FHWA Road Diet Informational Guide
e FHWA Incorporating On-Road Bicycle Networks into Resurfacing Projects

In August 2017, ITE released the Protected Bikeways Practitioners Guide, developed by the
ITE Complete Street Council with support from ITE Technical Programs Division staff. The
Guide is intended to provide transportation professionals with an easy to navigate document
for planning, operating and implementing protected bikeways in the United States and
Canada. The Guide also provides references to the critical design standards and guidelines
that direct the geometric and operational design of protected bikeways, including
international best practices and research and fills current design gaps in guidance based on
best practice example.

In August 2017, the Federal Transit Administration (FTA) released the Manual on Pedestrian
and Bicycle Connections to Transit, which provides a compendium of best practices to assist
transportation professions improve pedestrian and bicycle safety and access to transit,
including information on evaluating, planning for, and implementing improvements to
pedestrian and bicycle access to transit.

In October 2017, FHWA released Accessible Shared Streets: Notable Practices and
Considerations for Accommodating Pedestrians with Vision Disabilities.

"Rev. 1/18 4.
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This Document captures the national state of the practice for accommodating pedestrians
with vision disabilities on shared streets, helps State and local partners meet Americans with
Disabilities Act (ADA) obligations, and serves as a model for engaging people with disabilities
in the planning process. This document focuses on accessibility, specifically on streets
where pedestrians, bicyclists, and motor vehicles are intended to mix in the same space
rather than streets that lack curbs but are not intended to encourage this mixing, such as
curbless streets.

On November 14, 2017, the Pedestrian and Bicycle Information Center (PBIC) updated the
Design Resource Index that identifies the specific location of information in key national design
manuals for various pedestrian and bicycle design treatments. The Design Resource Index aims
to help practitioners quickly access resources and reduce the amount of time for design guide
searches. Resource: The PBIC Messenger, which is maintained by the University of North
Carolina.

On November 29, 2017, ITE released Implementing Context Sensitive Design on Multimodal
Corridors: A Practitioner's Handbook. This informational report was developed through an
external contract with the FHWA Office of Human Environment, supported by ITE Technical
Programs Division staff, which complements ITE's 2010 “Designing Walkable Urban
Thoroughfares” recommended practice. It is geared towards practitioners facing safety and
mobility challenges in urban and suburban spaces. It distills the latest research, evidence, and
case studies that practitioners need to advance their projects and focuses upon thoroughfares, or
arterial and collector roadways, which are often the most challenging streets to redesign.

In December 2017, The National Association of City Transportation Officials (NACTO) released
Designing for All Ages & Abilities: Contextual Guidance for High-Comfort Bicycle Facilities that
examines criteria for implementing bicycle infrastructure and facilities. This report considers
factors including vehicle speeds and volumes, operational uses, and observed sources of
bicycling stress. This report builds on NACTO Urban Street Design Guide and sets an All Ages
& Abilities criteria for selecting and implementing bike facilities.

In February 2018, FHWA released FHWA Guidebook for Measuring Multimodal Network
Connectivity. This resource focuses on pedestrian and bicycle network connectivity and provides
information on incorporating connectivity measures into state, metropolitan, and local
transportation planning processes.

In July 2018, FHWA Updated the Guide for Improving Pedestrian Safety at Uncontrolled
Locations

https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/quide_to improve uncontrolled cros
sings.pdf that was released in January 2018. This guide assists state and local transportation or
traffic safety departments that are considering developing a policy or guide to support the
installation of countermeasures at uncontrolled pedestrian crossing locations. This document
provides guidance to agencies, including best practices for each step involved in selecting
countermeasures. By focusing on uncontrolled crossing locations, agencies can address a
significant national safety problem and improve quality of life for pedestrians of all ages and
abilities. Agencies may use this guide to develop a customized policy or to supplement existing
local decision-making guidelines. This version has been updated to include the Rectangle Rapid-
Flashing Beacon (RRFB). FHWA issued a new Interim Approval (IA-21) for the use of RRFBs in
March 2018. "

"Rev. 1/19 4.
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In July 2018, FHWA Updated the Field Guide for Selecting Countermeasures at Uncontrolled
Pedestrian Crossing Locations
https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/pocket version.pdf that was also
released in January 2018. This field guide helps agencies select pedestrian crash
countermeasures based on criteria established in published literature, best practices, and
national guidance. This guide includes a form that the agency may use to document roadway
characteristics and pedestrian safety issues. It also tables that relate these documented
conditions to a specific set of countermeasure options. A series of descriptions lead the agency
through additional installation considerations for each countermeasure.

This version has also been updated to include the Rectangle Rapid-Flashing Beacon
(RRFB). FHWA issued a new Interim Approval (IA-21) for the use of RRFBs in March 2018.

In November 2018, the ITE Complete Streets Council released the Curbside Management
Practitioners Guide https://www.ite.org/technical-resources/topics/complete-streets/ite-
curbside-management-practitioner-s-resource/ in response to widespread interest in the
designation and optimization of curb space to accommodate the needs of all users. The
purpose is to outline a decision-making framework that can be applied across a broad
spectrum of locations and contexts

In February 2019, FHWA released the Bikeway Selection Guide to help transportation
practitioners consider and make informed trade-off decisions relating to the selection of
bikeway types. It is intended to supplement planning and engineering judgement. It
incorporates and builds upon the FHWA support for design flexibility to assist transportation
agencies in the development of connected, safe, and comfortable bicycle networks that meet
the needs of people of all ages and abilities. The FHWA Bikeway Selection Guide can be
accessed at_https://safety.fhwa.dot.gov/ped bike/tools solve/docs/fhwasal8077.pdf

On May 20, 2019, NACTO released Don’t Give Up at the Intersection, which includes best
practices for next-generation intersection designs that save lives and make walking and
biking more comfortable for people of all ages and abilities. The new guidance expands the
groundbreaking NACTO Urban Bikeway Design Guide with new diagrams detailing
intersection design treatments and signal strategies that reduce vehicle-bike and vehicle-
pedestrian conflicts.

The guidance, funded by Knight Foundation, uses three principles to enhance safety at the
intersection, where conflicts between street users are most frequent: Reduce turning speeds,
Make bikes and pedestrians visible and Give bikes the right of way.

Don’t Give Up at the Intersection can be accessed at
https://nacto.org/publication/urban-bikeway-design-quide/dont-give-up-at-the-intersection/

PLANNING AND DESIGN OF BICYCLE FACILITIES

During project scoping/SMART Scale application development the VDOT District Planner will
coordinate with the locality to address bicyclist and pedestrian access along the corridor as well
as to existing and planned transit connections.

"Rev. 7/19 4.
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During the preparation of an environmental document, environmental impact statement (EIS),
environmental assessment (EA), categorical exclusion (CE), programmatic categorical
exclusion (PCE), etc. VDOT will consider the current and anticipated future use of the affected
facilities by bicyclists and pedestrians, the potential impacts of the alternatives on bicycle and
pedestrian travel, and proposed measures, if any, to avoid or reduce adverse impacts to the use
of these facilities by bicyclists and pedestrians.

Discussion will take place at the scoping meeting concerning the expected type of bicyclist that
will use the facility and the type of facility to be designed. The District, Transportation and
Mobility Planning Division, Locality and other interested parties will provide input on the type of
facility to be designed on a particular project. Individuals involved in the planning and design
of bicycle facilities should be familiar with the resources mentioned in the previous section
titted: “VDOT POLICY TO IMPROVE BICYCLE AND PEDESTRIAN ACCESS”.

The procedure for planning and designing a bicycle facility is based on the following:

1. Roadway typical section
2. Motor vehicle traffic volume (ADT)
3. Design or posted speed of the roadway

The Guidelines and TABLES in SELECTING ROADWAY DESIGN TREATMENTS TO
ACCOMMODATE BICYCLES are recommended as bicycle facility design criteria, but in no
case should a bicycle facility be designed with criteria less than those contained in the
VDOT/AASHTO/NACTO DESIGN GUIDELINES.

BICYCLE ACCESS FACILITIES
VDOT may participate in the development of bicycle access facilities (Shared Use Paths and

Trails) to serve public recreational areas, such as county and state parks and historic sites
based on the current Recreational Access Fund Policy.

EXISTING ROADS

In some instances, for route continuity, bicycle facilities may be routed over existing facilities
which are not planned for expansion. In these cases, the facilities are an operational feature
and usually result in the identification of a bike lane, restriction of parking, or some other
physical modification to accommodate bicycle travel. It is necessary for the State
Transportation and Mobility Planning Division Administrator to coordinate with the District
Planner, District Traffic Engineer, and appropriate Divisions in the Central Office to assure
agreement on the method of treatment for a bikeway over an existing route.

MAJOR DEVELOPMENTS AND SITE PLANS

When bicycle facilities are considered as part of the total development of a property where the
road system will be maintained in the future by VDOT and the local government requires bicycle
facilities in new developments, the following conditions must be satisfied:
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e The bicycle element of the entire plan for the development must be reviewed and
approved by the local government prior to final approval by the District Transportation
Land Use Director or designee’. Appropriate review must be made, and communication
regarding the resolution of bicycle facility systems must be carried on between the
District Transportation Land Use Director, District Planner and the responsible District
Traffic Engineer.

e Along any roadways identified in the site plan, which will be maintained in the future by
VDOT, a bicycle facility may be incorporated into the development parallel to but off of
the right of way dedicated for street purposes. The maintenance and the responsibility
for operating the bicycle facility would fall on the owner, which would be the locality, the
developer, or other entity with the responsibility of maintenance of the common land of
the development and not the responsibility of VDOT. The bicycle facility right of way will
be exclusive of the roadway right of way; thus, future changes and/or modifications in the
bicycle facility would not be the responsibility of VDOT.

e Bicycle facilities within the VDOT right of way shall be designed in accordance with the
resources and guidelines discussed in the sections titled: “VDOT POLICY TO
IMPROVE BICYCLE AND PEDESTRIAN ACCESS” and “SELECTING ROADWAY
DESIGN TREATMENTS TO ACCOMMODATE BICYCLES".

For major developments and site plans where the roadway system will not be maintained in
the future by VDOT, all bicycle facility connections to VDOT maintained facilities shall be
subject to review and approval by the District Transportation Land Use Director or designee.

SELECTING ROADWAY DESIGN TREATMENTS TO ACCOMMODATE BICYCLES

Choosing the appropriate bicycle facility type is important. No one type of bicycle facility or
highway suits every bicyclist. Within any given transportation corridor, bicyclists may be
provided with more than one option to meet the travel and access needs of all potential
users.

The choice of highway design will affect the level of use, the types of user that can be
expected to use any given road and the level of access and mobility that is afforded
bicyclists. For example, a four-lane divided highway with 12-foot travel lanes, no shoulder
and a 55 mph speed limit will attract only the most confident of riders. The same road with a
5-foot shoulder or bike lane might provide sufficient “comfortable operating space” for many
more adult riders, but would still not be comfortable for children or less confident adults. This
latter group might only be accommodated through an alternative route using neighborhood
streets linked by short sections of a shared use path. If such an alternative route is provided
and the four-lane road has a continuous paved shoulder, most experienced and many casual
adult riders will continue to use the shoulder for the sake of speed and convenience.

Facilities for bicyclists should also be planned to provide continuity and consistency for users
“of all ages and abilities”. Children using a bicycle facility to get to school should not have to
cross a major arterial without some type of intersection control(s). Shoulders and bike lanes
should not end abruptly and unannounced at a difficult intersection or busy stretch of
highway.

"Rev. 7/18 4.
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The selection of a bicycle facility type is dependent on many factors, such as the roadway
typical section, motor vehicle traffic volume (ADT), design speed or posted speed of the
roadway as well as the age and ability of the users and the specific corridor conditions.

AASHTO and FHWA designates bicycle facility types as Shared Lanes (No Use of Bikeway
Designation Markings or Signs), Signed Shared Roadway (Designated by Bicycles “May Use
Full Lane” Signs), Marked Shared Roadway (Designated by Shared Lane Markings “Sharrows”
if the roadway posted speed is equal to or less than 35 mph), Bike Lane (Designated as such
by Markings and Signs), Shared Use Path, Separated Bike Lane (Designated as such by
Markings and Signs) and Paved Shoulders (Delineating (marking and signing) a Bike Lane
within the limits of the required paved shoulder area is not permitted).

The following are explanations of when and why each of these facilities may be appropriate.
Design parameters for these facilities are discussed later in this section.

e Shared Roadway (Lanes) (Not designated by Markings or Signs as a Bikeway) - Most
bicycle travel in the United States now occurs on streets and highways without bikeway
designations. In some instances, a community’s existing street system may be fully
adequate for safe and efficient bicycle travel and signing and striping for bicycle use may be
unnecessary. In other cases, some streets and highways may be unsuitable for bicycle
travel at present, and it would be inappropriate to encourage bicycle travel by designating
the routes as bikeways. Finally, some routes may not be considered high bicycle demand
corridors, and it would be inappropriate to designate them as bikeways regardless of
roadway conditions (e.g., minor residential streets).

e Some rural highways are used by touring bicyclists for recreational travel. In most cases,
such routes should only be designated as bikeways where there is a need for enhanced
continuity with other bicycle routes. However, the development and maintenance of 4foot
paved shoulders with a 4 inch edge stripe can significantly improve the safety and
convenience of bicyclists and motorists along such routes.

e Wide Curb/Outside Lanes — Allows motorist to pass bicyclists without encroaching into the
adjacent lane. Also provides additional usable width on sections with steep grades or on
sections where drainage grates, raised delineators, or on-street parking effectively reduces
the usable width. A wide curb/outside lane is at least 14 feet, but not greater than 15 feet. "

e Signed Shared Roadway — Signed shared roadways are designated by Bicycles “May Use
Full Lane” signs, bike route signs, and serve either to provide continuity to other bicycle
facilities (usually Bike Lanes) or designate preferred routes through high-demand corridors.

e Marked Shared Roadway — Marked Shared Roadways are designated by Shared Lane
Markings “Sharrows” and are to be only be used when the roadway posted speed is equal to
or less than 35 mph. The markings serve to provide a higher level of guidance to bicyclists
and motorists sharing the roadway as well as alerting motorists to the lateral position
bicyclists are likely to occupy within the traveled roadway.

"Rev. 7/18 4.
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Bike Lane - Bike lanes are established with appropriate pavement markings and signing
along streets in corridors where there is significant bicycle demand and where there are
distinct needs that can be served by them. The purpose should be to improve conditions for
bicyclists on the streets. Bike lanes are intended to delineate the right of way assigned to
bicyclists and motorists and to provide for more predictable movements by each. Bike lanes
also help to increase the total capacities of highways carrying mixed bicycle and motor
vehicle traffic.

Shared Use Path - Generally, shared use paths should be used to serve corridors not
served by streets and highways or where wide utility or former railroad right-of-way exists,
permitting such facilities to be constructed away from the influence of parallel streets.
Shared use paths should offer opportunities not provided by the road system. They can
provide a recreational opportunity or, in some instances, can serve as direct commute
routes if cross flow by motor vehicles and pedestrians is minimized.

Separated Bike Lane - A facility (also sometimes called “cycle tracks” or “protected bike
lane”) located within or directly adjacent to the roadway and physically separated from the
travelway. See FHWA Separated Bike Lane Planning and Design Guide, which outlines
planning considerations for separated bike lanes and provides a menu of design options
covering typical one and two-way scenarios. The guide consolidates lessons learned from
practitioners designing and implementing separated bike lanes throughout the U.S.

Paved Shoulders — The paved portion of the roadway to the right of the edge stripe that
extends the service life of the roadway by reducing edge deterioration, and provides a space
for temporary storage of disable vehicles.

DESIGN CRITERIA

Shared Roadway (Lanes) - Shared motor vehicle/bicycle use of a "standard" width travel
lane. See GS Standards in Appendix A.

Wide Curb/Outside Lanes - An outside travel lane with a width of at least 14 feet, but not
greater thaQ 15 feet. See “DESIGN GUIDELINES” for design standards discussed later in
the section.

Bike Lane - A portion of the roadway designated by striping, signing, and/or pavement
markings for preferential or exclusive use of bicycles. On urban projects the bike lane width
is the distance from the face of the curb or front edge of gutter pan to the bike lane stripe.
Therefore, the bike lane stripe will be 4 feet minimum from the front edge of the gutter pan
and 5 feet minimum from the face of curb without gutter pan. See FIGURES A(1)-1-1(1),
A(1)-1-1(2), A(1)-1-2 and A(1)-1-3. See “Design Guidelines” for design standards
discussed later in this section.
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e Shared Use Path - Shared use paths are facilities physically separated from motorized
vehicular traffic by an open space (buffer) or barrier and either within the highway right of
way or within an independent right of way. Users are non-motorized and may include
bicyclists, inline skaters, roller skaters, wheelchair users (both non-motorized and motorized)
and pedestrians including walkers, runners, and people with baby strollers and people
walking dogs. Shared use paths are most commonly designed for two-way travel, and the
following guidance assumes a two-way facility is planned unless otherwise stated. When
paths are planned, it is desirable to provide paths on both sides of the roadway to decrease
the likelihood of children crossing the road. See “VDOT/AASHTO DESIGN GUIDELINES”
for design standards discussed later in the section. See FIGURES A(1)-1-4 and A(1)-1-5.

e Separated Bike Lane - A facility (also sometimes called “cycle tracks” or “protected bike
lane™) located within or directly adjacent to the roadway and physically separated from the
travelway. See FHWA Separated Bike Lane Planning and Design Guide and NACTO Urban
Bikeway Design Guide for design criteria for one-way and two-way facilities.

e Paved Shoulder - A minimum 4 feet paved portion of the roadway to the right of the edge
stripe on which bicyclists may ride. Note: However delineating (signing or marking) bike
lanes within the limits of a required shoulder area is not permitted. See “DESIGN
GUIDELINES” for design standards discussed later in the section.

TABLES A(1)-1-land A(1)-1-2 below indicate the appropriate facility types that are safe,
comfortable and equitable for user “of all ages and abilities”. The facility types are based on
the roadway typical section (curb and gutter with and without parking, and shoulder and
ditch), motor vehicle traffic volume (ADT) and design speed or posted speed of the roadway.
A combination of facility types may be appropriate based on the users and/or Locality’s
Transportation Plan. The design treatments are considered "minimum criteria”. Controlled-
access freeways are considered a special case and are not addressed in these TABLES.

Roadway improvements such as bicycle facilities depend on the roadway's design. Bicycle
facilities located on independent alignment depend on many factors, including the performance
capabilities of bicyclist and other users. The following TABLES also include specific
recommendations for shared use path and separate bike lane facilities. See “DESIGN
GUIDELINES” for design standards for Shared-Use Paths and “DESIGN GUIDELINES” for
design standards for Separated Bike Lanes discussed later in this section. "

"Rev. 7/18 4.




A(1)-13

Design AVERAGE DAILY TRAFFIC (ADT) VOLUME
Speed WITHOUT PARKING WITH PARKING (3)
or
Posted |Lessthan| 2,000 to Over Less than| 2,000 to Over
Speed 2,000 {10,000 (2)| 10,000 (2) 2,000 {10,000 (2)| 10,000 (2)
& rlnph WwWC wc 15 bl WC bl Sgrp
(1) 14 orbl 4 5 14 5
sbl
30‘3‘2 mph| g bl bl bl bl e
(1) 4 5 6 5 6
sbl
bl bl sup
40-45 mph 5 6 or sbl N - -
Greater sup sup
than or or sup -- -- -~
45 mph sbl sbl

TABLE A(1)-1-1
BICYCLE FACILITY DESIGN FOR CURB AND GUTTER TYPICAL SECTION
(widths are in feet)”

Key: wc = wide curb lane; bl = bike lane; sbl = separated bike lane; sup = shared use path
(See DESIGN GUIDELINES in this Appendix for sbl and sup widths)

Without Parking

wc and bl widths represent “usable widths” measured from lane stripe to front edge of the gutter
pan, not to the face of curb. If no qutter pan is provided, add 1 foot minimum for shy
distance from the face of curb. For VDOT projects, the bike lane stripe will be 4 feet minimum
from the front edge of the gutter pan. The bike lane stripe will be 5 feet minimum from the face of
curb.

With Parking

wc widths represent “usable widths” measured from the left edge of the parking space (7 to 8 ft.
minimum from the face of curb) to the left stripe of the travel lane. The bl width represents the
minimum width measured from the left edge of the parking space (7 to 8 ft. minimum from the
face of curb) to the right stripe of the travel lane.

Notes:

1. Shared Lane Markings (Sharrows) are recommended for use on wide curb lanes when the
posted speed is less than or equal to 35 mph. Shared Lane Markings shall not be used in
designated bike lanes.

2. When design year ADT exceeds 2000 VPD, with >5% total Truck and Bus usage and the
roadway is designated as an AASHTO Approved U.S. Bike Route (1, 76 and 176) or the
roadway is designated as a Bicycle Route on a Locality’s Transportation Plan, a minimum
5 feet bike lane shall be provided.

3. On-Street Parking is only allowed on roadways functionally classified as collectors or
locals where the posted speed is 35 mph or less.
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Design
Speed AVERAGE DAILY TRAFFIC (ADT) VOLUME
or
Posted Less than 2,000 to Over
Speed 2,000 (1) (2) {10,000 (1) (2) (3) (10,000 (1) (2) (3)
sh sh sh
25 mph 4 4 5
sh sh sh
30-35 mph 4 5 6
sup
sh sh or
40-45 mph 6 6 i
6
Greater sup sup sup
than or or or
45 mph sh sh sh
6 6 6

Key:sh = paved shoulder; sup = shared use path

TABLE A(1)-1-2
BICYCLE ACCOMMONDATION / FACILITY DESIGN FOR SHOULDER AND DITCH
TYPICAL SECTION

(widths are in feet)’

(See DESIGN GUIDELINES in this Appendix for sup widths)

Notes:

A(1)-14

1. Delineating (signing or marking) bike lanes within the limits of the required paved
shoulder area is not permitted. In order to delineate the bike lane, the bike lane shall

be provided in addition to the required paved shoulder area.

2. Shared Lane Markings (Sharrows) shall not be used on shoulders.

3. When design year ADT exceeds 2000 VPD, with >5% total Truck and Bus usage and
the roadway is designated as an AASHTO Approved U.S. Bike Route (1, 76 and 176)
or the roadway is designated as a Bicycle Route on a Locality’s Transportation Plan, a
minimum 5 feet paved shoulder shall be provided.
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DESIGN GUIDELINES

The following design guidelines are to be used in the design of bicycle facilities and have been
obtained from AASHTO's 2012 "Guide for the Development of Bicycle Facilities" and in
combination with VDOT Policy. Only key information from AASHTO’s Guide is contained in
this VDOT publication. Individuals involved in the planning and design of bicycle facilities
should be familiar with and refer to the latest AASHTO Guides, FHWA Guides and NACTO
Guides for additional information. AASHTO criteria will be considered as "minimum criteria" by
designers.

These design guidelines consider the following types of* bicycle facilities: Shared Roadway
(Lanes) (No Bikeway Designation using Markings or Signs), Signed Shared Roadway
(Designated by Bicycles “May Use Full Lane” Signs), Marked Shared Roadway (Designated by
Shared Lane Markings “Sharrows” if the roadway posted speed is equal to or less than 35
mph), Bike Lane (Designated by Markings and Signs), Shared Use Path, Separated Bike Lane
(Designated as such by Markings and Signs) and Paved Shoulders (Delineating (marking and
signing) a Bike Lane within the limits of the required paved shoulder area is not permitted).

When bicycle facilities are proposed, the roadway conditions will be examined for potential
problems specific to bicyclists.

SHARED ROADWAY (LANES)

The most critical variable affecting the ability of a roadway to accommodate bicycle traffic is
width. Adequate width may be achieved by providing paved shoulders or wide curb/outside
lanes.

e Paved Shoulders

Paved shoulders should be at least 4 feet wide to accommodate bicycle travel. However,
where 4 feet minimum widths cannot be provided, any additional shoulder width is better
than none at all. A shoulder width of 5 feet is required from the face of guardrail, curb or
other roadside barriers, or if motor vehicle speeds exceed 50 mph, or the percentage of
trucks, buses, and recreational vehicles is 5% or greater, or if lateral obstructions exist at
the right side of the roadway. It is desirable to increase the width of shoulders where
higher bicycle usage is expected. Paved shoulders are not to be designated (signed
or marked) as “bike lanes”.

On rural and urban collector and local roads and streets, with shoulder and ditch typical
sections provide minimum 5 feet wide paved shoulders when:

a) Design Year ADT > 2000 VPD, with > 5% total truck and bus usage
and

b) The route is an AASHTO Approved U.S. Bicycle Route (1, 76 or 176) or
designated as a bicycle route on a Locality’s Transportation Plan.

Note: For the above situations, the remainder of the shoulder will be topsoil and seeded.
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AASHTO’s recommendations for shoulder width (as described in A Policy on_Geometric
Design _of Highways and Streets) are the best guide for bicycles as well, since wider
shoulders are recommended on heavily traveled and high-speed roads and those carrying
large numbers of trucks. In order to be usable by bicyclists, the shoulder must be paved.

Rumble strips or raised pavement markers, where installed to discourage or warn motorists
they are driving on the shoulder, are not recommended where shoulders are used by
bicyclists unless there is a minimum clear path of 1 foot from the rumble strip to the traveled
way, 4 feet from the rumble strip to the outside edge of paved shoulder, or 5 feet to adjacent
guardrail, curb or other obstacle. If existing conditions preclude achieving the minimum
desirable clearance, the width of the rumble strip may be decreased or other appropriate
alternative solutions should be considered. VDOT's policy is to not install pavement markers
along the outside edge line of a travelway. For more information, see 1IM-LD-212 on (Rumble
Strips and Rumble Stripes). *

e \Wide Curb/Outside Lanes

Wide outside lanes for bicycle use are usually preferred where shoulders are not
provided, such as in restrictive urban areas. On highway sections without designated
bikeways, an outside or curb lane wider than 12 feet can better accommodate both
bicycles and motor vehicles in the same lane and thus is beneficial to both bicyclists and
motorists.

In general 14 feet of usable lane width is the recommended width for shared use in a wide
outside lane. Usable width normally would be from edge stripe to lane stripe or from the
longitudinal joint of the gutter pan to lane stripe (the gutter pan should not be included as
usable width). On stretches of roadway with steep grades where bicyclists need more
maneuvering space, the wide outside lane should be slightly wider where practicable (15
feet is preferred). The 15 foot width may also be necessary in areas where drainage
grates, raised reflectors on the right-hand side of the road, or on-street parking effectively
reduce the usable width. With these exceptions in mind, widths greater than 14 feet that
extend continuously along a stretch of roadway may encourage the undesirable operation
of two motor vehicles in one lane, especially in urban areas, and therefore are not
recommended. In situations where more than 15 feet of pavement width exists,
consideration should be given to striping bike lanes or shoulders.
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e On-Street Parking with Parking Stripe or Stalls’. See FIGURE A(1)-1-1(1).

When there is on-street parking on urban roadways, the bicycle riding location is in the
area between parked cars and moving motor vehicles. 12 feet of combined bicycle travel
and parking width should be the minimum considered for this type of shared use. Striping
should be provided to delineate the parking stalls.

®

Parking Slalis or Oplional 4 Soiid Siripe

& Sofid Whife Siripe

T e - - S S —— S
Bike it
@6 ! o ,(g,c oo
i i 7 = »
Parking (Mir} ) Porere

- b == Motor Vehicle lanes e o | -

12" Min. fc—— 12 Min.
FIGURE A(1)-1-1
(1) BIKE LANES WITH ON-STREET PARKING

-

®The optional solid white stripe may be advisable where stalls are unnecessary
(because parking is light) but there is concern that motorists may misconstrue the bike
lane to be a traffic lane.

®7’ for Residential Street and 8 Commercial and mix use.

e On-Street Parking Without Parking Stripe or Stalls. See FIGURE A(1)-1-1(2).
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13 feet is recommended where there is substantial parking or turnover of parked cars
is high (e.g. commercial areas).

®7 feet for Residential Streets and 8 feet for Commercial and mix use Streets.
FIGURE A(1)-1-1

(2) PARKING PERMITTED WITHOUT PARKING STRIPE OR STALL
(Bike lane not designated or marked)
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SIGNED SHARED ROADWAYS

The distinfztion between shared roadways and signed shared roadways is that signed shared
roadways are those that have been identified by signing as preferred bike routes.

BIKE LANES

Bike lanes are incorporated into a roadway design when it is desirable to delineate available
road space for use by bicyclists and motorists. Urban settings will typically use a bike lane to
accommodate bicyclists (See FIGURE A(1)-1-2(1)). In Rural areas a minimum 4 feet paved
shoulder is required to accommodate bicyclists (See FIGURE A(1)-1-2(2)). However
delineating (signing or marking), bike lanes within the limits of the required paved shoulder
area is not permitted.

Bike lanes should be one-way facilities and carry bike traffic in the same direction as
adjacent motor vehicle traffic. A two-way bike lane on one side of the roadway is not
permitted unless the bike lane physically separated from the travelway. See FHWA
Separated Bike Lane Planning and Design Guides. In general, on one-way streets, a bike
lane should be placed only on the right side of the street unless the street is designated as a
Bike Boulevard. See NACTO Urban Bikeway Design Guide.

Where on-street parking is permitted as shown in FIGURE A(1)-1-1(1), the bike lane shall be
placed between the parking area and the travel lane and have a minimum width of 5 feet.
Bike lanes should never be placed between the parking lane and curb line, unless it is a
separated bike lane. See FHWA “Separated Bike Lane Planning and Design Guide”

"Rev. 7/18 4.




A(1)-19

(With Curb and Guitter) (Without Gutter)
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(1) BIKE LANES WITHOUT ON-STREET PARKING

& Sofid While Siripe

\/ ~~~~~~~ S B
[®Pwed Stoulder ®wed Shouider -

Holor Vehicie Lanes bt i
e e

(2) BIKE ACCOMMODATIONS WITHIN THE LIMITS OF THE REQUIRED PAVED
SHOULDER AREA
® Delineating (signing or marking) bike lanes within the limits of the required paved shoulder
area is not permitted.
®® 4 feet minimum paved shoulder is required to accommodate bicyclists.
®® 5 feet minimum paved shoulder is required from the face of guardrail or other roadside
barriers.
FIGURE A(1)-1-2
TYPICAL BIKE LANE CROSS SECTIONS

e Bike Lane Widths

The width of a bike lane is 5 feet minimum from the face of a curb to the bike lane stripe
on roadways without a gutter pan. The width of a bike lane is 4 feet minimum from the
edge of pavement (face of gutter pan) to the bike lane stripe on curb and gutter roadways.
Greater bike lane widths (5 feet Minimum) are required where substantial truck traffic is
present, Transit Buses are present, or where posted speeds exceed 40" mph. Where
motor vehicle traffic volume is high or substantial truck, bus or recreational vehicle traffic
is present or speeds warrant, 6 feet minimum is appropriate to the bike lane stripe from
the face of curb. FIGURE A(1)-1-2,(1), depicts a bike lane along the outer portion of an
urban curbed street where parking is prohibited.
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Drainage inlets and utility covers that extend into the bike lane cause bicyclists to
swerve, and reduce the usable width of the lane. Therefore, where these structures
exist, the bike lane width may need to be increased accordingly. Drainage grates shall
be placed perpendicular to the direction of travel and the gaps between the openings
and its frame shall not be greater than 1 inch. Grates shall be within 0.25 inch of the road
surface. If grates have elongated openings, they shall be placed so that the long
dimension of the opening is perpendicular to the dominant direction of travel.

—c——  Diraction of Travel
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Bike Lanes and Turning Lanes

Bike lanes complicate bicycle and motor vehicle turning movements at intersections. It is
preferable to continue the bike lane through the intersection. For example, locations
where a bike lane approaches an intersection the bike lane is to be a minimum of 5 feet
wide and continue parallel to the left of a right turn lane. See FIGURE A(1)-1-3 below.
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Curb & Gutter Typical Shoulder & Difch Typicol
FIGURE A(1)-1-3 RIGHT-TURN-ONLY LANE

Bike Lanes Approaching Right-Turn-Only Lanes

NOTES: For other intersection situations see the AASHTO Guide for the Development of
Bicycle Facilities. For current typical bicycle lane pavement markings see VDOT Road
and Bridge Standards, Section 1300.

Delineating (signing or marking) bike lanes within the limits of a required paved shoulder
area is not permitted.

4 feet minimum paved shoulder is required to be considered a bicycle accommodation.

FIGURE A(1)-1-3 presents a treatment for pavement markings where a bike lane
approaches a motorist right-turn-only lane. The design of bike lanes should include
appropriate signing at intersections to warn of conflicts. The approach shoulder width
should be provided through the intersection, where feasible, to accommodate right turning
bicyclists or bicyclists who prefer to use crosswalks to negotiate the intersection. The
approach paved shoulder width should also continue parallel to the left of the right-turn
lane, where feasible, to accommodate bicyclists continuing through the intersection.
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e Bicycle Facilities Through Interchange Areas

Turning roadways provided for interchange ramp ingress and egress often require
bicyclists to perform merging, weaving or crossing maneuvers with other vehicles. These
conflict points are made challenging when a wide disparity in speed exists between traffic
on the ramp and bicycle traffic crossing the ramp, and when grade separations create
significant profile gradients. If a bike lane or route must traverse an interchange area,
these intersection or conflict points should be designed to limit the conflict areas or to
eliminate unnecessary uncontrolled ramp connections to urban roadways. For more
information, see ITE Recommended Design Guidelines to Accommodate Pedestrians and
Bicyclists at Interchanges, which can be purchased from ITE.

SEPARATED BIKE LANES’

A separated bike lane is an exclusive facility for bicyclists that is located within or directly
adjacent to the roadway and that is physically separated from motor vehicle traffic with a
vertical element. Separated bike lanes are differentiated from standard and buffered bike
lanes by the vertical element. They are differentiated from shared use paths (and side paths)
by their more proximate relationship to the adjacent roadway and the fact that they are bike-
only facilities. Separated bike lanes are also sometimes called "cycle tracks" or "protected
bike lanes."

Within the common elements of separated bike lanes - dedicated space for cyclists that is
separated from motor vehicle travel and parking lanes - practitioners have flexibility in
choosing specific design elements. Separated bike lanes can operate as one-way or two-way
facilities; their designs can integrate with turning automobile traffic at intersections or can be
more fully separated; they can be designed at roadway grade, at sidewalk grade or at an
intermediate grade; and they can be separated from the adjacent roadway or sidewalk with a
variety of treatments including but not limited to on-street parking, raised curbs or medians,
bollards, landscaping, or planters. For additional information see FHWA “Separated Bike
Lane Planning and Design Guide”

SHARED USE PATHS

Shared use paths are facilities physically separated from motorized vehicular traffic by an
open space (buffer) or barrier and either within the highway right of way or within an
independent right of way. Users are non-motorized and may include bicyclists, inline skaters,
roller skaters, wheelchair users (both non-motorized and motorized) and pedestrians
including walkers, runners, and people with baby strollers and people walking dogs. Shared
use paths are most commonly designed for two-way travel, and the following guidance
assumes a two-way facility is planned unless otherwise stated. See FIGURE A(1)-1-5 for
cross section of two-way shared use path. When paths are planned, it is desirable to provide
paths on both sides of the roadway to decrease the likelihood of children crossing the road.
Pavement design for shared use paths are recommended by the Materials Division.

Care should be taken not to use shared use path and trail interchangeably because they
have distinctly different design guidelines.
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e Separation Between Shared Use Paths and Roadways

Shoulder and Ditch Typical Section:

When two directional shared use paths are located adjacent to a roadway, wide
separation between a shared use path and the adjacent highway is desirable to
demonstrate to both the bicyclist and the motorist that the path functions as an
independent facility for bicyclists and others. On shoulder and ditch typical sections
shared use paths should be placed behind the ditch in a manner that will be compatible
with the roadway if the roadway is converted to a curb and/or curb and gutter typical
section.

When this is not possible and the distance between the outside edge of the graded
shoulder and the shared use path is less than 5 feet, a suitable physical barrier is
required. A suitable physical barrier is defined as dense shrubbery, railing or chain link
fence. Such barriers serve both to prevent path users from making unwanted movements
between the path and the highway shoulder and to reinforce the concept that the path is
an independent facility. Where used, the barrier should be a minimum of 42 inches high
(including on structures) ', to prevent bicyclists from toppling over it. A barrier between a
shared use path and adjacent highway should not impair sight distance at intersections,
and should be designed to not be a hazard to motorists or bicyclist.
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Curb and/or Curb and Gutter Typical Sections:

For curb and/or curb and gutter streets, the separation from the face of the curb to the
edge of the shared use path shall be a minimum of 8 feet in order to provide the minimum
lateral offset distance for signs to both the roadway and the shared use path users in
accordance with MUTCD Part 2 and part 9. If signs are required on the outside of the
shared use path due to horizontal and vertical grade changes then a minimum of 6.5’ of
right of way from the edge of the path shall be provided. If signs are not required, a
minimum 3’ of right of way shall be provided. See FIGURE A(1)-1-4.

Typical section with roadway sign and shared use path sign.
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= fFor roodway signs 30" in width or fess,use 7' minimum mounting heighi.
* For rocaway signs greater than 30°,use 8" minimum mounting helght,

FIGURE A(1)-1-4

TYPICAL SECTION OF SHARED USE PATH WITH ROADWAY SIGNS AND SHARED USE
PATH SIGNS
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e Separation between Shared Use Path and Equestrian Trall

Horses can be startled easily and may act unpredictably if they perceive approaching
bicyclists as a danger. Measures to mitigate bicyclist-equestrian conflicts include
provision of separate bridle paths, maintenance of adequate sight lines so that bicycles
and equestrians are able to see each other well in advance, and signing that clarifies
appropriate passing technigues and yielding responsibilities. Along paths with high to
moderate use, the separate paved and unpaved treads should be divided by at least a 6
ft. wide vegetation buffer or barrier.”

Shared Use Path Equestrian Trail

Source: AASHTO, Guide for the Development of Bicycle Facilities, 2012
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Two-Directional Shared Use Path”

The paved width and the operating width required for a shared use path are primary
design considerations. The minimum paved width for a two-directional shared use path is
10 feet. A minimum 2 foot wide graded area with a maximum 6:1 slope, shall be
maintained adjacent to both sides of the path. A minimum 3 foot clearance shall be
maintained from the edge of the path to signs, trees, poles, walls, fences, railing,
guardrail, or other lateral obstructions. See FIGURE A(1)-1-5.

Under certain conditions it may be necessary to increase the width of a shared use path
to 11 feet, or even 14 feet, due to substantial use by bicycles, joggers, skaters and
pedestrians, use by large maintenance vehicles, and steep grades. However, in rare
instances, a reduced width of 8 feet may be used. This reduced width may be used only
where the following conditions prevail;

(1) Bicycle traffic is expected to be low, even on peak days or during peak hours.

(2) Pedestrian use of the facility is not expected to be more than occasional.

(3) There will be good horizontal and vertical alignment providing safe and frequent
passing opportunities, and

(4) During normal maintenance activities the path will not be subjected to maintenance
vehicle loading conditions that would cause pavement edge damage.

In addition, a path width of 8 ft. may be used for a short distance due to a physical constraint
such as an environmental feature, bridge abutment, utility structure, fence and such. Warning
signs that indicate the path narrows (W5-4a), per the MUTCD shall be posted in each
direction at this location(s). When a path is less than 10 ft. wide a Design Waiver is required.

3' Min 3 Min
6" Man. & Max.

2' ‘ 2'
Graded - Width of Shared Use Path Graded
;&?eg 16° Minimum Araa

FIGURE A(1)-1-5
CROSS SECTION OF TWO-WAY SHARED USE PATH
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One-Directional Shared Use Path

The minimum width of a one-directional shared use path is 6 feet. A one-way path would
rarely be designed and only in a special situation. It should be recognized that one-way
paths often would be used as two-way facilities unless effective measures are taken to
assure one-way operation. Without such enforcement, it should be assumed that shared
use paths would be used as two-way facilities by both pedestrians and bicyclists and
designed accordingly. A minimum 2 foot wide graded area with a maximum 6:1 slope,
shall be maintained adjacent to both sides of the path. A minimum 3 foot clearance shall
be maintained from the edge of the path to signs, trees, poles, walls, fences, railing,
guardrail, or other lateral obstructions. See FIGURE A(1)-1-5.

Physical Barrier Applies to Both One-Directional & Two-Directional Shared Use Paths

Where the path is adjacent to parallel water hazard, other obvious hazard or downward
slope of 3:1 or steeper, a minimum 5 foot wide separation from the edge of the path
pavement to the top of slope is required. When the separation from the edge of the
shared use path to the top of the slope is less than 5 feet, a physical barrier such as
railing (HR-1, Type Ill) or chain link fence is required in the following situations:

e Slopes 2:1 or steeper, with a drop of 4 feet or greater

e Slopes 3:1 or steeper, with a drop of 6 feet or greater

e Slopes 3:1 or steeper, adjacent to a parallel water hazard (greater than 2 feet
deep) or other obvious hazard

Note: When a shared use path is constructed adjacent to a retaining wall or a structure
with a drop-off of 1 foot or more, a railing or chain link fence 42 inch minimum  is
required.

Note: When a physical barrier such as railing (HR-1, Type Ill) or chain link fence (FE-CL)
is required, contact the Location and Design Standards and Special Design Section for
details. Also see VDOT Road and Bridge Standards.

The physical barrier, railing (HR-1 Type Ill) or chain link fence (FE-CL) shall begin prior
to, and extend beyond the area of need. The lateral offset of the physical barrier shall be
3 feet from the edge of the shared use path. The ends of the physical barrier shall be
flared away from the edge of the shared use path.

When railing or fence is used to discourage shared use path users from venturing off the
path or onto adjacent property the design can include two or four horizontal members with
vertical members spaced frequently enough to provide the needed structural support and
in accordance with applicable building codes. Berms and/or vegetation can also be used
to serve this function. The location of the railing or fence in relationship to the shared use
path shall be the same as the location of physical barrier mentioned above.

See FIGURE A(1)-1-6 PHYSICAL BARRIER FOR SHARED-USE PATH
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FIGURE A(1)-1-6
PHYSICAL BARRIER FOR SHARED-USE PATH
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e Vertical Clearance

The vertical clearance from the shared use path to the bottom of any sign or overhanging
vegetation (Trees) shall be a minimum of 8 feet in accordance with the MUTCD, Part 9
and AASHTO’s Guide for the Development of Bicycle Facilities, 2012 respectively.
However, vertical clearance may need to be greater to permit passage of maintenance
and emergency vehicles. For underpasses, tunnels and bridges a minimum vertical
clearance of 10 feet is desirable.

e Design Speed

Shared use paths should be designed for a selected speed that is at least as high as the
preferred speed of the faster bicyclists. Design speeds range from 12 mph to 30 mph, as
shown in TABLE A(1)-1-3. However, in general a minimum design speed 18 mph should
be used. When a downgrade of 6% or greater exist, or where strong prevailing tailwinds
exist, a maximum design speed of 30 mph shall be used.

e Horizontal Alignment

Most shared use paths built in the United States must also meet the requirements of the
Americans with Disabilities Act. ADA guidelines require that cross slopes not exceed 2%
to avoid the severe difficulties that greater cross slopes can create for people using
wheelchairs. Thus, for shared use paths, the maximum superelevation rate will be 2%.
When transitioning a 2% superelevation, a minimum 25 foot transition distance should be
provided between the end and beginning of consecutive and Reversing horizontal curves.

The coefficient of friction depends upon speed; surface type, roughness, and condition;
tire type and condition; and whether the surface is wet or dry. Extrapolating from values
used in highway design, design friction factors for paved shared use paths can be
assumed to vary from 0.34 at 6 mph to 0.21 at 30 mph.
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Based upon various design speeds of 18 to 30 mph and a maximum lean angle of 20°,
minimum radii of curvature for Paved Shared Use Paths can be selected from TABLE
A(1)-1-7:

Design Speed (V) Minimum Radius
(mph) (feet)
12 27
14 36
16 47
18 60
20 74
25 115
30 166

TABLE A)1)-1-3

MINIMUM RADII FOR PAVED SHARED USE PATHS BASED ON 20° LEAN ANGLE
Source: AASHTO — Guide For The Development Of Bicycle Facilities.

Grade

Grades on shared use paths should be kept to a minimum, especially on long inclines.
Grades greater than 5 percent are undesirable because the ascents are difficult for many
bicyclists and wheelchair users to climb and the descents cause some bicyclists and
wheelchair users to exceed the speeds at which they are competent or comfortable. The
maximum grade of a shared use path adjacent to a roadway should be 5 percent, but the
grade shall generally match the grade of the adjacent roadway. Where a shared use path
runs adjacent to the roadway, grades may exceed 5 percent but shall be less than or
equal to the roadway grade.

Grades on shared use paths in independent rights of way shall be limited to 5 percent
maximum.

Grades steeper than 3 percent are not practical for shared use paths with crushed stone
or other unpaved surfaces for both bicycle handling and drainage erosion reasons.

In addition, because shared use paths are used by pedestrians, the allowable grades are
subject to the accessibility guidelines described in the U.S. Access Board Supplemental
Notice of Public Rule Making (SNPRM) on Shared Use Paths.

When certain conditions such as physical constraints (existing terrain or infrastructure,
notable natural features, etc.) or regulatory constraints (endangered species, the
environment, etc.) may prevent full compliance with the 5 percent maximum grade refer to
R302.5.4 and 302.5.5 below.

R302.5 Grade. The grade of pedestrian & s routes shall comply with R302.5.
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R302.5.1 Within Street or Highway Right-of-Way. Except as provided in R302.5.3, where
pedestrian access routes are contained within a street or highway right-of-way, the grade
of pedestrian access routes shall not exceed the general grade established for the
adjacent street or highway.

R302.5.2 Not Within Street or Highway Right-of-Way. Where pedestrian access routes
are not contained within a street or highway right-of-way, the grade of pedestrian access
routes shall be 5 percent maximum.

R302.5.3 Within Pedestrian Street Crossings. Where pedestrian access routes are
contained within a pedestrian street crossing, the grade of pedestrian access routes shall
be 5 percent maximum.

R302.5.4 Physical Constraints. Where compliance with R302.5.1 or R302.5.2 is not
practicable due to existing terrain or infrastructure, right-of-way availability, a notable
natural feature, or similar existing physical constraints, compliance is required to the
extent practicable.

R302.5.5 Regulatory Constraints. Where compliance with 302.5.1 or 302.5.2 is precluded
by federal, state, or local laws the purpose of which is to preserve threatened or
endangered species; the environment; or archaeological, cultural, historical, or significant
natural features, compliance is required to the extent practicable. *

Options to mitigate excessive grades, greater than 5 percent on shared use paths due to
physical and/or environmental constraints include the following:

e Use higher design speeds for horizontal and vertical curvature, stopping sight
distance and other geometric features.

e When using longer grades, consider an additional 4 to 6 feet of width to permit
slower bicyclists to dismount and walk uphill, and to provide more maneuvering
space for fast downhill bicyclists.

e For long downgrades, and/or downgrades not readily apparent to approaching
cyclists

o Install hill warning signs for bicyclists (W7-5) and advisory speed plaque, if
appropriate, per the MUTCD.

o Provide signage that alerts path users to the maximum percent of grade as
shown in the MUTCD.

e Exceed minimum horizontal clearances, recovery area, and /or install protective
railing.

e If other designs are not practicable, use a series of short switchbacks to traverse
the grade. If this is done, an extra 4 to 6 feet of path width is recommended to
provide maneuvering space.

e Provide resting intervals with flatter grades to permit users to stop periodically and
rest.

"Rev. 1/18 4.
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e Sight Distance

The following charts indicate the minimum stopping sight distance for various design
speeds and grades based on a total perception and brake reaction time of 2.5 seconds
and a coefficient of friction of 0.16 to account for the poor wet weather braking
characteristics of many bicycles. For two-way shared use paths, the sight distance in the
descending direction, that is, where “G” is negative, will control the design.

Sight Distance Descending Grade (ft.)

0% | -1% | -2% | -3% | -4% | -5%
12 mph| 74 | 76 | 78 | 80 | 84 | 87

14 mph| 92 | 95 | 98 | 102 | 106 | 111
16 mph|112| 116 | 120 | 124 | 130 | 136
18 mph| 133|138 | 143 | 149 | 156 | 164
20 mph|157 (162 | 169 | 176 | 185 | 195
25 mph (212 (231|241 | 252 | 265 | 281
30 mph|298 | 310 | 324 | 341 | 360 | 383

TABLE A(1)-1-4
MINIMUM STOPPING SIGHT DISTANCE (FT.) DESCENDING GRADE

Sight Distance Ascending Grade (ft.)

0% | 1% | 2% | 3% | 4% | 5%
12mph | 74 (72 | 70 | 69 | 68 | 67
14mph| 92 (90 | 88 | 86 | 84 | 82
16 mph | 121 (109 | 106 | 104 | 101 | 99
18 mph | 133 (130 | 126 | 123 | 120 | 117
20 mph | 157 | 152 | 147 | 144 | 140 | 137
25 mph | 212|214 | 207 | 201 | 196 | 191
30 mph | 298 | 287 | 277 | 268 | 260 | 253

TABLE A(1)-1-5
MINIMUM STOPPING SIGHT DISTANCE (FT.) ASCENDING GRADE

S= __\2 + 367V
30 (f + G)

Where: S = stopping sight distance (feet)
V = velocity (mph)
F = coefficient of friction (use 0.16)
G = grade (ft/ft) (rise/run)

Source: AASHTO — Guide for the Development of Bicycle Facilities.

"Rev. 1/13
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TABLE A(1)-1-6 indicates the minimum length of vertical curve necessary to provide
minimum stopping sight distance at various speeds on crest vertical curves. The eye height
of the bicyclist is assumed to be 4.5 feet and the object height is assumed to be 0 inches to
recognize that impediments to bicycle travel exist at pavement level.

A "S" = Stopping Sight Distance (feet)

(%) 20( 40 | 60 | 80 |100| 120 | 140 | 160 | 180 | 200 | 220 | 240 | 260 | 280 | 300
2 30 | 70 | 110 | 150

3 20 | 60 | 100 | 140 | 180 | 220 | 260 | 300
4 15 | 55 | 95 | 135 | 175 | 215 | 256 | 300 | 348 | 400
5 20 | 60 | 100 | 140 | 180 | 222 | 269 | 320 | 376 | 436 | 500
6 10 |50 | 90 | 130171216 | 267 | 323 | 384 | 451 | 523 | 600
7 31|71 | 111|152 |199 | 252 | 311 | 376 | 448 | 526 | 610 | 700
8 8 |48 |88 )128 | 174 | 228 | 288 | 356 | 430 | 512 | 601 | 697 | 800
9 20 | 60 J100| 144 | 196 | 256 | 324 | 400 | 484 | 576 | 676 | 784 | 900
10 30 | 70 J111| 160 | 218 | 284 | 360 | 444 | 538 | 640 | 751 | 871 | 1000
11 38 | 78 |122( 176 | 240 | 313 | 396 | 489 | 592 | 704 | 826 | 958 |1100
12 5145185 (133|192 [ 261 | 341 | 432 | 533 | 645 | 768 | 901 (1045|1200

13 11| 51192 (144|208 | 283 | 370 | 468 | 578 | 699 | 832 | 976 |1132|1300
14 16 | 56 J100|156| 224 | 305 | 398 | 504 | 622 | 753 | 896 |1052|1220(1400

15 20 ] 60 |107 (167 | 240 | 327 | 427 | 540 | 667 | 807 | 960 (1127 (1307|1500

16 24164 |114|178| 256 | 348 | 455 | 576 | 711 | 860 [1024|1202|1394 (1600
17 2768 [121|189| 272 | 370 | 484 | 612 | 756 | 914 |1088|1277(1481|1700
18 30] 72 |128|200| 288 | 392 | 512 | 648 | 800 | 968 (1152|1352 |1568 | 1800
19 33| 76 [135|211| 304 | 414 | 540 | 684 | 844 |1022|1216|1427|1655|1900
20 35180 |142|222| 320 | 436 | 569 | 720 | 889 |1076(1280|1502|1742|2000

21 37|84 (149|233| 336 | 457 | 597 | 756 | 933 (1129|1344 |1577(1829|2100
22 39| 88 [156(244| 352 | 479 | 626 | 792 | 978 [1183|1408|1652(1916|2200
23 41| 92 |164(256| 368 | 501 | 654 | 828 [1022|1237(1472|1728|2004|2300
24 (3143 |96 |171(267| 384 | 523 | 683 | 864 |1067|1291|1536|1803|2091|2400
25(4]1441100|178(278| 400 | 544 | 711 | 900 |1111|1344|1600|1878|2178|2500
Source: AASHTO — Guide for the Development of Bicycle Facilities.
Heavy line represents S =1L

whenS>L L=2S- 900

A L = Minimum Length of Vertical Curve (feet)
A = Algebraic Grade Difference (%)
when S<L L =AS?%900 S = Stopping Sight Distance (feet)
Height of cyclist eye — 4.5 feet Minimum Length of Vertical Curve = 3 feet

Height of object — O feet
TABLE A(1)-1-6

MINIMUM LENGTH OF CREST VERTICAL CURVE (L) BASED ON STOPPING SIGHT
DISTANCE

4.
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FIGURE A(1)-1-7 and TABLE A(1)-1-7 indicate the minimum clearance that should be used
to line of sight obstructions for horizontal curves. The lateral clearance is obtained from the
stopping sight distance and the proposed horizontal radius of curvature. The stopping sight
distance is obtained from TABLE A(1)-1-5 and TABLE A(1)-1-6.

S = Sight distance in feet,
. R = Radius of & inside lane is feet.
g ‘ \\ HSO = Distance from & inside lane in feet.
/ P "'“SPB"A"‘LEQE“\KH oo ! \\ Angle is expressed in degrees
e L/fﬂ‘?osw ot HSO = R [1"005’ (28%5 S) }
] ;‘-\‘"\/ . - \\\ 5 i | ;

|
{0 Cbstruetion |

S= sges Leos'(Rg™)]

Formula applies only when S is equal to or less than length of curve.
Line of sight is 2.3 feet above centerline of inside lane at point of obstruction.

FIGURE A(1)-1-7

R "S" = Stopping Sight Distance (feet)

(feet)] 20 | 40 | 60 | 80 |100 (120|140 |160|180 | 200 | 220|240 |260 | 280 | 300
25 | 2.0|7.6|15.9
50 | 1.0 3.9 8.7 |15.2|23.0{31.9|41.5
75 | 0.7 |2.7(5.9|10.4|16.1|22.8(30.4|38.8|47.8|57.4|67.2
95 [05|21|4.7|8.3|12.9|18.3|24.7|31.8|39.5|48.0|56.9(66.3(75.9|85.8
125104 (16| 3.6 (6.3(9.9|14.1|19.1|24.7|31.0(37.9|45.4|53.5|61.7(70.6(79.7
155103(1.3|29(5.1(8.0|11.5|15.5|20.2|25.4(31.2|37.4|44.2|51.4(59.1|67.1
175103 (11|26 |4.6|7.1|10.2|13.8/18.0|22.6(27.8|33.5|39.6|46.1(53.1(60.5
2001 0.3|1.0(22|40|6.2|8.9(12.1|15.8|19.9|24.5(29.5|34.9|40.8|47.0|53.7
22510.2|09(20|35|55(8.0(10.8/14.1|17.8|21.9(26.4|31.3|36.5|42.2|48.2
25010.2|08(18|32|50(7.2(9.7|12.7|16.0{19.7(23.8(28.3|33.1|38.2|43.7
275102]07(116|29|45(65(8.9|11.6/14.6|18.0(21.7|25.8|30.2|34.9|39.9
300(0.2|07(15|27|42|6.0](8.1|10.6/13.4|16.5|19.9(23.7(27.7|32.1|36.7
350 (01)|06(13|23|36|51(7.0(9.1]|11.5|14.2|17.1(20.4(23.9|27.6|31.7
390 (01)|05(12)|21|32|46|6.3|8.2|10.3|12.8|15.4(18.3(21.5|24.9|28.5
500 (0.1|04(09|16|25|36[49|6.4|8.1|10.0{12.1({14.3(16.8|19.5|22.3

L. or A
e &

565 04)108(14(22(32|43|57|7.2]|8.8(10.7(12.7|14.9|17.3|19.8
600 03({08(13|21|30(41|53|6.7(8.3]10.1|/12.0(14.0|16.3|18.7
700 03|06(11(18(26|35|46|58|7.1]8.6(10.3(12.0|14.0|16.0
800 03|06(10(16(22|31]|40|51|6.2|7.6(9.0/10.5|12.2|14.0
900 02({05(09|14|20(27|36|45(56/|6.7|8.0[9.4]10.9|125
1000 02|05(08(13(18|24|32|40|50(6.0(7.2|84]|9.8]11.2

Source: AASHTO — Guide For The Development of Bicycle Facilities

TABLE A(1)-1-11
MINIMUM LATERAL CLEARANCE FOR HORIZONTAL CURVES
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Bicyclists frequently ride side-by-side on shared use paths, and on narrow paths bicyclists
have a tendency to ride near the middle of the path. For these reasons, and because of
the higher potential for bicycle crashes, lateral clearances on horizontal curves should be
calculated based on the sum of the stopping sight distances for bicyclists traveling in
opposite directions around the curve. Where this is not possible or feasible, consideration
should be given to widening the path through the curve, installing a yellow center line
stripe, installing a “Curve Ahead” warning sign in accordance with the MUTCD, or some
combination of these alternatives.

e Shared Use" Path and Roadway or Entrance Intersections

Intersections between shared use paths and roadways are often the most critical issue in
shared use path design. Due to the potential conflicts at these junctions, careful design is
of paramount importance to the safety of path users and motorists. Each intersection is
unique, and will require sound engineering judgment on the part of the designer as to the
appropriate solution. Shared use paths should cross roadways as close to an intersecting
road as practical, however, in no case shall the crossing be closer than 5 feet from the
edge of the parallel roadway. As the shared use path approaches the crossing it should
be aligned with the destination of the crossing on the other side of the road. The path
crossing should also be perpendicular (or nearly so) to the roadway or entrance being
crossed. Sight distance should be evaluated and sound engineering judgment must be
used in locating the shared use path crossings. There may be situations, such as low
traffic volumes where the shared use path crossing should be located further from the
intersection.

When a shared use path intersects a roadway or entrance on a shoulder and ditch typical
section, the shared use path should slope to a relatively level (1%+ slope) area to the
roadway or entrance elevation The level area shall have a Detectable Warning Surface
extending the full width of the shared use path and shall be labeled on the plans as
Detectable Warning Surface Required. See FIGURE A(1)-1-8 below for a Shoulder and
Ditch Typical Section.

When a shared use path intersects a roadway or entrance on a curb and gutter or curb
only typical section a St'd CG-12 Type B shall be called out where the shared use path
intersects the roadway or entrance. See FIGURE A(1)-1-9 below for a Curb and Gutter or
Curb Typical Section.

"Rev. 1/18 4.
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Area Shall Be Paved
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DETECTABLE WARNING SURFACE FOR SHARED-USE PATH WITH SHOULDER’
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FIGURE A(1)-1-9
ST'D. CG-12 TYPE B FOR SHARED-USE PATH WITH CURB & GUTTER
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If a sidewalk intersects a shared use path, then the sidewalk shall” also slope to the same
relatively level area in order to tie in to the shared use path.

Where a shared use path crosses an unpaved roadway or entrance, the unpaved
roadway or entrance shall be paved a minimum of 20 feet on each side of the shared-use
path to reduce the amount of gravel scattered onto or along the shared use path by motor
vehicles. The pavement structure of the shared use path at the crossing shall be
adequate to support the expected vehicle loading at that location. At a minimum, the
pavement structure at the crossing shall be the same as the shared use path pavement
structure.

e Signing and Marking

Adequate signing and marking are essential on shared use paths, especially to alert
bicyclists to potential conflicts and to convey regulatory messages to both bicyclists and
motorists at highway intersections. In addition, guide signing, such as to indicate
directions, destinations, distances, route numbers and names of crossing streets, should
be used in the same manner as they are used on highways. In general, uniform
application of traffic control devices, as described in the MUTCD, provides minimum
traffic control measures which should be applied.

e Pavement Structure

Hard, all weather pavement surfaces (such as asphalt or concrete) are preferred over
those of crushed aggregate, sand, clay, or stabilized earth since these materials provide a
much lower level of service and require higher maintenance.

The pavement structure below, FIGURE A(1)-1-10, shall be used and shown on the
pavement typical section sheet of the plans unless otherwise directed by the District
Materials Engineer. Any additional information, such as changes in pavement depths,
treatment of unsuitable materials, etc. shall be provided by the District Materials Engineer.
Compaction of the asphalt concrete shall be completed by a minimum of 5 passes of a 8
ton smooth drum roller (no vibration). Asphalt density shall not be measured in
accordance with the Roads and Bridge Specifications. This pavement structure typical
section can be found in the CADD cell library under the name: Shared-Use Path
Pavement Structure.

"Rev. 1/18 4.
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Pavement Cross Slope for Drainage

The minimum recommended pavement cross slope for shared use paths is 1 percent to
provide adequate drainage. However, the cross shall not exceed 2 percent in accordance
with PROWAG. Sloping in one direction instead of crowning is preferred and usually
simplifies the drainage and surface construction. A smooth surface is essential to prevent
water ponding and ice formation. On unpaved shared use paths, particular attention
should be paid to drainage to avoid erosion.

Lighting

Lighting for shared use paths is important and should be considered where night usage is
expected, such as paths serving college students or commuters, and at highway
intersections. Lighting should also be considered through underpasses or tunnels, and
when nighttime security could be an issue.

Restriction of Motor Vehicle Traffic

Shared use paths may need some form of physical barrier at highway intersections to
prevent unauthorized motor vehicles from using the facilities. Provisions can be made for
a lockable, removable (or reclining) barrier post to permit entrance by authorized vehicles.

Railroad Crossings

Railroad-highway grade crossings shall be at 60° to 90° degrees with the 90° degrees
being the ideal crossing angle to the rails.” The greater the crossing deviates from this
ideal crossing angle, the greater is the potential for a bicyclist’s front wheel to be trapped
in the flangeway causing loss of steering control. Consideration should be given to the
crossing surface materials and to the flangeway depth and width.

Structures

On new structures, the minimum clear width shall be the same as the approach paved
shared use path, plus the minimum 2 foot wide clear areas on both sides of the path.
Carrying the clear areas across the structures provides a minimum horizontal shy
distance from the railing or barrier and it provides needed maneuvering space to avoid
conflicts with pedestrians and other bicyclists who are stopped on the bridge. Railings,
fences, or barriers on both sides of a path on a structure shall be a minimum of 54 inches
(4.5 feet) high. In situations where the structure crosses a high speed or high volume
road and objects are subject to being thrown (dangerously) off the structure, it may be
desirable to totally enclose the path with fencing. Totally enclosing a path may also be
desirable in other areas such as a waterway crossing.

When structures require a barrier separation between the travelway and the shared-use
path see FIGURE A(1)-1-11 for transition from roadway onto bridge.

"Rev. 1/15 4.
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AASHTO APPROVED INTERSTATE BICYCLE ROUTES

VDOT provides signing along the designated AASHTO approved Interstate Bicycle Routes.
FIGURE A(1)-1-12 shows the corridors for Interstate Bicycle Routes 1 and 76 and the
counties the routes pass through. The individual county maps provide detailed location
information. County maps are to be checked by the project designer to determine if their
project is on a designated Interstate Bicycle Route. All proposed projects involving major
construction or redevelopment along designated Interstate Bicycle Routes are to provide the
necessary design features to facilitate bicycle travel in accordance with the parameters
established in these guidelines. For more information see Bicycling and Walking in Virginia.
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TRAILS AND TRAILHEADS

For more information see; A Summary of Agcessibilitv Standards for Federal Outdoor
Developed Areas - United States Access Board. -

Trails

Trails are defined in the Final Guidelines for Outdoor Developed Areas as a pedestrian route
developed primarily for outdoor recreational purposes. A pedestrian route developed
primarily to connect elements, spaces, or facilities within a site is not a trail.

The term “Trail” means an unimproved or sometimes improved recreational facility intended
for recreational use such as hiking, mountain biking or equestrians. Care should be taken not
to use Share-use path and Trail interchangeably because they have distinctly different design
guidelines. However, when any portion of a Trail can be constructed using Share-use path
design criteria it should be and an over-look or passing area 5 feet by 5 feet shall be
constructed to allow users to experience the Trail without blocking the Trail for other users.

For guidance on the design of Outdoor Recreation Access Routes, see the Final Guidelines
for Outdoor Developed Areas, and the DCR Greenways and Trails Toolbox.

The scoping provisions for trails are contained in the Final Guidelines for Outdoor Developed
Areas, Section F247. These provisions require trails to comply with the technical provisions
for trails in 1017 when all the following conditions are met:

e The trail is newly constructed or altered so that the original design, function, or
purpose of the trail is changed. Routine or periodic maintenance activities that are
performed to return an existing trail to the condition to which the trail was originally
designed are not alterations.

e The trail is designed for pedestrian use.

e The trail connects to a trailhead or to another trail that complies with the technical
provisions in Section 1017.

"Rev. 1/15 4.
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The technical provisions for trails in Section1017 of the Final Guidelines for Outdoor
Developed Areas, dated September 26, 2013, address surface in 1017.2; clear tread width in
1017.3; passing spaces in 1017.4; tread obstacles in 1017.5; openings in 1017.6; slopes in
1017.7; resting intervals in 1017.8; protruding objects in 1017.9; and trailhead signs in
1017.10.

The technical provisions are the same as in the NPRM, except as follows:

e Conditional exceptions apply to each technical provision for newly constructed and
altered trails. The conditional exceptions are discussed under Conditional Exceptions.

e The exception based on situations where it is impractical to require the entire trail to
comply with the technical provisions is revised. The exception is discussed under
Exceptions for Trails and Beach Access Routes.

e Where concrete, asphalt, or boards are used, obstacles cannot exceed % inch in
height and the cross slope and resting interval slope cannot exceed 1:48. These
provisions are discussed under Concrete, Asphalt, or Board Surfaces.

The NPRM exceptions for openings are included in 302.3 of the ADA-ABA Accessibility
Guidelines.”

Where resting intervals are provided adjacent to the trail, a turning space is required.
Provisions are added for gates and barriers constructed to control access to trails.

The scoping provisions for trails also address camping facilities, picnic facilities, viewing
areas, and outdoor constructed features provided on trails. These facilities are required to
comply with the applicable scoping and technical provisions for each facility, regardless of
whether the trail complies with the technical provisions in 1017. Individuals with disabilities
use trails that do not comply with the technical provisions of 1017 and, therefore, facilities
provided on such trails are required to be accessible. Camping facilities, picnic facilities,
viewing areas, and outdoor constructed features provided on trails are connected to a tralil,
and are not required to be connected to an outdoor recreation access route. See 1019
Conditions for Exceptions.

* Added 7/11 4.




A(1)-45

Trailhead”

Trailheads are defined in F106.5 as an outdoor space developed to serve as an access point
to a trail. The junction of two or more trails, where no other access point is provided to the
trails, is not a trailhead.

The scoping provisions for trailheads are contained in F247.3. The provisions require new
signs provided at trailheads on newly constructed or altered trails to include information on
the length of the trail or trail segment; surface type; typical and minimum tread width; and
typical and maximum running slope and cross slope. The U.S. Forest Service currently
provides this information on trailhead signs posted on certain trails in national forests.

The scoping provisions require at least 20 percent of each type of outdoor constructed
feature provided within a trailhead to be accessible. The scoping provisions also require an
outdoor recreation access route to connect accessible parking spaces or other site arrival
points to the accessible outdoor constructed features, elements, spaces, and facilities within
the trailhead.

Resources:
For guidance on the design of Outdoor Recreation Access Routes, see Section 1017 of the

Final Guidelines for Outdoor Developed Areas, dated September 26, 2013, and the DCR
Greenways and Trails Toolbox.
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RAILS — WITH - TRAILS

“Rails-with-Trails” (RWT) describe any shared-use path or trail adjacent to an active railroad
corridor. These trails are located adjacent to active rail lines ranging from a few slow-moving
short-haul freight trains weekly, to high-frequency Amtrak trains traveling as fast as 140 mph.
Like shared-use paths, RWT’'s are used by bicyclists and pedestrians. Many of the
characteristics of shared-use paths are also common to RWT’s. These include continuous
separation from motor vehicle traffic; frequent access points; increased levels of safety and
security; scenic qualities; connectivity to a variety of land uses, etc. RWT’s can bring
numerous benefits to communities and railroads alike. Working closely with railroad
companies and other stakeholders is critical to a successful RWT. Limiting new and/or
eliminating at-grade RWT crossings, separating trails back as far as possible from tracks and
providing physical separation through fencing, vertical distance, vegetation and/or drainage
ditches can help create a well-designed trail. See FIGURE A(1)-1-13 and TABLE A(1)-1-8"
for minimum separation distance between active rails and paths (RWT).

_ Rails -with - Trails
Minimal Separation Distance
Separation refers to the space between the edge

of Improvements associated with a path to fhe
nearest rall face of an adjacent active rali line,

NEAREST FENCE, RAIL OR HEDGE

DINAE ENVELOPE
WITCD F16. 668

SIGNS HARKERS.ETC.

MIN. SEPARATION
1See Table A5-12)

SHARED USE FATH

Source: Adapted from the VTrans Pedestrian and Bicycle Facility Planning and Design Manual

FIGURE A(1)-1-13
SEPARATION BETWEEN ACTIVE RAIL LINES AND PATHS (RWT)
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Recommended Separation between Active Rail Lines and Paths (RWT)

Recommended Minimum

Type of Rail Operation Setting Characteristic Separation

High Volume/High Speed

11 trains or more per day Typical Conditions 25 feet with fence
Max speed over 45 mph Y 15 feet with a solid barrier

Constrained Areas (cutfill, | 15 feet with fence or other

bridges, etc.) physical barrier
Vertical Separation of at least 20 feet
10 feet
Medium Volume/Medium Speed
i 25 feet
Fewer than 11 trains per day Typical Conditions . . .
Max speed 45 mph 15 feet with physical barrier
Constrained Areas 11 feet with physical barrier

High Trespassing Areas 11 feet with physical barrier

Low Volume/Low Speed

Fewer than 11 trains per day Typical Conditions 25 feet desired
Max speed 45 mph 11 feet minimum
Constrained Areas 11 feet with physical barrier

Adapted from FHWA Rails with trails Lessons Learned
Source: VTrans Pedestrian and Bicycle Facility Planning and Design Manual

TABLE A(1)-1-8
SEPARATION BETWEEN ACTIVE RAIL LINES AND PATHS (RWT)
"For additional information on Rails-With-Trails;
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PEDESTRIAN ACCESS ROUTE AND CURB RAMP GOALS AND OBJECTIVES'
PEDESTRIAN ACCESS ROUTE

A Pedestrian Access Route provides a continuous accessible means of passage from one
location to another within public right-of-way. New Pedestrian Access Routes (Sidewalks or
Sidewalk Space) shall be 5 feet wide excluding the width of curb. However, in unique
situations where this is not feasible, a minimum clear width of 4 feet shall be provided
excluding the width of curb. Pedestrian Access Routes less than 5 feet excluding the width of
curb require the submission of a Design Waiver (See [IM-LD-227). Design Exceptions are
not applicable for sidewalks less than 4 feet wide. For additional information, see I[IM-LD-
55 (Curb Ramps and Sidewalks).

New Pedestrian Access Routes (Sidewalk or Sidewalk Space) less than 5 feet in continuous
width excluding the width of curb shall provide a pedestrian passing area a minimum of 5 feet
x 5 feet at reasonable intervals not to exceed 200 feet. These passing areas can be provided
at street intersections with cross slopes no greater than 48:1 (2%).

Where pedestrian access routes are contained within a street or highway right-of-way,
the grade of pedestrian access routes shall not exceed the general grade established
for the adjacent street or highway. Where pedestrian access routes are not contained
within a street or highway right-of-way, the grade of pedestrian access routes shall be
5% maximum.

The pedestrian access route surfaces shall be firm, stable, and slip resistant and openings
that are more than ¥z inch in one dimension are prohibited. The pedestrian access route is
permitted level changes up to ¥4 inch without treatment and level changes between % inch
and %2 inch that are beveled with a slope no greater than 2:1.

NEW CONSTRUCTION

All areas of newly designed and newly constructed facilities in public rights of way are subject
to these guidelines. This applies to work such as the extension of roadways and sidewalks
into undeveloped areas, new subdivisions, and similar types of projects. Full compliance is
generally easier in these types of projects because the scope of work is usually extensive
enough to allow necessary grading and acquisition of sufficient right of way.

When new construction or an alteration activity is conducted, curb ramp access must be
evaluated as part of the project design. The minimum requirements for curb ramps differ for
new construction and alterations.

"Rev. 7/18 4.
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ALTERATIONS

Alterations are discussed in more detail later in this Appendix.”
TECHNICALLY INFEASIBLE

Existing physical or site development conditions that prohibit the modification or incorporation
of elements, spaces, or features which are in full and strict compliance with the minimum
requirements for new construction in the public right of way and which are necessary for
pedestrian access, circulation, and use (the basis used for exceptions and special technical
provisions allowed in alterations). When an alteration meets accessibility requirements but is
technically infeasible, the public agency must ensure that the alteration provides accessibility
to the “maximum extent feasible”.

CURB RAMPS

A curb ramp is required to provide access to and from pedestrian access routes (sidewalk or
sidewalk space) for all users. This access is beneficial to pedestrians, users of wheelchairs,
canes, crutches, walkers, braces, lower-limb prostheses, persons with gait balance and
stamina disabilities, the elderly, and persons with visual disabilities (such as depth perception
difficulties).

There are four objectives related to this goal:

1. Provide a curb ramp design and placement that is usable by persons with disabilities.

2. Provide design and placement alternatives for a range of sidewalk and street
conditions.

3. Provide minimal negative impact to all pedestrians.

4. Place curb ramps in uniform and consistent locations.

Pedestrians with disabilities will benefit most from design approaches that minimize physical
barriers to travel and maneuverability. Pedestrians who use crutches are particularly
susceptible to cross slope when they are traveling downhill. Pedestrians with cognitive and
sensory disabilities, particularly those who have limited vision and those who are blind,
should have access to information on the pedestrian environment that is necessary for
independent travel. Children, including those with disabilities and those using bicycles and
other wheeled toys, are significant users of sidewalks and are significantly less able to
compensate for cross slope than adults.

DESIGN GUIDELINES FOR CURB RAMPS

The design guidelines are based on a standard barrier curb height of 6 inches. Should
increased heights be used, it will be necessary to add to the length of the curb ramp.

Gutter slopes at curb ramp locations should not exceed 20:1 (5%) for new construction.
Therefore, VDOT's standard curb and gutter design should be modified for use adjacent to
curb ramps to ensure proper slope and adequate drainage.
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MISCELLANEOUS NOTES

Objects such as utility covers, manhole covers, vault frames and covers and grates shall not
be located on curb ramp runs, blended transitions, turning spaces or the gutter area within
the pedestrian access route. This may not always be possible in alterations, but should be
avoided wherever possible.

Maintenance of curb ramps may be necessary where there is a low velocity of storm water
runoff. Debris may accumulate in the relatively flat areas at the base of the ramps,
particularly in CG-12, Type B. Very little can be done cost-effectively to overcome this from a
design and placement perspective.

Special attention should be given to ensure that the bottoms of curb ramps and gutter pan
lips are not adversely affected during street re-paving.

GUIDELINES FOR CURB RAMP LOCATIONS

The placement of curb ramps is as critical to their effectiveness as the design. Placement
should be determined by design constraints of the sidewalk, roadway, and intersection with
respect to obstructions, crosswalks, and intersection types. Placement relative to
obstructions should maintain consistency and effectiveness.

Curb ramps shall be provided for each direction of crossing at intersections that
incorporate pedestrian access routes, and on both sides of a mid-block location to
establish a pedestrian access route. Curb ramps shall be in-line with the direction of
pedestrian travel. If curb ramps are not placed at all corners of an intersection the ramp
user’s accessibility is restricted to the route that provides curb ramps. For more information,
see IIM-LD-55 (Curb Ramps and Sidewalks).”

Curb ramps shall be located within the crosswalks (marked or unmarked). The ramps may be
centered or located to one side of the crosswalk with the flare outside of the crosswalk. Curb
ramps shall be located in front of the vehicle stop bar, if one exists. The Project Manager
should discuss the relationship between crosswalks, stop bars and curb ramps with the
Traffic Engineering Designer throughout the design of a project.

Typical situations depicting the placement of curb ramps and detectable warning surfaces in
new construction and in alterations have been incorporated into VDOT'’s Road and Bridge
Standard details. Designers are urged to use sound engineering judgment in determining
placement.

On new construction projects, utility poles, traffic control devices (such as sign, signal and
lighting structures), fire hydrants, and drop inlets should not be located within the pedestrian
access route or obstruct the pedestrian access route to the curb ramp. Because the location
of curb ramps may be adversely affected by obstructions, the curb ramp location should have
priority over the location of potential obstructions.
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Pedestrian Access Routes that cross medians and refuge islands shall be a minimum of 6
feet in length and include a break or cut-through a minimum of 5 feet wide and include
detectable warning surfaces. Detectable warning surfaces shall be truncated domes. See
VDOT Road and Bridge Standard CG-12 and Median (M1 or M2) or Refuge Island (RI1 or
RI2).

PROCEDURE FOR DETERMINING THE LOCATION AND DESIGN OF CURB RAMPS

What is the pedestrian’s destination and what is their current route? Where is it safe for
pedestrians to cross the roadway? Is there an established pedestrian access route network?
The route may be along a sidewalk (or a relatively flat, unobstructed grassy area behind a curb
even though it is not surfaced) and through intersections.

1. Determine if the subject project is a new project or an alteration project.

2. The Project Designer is to coordinate, early in the design process, with the State Bicycle
and Pedestrian Planner concerning a pedestrian movement plan (pedestrian access
route), Location and Design Policy and Procedure Section and the Traffic Engineering
Design Section concerning crosswalk locations to determine the safest and shortest
crossing locations.

3. Determine the best type of curb ramp (CG-12, Type A, B or C) for each location. Specify
a CG-12, Type A if there is sufficient space for the landing at the top of the ramp.

4. Evaluate conflicts with curb ramps, such as light poles, fire hydrants, traffic control
devices, signs, utilities, drainage structures, etc. and coordinate the revised crossing
locations or fixed object locations as necessary to install curb ramps.

5. The above procedure should continue as necessary throughout the plan development
process.

CURB RAMP ELEMENTS AND TYPES

A curb ramp consists of a Ramp, with a maximum runrling slope of 12:1 (8%), with Detectable
Warning Surface extending the full width of the ramp and its accompanying Landing, with
Flares on each side where appropriate.

e LANDING

A level area of a curb ramp with a cross slope of less than 48:1 (2%). For
perpendicular curb ramps, the landing allows pedestrians to bypass the flares and
ramp and provides a level maneuvering space for persons using wheelchairs entering
or exiting the ramp. For parallel curb ramps, the landing is between the ramps. The
landing clear width shall be a least as wide as the curb ramp, excluding flared sides,
leading to the landing. In alterations, where there is no landing at the top of the curb
ramp, the curb ramp flares shall be provided and shall not be steeper than 12:1 (8%).
See drawing below as well as the Road and Bridge Standards.

The type of curb ramp is determined by the direction the user is traversing the ramp in
relation to the vehicular path of travel. The three (3) types of curb ramps are:
Perpendicular Design (CG-12, Type A), Parallel Design (CG-12, Type B) and
Combined (Parallel and Perpendicular) Design (CG-12, Type C).
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e FLARE

The area where a pedestrian circulation path crosses the curb ramp, which shall be
sloped 10 percent maximum, measured parallel to the curb line. Apart of the pedestrian
circulation path, but not a part of the pedestrian access route. Curb ramps whose sides
have returned curbs provide useful directional cues where they are aligned with the
pedestrian street crossing and are protected from cross travel by landscaping, street
furniture, chains, fencing, or railings. ~

e RAMP

The area of the curb ramp that leads to street level with a maximum running slope of
12:1 (8%), with a Detectable Warning Surface extending the full width.
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PERPENDICULAR CURB RAMP (CG-12, TYPE A)

A curb ramp, normally perpendicular to the curb at the street crossing, with a maximum
running slope of 12:1 (8%) and a 48:1 (2%) maximum level landing (4 feet x 4 feet minimum)
at the top. The bottom of the ramp run, exclusive of flared sides (10:1 (10%) maximum
slope), shall be located within the crosswalk. The cross slope shall be 48:1 (2%) maximum.
Sidewalks are permitted to follow the running slope of the adjacent roadway, which
determines the cross slope of perpendicular ramps and landings at mid-block crossings. One
curb ramp shall be provided for each direction of intersection crossing, where
feasible. (See Standard CG-12, Type A in the VDOT Road and Bridge Standards.)
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FIGURE A(1)-1-14
PERPENDICULAR CG-12, TYPE A’
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PARALLEL CURB RAMP (CG-12, TYPE B)

Parallel ramps are especially suited to narrow rights-of-way where there is insufficient space
for the top landing of a perpendicular curb ramp. In this case, the bottom landing usually
serves as the direct connection to the street crossing and shall be located within the
crosswalk. Criteria for parallel curb ramps address the running slope (grade) (12:1 (8%)
maximum and 48:1 (2%) minimum), cross slope (48:1 (2%) maximum), level landings at the
bottom at least 5 feet by 5 feet, and barriers at drop-offs. The running slope (grade) of
parallel curb ramps will be affected by the slope of the sidewalk, which is permitted to be as
steep as the adjacent roadway. Thus, a maximum slope of 12:1 (8%) may not be achievable
due to the road grade. In recognition of this, the required length of a parallel ramp is limited
to 15 feet, regardless of the slope. The landing required at the bottom of the ramp is not
permitted to slope more than 48:1 (2%) in any direction. One curb ramp shall be provided
for each direction of intersection crossing, where feasible. (See Standard CG-12, Type
B in the VDOT Road and Bridge Standards.)

FIGURE A(1)-1-15
PARALLEL CG-12, TYPE B
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COMBINED (PARALLEL & PERPENDICULAR) CURB RAMP (CG-12, TYPE C)

This alternative is typically used when public pedestrian right of way width established by
local or state regulation, guideline, or practice will not accommodate a perpendicular curb
ramp. A segment of the sidewalk is ramped or depressed to a relatively level landing to
accomplish part of the level change and the balance is achieved by a short perpendicular
curb ramp. One curb ramp shall be provided for each direction of intersection
crossing, where feasible. (See Standard CG-12, Type C in the VDOT Road and Bridge
Standards.)

FIGURE A(1)-1-16
PARALLEL AND PERPENDICULAR CG-12, TYPE C’
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CURB RAMP APPLICATION DETAILS’

ONE CURB RAMP SHALL BE PROVIDED FOR EACH DIRECTION OF INTERSECTION
CROSSING, WHERE FEASIBLE. (CG-12, TYPE A, B OR C)

TWO CG-12, TYPE B'S ARE SHOWN BELOW:

X
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g LT Minimum 4' x 4' Landing
Area at Top of Curb.
CG-12, Type B
is shown
\
CG-12, TypeB — Sl &= Crosswalk
is shown
t
—— 5' Sidewalk

Ramp (with arrows) are 12:1 Maximum slope.

FIGURE A(1)-1-17
Two CG-12 Type B FOR EACH DIRECTION AT INTERSECTION
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DIAGONAL CURB RAMP (TO BE USED FOR ALTERATION PROJECTS ONLY)

Diagonal or corner type curb ramps with returned curbs or other well-defined edges shall
have the edges parallel to the direction of pedestrian flow. The bottom of diagonal curb
ramps shall have a clear space 48" minimum outside active traffic lanes of the roadway.

Diagonal curb ramps provided at marked crosswalks shall provide the 4 feet minimum clear
space within the markings. Diagonal curb ramps with flared sides shall have a segment of
curb 2 feet long minimum located on each side of the curb ramp and within the marked
crossing as shown below. CG-12's Type A, B and C can be constructed as Diagonal Curb
Ramps. However certain criteria apply. See FIGURES A(1)-1-18 and A(1)-1-19 below for
criteria.

Note: Diagonal curb ramps force pedestrians descending the ramp to proceed into the
intersection before turning to the left or right to cross the street and therefore, make it more
difficult for individuals with vision impairments to determine the correct crossing location and
direction. Persons with visual impairments may also mistake a diagonal curb ramp for a
perpendicular curb ramp and unintentionally travel into the middle of the intersection.
Designer should consider the intersection skew when using this layout.

Crosswalk

4' Min.

Crosswalk

FIGURE A(1)-1-18
DIAGONAL OR CORNER TYPE CURB RAMPS

(TO BE USED FOR ALTERATION PROJECTS ONLY)"
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Single Diagonal Parallel Curb Ramp, CG-12, Type B, with an Enlarged Landing Area
(4 feet x 4 feet space may include gutter pan)

4
®©
=
A
e
% o
R = 15" Max.
Curb Radius
i Ramp
Crosswalk o

When only one curb ramp is provided for
two crossings, it is important to provide

T sufficient space (Minimum 4' x 4') to
maneuver a wheelchair into the crosswalk

without going into the travel way.

Ramp i

FIGURE A(1)-1-19
SINGLE DIAGONAL PARALLEL CURB RAMP, CG-12, TYPE B
(TO BE USED FOR ALTERATION PROJECTS ONLY)"

Diagonal curb ramps are not recommended for new construction. However, the Enlarged
Landing Area layout above may be considered for new construction when the curb radius is
15 feet and less. In alterations, it may be considered when the distance between two CG-12,
Type B’s is insufficient to install a separate landing for each. This layout shall provide a level

landing area or maneuvering space (4 feet x 4 feet) at the bottom of the ramp and outside of
the travelway as shown above.
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Single Diagonal Parallel Curb Ramp, CG-12, Type B;
A Sufficient Maneuvering Space (5 feet x 4 feet which may include the gutter pan)
shall be provided for wheelchairs as shown below:

Crosswalk

R =25"-35
Curb Radius Only4\

| ‘ e

| N

) \& .
|

|

|

Crosswalk

When only one curb ramp is provided for
two crossings, it is important to provide
sufficient space (Minimum 5' x 4') to
maneuver a wheelchair into the crosswalk
without going into the travel way.

FIGURE A(1)-1-20
SINGLE DIAGONAL PARALLEL CURB RAMP, CG-12, TYPE B’
(IO BE USED FOR ALTERATION PROJECTS ONLY)

Diagonal curb ramps are not recommended for new construction. However, the layout above
may be considered for new construction when the curb radius is between 25 and 35 feet
only. In alterations, it may be considered when the distance between two CG-12, Type B’s is
insufficient to install a separate landing for each. This layout shall provide a level landing
area or maneuvering space (5 feet x 4 feet) at the bottom of the ramp and outside of the
travelway as shown above.
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CG-12, Type B Layout without Buffer Strip

Landing Slope
48:1 Max.

\ Curb

- Bl
/2.
Crosswalk S
QX
— , <=
Grass .
or Curb

Concrete

FIGURE A(1)-1-21
TYPE B LAYOUT WITHOUT BUFFER STRIP’

There may be situations where right of way restrictions dictate the above ramp configuration.
It should not be used where right of way or a pedestrian access route continues
around the curve. The bottom of the ramp may be located to the left of the curb return in
the above example; however the ramp width shall not be less than 48 at the bottom.
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CG-12, Type B Layout, with Buffer Strip

Landing Slope
48:1 Max.

FIGURE A(1)-1-22 CG-12, TYPE B LAYOUT, WITH BUFFER STRIP’

This is similar to FIGURE A(1)-1-21 except with a buffer strip. It should not be used
where right of way or a pedestrian access route continues around the curve.
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ALTERATIONS

A change to a facility in the public right-of-way that affects or could affect access, circulation, or
use. Projects altering the use of the public right-of-way must incorporate pedestrian access
improvements within the scope of the project to meet the requirements of the U.S. Access
Board, Chapter 2 - Alterations and Questions and Answers About ADA/Section 504. These
projects have the potential to affect the structure, grade, or use of the roadway. Alterations
include items such as reconstruction, rehabilitation, widening, resurfacing (see USDOJ-FHWA
Technical Assistance dated 6-28-13 for additional clarification), pedestrian signal installation,
signal installation and upgrades, and projects of similar scale and effect. -

Alterations shall incorporate accessibility improvements to existing pedestrian facilities to the
extent that those improvements are in the scope of the project and are technically feasible,
without regard to cost. Projects altering the usability of the roadway must incorporate accessible
pedestrian improvements concurrent with the alterations to the roadway.

The DOJ considers resurfacing beyond normal maintenance to be an alteration. The DOJ does
not consider maintenance activities, such as filling potholes, to be alterations. See

DOJ's ADA Title Il Technical Assistance Manual, 8§ 11-6.6000, 1993, USDOJ-FHWA Technical
Assistance dated 6-28-2013 and http://www.ada.gov/doj-fhwa-ta-glossary.htm.

The FHWA has determined that maintenance activities include actions that are intended to
preserve the system, lower the risk of future deterioration, and maintain the functional
condition of the roadway without increasing the structural capacity. These activities include,
but are not limited to, joint repair, pavement patching (filling potholes), shoulder repair,
signing, striping, minor signal upgrades, and repairs to drainage systems.

For additional information, see the following:
Special Report: Accessible Public Right-of-Way Planning and Designing for Alterations dated
August 31, 2007.

Questions and Answers About ADA/Section 504, which can be accessed at:
http://www.fhwa.dot.gov/civilrights/programs/ada sect504ga.cfm#qgl?

U.S. Access Board, Chapter 2 - Alterations
http://www.access-board.gov/quidelines-and-standards/streets-sidewalks/public-rights-of-
way/guidance-and-research/accessible-public-rights-of-way-planning-and-design-for-
alterations/chapter-2%e2%80%94alterations
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GUIDELINES FOR ALTERATIONS

An alteration is considered when existing areas, elements, or facilities intended for
pedestrian access, circulation, and use in_an existing developed public facility are changed,
modified or adjusted.

An alteration of an existing element, space, or area of a building or facility shall not impose a
requirement for accessibility greater than required for new construction.

In alterations, where compliance with applicable requirements for new construction is
technically infeasible, the alteration shall comply with the requirements to the “maximum
extent feasible”.

An alteration that decreases or has the effect of decreasing the accessibility of a public
building or facility below the requirements for new construction at the time of the alteration is
prohibited.

If alterations to existing sidewalks curb ramps, or pedestrian street crossings, when
considered together amount to reconstruction of a block, intersection, or other substantial
segment of the pedestrian circulation network in the public right of way, the entire segment,
to the “maximum extent feasible”, shall comply with provisions for new construction.

Alterations to a sidewalk, curb ramp, or pedestrian street crossing in the public right of way
shall be made so that adjacent segments on the pedestrian access route are readily
accessible to and usable by individuals with disabilities.

Ramps, curb ramps and exterior ramps to be constructed where space limitations prohibit the
use of a 12:1 (8%) slope or less, may have slopes and rises as follows:

e A slope between 10:1 (10%) and 12:1 (8%) is allowed for a maximum rise of 6 inches.

e A slope between 8:1 (12.5%) and 10:1 (10%0 is allowed for a maximum rise of 3
inches.

Note: The required length of a parallel or perpendicular ramp is limited to 15 feet,
regardless of the slope.

In alterations, full extension of handrails shall not be required where such extensions would
be hazardous due to the ramp configuration.

The guidelines for alterations apply technical requirements according to the scope of work for
a planned alteration or addition. The more extensive the work is the greater are the
opportunities to achieve access. Compliance is "prorated" based on the extent of the work
planned. Additions and Alterations (1102.2).

Also see PROWAG, Chapter R2, Section R202 Alterations and Elements Added to Existing
Facilities.
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ALTERATION (RETROFIT) CG-12 INTO EXISTING CURB AND GUTTER AND/OR
SIDEWALK LOCATIONS

When retrofitting a CG-12 into an existing curb and gutter location and/or sidewalk location,
evaluation must be made for the most appropriate type of CG-12 configuration to match existing
conditions with consideration of grade, type of curb and gutter, pedestrian path, available
crosswalks, R/W, location of utilities, location of drainage structures, and any other features that
may prohibit or affect the placement and design of the curb ramp.

The existing curb and gutter (or curb only) will need to be removed in the area of the ramp. If
there is existing sidewalk it may need to be removed back to the point where the proposed curb
ramp will meet existing sidewalk grade. A new curb and gutter will need to be placed to match
the existing edge of pavement and to tie to the proposed CG-12 as called for on the plans by
type. (This may result in a warped surface area of 20:1 rather that normal gutter slope in the
area approaching the ramp.) The sidewalk will be placed to meet the selected type of CG-12
shown on the plans and the detectable warning surface will be placed by the acceptable
method selected by the contractor as shown in the Standard for CG-12. If the landing area is
placed at the top of the ramp (i.e.. CG-12, Type A) it may be constructed of the same
surface as the traversable path (including grass) although it still must meet the minimal
requirements of a landing (i.e.: within R/W, flat surface, correct size, etc.).

For additional information on curb ramps and sidewalks, see Special Report: Accessible
Public Right-of-Way Planning and Designing for Alterations dated August 31, 2007 and IIM-
LD-55.

Each CG-12 for alteration projects that do not comply with VDOT's Standard CG-12 will need
to be designed and shown in detail on the plans. If additional assistance is needed, contact
the Central Office Policies and Procedures Section Manager or the Central Office Special
Design Section Engineer. *

The following pages show Examples of CG-12 configurations for alteration projects when
compliance with VDOT’'s CG-12 Standards for new construction are technically infeasible.
Alterations shall comply with the VDOT’s CG-12 Standards to the “maximum extent feasible”.
For example, space limitations may prohibit a maximum slope of 12:1 (8%), see previous
page. However, curb ramps shall be a minimum of 4 feet wide.
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Existing Drop Inlet —

When the sidewalk does not continue around the radius

g%

Buffer Strip

Existing Drop Inlet

Existing Drop Inlet

When the sidewalk continues around the radius
Added Information

" Added 1/17 4.




A(1)-66

Buffer Strip
D s _ Existing Sidewalk

Existing Control Box

New Sidewalk

Buffer Strip

Buffer Strip

! ¥ N Sidewalk
2 uewal

Existing Pole
S —

Existing Drop Inlet CG-2
e

Added Information”

"Rev. 7/17 4.




A(1)-67

Sidewaik
Drbabihbeutht” ¥ W Landscape Area
e %

Existing Drop Inlet (\>

Existing Pole ,_[\w—- \J/

N

Existing Pole

Existing Drop Inlet

Added Information”

" Added 1/17 4.




Added Information”

Sidewalk
(WWM

—— Prop. CG-12 Location
Sidewalk

Existing

Drop Inlet | 1| | 4
mmmm......mm.«mmmmmm)

7

Existing
CG-12 Removed

- Existing
Drop Intet

"Rev. 7/17

A(1)-68



A(1)-69

BUFFER STRIP

The space provided between the back of curb and the sidewalk to place all lateral
obstructions (landscaping, fire hydrants, street lights, parking meters, signal control boxes,
signal, sign and utility poles, etc.) to ensure that the pedestrian access route is free of
obstacles. When possible, signal poles and signal control boxes should be located behind
the sidewalk to minimize conflict with intersection sight distance.

e Width

Buffer strips shall be 4 feet wide to provide the lateral offset for the placement of
conventional signs (36"x36” wide) for Posted Speeds greater” than 25 mph in
accordance with the MUTCD, Part 2 (See FIGURE A(1)-1-23, Detail 1 below). Buffer
strips 3 feet wide may be utilized to provide the lateral offset for the placement of
smaller signs (24"x24” wide) for Posted Speeds 25 mph and less (See FIGURE A(1)-
1-23, Detail 2 below). However, a Design Waiver shall be submitted for buffer
strips less than 4 feet for Posted Speeds greater than 25 mph and for buffer
strips less than 3 feet for Posted Speeds 25 mph or less, See [IM-LD-227. In
unique situations where no buffer strip is provided, additional right of way shall be
acquired behind the sidewalk for the placement of lateral obstructions (sign, utility
poles, landscaping, fire hydrants, street lights, parking meters, signal control boxes,
and signal poles, etc.) as well as proposed drainage structures. The Roadway
Designer should coordinate with the Traffic Engineering Designer to determine the
amount of right of way necessary.

The Roadway Designer has the option to meander sidewalk or construct a wider
sidewalk to accommodate the minimum lateral offset for signs while maintaining a
minimum clear width of 5 feet for the Pedestrian Access Route.

If trees are to be planted in the buffer strip it shall be a minimum 6 feet wide and
the trees should be planted so that the center of the trees are 3 feet minimum
behind the back of curb.
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SIDEWALKS

Sidewalks are that portion of a public right of way between the curb line or lateral line of a
roadway and the adjacent property line that is improved for use by pedestrians. Sidewalks
shall have the following elements:

e Vertical Clearance

The vertical clearance from the sidewalk to the bottom of any sign or over hanging
vegetation (Trees) shall be 7 feet minimum in accordance with the MUTCD, Part 2 and
AASHTO’s Guide for the Planting, Design, and Operation of Pedestrian Facilities,
respectively.” Guy wires and utility tie-downs should not be located in or across
sidewalks at heights below 8 feet.

The passage along or within a sidewalk should be clear of obstructions underfoot,
overhead, or between. Objects with leading edges above the standard sweep of canes
(27 inches) from the ground and below the standard head clearance (80 inches) from
the ground shall protrude no more than 4 inches maximum horizontally into the
accessible route.

e Width

New sidewalks shall be 5 feet wide excluding the width of curb. However, in unique
situations where this is not feasible, a minimum clear width of 4 feet shall be provided
excluding the width of curb. Pedestrian Access Routes less than 5 feet wide excluding
the width of curb require the submission of a Design Waiver (See IIM-LD-227. Design
Exceptions are not applicable for sidewalks less than 4 feet wide.

When a sidewalk is constructed adjacent to a retaining wall or parapet wall the
minimum width shall be 6 feet measured from the back of the curb to the face of the
retaining wall or parapet wall.

New sidewalks less than 5 feet in continuous width excluding the width of curb shall
provide a pedestrian passing area a minimum of 5 feet x 5 feet at reasonable intervals
not to exceed 200 feet. These passing areas can be provided at driveways and street
intersections with cross slopes no greater than 48:1 (2%).

For “NO” on-street parking situations where sidewalk is placed adjacent to the back of
curb it shall be 5 feet wide from the back of curb and requires the submission of a
Design Waiver for No Buffer Strip (See 1IM-LD-227). All lateral obstructions (sign,
utility poles landscaping, fire hydrants, street lights, parking meters, signal control
boxes, and signal poles, etc.) shall be placed behind the sidewalk so as not to
encroach on the pedestrian access route. Therefore, right of way shall be acquired
behind the sidewalk for placement of all lateral obstructions.

For _on-street parking situations, where sidewalk is placed adjacent to the curb, the
width shall be 8 feet wide minimum from the back of curb to allow vehicle doors to
open and people to exit from the vehicle without blocking the pedestrian access route.
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e Grade

Where pedestrian access routes are contained within a street or highway right-of-way,
the grade of pedestrian access routes shall not exceed the general grade established
for the adjacent street or highway. Where pedestrian access routes are not contained
within a street or highway right-of-way, the grade of pedestrian access routes shall be
5 percent maximum.

e Cross Slope

Sidewalk Cross slope shall not exceed 48:1 (2%). A level area with minimal cross
slope is necessary for accessible passage across a driveway. Driveway aprons
constructed like a ramp with steep short side flares can render a section of sidewalk
impassible, especially when encountered in series as in residential neighborhoods.

e Surfaces

Sidewalk surfaces shall be stable, firm and slip resistant and shall be generally in a
continuous plane with a minimum of surface warping. “Materials such as gravel, wood
chips, or sand, often used for outdoor walkways, are neither firm nor stable, nor can
they generally be considered slip-resistant. Thus, these materials do not constitute an
accessible route. However, some natural surfaces, such as compacted earth, soll
treated with consolidants, or materials stabilized and retained by permanent or
temporary geotextiles, gridforms, or similar construction may perform satisfactorily for
persons using wheelchairs and walking aids.”

Changes in level up to 0.25 inch may be vertical and without edge treatment. Changes
in level between 0.25 inch and 0.50 inch shall be beveled with a slope no greater than
2:1. Changes in level greater than 0.50 inch shall be accomplished by means of a
ramp.

Where sidewalks cross rail systems at grade, the surface of the pedestrian access
route shall be level and flush with the rail top at the outer edge and between the rails.

e Drainage Grates in sidewalks shall have spaces no greater than 0.50 inch wide in the
direction of travel. If grates have elongated openings, they shall be placed so that the
long dimension of the opening is perpendicular to the dominant direction of travel. All
efforts shall be made to avoid grates being located in pedestrian access routes. *

*Rev. 7/15 4.




A(1)-73

——e——  Direction of Travel

Sidewalks Along Curb and Gutter and/or Curb Streets

(1) Sidewalks along curb and gutter and/or curb streets shall be constructed with
hydraulic cement concrete sidewalk or solid paving units and have a 1 foot minimum
graded area behind the back of the sidewalk.

(2) Concrete sidewalks shall be constructed in accordance with the VDOT's Road and
Bridge Specifications for hydraulic cement concrete sidewalk, on a compacted
subgrade, and include underdrains in accordance with the VDOT’s Road and Bridge
Standards, Section 100, Standard UD-3.

(3) Solid paver unit sidewalks shall be constructed in accordance with VDOT’s Location and
Design Instructional & Information Memoranda [IM-LD-218, Paver Units (Sidewalk and
crosswalk).

Sidewalks Along Shoulder and Ditch Streets

(1) Sidewalks along shoulder and ditch streets shall be constructed behind the ditch and
have a 1 foot minimum graded area between the ditch and the sidewalk as well as a 1
foot minimum graded area behind the back of the sidewalk.

(2) Sidewalk shall be constructed in accordance with VDOT's Road and Bridge
Specifications for asphalt concrete sidewalk or hydraulic cement concrete sidewalk, on
a compacted subgrade, and include underdrains in accordance with VDOT’s Road and
Bridge Standards, Section 100, Standard UD-3.
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Vertical and Horizontal Separation —

Curb and Gutter and/or Curb Typical Sections

Sidewalks shall be separated both vertically, by curb and gutter and/or curb and
horizontally from the adjacent roadway. Vertical separation shall be created through the
installation of curbs. Horizontal separation can be achieved through the installation of a
buffer strip, landscaping or furniture zones for benches, planters, literature display
boxes, or similar clearly defined features or surfaces that will help guide persons who
may otherwise unintentionally enter the vehicular way. If horizontal separation is not
provided, a Design Waiver shall be submitted in accordance with 1IM-LD-227).

Shoulder and Ditch Typical Sections

Sidewalks constructed along a shoulder and ditch section shall be placed behind the
ditch in a manner that will be compatible with the roadway if the roadway is converted
to a curb or curb and gutter section. (Note: Placement of sidewalk within the
shoulder area is not permitted.)
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RAILING REQUIREMENTS
e Railing (HR-1, Type Il) is required when:

Where the sidewalk is adjacent to a parallel water hazard (greater than 2 feet deep), other
obvious hazard or downward slope of 2:1 or steeper and a drop-off of 4 feet or more, a
minimum 5 foot wide separation from the back edge of the sidewalk to the top of slope is
required. When the separation from the back edge of the sidewalk to the top of the slope
is less than 5 feet, a railing (HR-1, Type Il) is required. - When a sidewalk is constructed
adjacent to a retaining wall or a structure with a drop-off of 1 foot or more, a railing (HR-1,
Type Il) is also required.

Note: When railing is required and the grade of the sidewalk is 5% or greater a gripping
rail is required.

When a railing (HR-1, Type Il) is required, contact the Location and Design Standards and
Special Design Section for details. Also see VDOT Road and Bridge Standards.

Ralling
\

g
%; =

Sidewalk - ®
C N fos
S5

4 H | .
I Min, T .1 S o
V.

Railing
\ )
I Min. o
Sidewalk o
O
< |53
Less than ey
Retaining Wall —»7/ 51t

FIGURE A(1)-1-24
RAILING FOR SIDEWALKS
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SIDEWALK TRANSITION FROM ROADWAY ONTO BRIDGE
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SECTION A(1)-2 PARKING DESIGN FEATURES

ON-STREET PARKING

PARALLEL PARKING

Parallel parking is the preferred arrangement for on-street parking. Provisions for on-
street parallel parking are allowed on roadways functionally classified as collectors or
locals where the posted speed limit is 35 mph or less. See Secondary Street
Acceptance Requirements (SSAR) 24 VAC 30-92-120 Design and agreement
Requirements.

The use of curb and gutter and/or shoulder and ditch designs for on-street parking will
be accommodated, using the following widths for the parking lane:

o Residential and mixed-use local streets — 7 feet in width measured from the face
of curb.
o Commercial and industrial — 8 feet in width measured from the face of curb

Note: No parking within 20 feet of any intersection measured from the curb return of the
intersection.

PERPENDICULAR AND ANGLE PARKING

Perpendicular and angle parking along streets is normally prohibited. However,
perpendicular and angle parking may be allowed on low-speed (25 mph and less), low
volume collector and local streets with ground floor commercial uses, primarily those
serving as main streets and local streets in Traditional Neighborhood Development
(TND) or similar higher-density developments.

Parked vehicle overhangs (distance of 2 feet) shall not reduce the clear width of the
pedestrian accessible route (sidewalk) adjacent to the parking spaces, which shall be
accomplished by the installation of wheel stops as shown in FIGURE A(1)-2-3 and A(1)-
2-4.

ACCESSIBLE PARKING SPACES

Accessible parking spaces should be located where the street has the least crown and
grade and located and designed to provide the shortest possible route to key
destinations.

Accessible parking spaces and accessible passenger loading zones that serve a
particular building shall be located on the shortest possible accessible circulation route
to an accessible entrance of the building.
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See TABLE A(1)-2-1 for the required minimum number of accessible spaces based on
the total number of marked or metered parking spaces on the block perimeter.

See FIGURES A(1)-2-7, A(1)-2-8, A(1)-2-9 and A(1)-2-10 that illustrate different
combinations of Accessible Parking Spaces and Access Aisles that will accommodate
cars, trucks and vans.

Accessible parking spaces shall be identified and designated as reserved by signs and
markings displaying the International Symbol of Accessibility. For information on
Signing and Marking Accessible Parking Spaces see 502.6 Identification in the Park-
and-Ride Lots section.

The information below is from Proposed Guidelines for Pedestrian facilities in the Public
Right-of-Way (PROWAG) dated July 26, 2011, (Chapters R2 and R3).

R214 On-Street Parking Spaces. Where on-street parking is provided on the block perimeter
and the parking is marked or metered, accessible parking spaces complying with R309 shall be
provided in accordance with TABLE A(1)-2-1 . Where parking pay stations are provided and the
parking is not marked, each 20 feet of block perimeter where parking is permitted shall be
counted as one parking space.

Total Number of Marked or Metered Required Minimum Number
Parking Spaces on the Block Perimeter Accessible Spaces

1to 25

26 1o 50

51to 75

76 to 100

O |W|IDN|F

101 to 150

151 to 200 6

201 and over 4% of total

Source: Proposed Accessibility Guidelines for Pedestrians Facilities in the Public Rights of
Way: Dated July 26, 2011.
TABLE A(1)-2-1
ON-STREET PARKING SPACES
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Advisory R214 On-Street Parking Spaces. The MUTCD contains provisions for marking on-
street parking spaces (See Section 3B.19). Metered parking includes parking metered by parking
pay stations. Where parking on part of the block perimeter is altered, the minimum number of
accessible parking spaces required is based on the total number of marked or metered parking
spaces on the block perimeter.

‘*ﬁ( Scoping on-street parking

* Number of accessible spaces is based on total marked
or metered spaces on a block perimeter

R215 Passenger Loading Zones. Where passenger loading zones other than transit stops are
provided, at least one accessible passenger loading zone complying with R310 shall be provided
for each 100 feet of continuous loading zone space or fraction thereof.

R309 On-Street Parking Spaces’
R309.1 General. On-street parking spaces shall comply with R309.

Advisory R309.1 General. R214 specifies how many accessible parking spaces must be
provided on the block perimeter where on-street parking is marked or metered. Accessible
parking spaces must be identified by signs displaying the International Symbol of Accessibility
(see R211.3 and R411). Accessible parking spaces should be located where the street has
the least crown and grade and close to key destinations.

R309.2 Parallel Parking Spaces. Parallel parking spaces shall comply with R309.2.

Advisory R309.2 Parallel Parking Spaces. The sidewalk adjacent to accessible parallel
parking spaces should be free of signs, street furniture, and other obstructions to permit
deployment of a van side-lift or ramp or the vehicle occupant to transfer to a wheelchair or
scooter. Accessible parallel parking spaces located at the end of the block face are usable by
vans that have rear lifts and cars that have scooter platforms.

R309.2.1 Wide Sidewalks. Where the width of the adjacent sidewalk or available right-of-way
exceeds 14.0 ft., an access aisle 5.0 ft. wide minimum shall be provided at street level the full
length of the parking space and shall connect to a pedestrian access route. The access aisle
shall comply with R302.7 and shall not encroach on the vehicular travel lane. See Figure A(1)-
2-1.
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FIGURE A(1)-2-1
DESIGN FOR ACCESSIBLE PARALLEL PARKING SPACES

R309.2.2 Narrow Sidewalks. An access aisle is not required where the width of the sidewalk
between the extension of the normal curb and boundary of the public right-of-way is less than 14
feet. When an access aisle is not provided, the accessible parking space shall be located at
either the end of the block closest to the CG-12 curb ramp at the street crossing. See FIGURE
A(1)-2-2.

Advisory R309.2.2 Narrow Sidewalks. Vehicle lifts or ramps can be deployed on an 8 feet
sidewalk if there are no obstructions.

e ‘<
SIDFWALK < 1 /’ l\

i HANDICAREED
. 20 - PARKING i &
‘ SPACE !

L-: 2 )_l
FIGURE A(1)-2-2 *
DESIGN FOR ACCESSIBLE PARALLEL PARKING SPACE EXCEPTION

Note: Corner clearance (i.e., the distance from the end of the intersection curb return to the
nearest edge of on-street parking) shall be 20 feet. If a traffic control device faces the parking
channel, the distances should be 30 feet. Under all circumstances, on-street parking shall not be
permitted where it will obstruct necessary sight distance.

R309.3 Perpendicular or Angled Parking Spaces. Where perpendicular or angled parking is
provided, an access aisle 8 feet wide minimum shall be provided at street level the full length of
the parking space and shall connect to a pedestrian access route (via a curb ramp) serving the
space. The Access aisle shall be marked so as to discourage parking in the access aisle. Two
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Accessible Parking Spaces are permitted to share a common access aisle. See FIGURES A(1)-
2-3 and A(1)-2-4.

Advisory R309.3 Perpendicular or Angled Parking Spaces. Perpendicular and angled parking
spaces permit the deployment of a van side-lift or ramp.

PERPENDICULAR PARKING SPACES

STD. CG-12, TYPE C

! Y

T

2 Ramp | |anding | R3MP 5' SIDEWALK

= [ ™ =

AT STREET LEVEL
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SRR S S

% \ SHARED ACCESS AISLE

in. ] 8" min.
]

o3
3
-
3
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MINIMUM DIMENSIONS FOR ACCESSIBLE PARKING

20' MIN. l

1

I ACCESS AISLE ’

PASSENGER LOADING ZONE

5 MIN.

8 MIN.

FIGURE A(1)-2-3
Perpendicular ACCESSIBLE PARKING SPACES PASSENGER AND LOADING ZONES'

Note: Wheel stops are required when parking spaces (accessible or otherwise) are located
adjacent to sidewalk / pedestrian accessible route and shall be located a minimum of 2 feet from
the face of curb, so that the parked vehicle does not encroach into and reduce the usable width
of the sidewalk / pedestrian accessible route. See Figures A(1)-2-3 and A(1)-2-8 thru 2-11.

PASSENGER LOADING ZONES: Passenger loading zones shall provide a vehicular pull-up
space 8 feet wide minimum and 20 feet long minimum. The access aisle serving the vehicle pull-
up space shall be 5 feet wide minimum and adjoin a pedestrian route and shall not overlap the
vehicular way. Access aisles shall be marked so as to discourage parking in them. See FIGURE
A(1)-2-3.
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FIGURE A(1)-2-4
ANGLED ACCESSIBLE PARKING SPACES (SEE R309.3)
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R309.5 Parking Meters and Parking Pay Stations. Parking meters and parking pay stations
that serve accessible parking spaces shall comply with R309.5. Operable parts shall comply with

R403."

R309.5.1 Location. At accessible parallel parking spaces, parking meters shall be located at the

head or foot of the parking space.

Advisory R309.5.1 Location. Locating parking meters at the head or foot of the parking space
permits deployment of a van side-lift or ramp or the vehicle occupant to transfer to a wheelchair or

scooter.

R309.5.2 Displays and Information. Displays and information shall be visible from a point
located 3.3 feet maximum above the center of the clear space in front of the parking meter or

parking pay station.
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R310 Passenger Loading Zones”
R310.1 General.
Passenger loading zones shall comply with R310.

Advisory R310.1 General. Accessible passenger loading zones must be identified by signs
displaying the International Symbol of Accessibility (See R211.3 and R411).

R310.2 Vehicle Pull-Up Space. Passenger loading zones shall provide a vehicular pull-up space
8 feet wide minimum and 20 feet long minimum.

R310.3 Access Aisle. Passenger loading zones shall provide access aisles complying with
R310.3 adjacent to the vehicle pull-up space. Access aisles shall be at the same level as the
vehicle pull-up space they serve and shall not overlap the vehicular travel lane. Curb ramps or
blended transitions complying with R304 shall connect the access aisle to the pedestrian access
route. Curb ramps are not permitted within the access aisle.

Full Length of
Vehicls Pull-up Space

\ &___

FIGURE A(1)-2-5
ACCESS AISLE (R310.3)

R310.3.1 Width. Access aisles serving vehicle pull-up spaces shall be 5.0 feet wide minimum.

R310.3.2 Length. Access aisles shall extend the full length of the vehicle pull-up spaces they
serve.

R310.3.3 Marking. Access aisles shall be marked so as to discourage parking in them.

R310.3.4 Surfaces. Access aisle surfaces shall comply with R302.7.
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OFF-STREET AND PARK-AND-RIDE LOTS

All off-street parking areas must include on-site maneuvering areas and aisles to permit
vehicles to enter and exit the site in forward drive without hesitation.

e ACCESSIBLE PARKING SPACES

In separate parking structures or lots that do not serve a particular building, accessible
parking spaces shall be located on the shortest possible circulation route to an accessible
pedestrian entrance of the parking facility.

See TABLE A(1)-2-2 for the required minimum number of accessible spaces and van
accessible parking spaces based on the total number of parking spaces provided in the
parking facility

See FIGURES A(1)-2-7, A(1)-2-8, A(1)-2-9 and A(1)-2-10 that illustrate different
combinations of Accessible Parking Spaces and Access Aisles that will accommodate
cars, trucks and vans.

Accessible parking spaces shall be identified and designated as reserved by signs and
markings displaying the International Symbol of Accessibility. For information on Signing
and Marking Accessible Parking Spaces see 502.6 Identification in the Park-and-Ride
Lots section.

This information is from the 2010 ADA Standards for Accessible Design dated September
15, 2010, (Chapter 2, Section 208, Chapter 5, Section 502)

For additional information, see FIGURE A(1)-2-13 PARKING SPACE DESIGN AND
ARRANGEMENT FOR PARKING LOTS AND PARK & RIDE LOTS in the Rest Area section of
this Appendix. Also see VDOT's Park & Ride Lot Design Guidelines.

R208 Parking Spaces.

208.1 General. Where parking spaces are provided, parking spaces shall be provided in
accordance with 208.

EXCEPTION: Parking spaces used exclusively for buses, trucks, other delivery vehicles, law
enforcement vehicles, or vehicular impound shall not be required to comply with 208 provided
that lots accessed by the public are provided with a passenger loading zone complying with 503.

R208.2 Minimum Number. Parking spaces complying with 502 shall be provided in accordance
with TABLE A(1)-2-2 except as required by 208.2.1, 208.2.2, and 208.2.3. Where more than one
parking facility is provided on a site, the number of accessible spaces provided on the site shall
be calculated according to the number of spaces required for each parking facility.
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Advisory 208.2 Minimum Number. The term "parking facility" is used Section 208.2 instead of
the term "parking lot" so that it is clear that both parking lots and parking structures are required to
comply with this section. The number of parking spaces required to be accessible is to be
calculated separately for each parking facility; the required number is not to be based on the total
number of parking spaces provided in all of the parking facilities provided on the site. "

R208.2.4 Van Parking Spaces. For every six or fraction of six accessible parking spaces
required by 208.2 to comply with 502, at least one shall be a “van” parking space complying with
502.

208.3 Location. Parking facilities shall comply with 208.3

208.3.1 General. Parking spaces complying with 502 that serve a particular building or facility
shall be located on the shortest accessible route from parking to an entrance complying with
206.4. Where parking serves more than one accessible entrance, parking spaces complying with
502 shall be dispersed and located on the shortest accessible route to the accessible
entrances. In parking facilities that do not serve a particular building or facility, parking spaces
complying with 502 shall be located on the shortest accessible route to an accessible pedestrian
entrance of the parking facility.
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1. All van parking spaces shall be permitted to be grouped on one level within a multi-story

parking facility.

Parking spaces shall be permitted to be located in different parking facilities if substantially

equivalent or greater accessibility is provided in terms of distance from an accessible entrance
or entrances, parking fee, and user convenience.

Total Number of
Parking Spaces
Provided in Parking

Minimum Number of Required Accessible Parking Spaces

Accessible
Parking Spaces

Van-Accessible
Parking Spaces

Total Accessible &
Van-Accessible

Facility Parking Spaces
1to 25 0 1 1
26 to 50 1 1 2
51to 75 2 1 3
76 to 100 3 1 4
101 to 150 4 1 5
151 to 200 5 1 6
201 to 300 5 2 i
301 to 400 6 2 8
401 to 500 7 2 9
501 to 1000 9 2 —

(2% percent of total) *

1001 and over

20, plus 1 for each
100, or fraction
thereof, over 1000

1 for each 6 Accessible
Spaces, or fraction 6

TABLE A(1)-2-2
OFF-STREET AND PARK-AND-RIDE LOT PARKING SPACES
Source: 2010 ADA Standards for Accessible Design dated September 15, 2010

Chapter 5: Parking Spaces — United States Access Board
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ACCESSIBLE PARKING SPACES

Accessible parking spaces should be located where the street has the least crown and grade and
close to key destinations.

See FIGURES A(1)-2-8, A(1)-2-9, A(1)-2-10 and A(1)-2-11 that illustrate different combinations of
Accessible Parking Spaces and Access Aisles that will accommodate cars, trucks and vans.

Accessible parking spaces shall be identified and designated as reserved by signs and markings
displaying the International Symbol of Accessibility. For information on Signing and Marking
Accessible Parking Spaces see 502.6 Identification in this section.

R209 Passenger Loading Zones and Bus Stops
R209.1 General. Passenger loading zones shall be provided in accordance with 209.
R209.2 Type. Where provided, passenger loading zones shall comply with 209.2.

209.2.1 Passenger Loading Zones. Passenger loading zones, except those required to comply
with 209.2.2 and 209.2.3, shall provide at least one passenger loading zone complying with 503
in every continuous 100 linear feet (30 m) of loading zone space, or fraction thereof.

503.5 Vertical Clearance. Vehicle pull-up spaces, access aisles serving them, and a vehicular
route from an entrance to the passenger loading zone, and from the passenger loading zone to a
vehicular exit shall provide a vertical clearance of 9.5 feet minimum.

R209.2.2 Bus Loading Zones. bus loading zones restricted to use by designated or specified
public transportation vehicles, each bus bay, bus stop, or other area designated for lift or ramp
deployment shall comply with 810.2.

Advisory 209.2.2 Bus Loading Zones. The terms "designated public transportation” and
"specified public transportation” are defined by the Department of Transportation at 49 CFR 37.3
in regulations implementing the Americans with Disabilities Act. These terms refer to public
transportation services provided by public or private entities, respectively. For example,
designated public transportation vehicles include buses and vans operated by public transit
agencies, while specified public transportation vehicles include tour and charter buses, taxis and
limousines, and hotel shuttles operated by private entities.

R502 Parking Spaces
R502.1 General. Car and van parking spaces shall comply with 502. Where parking spaces are

marked with lines, width measurements of parking spaces and access aisles shall be made from
the centerline of the markings.
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EXCEPTION: Where parking spaces or access aisles are not adjacent to another parking space
or access aisle, measurements shall be permitted to include the full width of the line defining the
parking space or access aisle.

R502.2 Vehicle Spaces. Car parking spaces shall be 8 feet wide minimum and van parking
spaces shall be 11 feet wide minimum, shall be marked to define the width, and shall have an
adjacent access aisle complying with 502.3. See FIGURE A(1)-2-6.

EXCEPTION: Van parking spaces shall be permitted to be 8 feet wide minimum where the
access aisle is 8 feet wide minimum. See FIGURE A(1)-2-7.

See FIGURES A(1)-2-8, A(1)-2-9, A(1)-2-10 and A(1)-2-11 that illustrate different combinations
of Accessible Parking Spaces and Access Aisles that will accommodate cars, trucks and vans.

(—

i

A\
77

8' Min. t |< 11" Min. >}
(a)

(b)

Car Van

FIGURE A(1)-2-6
VEHICLE (CAR AND VAN) PARKING SPACES (R502.2) *
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502.3 Access Aisle. Access aisles serving parking spaces shall comply with 502.3. Access
aisles shall adjoin an accessible route. Two parking spaces shall be permitted to share a common
access aisle.*

Advisory 502.3 Access Aisle. Accessible routes must connect parking spaces to accessible
entrances. In parking facilities where the accessible route must cross vehicular traffic lanes,
marked crossings enhance pedestrian safety, particularly for people using wheelchairs and other
mobility aids. Where possible, it is preferable that the accessible route not pass behind parked

vehicles.

fd

,T
N

Access Aisle

N y
Full Length of Parking Space

"i \ Area To Be
5 Min.

Marked
FIGURE A(1)-2-7
PARKING SPACE ACCESS AISLE (502.3)
502.3.1 Width. Access aisles serving car and van parking spaces shall be 5 feet wide minimum.
502.3.2 Length. Access aisles shall extend the full length of the parking spaces they serve.
502.3.3 Marking. Access aisles shall be marked so as to discourage parking in them.
Advisory 502.3.3 Marking. The method and color of marking are not specified by these
requirements but may be addressed by State or local laws or regulations. Because these
requirements permit the van access aisle to be as wide as a parking space, it is important that the

aisle be clearly marked.

For information on signing and marking Accessible Parking Spaces, see Traffic Engineering
Division Memorandum [IM-TE-284.
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502.3.4 Location. Access aisles shall not overlap the vehicular way. Access aisles shall be
permitted to be placed on either side of the parking space except for angled van parking spaces
which shall have access aisles located on the passenger side of the parking spaces.

Location (Advisory 502.3.4) Wheelchair lifts typically are installed on the passenger side of
vans. Many drivers, especially those who operate vans, find it more difficult to back into parking
spaces than to back out into comparatively unrestricted vehicular lanes. For this reason, where a
van and car share an access aisle, consider locating the van space so that the access aisle is on

the passenger side of the van space.

See FIGURES A(1)-2-8, A(1)-2-9, A(1)-2-10 and A(1)-2-11 below that illustrate different
combinations of Accessible Parking Spaces and Access Aisles that will accommodate cars,

trucks and vans.
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5 Min. E:n::\ /T Landing Tf\ /;‘;;p B

A X

St'd CG-12,Type B

- Accessible Parking Signs  ~-

Accessible Parking Space with Access Aisle
(For Cars and Trucks)

FIGURE A(1)-2-8
ACCESSIBLE PARKING SPACE WITH ACCESS AISLE FOR CARS AND TRUCKS'

Note: Wheel stops are required when parking spaces (accessible or otherwise) are located
adjacent to sidewalk / pedestrian accessible route and shall be located a minimum of 2 feet from
the face of curb, so that the parked vehicle does not encroach into and reduce the usable width
of the sidewalk / pedestrian accessible route. See Figures A(1)-2-3 and A(1)-2-8 thru 2-11.
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EXCEPTION: Van parking spaces shall be permitted to be 8 feet wide minimum where the
access aisle is 8 feet wide minimum.

VAN ACCESSIBLE PARKING SPACE WITH ACCESS AISLE (PERFERRED)

FIGURE A(1)-2-9
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Van Accessible Parking Space
with Access Aisle (Optional)

FIGURE A(1)-2-10
VAN ACCESSIBLE PARKING SPACE WITH ACCESS AISLE (OPTIONAL)
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Curb Ramps
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Accessible Parking Space with
Access Aisle for Cars, Trucks and Vans

FIGURE A(1)-2-11
ACCESSIBLE PARKING SPACE WITH ACCESS AISLE FOR CARS, TRUCKS AND VANS
(PERFERRED)

502.4 Floor or Ground Surfaces. Parking spaces and access aisles serving them shall comply
with 302. Access aisles shall be at the same level as the parking spaces they serve. Changes in

level are not permitted. *

EXCEPTION: Slopes not steeper than 1:48 shall be permitted.

Advisory 502.4 Floor or Ground Surfaces. Access aisles are required to be nearly level in all
directions to provide a surface for wheelchair transfer to and from vehicles. The exception allows
sufficient slope for drainage. Built-up curb ramps are not permitted to project into access aisles
and parking spaces because they would create slopes greater than 1:48

502.5 Vertical Clearance. Parking spaces for vans and access aisles and vehicular routes
serving them shall provide a vertical clearance of 8 feet 2 inches minimum.
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Advisory 502.5 Vertical Clearance. Signs provided at entrances to parking facilities informing
drivers of clearances: and the location of van accessible parking spaces can provide useful
customer assistance.

502.6 Identification. Parking space identification signs shall include the International Symbol of
Accessibility (see below) complying with 703.7.2.1 and the MUTCD, Chapter 3. Signs identifying
van parking spaces shall contain the designation “van accessible.” Signs shall be 5 feet minimum
above the finish floor or ground surface measured to the bottom of the sign. Such signs shall be
located so they cannot be obscured by a vehicle parked in the space.

Accessible Parking Spaces shall be identified and designated as reserved by signs and markings
displaying the International Symbol of Accessibility. Van accessible spaces shall have an
additional sign "Van-Accessible" mounted below the International Symbol of Accessibility. Such
signs shall be located so they cannot be obscured by a vehicle parked in the space.

For information on signing and marking Accessible Parking Space, see Traffic Engineering
Memorandum [IM-TE-284.

For additional information, see ADA Compliance Brief: Restriping Parking Spaces

502.7 Relationship to Accessible Routes. Parking spaces and access aisles shall be designed
so that cars and vans, when parked, cannot obstruct the required clear width of adjacent
accessible routes.

Advisory 502.7 Relationship to Accessible Routes. Wheel stops are an effective way to
prevent vehicle overhangs from reducing the clear width of accessible routes.

503 Passenger Loading Zones.
503.1 General. Passenger loading zones shall comply with 503.

503.2 Vehicle Pull-Up Space. Passenger loading zones shall provide a vehicular pull-up space 8
feet wide minimum and 20 feet long minimum.
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503.3 Access Aisle. Passenger loading zones shall provide access aisles complying with 503
adjacent to the vehicle pull*-up space. Access aisles shall adjoin an accessible route and shall not
overlap the vehicular way.

503.3.1 Width. Access aisles serving vehicle pull-up spaces shall be 5 feet wide minimum.

503.3.2 Length. Access aisles shall extend the full length of the vehicle pull-up spaces they
serve.

503.3.3 Marking. Access aisles shall be marked so as to discourage parking in them.

For information on signing and marking Accessible Parking Space, see Traffic Engineering
Memorandum [IM-TE-284.

. Fult Length of -

Vehicle Pullup Space

Curb Ling - \ & 5 Min.
: 3 ’_7[

Are To Be Marked -~ /

[ (11]

A TR

FIGURE A(1)-2-12
PASSENGER LOADING ZONE ACCESS AISLE

503.4 Floor and Ground Surfaces.

Vehicle pull-up spaces and access aisles serving them shall comply with 302. Access aisles shall
be at the same level as the vehicle pull-up space they serve. Changes in level are not permitted.

EXCEPTION: Slopes not steeper than 1:48 shall be permitted.
503.5 Vertical Clearance.
Vehicle pull-up spaces, access aisles serving them, and a vehicular route from an entrance to the

passenger loading zone and from the passenger loading zone to a vehicular exit shall provide a
vertical clearance of 9.5 feet minimum.
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REST AREAS

Design guides for safety rest areas are shown on FIGURE A(1)-2-15. Rest areas along the
roadways are functional and desirable elements on heavily traveled roads and on those carrying
recreational traffic. They are a part of the complete highway development provided for the safety
and convenience of the roadway users. The design and location of rest areas depends much on
the character and volume of traffic, type of highway and adjacent land use and should consider
the scenic quality of the area, accessibility and adaptability to development. Other essential
considerations include an adequate source of water and a means to treat and/or properly dispose
of sewage. Site plans should be developed by the use of a comprehensive site planning process
that should include the location of ramps, parking areas, buildings, picnic areas, water supply,
sewage treatment facilities and maintenance areas. The objective is to give maximum weight to
the appropriateness of the site rather than adherence to constant distance or driving time
between sites.

Principles of ramp terminal design apply generally at the points of access to or from these areas.
The designer is to refer to Section C-8 in this Appendix for the design of ramp terminal and speed
change lane design criteria. FIGURES A(1)-2-13 and A(1)-2-15 are to be used as guides for the
selection of the parking space arrangement for cars and trucks. Parking spaces and access
aisles shall be designed with surface slopes not to exceed 2% in all directions.

For information on the number of Accessible Parking Spaces required and Accessible Parking
Space dimensions, see Park-and-Ride Lots in this Appendix.

For information on the dimensions of accessible parking spaces, see Park-and Ride Lots in the
this Appendix. Accessible parking spaces shall be identified by signs displaying the International
Symbol of Accessibility. For information on parking space signing and marking, see Traffic
Engineering Memorandum 1IM-TE-284. Accessible parking spaces should be located where the
street has the least crown and grade and close to key destinations.

Parked vehicle overhangs shall not reduce the clear width of an accessible route (overhang
distance 2 feet), which shall be accomplished by the installation of wheel stops as shown in
FIGURE A(1)-2-3. Accessible parking spaces shall be designated as reserved by a sign showing
the International Symbol of Accessibility. Van accessible spaces shall have an additional sign
"Van-Accessible" mounted below the symbol of accessibility. Such signs shall be located so they
cannot be obscured by a vehicle parked in the space. For information on parking space signing
and markings, see Traffic Engineering Memorandum IIM-TE-284. Provide minimum vertical
clearance of 9.5 feet at accessible passenger loading zones and along at least one vehicle
access route to such areas from site entrance(s) and exit(s).

For additional information, see ADA Compliance Brief: Restriping Parking Spaces”
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—

7
%

90° Parking

cC D C D
45° Parking 60° Parking
*90° Parking | 90" Parking
45°Parking | 60°Parking With Without
Wheel Stops | Wheel Stops
A 201t 251, 201t 181t
B 9. 91t. g1, 91t.
c 21 1. 221, 201t 18 fi.
D 12 ft. 151t 26 ft. 24 1t.

NOTES: All dimensions shown are minimums.
Greater aisle widths may be desirable to accomodate:
» Winter weather conditions.
+ High number of fuming movements associated with short term parking.

* Through fraffic.

% Wheel stops are required when parking spaces are located
perpendicular to the sidewalk, See Note under Figure A{1)-2-3
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PARKING SPACE DESIGN AND ARRANGEMENT FOR PARKING LOTS AND PARK & RIDE
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SUMMARY OF PARKING SPACE ARRANGEMENTS
Central Type of Vehicle and Total Width Number Vehicles
Roadway Angle of Parking Parking Area per 120 linear feet
Left Right feet Left Right
A One-way  Trucks-parallel Cars-45° 54 2 8
B One-way  Trucks-parallel Cars-60° 56 2 9
C Two-way  Trucks-parallel Cars-90° 64 2 12
D One-way Cars-45° Cars-45° 60 8 8
E One-way Cars-60° Cars-60° 64 9 9
F Two-way Cars-90° Cars-90° 70 12 12
G One-way  Trucks-parallel Trucks-parallel 54 2 2

FIGURE A(1)-2-14
PARKING SPACE DESIGN AND ARRANGEMENT FOR REST AREAS'
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A. Denotes areas to be cleared, grubbed, graded, top soiled, and seeded.

B. Denotes areas NOT to be cleared and grubbed except for areas within
roadway and parking area construction limits

NOTE: See FIGURE A(1)-2-13" for Parking Space Design and Arrangement.

Source: AASHTO Guide for Development of Rest Areas on Major Arterial and Freeways, 3"
Edition.

NOTES

Design types are to receive the approval of the Environmental Division.

Individual radii; length of ramps; individual ramp configuration, etc. are to be designed to fit the individual site
conditions.

Design and dimensions shown are approximate only.

Well and septic drainage field locations are to be recommended by the District Environmental Manager.
Testing and approval of soil conditions are to be obtained by the Environmental Division through the
appropriate County and State agencies. Additional right of way for drain field should be acquired if necessary.

The proposed right of way limits should be discussed with the Environmental Division after preparation of the
plan and grade lines in order that adequate area for required facilities will be obtained.

A single line of fence in median is to be specified if opposite rest areas are accessible, or if medians can be
readily crossed by pedestrians. This fence should extend between points a minimum of 200 feet beyond ramp
noses. Fencing in outer separator may be required because of site requirements.

Perimeter of rest area to be fenced unless otherwise recommended by the field party.
A note similar to the following is to be shown on the rest area detail sheet of all grading and drainage plans:

"No trees or shrub outside the limits of the rest area roadway construction are to be cut without the approval of
the Regional Landscape Architect."
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LEGEND

A - ANGLE OF PARKING

B - ENTRANCE ROADWAY WIDTH
C - EXIT ROADWAY WIDTH

D - PARKING WIDTH
E-TOTALWIDTH

DIMENSIONS FOR PARKING SPACES

A’\:)GFLE ERl\élRDwXIYE RO/I?[()lV-I\-/ AY PARKING AREA | TOTAL WIDTH NUMBER OF
WIDTH PARKING AREA| TRUCKS PARKED
PARKING WIDTH WIDTH
(DEGREES) (FEET) (FEET) (FEET) (FEET) (PER ACRE)
D E
A B Cc
30 20 20 54 94 11
45 30 30 69 124 16
60 40" 40 79 149 16

FIGURE A(1)-2-16 PARKING SPACE DESIGN FOR ANGLE PARKING OF TRUCKS
For additional information, see the most recent AASHTO's Guide for the Design of Park-and-Ride

Facilities.
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SECTION A(1)-3 TRANSIT (BUS) FACILITIES DESIGN CRITERIA

In July 2014, AASHTO released the Guide for Geometric Design of Transit Facilities on
Highways and Streets. This guide provides a single, comprehensive reference of current
practices in the geometric design of transit facilities and streets and highways. The facilities
covered include: local buses, express buses, and bus rapid transit operating in mixed traffic,
bas lanes, and high-occupancy (HOV) lanes, and bus-only roads within street and freeway
environments, and street cars and Light Rail Transit (LRT) running in mixed traffic and transit
lanes, and within medians along arterial roadways.

In April 2016, NACTO released the Transit Street Design Guide, which highlights as the
centerpiece of transformative street projects such a shared transit streets and transit
boulevards. In August 2016, ITE released an ITE Application Supplement to the NACTO
Transit Street Design Guide to provide insight on how the Guide fits with other accepted
practices that currently exist within the industry, addresses key application issues including
traffic signals, use of street space, analysis techniques/performance measures, and provides
case studies.

BUS TURNOUT (BUS STOP) DESIGN: LOCATION, TYPE AND DIMENSIONS

Turnout Locations (Far-Side, Near-Side and Mid-Block)"

The Far-Side of an intersection is the preferred location for turnouts (Bus Bay). A Far-Side
turnout is superior to the Mid-Block turnout because it reduces walking distances for bus
transfers, encourages patrons to use intersection crosswalks, and reduces right of way
acquisition. Near-Side turnouts should be avoided because of conflicts with right turning
vehicles, delays to transit service as buses attempt to re-enter the travel lane, and obstruction of
pedestrian activity as well as traffic control devices. The exception would be where buses would
use a right turn lane as a queue jump lane associated with a bus signal priority treatment at an
intersection (where a Far-Side turnout is not possible). Mid-Block turnout locations are the least
preferred unless associated with key pedestrian access to a major transit-oriented activity center.
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Types of Turnouts (Closed and Open)

Closed turnouts are typically located on the Far-Side at signalized intersections. The signal
creates breaks in the flow of traffic to permit bus drivers to re-enter the travel lane. They are also
provided a Mid-Block Bus Stops near major transit destinations with high passenger activity and
longer-than-average stop time.

e e St
e - -
e T— e

¢ T Bus Stop

FIGURE A(1)-3-1 BUS TURNOUT ON FAR-SIDE (CLOSED)

Open turnouts are located on the Far-Side at signalized intersections at the beginning of a block
and are open to upstream traffic. The bus driver can decelerate across the intersection and then
move from the travel lane into the turnout. The signal creates breaks in the flow of traffic to
permit bus drivers to re-enter the travel lane. This allows the bus to move efficiently into the
turnout and to stop out of the flow of traffic. Major disadvantages include: (1) bus re-entry into
the general traffic lane may be delayed by through traffic, and (2) passengers loading areas and
pedestrian walking space may be compromised. Pedestrian walking distance to cross the
intersection is increased because the intersection width is increased by the width of the bus
turnout. The open bus turnout can create conflicts for right-turning vehicles from the cross street
that use the bus turnout for acceleration.”
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Entrance Taper Bus Stop Boarding Area Re-entry Taper
50'-70" 80" minimum *
]
2
2
3] 12" Minimum
o
S CG-12 B
% '% - Us  — -
Sidewalk
] 10 Min,

* See AASHTQ Guide for Geometric Design of
Transit Facilities on Highways and Streets,
Chapter 5, Pags 5-24, Note 3.

FIGURE A(1)-3-2 BUS TURNOUT ON FAR-SIDE (OPEN)’

Bus Turnout Dimensions:

1. The bus stop boarding area shall be 50 feet (min.) for each standard bus and 70 feet (min.)
for each articulated bus expected to be at the stop at the same time.

2. The bus boarding area lane width shall be 12 feet (min.), excluding the gutter pan.
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Enirance Taper Bus Stop Boarding Area

Re-entry Taper
60" minimum * 5070

80’ minimum *

12 Minimum

Crosswalk

x B mm),) /—CG-?Z

+ Sidewalk

m

* See AASHTO Guide for Geometric Design of
Transit Facilities on Highways and Streets,

10 Min, —{ -
Chapter 5, Page 5-24, Note 3.

FIGURE A(1)-3-3 BUS TURNOUT ON NEAR-SIDE’

Entrance Taper Bus Stop Boarding Area Re-entry Taper
60" minimum * 50-70" 60" minimum *

Y
A
Y

12" Minimum

\ w*)/

Sidewalk

* See AASHTO Guide for Geometric Design of
Transit Facilities on Highways and Streets,
Chapter 5, Page 5-24, Note 3.

FIGURE A(1)-3-4 BUS TURNOUT ON MID-BLOCK
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Bus Turnout Dimensions:

1. The bus stop boarding area shall’ be 50 feet (min.) for each standard bus and 70 feet (min.)
for each articulated bus expected to be at the stop at the same time.

2. The bus boarding area lane width shall be 12 feet (min.), excluding the gutter pan.

Sources:
1. AASHTO Green Book, Chapter 4, Section 4.19

2. AASHTO Guide for Geometric Design of Transit Facilities on Highways and Streets,
Chapter 5

3. TCRP Project D-09 Task 7-4 Bus Pull-Outs, page 12
4. NACTO Transit Street Design Guide, Chapter 3
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BUS (TRANSIT) STOPS, SHELTERS,BOARDING AND ALIGHTING AREAS,
SIGNS AND BENCHES'

This information is from the U.S. Access Board Proposed Guidelines for Pedestrian
Facilities in the Public Right-of-Way (PROWAG) dated July 26, 2011, Chapters R2 and R3.

R213 Transit Stops and Transit Shelters. Where provided, transit stops and transit shelters
shall comply with R308.

Advisory R213 Transit Stops and Transit Shelters. Transit stops in the public right-of-way
typically serve fixed route bus systems, including bus rapid transit systems, and light rail transit
systems. Signs that identify the routes served by the transit stop must comply with the technical
requirements for visual characters on signs unless audible sign systems or other technologies are
used to provide the information (see R211 and R410). The Federal Highway Administration
(FHWA) has issued guidance on the obligations of state transportation departments, metropolitan
planning organizations, and transit agencies to coordinate the planning and funding of
accessibility improvements to transit systems and facilities. The guidance is available at FHWA's
website: http://www.fhwa.dot.gov/civilrights/memos/ada_memo_clarificationa.htm

R308 Transit Stops and Transit Shelters
R308.1 Transit Stops. Transit stops shall comply with R308.1.

Advisory R308.1 Transit Stops. Transit stops should be located so that there is a level and
stable surface for boarding vehicles. Locating transit stops at signalized intersections increases
the usability for pedestrian with disabilities. Where security bollards are installed at transit stops,
they must not obstruct the clear space at boarding and alighting areas or reduce the required
clear width at pedestrian access routes (see R210).

R308.1.1 Boarding and Alighting Areas. Boarding and alighting areas at sidewalk or street
level transit stops shall comply with R308.1.1 and R308.1.3. Where transit stops serve vehicles
with more than one car, boarding and alighting areas serving each car shall comply with R308.1.1
and R308.1.3.

Advisory R308.1.1 Boarding and Alighting Areas. Where a transit shelter is provided, the
boarding and alighting area can be located either within (if shelter is open on all sides) or outside
of the shelter.

R308.1.1.1 Dimensions. Boarding and alighting areas shall provide a clear length of 8feet
minimum, measured perpendicular to the curb or street or highway edge, and a clear width of 5
feet minimum, measured parallel to the street or highway.
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5' Min.
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Curb or Vehicle
/ Roadway Edge
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FIGURE A(1)-3-5 BOARDING AND ALIGHTING AREAS’

R308.1.1.2 Grade. Parallel to the street or highway, the grade of boarding and alighting areas
shall be the same as the street or highway, to the extent practicable. Perpendicular to the street
or highway, the grade of boarding and alighting areas shall not be steeper than 2 percent.

R308.1.2 Boarding Platforms. Boarding platforms at transit stops shall comply with R308.1.2
and R308.1.3. Boarding platforms shall be at least 8 feet wide, measured perpendicular to the
curb or street or highway edge and at least 25 feet long, measured parallel to the street or
highway. The boarding platform may need to be longer depending on the size, shape and
orientation of the shelter and the number of waiting passengers.

R308.1.2.1 Platform and Vehicle Floor Coordination. Boarding platforms shall be positioned to
coordinate with vehicles in accordance with the applicable requirements in 49 CFR parts 37 and
38.

Advisory R308.1.2.1 Platform and Vehicle Floor Coordination. The Department of
Transportation regulations (49 CFR parts 37 and 38) require the height of the vehicle floor and
the station platform to be coordinated so as to minimize the vertical and horizontal gaps.

R308.1.2.2 Slope. Boarding platforms shall not exceed a slope of 2 percent in any direction.
Where boarding platforms serve vehicles operating on existing track or existing street or highway,
the slope of the platform parallel to the track or the street or highway is permitted to be equal to
the grade of the track or street or highway.

R308.1.3 Common Requirements. Boarding and alighting areas and boarding platforms shall
comply with R308.1.3.
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R308.1.3.1 Surfaces. The surfaces of boarding and alighting areas and boarding platforms shall
be firm, stable and slip resistant and comply with R302.7.

Advisory R308.1.3.1 Surfaces. Detectable warning surfaces are required at boarding and
alighting areas for rail vehicles and at boarding platforms for buses and rail vehicles (see R208).

R308.1.3.2 Connection. Boarding and alighting areas and boarding platforms shall be connected
to streets, sidewalks, or pedestrian circulation paths by pedestrian access routes complying with
R302.

R308.2 Transit Shelters. Transit shelters shall be connected by pedestrian access routes
complying with R302 to boarding and alighting areas or boarding platforms complying with
R308.1. Transit shelters shall provide a minimum clear space (2.5 feet by 4 feet) complying with
R404 entirely within the shelter and not interfere with other persons using the seating. Where
seating is provided within transit shelters, the clear space (2.5 feet minimum by 4 feet minimum)
shall be located either at one end of a seat or shall not overlap the area (1.5 feet) from the front
edge of the seat. Environmental controls within transit shelters shall be proximity-actuated.
Protruding objects within transit shelters shall comply with R402.

Advisory R308.2 Transit Shelters. The clear space of 2.5 feet minimum by 4 feet minimum
must be located entirely within the transit shelter and not interfere with other persons using the
seating.

Note: Bus (Transit) Shelters are considered an Occupiable Space / Building and require a
Building Permit. See Chapter 2B of this Manual for more details.

R211.3 Transit Signs. Signs that identify the routes served by transit stops shall comply with
R410.

Advisory R211.3 Transit Signs. Transit schedules, timetables, and maps are not required to
comply with R410.

R212.6 Benches. At least 50 percent, but no less than one, of benches at each location shall
provide clear space (2.5 feet by 4 feet) complying with R404 adjacent to the bench. The clear
space shall be located either at one end of the bench or shall not overlap the area within 1.5 feet
from the front edge of the bench. Benches at tables are not required to comply.

Advisory R212.6 Benches. Benches that provide full back support and armrests to assist in
sitting and standing are more usable by pedestrians with disabilities.
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8' Min. x 25" Min. Concrete

Boarding Platform —— §' Min. x 14' Min. Concrete Bus Shelter Pad
(Width and Length Varies)
Detectable Warning Surface Required 6' Min. x 12' Min. Bus Shelter
For Entire Length of Boarding Platform — [ (Width and Length Varies)

4' Min. ’<7 /
4)‘ I —I Curb & Gutter

.................

( -<— Bus 12 Min.

Edge of Travelway j

FIGURE A(1)-3-6 ELEMENTS AND DIMENSIONS ASSOCIATED WITH BUS (TRANSIT)
STOPS’
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Concrete Pad

4 74 4 4

| Il

| L]

FRONT ELEVATION
L
Concrete Pad
4 Bench & Backrest

=
— W

2.5 x4
Handicap Area

11

Concrete Pad

Concrete Pad

Notes:

FLOOR PLAN

1. Width and Length of Shelter Varies.

2. Concrete Pad is to be wider and longer

than shelter demensions.
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TRANSPORTATION FACILITIES (RAIL PLATFORMS, STATION SIGNS)

This information is from the U.S. Access Board ADA Standards, Chapter 8, which can be
accessed at’
https://Iwww.access-board.gov/guidelines-and-standards/buildings-and-sites/about-the-
ada-standards/ada-standards

https://www.access-board.gov/quidelines-and-standards/transportation/facilities/ada-
standards-for-transportation-facilities

810 Transportation Facilities

Transportation Facilities shall comply with 810.

810.5 Rail Platforms. Rail platforms shall comply with 810.5.

810.5.1 Slope. Rail platforms shall not exceed a slope of 1:48 in all directions.

EXCEPTION: Where platforms serve vehicles operating on existing track or track laid in existing
roadway, the slope of the platform parallel to the track shall be permitted to be equal to the slope
(grade) of the roadway or existing track.

810.5.2 Detectable Warnings. Platform boarding edges not protected by platform screens or
guards shall have detectable warnings complying with 705 along the full length of the public use
area of the platform.

810.5.3 Platform and Vehicle Floor Coordination. Station platforms shall be positioned to
coordinate with vehicles in accordance with the applicable requirements of 36 CFR part
1192. Low-level platforms shall be 8 inches minimum above top of rail. In light rail, commuter
rail, and intercity rail systems where it is not operationally or structurally feasible to meet the
horizontal gap or vertical difference requirements of part 1192 or 49 CFR part 38, mini-high
platforms, car-borne or platform-mounted lifts, ramps or bridge plates or similarly manually
deployed devices, meeting the requirements of 49 CFR part 38, shall suffice.

EXCEPTION: Where vehicles are boarded from sidewalks or street-level, low-level platforms
shall be permitted to be less than 8 inches.

Advisory 810.5.3 Platform and Vehicle Floor Coordination. The height and position of a
platform must be coordinated with the floor of the vehicles it serves to minimize the vertical and
horizontal gaps, in accordance with the ADA Accessibility Guidelines for Transportation Vehicles
(36 CFR Part 1192). The vehicle guidelines, divided by bus, van, light rail, rapid rail, commuter
rail, intercity rail, are available at www.access-board.gov. The preferred alignment is a high
platform, level with the vehicle floor. In some cases, the vehicle guidelines permit use of a low
platform in conjunction with a lift or ramp. Most such low platforms must have a minimum height
of eight inches above the top of the rail. Some vehicles are designed to be boarded from a street
or the sidewalk along the street and the exception permits such boarding areas to be less than
eight inches high.
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810.6 Rail Station Signs. Ralil station signs shall comply with 810.6.

EXCEPTION: Signs shall not be required to comply with 810.6.1 and 810.6.2 where audible
signs are remotely transmitted to hand-held receivers, or are user or proximity-actuated.

Advisory 810.6 Rail Station Signs Exception. Emerging technologies such as an audible sign
systems using infrared transmitters and receivers may provide greater accessibility in the transit
environment than traditional Braille and raised letter signs. The transmitters are placed on or next
to print signs and transmit their information to an infrared receiver that is held by a person. By
scanning an area, the person will hear the sign. This means that signs can be placed well out of
reach of Braille readers, even on parapet walls and on walls beyond barriers. Additionally, such
signs can be used to provide wayfinding information that cannot be efficiently conveyed on Braille
signs.

810.6.1 Entrances. Where signs identify a station or its entrance, at least one sign at each
entrance shall comply with 703.2 and shall be placed in uniform locations to the maximum extent
practicable. Where signs identify a station that has no defined entrance, at least one sign shall
comply with 703.2 and shall be placed in a central location.

810.6.2 Routes and Destinations. Lists of stations, routes and destinations served by the station
which are located on boarding areas, platforms, or mezzanines shall comply with 703.5. At least
one tactile sign identifying the specific station and complying with 703.2 shall be provided on each
platform or boarding area. Signs covered by this requirement shall, to the maximum extent
practicable, be placed in uniform locations within the system.

EXCEPTION: Where sign space is limited, characters shall not be required to exceed 3 inches.

Advisory 810.6.2 Routes and Destinations. Route maps are not required to comply with the
informational sign requirements in this document.

810.6.3 Station Names. Stations covered by this section shall have identification signs complying
with 703.5. Signs shall be clearly visible and within the sight lines of standing and sitting
passengers from within the vehicle on both sides when not obstructed by another vehicle.

Advisory 810.6.3 Station Names. It is also important to place signs at intervals in the station
where passengers in the vehicle will be able to see a sign when the vehicle is either stopped at
the station or about to come to a stop in the station. The number of signs necessary may be
directly related to the size of the lettering displayed on the sign.

810.7 Public Address Systems. Where public address systems convey audiblg information to
the public, the same or equivalent information shall be provided in a visual format.

"Rev. 1/17




US.Department of Transportation l m »

Federal Highway Administration every day counts

Field Guide for Selecting
Countermeasures at

Uncontrolled Pedestrian
Crossing Locations




NOTICE

This document is disseminated under the sponsorship of the U.S. Department of
Transportation in the interest of information exchange. The U.S. Government assumes no
liability for the use of the information contained in this document. This report does not
constitute a standard, specification, or regulation.

The U.S. Government does not endorse products or manufacturers. Trademarks or
manufacturers’ names appear in this report only because they are considered essential to the
objective of the document.

LS. Department of Transportation Sa for a Safer F“"?’e E m
inv| hdway safety saves lives

Federal Highway Administration 4. T e i

avery day counts




Technical Report Documentation Page

1. REPORT NO.
FHWA-SA-18-018

2. GOVERNMENT ACCESSION NO.

3. RECIPIENT'S CATALOG NO.

4. TITLE AND SUBTITLE

Field Guide for Selecting Countermeasures at Uncontrolled Pedestrian Crossing
Locations

5. REPORT DATE

6. PERFORMING ORGANIZATION
CODE

7. AUTHOR(S)
Lauren Blackburn (VHB), Charles Zegeer (HSRC), and Kristen Brookshire (HSRC)

8. PERFORMING ORGANIZATION
REPORT NO.

9. PERFORMING ORGANIZATION NAME & ADDRESS

VHB The University of North Carolina at
8300 Boone Boulevard, Suite 300 Chapel Hill
Vienna, VA 22182 Highway Safety Research Center (HSRC)
104 Airport Drive, Suite 2200
Chapel Hill, NC 27599-1350

10. WORK UNIT NO.

11. CONTRACT OR GRANT NO.
DTFH61-16-D-00005

12. SPONSORING AGENCY NAME AND ADDRESS

Federal Highway Administration Office of Safety
1200 New Jersey Ave., SE
Washington, DC 20590

13. TYPE OF REPORT AND PERIOD

14. SPONSORING AGENCY CODE
FHWA

15. SUPPLEMENTARY NOTES

The Task Order Contracting Officer's Representative (TOCOR) for this task was Rebecca Crowe.

16. ABSTRACT

This field guide helps agencies select pedestrian crash countermeasures based on criteria established in published
literature, best practices, and national guidance. This guide includes a form that the agency may use to document
roadway characteristics and pedestrian safety issues. It also includes tables that relate these documented conditions
to a specific set of countermeasure options. A series of descriptions lead the agency through additional installation

considerations for each countermeasure.

17. KEY WORDS

pedestrian crash countermeasures, uncrontrolled crossings, midblock crossings,
Pedestrian Hybrid Beacon, Road Diet, crosswalk visibility enhancements

18. DISTRIBUTION STATEMENT
No restrictions.

19. SECURITY CLASSIF. (OF THIS
REPORT) Unclassified

20. SECURITY CLASSIF. (OF THIS
PAGE) Unclassified

21. NO. OF PAGES 22. PRICE

19

Form DOT F 1700.7 (8-72)

Reproduction of completed page authorized.




Field Guide for Selecting Countermeasures at Uncontrolled Pedestrian Crossing Locations

Table of Contents

N rOAUCT O .o 1
Sample Inventory FOrm..............ccooiiiiiii e, 2
Table T INSITUCHONS ... 3

Table 1: Application of Pedestrian Crash Countermeasures by

ROAAWAY FEATUIE..........cooiiiii e 4
Table 2 INStructions................ccoiiiiii 5
Table 2: Safety Issues Addressed per Countermeasure.................. 6
Countermeasure: Crosswalk Visibility Enhancements .................... 7
Countermeasure: Raised Crosswalk ...............cccccoiii, 10
Countermeasure: Pedestrian Refuge Island ................................ 12
Countermeasure: Pedestrian Hybrid Beacon (PHB)...................... 14
Countermeasure: Road Diet...............ccccocoiiiiiiiii 16
4.




Field Guide for Selecting Countermeasures at Uncontrolled Pedestrian Crossing Locations

Infroduction

This field guide helps agencies select pedestrian crash countermeasures based on criteria established
in published literature, best practices, and national guidance. This guide includes a form that the
agency may use to document roadway characteristics and pedestrian safety issues. It also includes
fables that relate these documented conditions to a specific set of countermeasure options. A series of
descriptions lead the agency through additional installation considerations for each countermeasure.

Countermeasure Selection Tables

The information in this field guide relates to

the information in the Guide for Improving
Pedestrian Safety at Uncontrolled Crossing
Locations (FHWA-SA-17-072). That guide
describes a comprehensive decision-making
process for the installation of pedestrian crossing
countermeasures and leads the agency through
the following steps in the process:

Collect Data and Engage the Public
Inventory Conditions and Prioritize Locations
Analyze Crash Types and Safety Issues

Select Countermeasure(s)
Consult Design and Installation Resources

IS L S

|dentify Opportunities and Monitor
Outcomes

This field guide expands upon the fourth step,
Select Countermeasures, for agencies who
have an established process for identifying
priority locations for countermeasure installation.
This step presents two tables for the agency o
review o identify potential countermeasures.
Table 1, "Application of pedestrian crash
countermeasures by roadway feature,”
compares roadway and vehicle speed
characteristics to appropriate options. Table 2,
"Safety issues addressed per countermeasure,”
compares crash types and other observed safety
issues to the countermeasures. This field guide

contains both fables and instructions for their use.

Countermeasure Descriptions

The field guide focuses on uncontrolled crossing
types—where sidewalks or designated walkways
infersect a roadway at a location where no tfraffic
control (i.e., fraffic signal or STOP sign) is present.
The countermeasures described in the guide
include the following:
» Crosswalk Visibility Enhancements, including:
High-visibility crosswalk markings
Parking restriction on crosswalk approach
+ Overhead lighting

Advance Yield Here To (Stop Here For)
Pedestrians sign and stop or yield line

In-Street Pedestrian Crossing sign
Curb extension
» Raised crosswalk
» Pedestrian refuge island
» Pedestrian Hybrid Beacon (PHB)
» Road Diet
The field guide includes a description for each of
the countermeasures. The descriptions present
additional design and installation considerations,

such as references to the Manual on Uniform
Traffic Control Devices (MUTCD)).
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Sample Inventory Form

On this example inventory form, the agency records information about roadway conditions and safety
issues important to selecting countermeasures for uncontrolled crossing locations. The information
added to this form is applied in Tables 1 and 2. Some information, such as pedestrian volume data, is
used when reviewing MUTCD guidance for countermeasures such as the PHB.

Roadway Conditions Inventory

Speed Limit Travel Lane Configuration

[ ] <30 mph []35mph [ ] =40 mph [] 2 lanes without raised median
[ ] 3 lanes without raised median

Total Vehicles per Day [] 3 lanes with raised median

. ) [] 4+ lanes without raised median
Annual Average Daily Traffic (AADT): 0] 4+ lanes with raised median

Approximate Vehicles per Hour (VPH): C Ik Length (feet)
rosswalk Leng eet):

[] AADT < 9,000
[] AADT 9,000-15,000
[] AADT > 15,000

Approximate Total Pedestrians per Hour (PPH)
Crossing the Roadway:

Pedestrian Safety Issues Inventory

Noted conflicts at crossing locations [ ]Yes []No

» History of turning movement crashes
» Observed conflicts at permitted crossings

Excessive vehicle speed [ ]Yes [ ]No

» 85th percentile speeds, per speed study
» History of speed-related crashes

Inadequate conspicuity/visibility [ ]Yes []No

» Dim or dark conditions for pedestrians in the crosswalk
» Limited visibility of crosswalk due to roadway curvature or topography
» QObstructions, such as on-street parking, vegetation, and signage

Drivers not yielding to pedestrians in crosswalks [ 1Yes []No

» Crash history in marked crosswalks

Insufficient separation between pedestrians and traffic [ ]Yes [ ]No

» Long crossing distance
» No buffer (e.g., landscape buffer, on-street parking, bike lanes)

4.
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Table

1 Instructions

1

Select the column that
represents the target
location's speed limit
and vehicle AADT.

I

Speed Limit ’ C3\
Roadua <30 mph ‘ 35 mph ‘ 240 mph | <30 mph | 35mph | 240 mph | <30 mph ‘ 35 mph | >40 mph /The ceII at The
Conﬁguglqﬁon Vehicle AADT <9,000 Vehicle AADT 9,000415,000 Vehicle AADT >15,000 intersection of
2inee [ERENON 1O RS O © R R O O the column from
5 6 567 56 0@ 5 6 567 560 56 7 567 56 @
Sneswih 02340 © © © © 340 © [0 © |0 ©40 © © © step 1 and the
raised median* | 5 5. 7 5 @ |5 7 5 @ |5 @ |5 7 5 @ 5 @ _L~rowfrom step2
3lneswo ©@2340 ©6 O 6 O 340 © |0 ©6 |0 640 © P/@' .
Select the row risedmedion’ |5 6 7 (667 |(56@ 567 56@ |[56@ |567 560 560 contains numbers
th 1 @ &6 & & 0 6 0 &6 0 © |0 © |0 & © o © i
that represents e it | 5 - - - - (g' ol representing
countermeasures.
the target ~NJ G eswe © © 0 © © ©6 © © © © Ib_rﬁ/o © 0 ©
. ised median®
|OCGTIOn'Sr00dWGy raised median* |5 6 7 8/ 5@ 7 85008 507 850038|/5008/5008 5003850038
. . *One lane in each direction *One lane in each direction with two-way leff-tum lane *Two or more lanes in each direction
configuration. _ — — : - —
Given the set of conditions in a cell, 1 High-visibility crosswalk markings, parking restriction on

@

© Signifies that the countermeasure should always be
considered, but not mandated or required, based upon
engineering judgment at a marked uncontrolled
crossing location.

Signifies that the countermeasure is a candidate
treatment at a marked uncontrolled crossing location.

The absence of a number signifies that the countermeasure

#

be considered following engineering judgment.

is generally not an appropriate treatment, but exceptions may

ONOO DN w N

crosswalk approach, adequate nighttime lighting levels
Raised crosswalk

Advance Yield Here To (Stop Here For) Pedestrians sign
and yield (stop) line

In-Street Pedestrian Crossing sign

Curb extension

Pedestrian refuge island

Pedestrian Hybrid Beacon

Road Diet

This table was developed uging information from: Zegeer, C. V., Stewart, J. R., Huang, H. H., Lagerwey, P. A., Feaganes, J., & Campbell, B. J. (2005), Safety
effects of marked versus uffmarked crosswalks at uncontrolled locations: Final report and recommended guidelines (No. FHWA-HRT-04-100); Manual on
Uniform Traffic Control Dgfices, 2009 Edition, Chapter 4F. Pedestrian Hybrid Beacons; the Crash Modification Factors (CMF) Clearinghouse website (hittp./www.
cmfclearinghouse.org/); find the Pedestrian Safety Guide and Countermeasure Selection System (PEDSAFE) website (http.//www.pedbikesafe.org/PEDSAFE/).

/
Refer to the table legend for a list of
countermeasures. Numbers in dark
circles represent countermeasures
that should be considered at the
location. Other numbers in the cell
are candidates.




Field Guide for Selecting Countermeasures at Uncontrolled Pedestrian Crossing Locations

Table 1: Application of Pedestrian Crash
Countermeasures by Roadway Feature

Table 1 identifies suggested countermeasures for uncontrolled crossing locations according to
roadway and traffic features. Review the corresponding worksheets for countermeasures considered
for the site. The worksheets describe additional design and installation considerations for the

countermeasures.
Speed Limit

<30mph | 35mph | 240 mph | <30mph | 35mph | >40mph | <30 mph | 35 mph | >40 mph
Road
Cgﬂﬁ\gsglanon Vehicle AADT <9,000 Vehicle AADT 9,000-15,000 Vehicle AADT >15,000
2 lanes® 02340 6 00 66 0 340 © 0 © 0 340 © O ©

5 6 56 7 5 6@ 5 6 56 7 5 6@ 56 7 56 7 56 @
3lneswith @2 3 40 © O ©6 © 340 ©6 00 6 0 640 © O ©
raised median* | 5 5 7 5 @ |5 7 5 @ |5 @ |5 7 5 @ |5 @
3lneswo 02340 © O © © 340 © © © O ©20 © O ©
raised median™ | 5 6 7 56 7 56@ |567 56@ 56@ |567 56@ 560
4+laneswith @ © © © O © © 66 0 6 00 6 0 66 00 6 0 ©
raised median® | 5 5 7 5 @ |5 7 5 @ 5 © |5 O 5 © |5 ©
4+lanesw/o O © O © O © O 6 0 © 0 6 0 © 0 © 0 6
raisedmedion* |5 6 7 8/ 5@ 7 85008507 8500850085008 5008500 8

*One lane in each direction

Given the set of conditions in a cell,

© Signifies that the countermeasure should always be
considered, but not mandated or required, based upon

engineering judgment at a marked uncontrolled

crossing location.

#

One lane in each direction with two-way left-turn lane

Signifies that the countermeasure is a candidate

treatment at a marked uncontrolled crossing location.

The absence of a number signifies that the countermeasure
is generally not an appropriate treatment, but exceptions may
be considered following engineering judgment.

*Two or more lanes in each direction

1 High-visibility crosswalk markings, parking restriction on
crosswalk approach, adequate nighttime lighting levels

and yield

0N O A w N

Road Diet

Raised crosswalk
Advance Yield Here To (Stop Here For) Pedestrians sign

(stop) line

In-Street Pedestrian Crossing sign
Curb extension
Pedestrian refuge island

Pedestrian Hybrid Beacon

This fable was developed using information from: Zegeer, C. V., Stewart, J. R., Huang, H. H., Lagerwey, P. A., Feaganes, J., & Campbell, B. J. (2005), Safety
effects of marked versus unmarked crosswalks at unconfrolled locations: Final report and recommended guidelines (No. FHWA-HRT-04-100); Manual on
Uniform Traffic Control Devices, 2009 Edition, Chapter 4F. Pedestrian Hybrid Beacons; the Crash Modification Factors (CMF) Clearinghouse website (http:/www.
cmfclearinghouse.org/); and the Pedestrian Safety Guide and Countermeasure Selection System (PEDSAFE) website (http.//www.pedbikesafe.org/PEDSAFE/).
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Table 2 Instructions

1
Select the columns

representing the
priority safety issues at
the location.

/

Safety Issue Addressed /
Conflicts , nodequate | DO | o thcient
at crossing Excasive conspicuity/ Yielding %o separation from
Pedestrian Crash Countermeasure for N vehicle speed visibli pedestrians in raffie
Uncontrolled Crossings i crosswalks
Crosswalk visibility enhunoemenD & & & & &
High-visibillty crosswalk markings® & 3 &
2) Parking resfriction on crosswalk i i i
Use the rows to identify approach
pedestrian crash Improved nighitime lighting® & A
countermeasures that Advance Yield Here To (Stop Here For) f\ 'lii ﬁ ?-‘
address these SqfeTy issues Pedestrians sign and yield (stop) line®
at uncontrolled crossings. \( InStreet Pedestian Crossing sign® ) A & A A
Curb extension” & & & &
Raised crosswalk ﬁ ﬁ ?ﬁ ?.
Pedestrian refuge island & & &% &
Pedestrian Hybrid Beacon & i
Road Diet ﬁ 5. ﬁ ;ﬂ
*These counfermensures make up the STEP countermeasure “crosswalk visibility enhancements.” Multiple countermensures may be
implemented al a locafion as part of crosswalk visibility enhancements.
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Table 2: Safety Issues Addressed per
Countermeasure

Table 2 identifies the safety issues that may be addressed by suggested countermeasures for
uncontrolled crossing locations. Review the corresponding worksheets for countermeasures

considered for the site. The worksheets describe additional design and installation considerations for

the countermeasures.

Safety Issue Addressed

Confiicts . Inadequate D.rlve.rs not Insufficient
at crossin Excessive conspicuity/ vielding o separation from

Pedestrian Crash Countermeasure for Iocaiionsg vehicle speed visipbilit y pedestrians in P raffic
Uncontrolled Crossings y crosswalks
Crosswalk visibility enhancement f.ﬂ 5'.\ Sﬂ i 5&

High-visibility crosswalk markings* f,l.\ f\ f\

Parking restriction on crosswalk : : .

approach* f’\ 5\ /

Improved nighttime lighting* 3 %

Advance Yield Here To (Stop Here For) 2 3 . .

Pedestrians sign and yield (stop) line* A A A A

In-Street Pedestrian Crossing sign* f,l.‘ f\ ;l" ;l"

Curb extension* & k3 S &
Raised crosswalk ;ﬂ }1" 5( 5'.\
Pedestrian refuge island ;ﬂ ;ﬂ ;l" 5(
Pedestrian Hybrid Beacon f,ﬂ ;l"
Road Diet ® 8 S &

*These countermeasures make up the STEP countermeasure “crosswalk visibility enhancements.” Multiple countermeasures may be
implemented at a location as part of crosswalk visibility enhancements.
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Countermeasure: Crosswalk Visibility Enhancements

This example combines curb extensions,
high-visibility markings, overhead lighting,
and in-street signs on a two-lane roadway.

High-visibility
crosswalk markings

This example combines advance markings
and signage, overhead lighting, parking

restrictions, and high-visibility markings on
a multilane roadway.

N A
Ey

<

High-visibility
o crosswalk markings

q Y Advance Yield Here To (Stop
Here For) Pedestrians sign
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Definition

This group of countermeasures includes high-visibility crosswalk markings, improved nighttime lighting,
advance or in-street warning signage, curb extensions, and parking restrictions. These features may
be used in combination to indicate preferred locations for people to cross, to increase visibility of the
crossing location, and to help reinforce the driver requirement to yield the right-of-way to pedestrians
at crossing locations. Refer to the Crosswalk Visibility Enhancements Tech Sheet for more information
about this set of countermeasures.

Roadway and Site Information

Strongly consider the following countermeasures at all established midblock or intersection
uncontrolled crossing locations:

» High-visibility crosswalk markings

» Overhead lighting

» On-street parking restrictions or curb extensions

Note: On roadways with 4 or more lanes and more than 9,000 vehicles per day, the risk for
pedestrian crashes could increase if marked crosswalks are not combined with other treatments,
such as refuge islands or Pedestrian Hybrid Beacons.

Strongly consider adding advance Yield Here To (Stop Here For) Pedestrians sign and yield (stop) line
if the roadway(s) are described by one of the following sets of conditions:

O Any AADT + 4 or more lanes (with or without a raised median) + any speed limit
O Any AADT + any number of lanes + > 35 mph speed limit

Safety Issues and Behaviors

This counfermeasure may help address most traffic behaviors or safety issues but are most needed
when the following are observed at the site:

O Drivers not yielding fo pedestrians in crosswalks
O Inadequate conspicuity/visibility of the crosswalk and pedestrian
O Noted conflicts at crossing locations

Additional Installation and Design Guidelines

Crosswalk Markings

» High-visibility crosswalks may include a variety of crosswalk striping designs, such as ladder,
continental, or bar pairs.

» High-visibility markings may be supplemented with the pedestrian crossing warning signs (sign
W11-2 in the MUTCD) on each approach to the crosswalk.

» See MUTCD Section 2C.50 for more information about Non-Vehicular Warning Signs and Section
3B.18 for more information about crosswalk markings.

» Adjacent bus stops should be placed downstream of the crosswalk and not on the crosswalk
approach.
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Overhead Lighting

» Overhead lights placed in advance of uncontrolled crossings on both approaches illuminate the
front of the pedestrian and avoid creating a silhouette.

» Consider placing the light fixtures 10 fo 15 feet in advance of the crosswalk on both sides of the
street.
Parking Restrictions and Curb Extensions

» Parking restrictions can include the removal of parking space markings or the installation of *no
parking” signs or pavement markings.

» The minimum setback for parking restrictions is 20 feet in advance of the crosswalk where speeds
are 25 mph or less, and 30 feet in advance of the crosswalk where speeds are between 26 and
35 mph.

» Curb extensions must not extend into travel lanes and should not block bicycle lanes.

Advance Yield Here To (Stop Here For) Pedestrians sign and yield (stop) line

» The stop line or “shark’s teeth” yield line is placed 20 to 50 feet in advance of a marked crosswalk
fo indicate where vehicles are required to stop or yield in compliance with the accompanying
Yield Here To (Stop Here For) Pedestrians sign.

» Stop Here for Pedestrians signs should only be used where the law specifically requires that a
driver must stop for a pedestrian in a crosswalk. Otherwise, Yield Here for Pedestrians signs should
be used with shark’s teeth pavement markings.

» See MUTCD Section 2B.11 for more information about Yield Here To (Stop Here For) Pedestrians
signs and Section 3B.16 for more information about stop and yield lines.
In-Street Pedestrian Crossing Sign

» The In-Street Pedestrian Crossing sign can be placed in between travel lanes or in conjunction
with a refuge island or raised median.

» Consider maintenance and prompt replacement of damaged in-street (and all other) signs.
» See MUTCD Section 2B.12 for more information about In-Street Pedestrian Crossing signs.
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Countermeasure: Raised Crosswalk

~ In-Street Pedestrian
Crossing sign

Overhead lighting

Definition

Raised crosswalks are ramped speed tables spanning the entire width of the roadway, often placed
at midblock crossing locations. Refer to the Raised Crosswalks Tech Sheet for more information about
this countermeasure.

Roadway and Site Information

Consider this countermeasure for 2 or 3 lane roadways also described by the following conditions:

O AADT less than 9,000 + < 30 mph speed limit

Safety Issues and Behaviors

This countermeasure may help address the following traffic behaviors or safety issues observed at the site:

O Inadequate conspicuity/visibility
O Excessive vehicle speed
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Installation and Design Guidelines

Raised crosswalks may be installed with curb extensions and on-street parking.
Raised crosswalks may also be used at intersections, particularly at the enfrance of the minor street.
Raised crosswalks should be flush with the height of the sidewalk.

The crosswalk table is typically at least 10 feet wide and designed to allow the front and rear
wheels of a passenger vehicle to be on top of the table at the same time.

Detectable warnings (fruncated domes) and curb ramps should be installed af the street edge
for pedestrians with impaired vision.

Raised crossings are generally avoided on arterial streets and primary routes for heavy trucks, bus
fransit, and emergency response vehicles.

Consider storm water drainage and snowplowing in the design of the raised crosswalk.

See MUTCD Section 3B.25 for information about Speed Hump Markings and other markings that
can be used with raised crosswalks.
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Countermeasure: Pedestrian Refuge Island

< r

¥ In-Street Pedestrian
. Crossing sign

R igh-visibility
crosswalk markings

S

\

Overhead lighting

Definition

A pedestrian refuge island is a median with a refuge area that is infended to help protect pedestrians
who are crossing the road. This countermeasure is sometimes referred to as a crossing island or
pedestrian island. Refer to the Pedestrian Refuge Island Tech Sheet for more information about this
counftermeasure.

Roadway and Site Information

Consider this countermeasure for established pedestrian crossings at all 2 or 3 lane roadways without
a raised median.

Strongly consider this countermeasure if the roadway(s) are described by one of the following sets of
conditions:

O AADT of atf least 9,000 + 4 or more lanes without a raised median + any speed limit
O Any AADT + 4 or more lanes without a raised median + > 35 mph speed limit
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Safety Issues and Behaviors

This countermeasure may help address all traffic behaviors or safety issues but is most effective where
the following are observed at the site:

O Inadequate conspicuity/visibility

O Excessive vehicle speed

O Insufficient pedstrian separation from traffic

Installation and Design Guidelines

»

Consideration should be given to creating a two-stage crossing. The island can encourage
pedestrians to cross one direction of traffic at a fime and look towards oncoming traffic before
completing the second part of the crossing.

Pedestrian refuge islands should be at least 4 feet wide (preferably 8 feet) and of adequate
length to allow the anticipated number of pedestrians to stand and wait for gaps in traffic before
crossing.

The cut-through of the island must include detectable warnings if island width is at least 6 feet.

Refuge islands should be illuminated or highlighted with street lights, signs, and/or reflectors to
ensure that they are visible to motorists.

See MUTCD Section 3B for more information about the following for refuge islands:
Section 3B.10 - Approach Markings for Obstructions
Section 3B.18 - Crosswalk Markings
Section 3B.23 - Curb Markings

If applicable, evaluate the impact of the island on bicycle facility design.
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Countermeasure: Pedestrian Hybrid Beacon (PHB)

High-visibility
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Definition

A PHB is a hybrid beacon used to control fraffic and rests in dark until a pedestrion activates it via
pushbutton or other form of detection. When activated, the beacon displays a sequence of flashing
and solid lights that indicate when pedestrians should cross and when it is safe for drivers to proceed.
Refer to the PHB Tech Sheet for more information about this countermeasure.

Roadway and Site Information

Strongly consider this countermeasure if the roadway(s) are described by one of the following sets of
conditions:

O AADT of af least 15,000 + 4 or more lanes + any speed limit
O AADT of af least 9,000 + 3 or more lanes (with or without median) + > 35 mph speed limit
O Any AADT + any number of lanes + > 40 mph speed limit

Safety Issues and Behaviors

This countermeasure may help address the following fraffic behaviors or safety issues observed at the site:

O Drivers not yielding to pedestrians in crosswalks
O Noted conflicts at crossing locations
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Additional Installation and Design Guidelines

Use in conjunction with signs and pavement markings at locations where pedestrians enter or
cross the roadway.

Only install a PHB at a marked crosswalk.

For roadways with speeds of 35 mph or less, see MUTCD Figure 4F-1. For roadways speeds greater
than 35 mph, see MUTCD Figure 4F-2. These charts compare crosswalk length, approximate
vehicles per hour (VPH, including both approaches), and pedestrians per hour (PPH). The MUTCD
recommends installation of a PHB where these conditions meet minimum criteria.

The PHB should be installed at least 100 feet from side streets or driveways that are controlled by
STOP or YIELD signs.

Parking should be prohibited and other sight obstructions should be removed at least 100 feet in
advance of and at least 20 feet beyond the marked crosswalk and PHB.

The PHB should be coordinated if within a signal system.

Review the MUTCD Part 4F for more information about the design and operation of the beacon
face and the installation of optional signage.
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Countermeasure: Road Diet
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Definition

A Road Diet is a roadway reconfiguration resulting in a reduction in the number of travel lanes, which
is usually achieved by converting a four-lane undivided road to three lanes. The space gained by
eliminating lanes is typically used for other uses and travel modes. Refer to the Road Diet Tech Sheet
for more information about this countermeasure.

Roadway and Site Information

Consider this countermeasure for all roadways with four or more lanes without a raised median.

Typically, Road Diets are considered for roadways with current and future average daily traffic (ADT)
equal to or less than about 20,000.

Safety Issues and Behaviors

This countermeasure may help address the following fraffic behaviors or safety issues observed at the site:

O Conflicts at crossing locations
O Excessive vehicle speeds
O Insufficient pedestrian separation from fraffic

Additional Installation and Design Guidelines

Refer to the FHWA'’s Road Diet Informational Guide for a range of additional design considerations,
including:

» Vehicle speed

» Level of Service (LOS)

» Quality of Service

» Operation and volume of pedestrians, bicyclists, transit, and freight
» Peak hour and peak direction traffic flow

» Vehicle turning volumes and patterns

» Frequency of stopping and slow-moving vehicles

» Presence of parallel roadways
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