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Appendix A: Generalized Cost Estimates

General (order of magnitude) cost estimates were developed for the main components of this
plan. The estimated cost to implement this plan is approximately $36,100,000 (based on 2007
dollars). The Plan cost includes approximately $4,325,000 for Safe Routes to School,
$12,333,000 for Transit Access, and $1,307,000 for Community Pathways, $2,489,000 for On-
Road Bikeways, and $15,645,000 for Off-Road Trails. These cost estimates do not include
particularly complex projects such as bridges, tunnels, overpasses and underpasses.

The general costs were developed by calculating rough quantities and applying unit costs
(based on 2007 City of Alexandria cost data). Costs were then translated into per mile or per
facility costs, as explained in the spreadsheet associated with this appendix. For pedestrian
and bicycle facilities that may be implemented with a larger project, the estimate represents
the marginal cost required to develop the bicycle facility. For example, if bicycle lanes are
added to a roadway during a repaving project, the estimate includes just the cost to
implement the bicycle lanes (e.g., new pavement markings and bicycle related signs), but it
does not include the new pavement.

Estimation of the costs involved several assumptions, including:

e (Cost estimates assume that most pedestrian and bicycle facilities will be added as a
component of an overall project to improve the roadway for all types of users; few
roadway projects will be done for the exclusive purpose of adding pedestrian and
bicycle facilities.

e Costs are based on 2007 dollars. They may change due to future economic conditions.

e Costs assume that facility projects will be implemented by contractors through a
bidding process. They may vary if projects are done in-house.

e Facility costs include construction and design.

e All construction projects include a contingency, typically estimated at 25 percent of
the construction cost.

e Design and construction costs may vary depending on the actual construction project
size (e.g., project limits) and overall cost. Implementation will likely be more costly
if pedestrian and bicycle improvements are done as many small projects compared to
a smaller number of large projects.

e Regulatory and warning signs for bicycle lanes and on-street parking are included in
the on-road bicycle facility costs. Pedestrian and bicycle wayfinding signs are also
included in the on-road bicycle facilities category.

o Cost calculations assume that bicycle facility improvements are made on both sides of
the street. Costs are generally over-estimated for the small portion of bicycle facility
recommendations on one-way streets.

e Costs for roadway right-of-way acquisition are not included. These costs are not
included in the estimates because specific projects are not yet defined.

e Costs for new multi-use trail construction include pavement, drainage, erosion and
sediment control, and grading, but not right-of-way acquisition.

e During the early design stages of projects, maintenance of traffic, mobilization,
potential utility impacts, drainage, and property acquisition costs can be based on a
percentage of total project cost. These costs are not included in the estimates
because specific projects are not yet defined and those project limits are unknown.
While these costs are not included, they are a very small portion of overall costs
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because most improvements recommended in the plan will be made as retrofit
projects within the existing roadway curb-to-curb width.

e Costs for adding new pavement to create on-road bicycle facilities do not include curb
and gutter, drainage, erosion and sediment control, and grading. These costs are not
included in the estimates because specific projects are not yet defined and those
project limits are unknown. While these costs are not included, they are a very small
portion of overall costs because most bicycle facility improvements recommended in
the plan will be made as retrofit projects within the existing roadway curb-to-curb
width.

Background calculations for the general costs of this plan are contained in the Generalized
Cost Estimates Spreadsheet, which is part of the Compendium of Supporting Materials
available from the City.

City of Alexandria Pedestrian and Bicycle Mobility Plan APPENDIX




Appendix B: Estimated Pedestrian and
Bicycle Mobility Plan Costs
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Appendix C: Public Meeting Summaries

Public input was an important part of the process of developing this plan. This appendix
includes summaries the two public meetings held during the planning process. The first
public meeting was intended to provide background information about the project and to
solicit input from the public on maps and comment sheets. The second public meeting was
intended to present the initial recommendations from the draft plan and gather public
feedback on the draft recommendations.

First Public Meeting—March 22, 2007

The first public meeting for the City of Alexandria Pedestrian and Bicycle Mobility Plan was
held at City Hall on March 22, 2007. Most of the meeting was an open house, providing
citizens with approximately two hours to provide suggestions for the Plan. Informal remarks
were given by Councilman Rob Krupicka, Lieutenant Paul Story (Alexandria Police
Department), Yon Lambert (City Pedestrian and Bicycle Program Coordinator), and Bob
Schneider (project consultant with Toole Design Group). 28 citizens signed-in for the
meeting.

Citizen comments were provided on maps, on comment cards, and through conversations with
City and consulting team staff. All comments will be considered as the draft plan
recommendations are developed.

The comments listed below were submitted on the comment cards:

e For pedestrian safety, snow removal on sidewalks needs to be improved. | walk a lot
in Old Town and Parker-Gray, and snow and ice removal is poor in many places. The
problem exists not only in residential blocks but also on major commercial streets such
as sections of King Street and Washington Street. This can be a huge obstacle for
pedestrians.

e The lowest-hanging fruit in terms of improvements in Alexandria are completing
missing sidewalks and curb cuts. This is more useful than countdown pedestrian
signals.

e | would bike in Alexandria more if there were more bike racks at my destination—
especially in Old Town.

o Are plans in place to eliminate the grade crossing at Eisenhower Avenue with trail
extension on south side of Eisenhower Avenue to across from the animal shelter? The
trail could be “dipped” under the bridge at that point to connect with the existing
trail [on the south side of Eisenhower Avenue] toward Cameron Station.

e The sidewalk on Pegram to Pickett is in need of great repair. There are many children
that walk from the valley to Hammond, and it is essentially a one-person sidewalk, but
the kids clump in groups. Not only does the sidewalk slope toward the street, but on
garbage day, the kids walk in the street to go around the trash. Very dangerous area!
Thanks!

e Repair work is badly needed on the Holmes Run Trail between Beatley Bridge and
Latham Street. Tree roots have caused upheaval of the trail. Bicyclists and joggers
often use grass instead of the trail. We are promised trail improvements after the
planned sewer renovation, but we need some fixes now.

¢ In Del Ray and OId Town all intersections should be 4-way stop signs, no 2-way. Itis a
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hazard to pedestrians and it [this suggested change] would slow traffic.
High priority should be given to get whatever it takes (bridge?) to connect the Fairfax
County Lake Barcroft Trail along Holmes Run (at the County line near N. Chambliss)

The following comments summarize feedback provided on the maps:

Improve lighting on trails
Improve lighting near Metro stations
Connect the Holmes Run trail to new trails in Fairfax County
Improve the Holmes Run trail tunnel under 1-395 and Van Dorn Street
Construct sidewalks to fill gaps on residential streets
Install better signage to identify the Mount Vernon Trail through Old Town
Complete sidewalks on both sides of all arterial streets
Ask First Baptist Church to allow pedestrian and bicycle access through their roads and
parking lots to make connections between existing trails and roads in the Taylor Run
area
Trim hedges on residential streets to improve driver sight distance of pedestrians
Add pedestrian signals to all signalized intersections
Stripe more bike lanes throughout the City, especially in Old Town
Provide trail connections to Eisenhower Avenue Metro area from the east and from the
west
Provide better bicycle connections through in the Eisenhower Avenue corridor near the
Eisenhower Avenue Metro station
Make improvements to major corridors for pedestrian and bicycle access (e.g., King
Street, Seminary Road/Janney’s Lane, Van Dorn Street, Duke Street)
Provide better pedestrian crossings across Duke Street near Landmark Mall
Provide better pedestrian crossings of Van Dorn Street
Provide pedestrian and bicycle connections across the railroad tracks to connect
Cameron Station to the Van Dorn Street Metro area and to connect the Duke Street
Corridor to Eisenhower Avenue
Provide concrete landing pads, benches, and shelters for bus passengers at all bus
stops in west Alexandria—some riders must currently wait in the street
Mid-block crossings need to be made much safer in west Alexandria—signals are spread
far apart, and intersections have multiple turning lanes, so pedestrians often choose
to cross mid-block rather than at intersections (e.g., Van Dorn Street)
Make King Street into a pedestrian mall (at least start with several blocks at the east
end; or at least in the summer months)
Improve the Mount Vernon Trail connection into Old Town from the south
Provide pedestrian and bicycle connections across the railroad tracks north of the
Braddock Road metro station near the Monroe Street Bridge and the Potomac Yards
area
Fix tree root damage on multi-use trails
Provide better pedestrian and bicycle access through difficult intersections, such as
King Street & Braddock Road & Quaker Lane and the interchange of Duke Street &
Telegraph Road
Improve bicycle access in the Duke Street corridor
Provide longer pedestrian crossing intervals at wide signalized intersections
Remove overgrown shrubs, utility poles, and other obstructions in sidewalks

e Reduce motor vehicle speeds on all streets, particularly arterial roadways
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Construct more curb ramps for strollers, bicycles, and people with disabilities
Construct a multi-use trail in Fort Ward Park

Add curb extensions to Commonwealth Avenue intersections

Improve maintenance of Eisenhower Avenue and Holmes Run Trails

Paint and enhance roadway crossings along trolley trail that runs parallel to Fairfax
Street north of Oronoco Bay Park

Complete a trail through the entire length of the Mount Jefferson Park Greenway—
avoid drainage issues and privacy issues for trail users being able to see into adjacent
houses

Pedestrian crossings, including signals and push-buttons near the Eisenhower Avenue
Metro Station should be improved

Improve wayfinding signage to help trail users find trail access points and reach
destinations from the trails
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Appendix D: Questionnaire Summary

Questionnaires were used to gather public feedback on pedestrian and bicycle issues in
Alexandria. Similar questions were distributed using two different methods in order to gather
input from a wide cross-section of potential respondents. One questionnaire was posted
online on the City’s pedestrian and bicycle transportation web page between March 1, 2007
and May 11, 2007. Hard copies of a second questionnaire were made available on all DASH
buses between March 1, 2007 and March 30, 2007. Over 470 responses were collected during
the questionnaire period.

This appendix includes the questionnaire form and a summary of responses for each survey.
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Online Questionnaire Form

Welcome! Thank you for participating in our short survey for the City of Alexandria Pedestrian and Bicycle
Mobility Plan.

Your input is critical to help the City promote access for persons with disabilities, pedestrians, and bicyclists
throughout Alexandria.

This survey should take no more than 10 minutes to complete and will be available online from March 1 through
March 31, 2007. Information collected from the survey will be confidential and used solely for developing the
Pedestrian and Bicycle Mobility Plan. For more information on the Plan please visit the project Website:
http://www.alexride.org/bikeped study.php.

If your primary language is not English or you have a disability that makes it difficult to take this survey online,
please call the City of Alexandria at 703-739-9415 for the opportunity to take the survey by phone.

Click Next to begin!

1. If you walk/travel as a pedestrian in the City of Alexandria, please tell us why and how often for each purpose.
Frequently (5 or more days/week); Occasionally (1-4 days per week); Rarely (less than once a week); Never
I walk to the bus or Metro station

I walk to my car

I walk the dog

I walk for exercise or personal fitness

I walk for leisure

I walk to reach destinations for running errands, shopping, or entertainment

I walk to school

I walk to work

O

ooooo0o

Next
Previous

2. What is most important to you when walking in Alexandria?
Distance to destinations

Personal security (from crime)

Missing or poorly maintained sidewalks

Unsafe driver behaviors

Unsafe street crossings or intersections

Other

ocooooo

If you selected “other” above, please specify

3. What makes it hard for you to walk in Alexandria? Please select your top 3 choices.
Choice #1; Choice #2; Choice #3
Q Drivers not stopping for pedestrians in crosswalks

Drivers running red lights

Fast vehicle speeds

Heavy traffic

I have mobility limitations (poor health, use of wheelchair or other walking aid)

Lack of facilities for people with disabilities (such as curb ramps)

Wide Intersections

Not enough time given to cross intersections

No sidewalks or missing sidewalks

Places | need to go are not within walking distance

Poor/inadequate lighting

Cracked or broken sidewalks

Sidewalks are too close to the road

Narrow sidewalks

Unattractive/unappealing streets (no trees, large parking lots along sidewalk, buildings without

windows to the street)

coooocdpoo0ocdpboOoC
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Walking on bridges or overpasses

Weather/climate

Worries about personal security (from crime)

I don’t find anything difficult or unpleasant about walking in Alexandria
Other

ocoooo

If you selected “other” above, please specify

4. Which of the following changes would encourage you to walk more often? (Please choose top 3)
Choice #1; Choice #2; Choice #3
O Better education on pedestrian safety

Better lighting in areas where you walk

Fewer motor vehicles on streets

Increased enforcement of laws applying to motorists

Increased enforcement of laws applying to pedestrians

More comfortable places to wait at bus stops

More destinations within walking distance

More frequent transit service

More pedestrian facilities (such as sidewalks, crosswalks, etc.)

More programs and events for pedestrians

Safer driver behavior

Other

Nothing

[y oy iy oy Sy Wy

If you selected “other” above, please specify

5. Which types of locations in Alexandria need the most improvements (such as new sidewalks or safer crossings) to
improve your pedestrian experience? Please rate each type of location according to need.

No improvements needed; Some improvements needed; Many improvements needed; Don’t know

Near bus stops

Near highway interchanges (example: 1-395; 1-495 Beltway)

Near Metro and VRE stations

Near parks and other recreation destinations

Near retail/shopping centers

Near schools

Near service providers (example: hospitals or clinics)

Near tourist destinations

On bridges or overpasses

On major street corridors (example: Van Dorn Street; Mount Vernon Avenue)

On neighborhood streets

Other

o0oo00o0000000

If you selected “other” above, please specify

6. Please list any specific destinations in Alexandria (such as the name of a school, park, shopping area, medical
service, bus stop or Metro station) that need improvements to make pedestrian travel safer and more
comfortable.

a
a
a

7. Please list any specific streets or intersections in Alexandria that need improvements for pedestrians.

8. How many bicycles do you have in your household?
a o
a1
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9. If you bicycle in the City of Alexandria, please tell us why and how often for each purpose.
Frequently (5 or more days/week); Occasionally (1-4 days per week); Rarely (less than once a week); Never

ocooooo

| bicycle to the bus or Metro station

I bicycle for exercise or personal fitness

| bicycle for leisure

| bicycle to reach destinations for running errands, shopping, or entertainment
I bicycle to school

| bicycle to work

10. What is the most critical issue that people face as bicyclists in Alexandria?

00

ooooo

Destinations that are too far away

Lack of bicycle lanes on roadways

Lack of bicycle trails away from roadways
Lack of personal security (from crime)
Unsafe driver behaviors

Unsafe street crossings or intersections
Other

If you selected “other” above, please specify

11. On which bicycle facility do you prefer to ride? (Choose One)
Q

a
Q
a

a

Paved shoulders

Greenways/off-road trails

Vehicle travel lanes (sharing travel lanes with motor vehicle traffic)

Designated bicycle lanes

Wide vehicle travel lanes (enough space for motorists to pass bicycles to the left in the same lane)

12. Which of the following factors make it unpleasant for you to bicycle or prevent you from bicycling more often
in Alexandria? (Please choose top 3)
Choice #1; Choice #2; Choice #3

oooooQ

[y Ry Oy Wy

Crossing busy roads

Drainage grates

Heavy traffic

High-speed traffic

Hills

Lack of bicycle facilities (such as bike lanes, wide travel lanes, paved shoulders, greenway trails,
etc.)

Loose gravel/debris

Narrow roads

Other travel modes are safer or more comfortable
Pavement quality

Personal safety (from crime)

Physical ability

Poor lighting (along routes/trails or at roadway crossings)
Travel time and/or distance

Other

Nothing

If you selected “other” above, please specify

13. Which of the following changes would encourage you to bike more often? (Please choose top 3)
Choice #1; Choice #2; Choice #3

oooo

A new City bicycle map
Better education on bicycle safety
Fewer cars on streets
Showers/changing facilities at your place of work
Q Increased enforcement of laws applying to bicyclists
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Increased enforcement of laws applying to motorists
More bicycle lanes and trails

More bicycle racks for parking

More bicycle racks on buses

More destinations within bicycling distance

More programs and events for new cyclists

Other

Nothing

ooocooC0oo

If you selected “other” above, please specify

14. Which areas of Alexandria need the most improvements (such as new bicycle trails or bicycle lanes) to improve

your bicycling experience? Please rate each area according to need.

No improvements needed; Some improvements needed; Substantial improvements needed; Don’t

know
Near bus stops
Near highway interchanges (example: 1-395; 1-495 Beltway)
Near Metro and VRE stations
Near parks and other recreation destinations
Near retail/shopping centers
Near schools
Near service providers (example: hospitals or clinics)
Near tourist destinations
On bridges or overpasses
On major street corridors (example: Van Dorn Street; Mount Vernon Avenue)
On neighborhood streets
Other

oOoocO00o0o00o000oO0

If you selected “other” above, please specify

15. If bicycle-on-bus service were provided on DASH buses, how frequently would you use it?

Frequently (5 or more days/week); Occasionally (1-4 days per week); Rarely (less than once a week); Never

16. Please list any specific destinations in Alexandria (such as the name of a school, park, shopping area, medical
service, bus stop or Metro station) that need improvements to make bicycle travel safer and more comfortable.

a
Q
a

17. Please list any specific streets or intersections in Alexandria that need improvements for bicyclists.

18. Please check all that apply:
Q 1live in the City of Alexandria
4 1 work in the City of Alexandria
O 1do not live or work in the City of Alexandria
O | walk/bicycle regularly in the City of Alexandria

19. What is your zip code?

22202
22206
22301
22302
22303
22304
22305
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22310
22311
22312
22313
22314
22320
Other

If you selected “other” above, please specify

20. Age:
d Under 10 years
a 10-15
a 16-19
a 20-29
a 30-39
a 40-49
a 50-59
a 60-69
a 70 or older
21. Gender
a Female
a Male
22. Do you have a disability or mobility limitation?
a Yes
a No

(Optional) If yes, please list the type(s) of disability or mobility limitation(s) that you have

23. (Optional) Please provide any additional comments below related to pedestrian or bicycle facilities in the City
of Alexandria

24. (Optional) Would you like to receive updates and information on Alexandria transportation programs by e-mail?
If yes, please provide your e-mail address below.

Thank you!
Your input will be considered as a part of the City of Alexandria Pedestrian and Bicycle Mobility Plan.

Please visit the project website (http://www.alexride.org/bikeped study.php) for upcoming meetings, contact
information, and updates on the progress of the City of Alexandria Pedestrian and Bicycle Mobility Plan.
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Online Questionnaire Summary

Included below are the destinations, roads, and intersections that were cited three or more times by respondents to
the online survey.

Question 6: Please list any specific destinations in Alexandria (such as the name of a school, park, shopping area,
medical service, bus stop or Metro station) that need improvements to make pedestrian travel safer and more
comfortable.

Destinations with three or more responses on the survey:

Alexandria Hospital (INOVA)
Andrew Adkins Housing Project
Braddock Road

Braddock Metro

Bradleee Shopping Center
Del Ray neighborhood

Duke Street

Eisenhower Metro

Fox Chase Shopping Center
King Street

King Street Metro

TC Williams High School
King/Commonwealth intersection
Hammond Middle School
Hoffman Center

Holmes Run Trail

Landmark Mall

Mount Vernon Avenue
Route 1

Slaters Lane

Pickett Road

Polk Elementary School
Potomac Yard

Van Dorn Street

e Van Dorn Metro

Question 7: Please list any specific streets or intersections in Alexandria that need improvements for pedestrians.
Intersections with three or more responses:

Braddock/Commonwealth intersection
Braddock/West intersection
Braddock/Russell intersection
Braddock/King intersection
Braddock Metro
Commonwealth/Mt. Vernon intersection
Duke/Telegraph intersection
Duke/Landmark Mall intersection
Glebe/Mt. Vernon intersection
King/Union intersection
King/Russell intersection
King/Janney’s intersection
King Street Metro

e Monroe at Bridge
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Braddock/Mt. Vernon intersection
Mt. Vernon/Del Ray intersection
Pegram/Pickett intersection
Pegram/Polk intersection
Quaker/King intersection
Beauregard/Seminary intersection
Slaters/Washington intersection
Van Dorn/Edsall intersection
West/Wyeth intersection

Question 16: Please list any specific destinations in Alexandria (such as the name of a school, park, shopping area,
medical service, bus stop or Metro station) that need improvements to make bicycle travel safer and more
comfortable.

Destinations with three or more responses:

Arlandia area

Braddock Road Metro
Bradlee Shopping Center
Duke Street

Fox Chase Shopping Center
4-Mile Run Trail
Hammond Middle School
Holmes Run Trail

King Street Metro

King Street

Landmark Mall

Mount Vernon Trail

Old Town

Polk Elementary School
Potomac Yard

Route 1

TC Williams High School
Van Dorn Metro

Questions 17: Please list any specific streets or intersections in Alexandria that need improvements for bicyclists.
Specific intersections with 3 or more responses:

Braddock/West intersection

Braddock Road Metro
King/Commonwealth intersection
King/Braddock intersection
King/Quaker intersection

Mt Vernon/Glebe intersection

Mt Vernon/Commonwealth intersection
e Route 1/Slaters intersection

e Route 1/Monroe intersection
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City of Alexandria Pedestrian and Bicycle Mobility Plan Transit Rider Survey

The City of Alexandria and DASH are working together to gather information for the City of Alexandria
Pedestrian and Bicycle Mobility Plan.

Your input is critical to help the City and DASH promote access for persons with disabilities, pedestrians, and
bicyclists throughout the City of Alexandria.

This survey should take no more than 10 minutes to complete and will be available on DASH buses from March
1 through March 31, 2007. Completed surveys can be dropped in the box on this bus.

If your primary language is not English or you have a disability that makes it difficult to take this survey on the bus, please call the
City of Alexandria at 703-838-4966 for the opportunity to take the survey by phone. The survey is also available on the project
Website: http://www.alexride.org/bikeped study.php..

When done, please return your completed survey to the box at the front of the bus.

1. What is most important to you when walking in Alexandria? (Please check one option below.)
Distance to destinations
Personal security (from crime)
Missing or poorly maintained sidewalks
Unsafe driver behaviors
Unsafe street crossings or intersections
Other

If you selected “other” above, please specify

2. What makes it hard for you to walk to your bus stop in Alexandria? (Please select your top 3 choices by marking a
“17, “2”, or “3” in front of three options below.)
Drivers not stopping for pedestrians in crosswalks
Fast vehicle speeds/Heavy traffic
No facilities for people with disabilities (example: curb ramps)
Wide Intersections
No sidewalks or missing sidewalks
Poor/inadequate lighting
Cracked or broken sidewalks
Narrow sidewalks
Weather/climate
Worries about personal security (from crime)
| don’t find anything difficult or unpleasant about walking to the bus stop
Other

If you selected “other” above, please specify

3. Which types of locations in Alexandria need the most work to make walking easier (such as new sidewalks or safer
crossings)? (Please check one of the boxes after each option.)

No Some Many
improvement improvements improvements
Locations needed needed needed Don’t know

On bridges or overpasses

Near Metro and VRE stations

Near parks and other recreation destinations
Near retail/shopping centers

Near schools
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Near service providers (example: hospitals, clinics)

Near tourist destinations

Near bus stops

On major street corridors (example: Van Dorn Street, King

Street)

On neighborhood streets

Other

If you selected “other” above, please specify

4. Please list any specific destinations in Alexandria (such as the name of a street, intersection, school, park, shopping
area, medical service, bus stop or Metro station) that need improvements to make pedestrian travel safer and more
comfortable.

a)
b)
c)

If you do not ride a bicycle, you may skip Question 5 and 6.

5. Which of the following changes would encourage you to bicycle more often? (Please select your top 3 choices by
marking a “1”, “2”, and “3” in front of the options below.)
A new City bicycle map
Better education on bicycle safety
Fewer cars on streets
Showers/changing facilities at your place of work
Increased enforcement of laws applying to motorists
More bicycle lanes and trails
More bicycle racks for parking
Bicycle racks on buses
Other
Nothing

If you selected “other” above, please specify

6. If bicycle-on-bus service were provided on DASH buses, how often would you use it? (Please check one option
below.)
Frequently (5 or more days per week)
Occasionally (1 to 4 days per week)
Rarely (less than 1 day per week)

Never
70 or older
7. Please check all that apply:
I live in the City of Alexandria
| work in the City of Alexandria
| do not live or work in Alexandria
| walk/bicycle regularly in Alexandria
8. What is your zip code? 10. Gender (Please check one option below.)
Female
9. Age (Please check one option below.) Male
Under 10 years
10-15 11. Do you have a disability or mobility limitation?
16-19 (Please check one option below.)
20-29 Yes
30-39 No
40-49
50-59
60-69
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(Optional) If yes, please list the type(s) of disability or
mobility limitation(s) that you have:

12. (Optional) Would you like to receive updates and
information on Alexandria transportation programs by
e-mail? If yes, please provide your e-mail address:

Thank you!
Information collected from the survey will be confidential and used solely for developing the Pedestrian and Bicycle Mobility Plan.

13. (Optional) Please provide any additional comments
related to pedestrian or bicycle facilities in the City of
Alexandria in the space below.

Please visit the project website (http://www.alexride.org/bikeped study.php) for upcoming meetings, contact information, and
updates on the progress of the City of Alexandria Pedestrian and Bicycle Mobility Plan.

Please return your completed survey to the box on this bus.

Included below are the destinations that were cited three or more times by respondents to the DASH bus survey.

Question 4: Please list any specific destinations in Alexandria (such as the name of a street, intersection, school, park,
shopping area, medical service, bus stop or Metro station) that need improvements to make pedestrian travel safer and
more comfortable.

Destinations with three or more responses on the survey:

Braddock Road

Braddock Metro

Bradlee Shopping Center
Commonwealth Avenue
Duke Street

Glebe Road

Janney’s Lane

Jefferson Davis Highway
King Street
King/Braddock

King Street Metro intersection
Landmark Mall

Martha Custis Road
Mount Vernon

Route 1

Russell Road

Seminary Lane

Slater’s Lane

Van Dorn Street
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Appendix E: Field Data Collection Items

A large amount of detailed information was collected to assess the existing pedestrian and
bicycle infrastructure in Alexandria. The pedestrian field data collection effort focused on
approximately 100 roadway centerline miles in priority assessment areas. Below are the
criteria that were used to select priority assessment areas:

e Locations with high levels of pedestrian and bicycle activity, including areas with high
numbers of persons with disabilities. These include locations near parks, schools,
retail, multi-use trails, institutional locations (e.g., libraries and post offices), etc.

e Proximity to transit (e.g., heavily-used bus stops, rail stations, locations frequently
served by paratransit).

e Pedestrian and bicycle facility safety (e.g., locations of pedestrian and bicycle crash
concentrations; access barriers identified through inventory).

e Roadways that are: 1) scheduled to be repaved in the near future, 2) not part of an
area that will undergo large-scale redevelopment during the next five years, and/or 3)
in parts of the City where there is more potential for redevelopment of individual
properties.

e Socioeconomic equity and geographic distribution.

e Public priorities for pedestrian and bicycle data collection.

Bicycle field data was collected on 70 miles of roadways in the City’s bikeway network. The
information was used to calculate Bicycle Level of Service model grades on roadway segments
in the system. Shared-use path observations were made on approximately 14 miles of existing
trails.

Below is a list of the field data collected during each inventory. Note that the level of detail
varied for each data collection item. Some facility characteristics were measured, while
others were summarized through visual observations.

Field Data Collection Items

Pedestrian Facility Inventory

o Sidewalk typical width/Sidewalk typical clear width (approximate width, nearest foot)

Sidewalk clear width obstructions (identified points where obstructions existed and

listed the type of obstruction)

Buffer width between sidewalk and roadway (approximate width, nearest foot)

Sidewalk surface type

Sidewalk surface condition (general rating)

Driveway crossings (surface type and general ADA accessibility—general visual

assessment)

Curb ramps (compliant vs. non-compliant with ADA—general visual assessment)

e Curb radius (Less than 15 feet, 15-25 feet, More than 25 feet—general visual
assessment)

e Type of buffer (e.g., street trees, grass, landscaping)

e On-street parking type (parallel, straight-in, diagonal)

e Bicycle rack locations
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Bus stop accessibility (ADA compliance—general visual assessment)

Bus stop characteristics (sign, bench, shelter, etc.)

Roadway crosswalk type (standard, high-visibility, brick, etc.)

Roadway crosswalk condition (general rating)

Roadway crossing length (number of lanes to cross)

Roadway crossing traffic control type (stop; yield; conventional, countdown, audible
ped signal; uncontrolled)

Presence of push buttons at signalized crossings

Presence of other crossing facilities (median islands, curb extensions, raised
crosswalks)

Bicycle Level of Service Inventory

Outside travel lane width (measured to nearest ¥ foot)

Posted speed limit

Percentage of on-street parking (25% increments)

Pavement condition (5=best, 1=worst rating scale)

Roadway shoulder width (measured to nearest % foot)

Bicycle lane width (measured to nearest % foot)

Traffic volume (ADT) (from VDOT traffic data—estimates were made where data was
not available)

Percentage of heavy vehicles (from VDOT traffic data—estimates were made where
data was not available)

Shared-Use Path Inventory

Shared-use path typical width (measured to nearest % foot)

Shared-use path surface type

Shared-use path surface condition (general rating)

Shared-use path clear width obstructions (identified points where obstructions existed
and listed the type of obstruction)

Shared-use path surface maintenance problems (identified points where maintenance
problems existed and listed the type of maintenance problem)
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Background

Level of Service (LOS) is a framework that transportation professionals use to describe
existing conditions (or suitability) for a mode of travel in a transportation system. The traffic
planning and engineering discipline has used LOS models for motor vehicles for several
decades. Motor vehicle LOS is based on average speed and travel time for motorists traveling
in a particular roadway corridor. In the 1990s, new thinking and research contributed to the
development of methodologies for assessing levels of service for other travel modes, including
bicycling, walking, and transit. Specific methodologies for bicycle level of service have been
developed and used by a number of cities, counties, and states around the U.S. since the mid-
1990s. This Plan adopts the Bicycle Level of Service (Bicycle LOS) Model assessment method.

When considering level of service in a multi-modal context, it is important to note that LOS
measures for motor vehicles and bicycles are based on different criteria and are calculated on
different inputs. Motor vehicle LOS is primarily a measure of speed, travel time, and
intersection delay. Bicycle LOS is a more complex calculation, which represents the level of
comfort a bicyclist experiences in relation to motor vehicle traffic.

Bicycle Level of Service Model

The Bicycle Level of Service Model (Bicycle LOS Model) is an evaluation of bicyclist perceived
safety and comfort with respect to motor vehicle traffic while traveling in a roadway
corridor. It identifies the quality of service for bicyclists that currently exists within the
roadway environment.

The statistically calibrated mathematical equation entitled the Bicycle LOS Model® (Version
2.0) is used for the evaluation of bicycling conditions in shared roadway environments. It
uses the same measurable traffic and roadway factors that transportation planners and
engineers use for other travel modes. With statistical precision, the Model clearly reflects the
effect on bicycling suitability or “compatibility” due to factors such as roadway width, bike
lane widths and striping combinations, traffic volume, pavement surface condition, motor
vehicle speed and type, and on-street parking.

The Bicycle Level of Service Model is based on the proven research documented in
Transportation Research Record 1578 published by the Transportation Research Board of the
National Academy of Sciences. It was developed with a background of over 150,000 miles of
evaluated urban, suburban, and rural roads and streets across North America. Many urban
planning agencies and state highway departments are using this established method of
evaluating their roadway networks. The Virginia Department of Transportation is using the
Bicycle LOS Model in both the Richmond and Northern Virginia regions. The model has also
been applied in Anchorage AK, Baltimore MD, Birmingham AL, Buffalo NY, Gainesville FL,
Houston TX, Lexington KY, Philadelphia PA, Sacramento CA, Springfield MA, Tampa FL,
Washington, DC, Winston-Salem, NC, and by the Delaware Department of Transportation
(DelDOT), Florida Department of Transportation (FDOT), New York State Department of
Transportation (NYDOT), Maryland Department of Transportation (MDOT) and many others.

! andis, Bruce W. et.al. “Real-Time Human Perceptions: Toward a Bicycle Level of Service” Transportation
Research Record 1578, Transportation Research Board, Washington, DC 1997.
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Widespread application of the original form of the Bicycle LOS Model has provided several
refinements. Application of the Bicycle LOS Model in the metropolitan area of Philadelphia
resulted in the final definition of the three effective width cases for evaluating roadways with
on-street parking. Application of the Bicycle LOS Model in the rural areas surrounding the
greater Buffalo region resulted in refinements to the “low traffic volume roadway width
adjustment”. A 1997 statistical enhancement to the Model (during statewide application in
Delaware) resulted in better quantification of the effects of high speed truck traffic [see the
SP«(1+10.38HV)® term]. As a result, Version 2.0 has the highest correlation coefficient (R* =
0.77) of any form of the Bicycle LOS Model.

Version 2.0 of the Bicycle Level of Service Model (Bicycle LOS Model) will be employed to
evaluate collector and arterial roadways in the City of Alexandria. Its form is shown below:
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Bicycle LOS = ajIn (Vols/L,) + apSPy(1+10.38HV)? + ag(1/PRs)* + as(We)* + C

Where:
Vols = Volume of directional traffic in 15 minute time period

Vol;s = (ADT x D x Kg) 7 (4 x PHF)

where:
ADT = Average Daily Traffic on the segment or link
D = Directional Factor (assumed = 0.565)
Kq = Peak to Daily Factor (assumed = 0.1)
PHF = Peak Hour Factor (assumed = 1.0)
L, = Total number of directional through lanes
SP; = Effective speed limit
SP = 1.1199 In(SP, - 20) + 0.8103
where:
SP, = Posted speed limit (a surrogate for average running
speed)
HV = percentage of heavy vehicles (as defined in the 1994 Highway Capacity
Manual)
PRs = FHWA’s five point pavement surface condition rating
We = Average effective width of outside through lane:
where:
We = W, - (10 ft x % OSPA) and W, =0

We =W, + W, (1 - 2 x % OSPA) and W, >0 & Wp=0
We =W, +W, -2 (10 x % OSPA) and W,>0 & W,> 0
and a bike lane exists

where:
W = total width of outside lane (and shoulder) pavement
OSPA = percentage of segment with occupied on-street parking
W, = width of paving between the outside lane stripe and the
edge of pavement
Wps = width of pavement striped for on-street parking
W, = Effective width as a function of traffic volume
and:
W, = W; if ADT > 4,000veh/day
W, = W; (2-0.00025 x ADT) if ADT < 4,000veh/day, and if the
street/ road is undivided and
unstriped
a;: 0.507 a,: 0.199 as: 7.066 as: - 0.005 C: 0.760

(a; - a4) are coefficients established by the multi-variate regression analysis.
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The Bicycle LOS score resulting from the final equation is pre-stratified into service categories
“A”, “B”, “C”, “D”, “E”, and F” (“A” is best, and “F” is worst), according to the ranges
shown in Table 1, reflecting users’ perception of the road segments level of service for
bicycle travel. This stratification is in accordance with the linear scale established during the
referenced research (i.e., the research project bicycle participants’ aggregate response to
roadway and traffic stimuli). The Model is particularly responsive to the factors that are
statistically significant. An example of its sensitivity to various roadway and traffic conditions
is shown on the following page.

Bicycle Level-of-Service Categories

LEVEL-OF-SERVICE Bicycle LOS Score

A <1.5
>1.5and < 2.5
>2.5and <3.5
>3.5and <4.5
>4.5and <5.5
>5.5

Mmoo W

The Model represents the comfort level of a hypothetical “typical” bicyclist?. Some bicyclists
may feel more comfortable and others may feel less comfortable than the Bicycle LOS grade
for a roadway. A poor Bicycle LOS grade does not mean that bikes should be prohibited on a
roadway. It suggests to a transportation planner that the road may need a variety of
improvements (i.e., provide a bicycle lane, increase shoulder width, repave, slow motor
vehicle traffic, etc.) to help more bicyclists feel comfortable using the corridor.

Application

The Bicycle LOS Model is used by planners, engineers, and designers throughout the US and
Canada in a variety of planning and design applications. Applications include:

1) Conducting a benefits comparison among proposed bikeway/roadway cross-sections

2) ldentifying roadway restriping or reconfiguration opportunities to improve bicycling
conditions

3) Prioritizing and programming roadway corridors for bicycle improvements

4) Creating bicycle suitability maps

5) Documenting improvements in corridor or system-wide bicycling conditions over time

2 The Bicycle Level of Service Model was developed using the perceptions of a diverse group of bicyclists. These
cyclists represented a wide range of ages and experience levels. Each of the cyclists rated their own level of
comfort as they rode on roadway segments with a wide variety of traffic conditions and street layouts. Their
responses were combined using statistical modeling techniques to determine which measurable traffic and
roadway characteristics had significant relationships to the comfort levels reported by all of the bicyclists. A
quantitative model was developed from these data to predict, with the greatest possible accuracy, how a diverse
set of bicyclists would feel on a roadway with any given combination of traffic and roadway characteristics.
Therefore, a “typical” bicyclist is a bicyclist that is most closely represented by the wide range of ages and
experience levels present in the original Bicycle Level of Service experiment. In general, it is expected that more
experienced cyclists would independently rate roadways higher than a “typical” cyclist because they are more
likely to be comfortable riding in more difficult conditions.



Bicycle LOS Model Sensitivity Analysis

Bicycle LOS = a,In (Volis/Ln) + & SP(1+10.38HV)* + a,(1/PRs)” + a4 (We)* + C

where: a;: 0.507 ap: 0.199 az: 7.066 a,: -0.005 C: 0.760
T-statistics:  (5.689) (3.844) (4.902) (-9.844)
Baseline inputs:
ADT = 12,000 vpd % HV = 1 L = 2 lanes
SPy = 40 mph We = 12ft PRs = 4 (good pavement)
BLOS % Change
Baseline BLOS Score (Bicycle LOS) 3.98 N/A
Lane Width and Lane striping changes
W, = 10 ft 4.20 6% increase
W, = 11 ft 4.09 3% increase
W, = 12 ft - - (baseline average) ------ 3.98 - ----- no change
W, = 13 ft 3.85 3% reduction
W, = 14 ft 3.72 7% reduction
W, = 15 ft (W, =3 ft) 3.57 (3.08) 10% (23%) reduction
Wy = 16 ft (W, =4 ft) 3.42 (2.70) 14% (32%) reduction
Wy = 17 ft (W, =5ft) 3.25 (2.28) 18% (43%) reduction
Traffic Volume (ADT) variations
ADT = 1,000 Very Low 2.75 31% decrease
ADT = 5,000 Low 3.54 11% decrease
ADT = 12,000 Average - (baseline average) --3.98 ------ no change
ADT = 15,000 High 4.09 3% increase
ADT = 25,000 Very High 4.35 9% increase
Pavement Surface conditions
PRg = 2 Poor 5.30 33% increase
PRy = 3 Fair 4.32 9% reduction
PRs = 4 Good - - - (baseline average) - - 3.98 - - - - - no change
PRs = 5 Very Good 3.82 4% reduction
Heavy Vehicles in percentages
HY = 0 No Volume 3.80 5% decrease
HY = 1---Verylow - (baseline average) -- 3.98----- - no change
H = 2 Low 4.18 5% increase
HY = 5 Moderate 4.88 23% increase,
HV = 10 High 6.42 61% increase,
HY = 15  Very High 8.39 111% increase,

2Outside the variable’s range (see Reference (1))
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Appendix G: Pedestrian and Bicycle Facility
Descriptions

Developing a continuous, accessible system of pedestrian and bicycle facilities throughout
Alexandria is central to creating safer conditions for pedestrians and bicyclists and making
walking and bicycling more attractive transportation choices in the community. This chapter
describes the specific pedestrian and bicycle facilities recommended in the City.

Pedestrian Facilities

All City residents are pedestrians at one time or another. This includes employees walking to
work, students walking to school, neighbors walking to parks, and wheelchair users traveling
to bus stops and rail stations. It also includes owners walking dogs, shoppers walking through
parking lots to store entrances, and people who drive and park in Old Town, Mount Vernon
Avenue, Duke Street, or other commercial areas and walk to local establishments.
Pedestrians include people of all ages, incomes, and abilities. The facilities described below
will increase the number of safe, continuous, and accessible pedestrian facilities on roadways
and pathways in Alexandria.

Pedestrian facility design is critical for pedestrian safety and comfort. The City should follow
the guidelines and requirements of the Americans with Disabilities Act Accessibility Guidelines
(ADAAG)® and the AASHTO Pedestrian Guide* when implementing the recommendations of
this plan. The sections below describe pedestrian facilities that will improve conditions for
walking along the roadway, crossing the roadway, accessing transit stops, and sharing space
safely with bicycles.

% ADA Accessibility Guidelines for Buildings and Facilities. United States Access Board, 2002. http://www.access-
board.gov/adaag/html/adaag.htm

* AASHTO Guide for the Planning, Design, and Operation of Pedestrian Facilities. American Association of State
Highway and Transportation Officials, 2004.



http://www.access-board.gov/adaag/html/adaag.htm
http://www.access-board.gov/adaag/html/adaag.htm

Example Pedestrian Facility Design Resources

ADA Accessibility Guidelines for Buildings and Facilities. United States Access Board, 2002.
http://www.access-board.gov/adaag/html/adaag.htm.

AASHTO Guide for the Planning, Design, and Operation of Pedestrian Facilities. American
Association of State Highway and Transportation Officials, 2004.

Pedestrian and Transit-Friendly Design: A Primer for Smart Growth. R. Ewing for Smart
Growth Network in Florida, 1999. http://www.epa.gov/smartgrowth/pdf/ptfd primer.pdf.

Designing Sidewalks and Trails for Access, Part | of Il: Review of Existing Guidelines and
Practices. US Department of Transportation, Federal Highway Administration., 1999,
http://www.fhwa.dot.gov/environment/bikeped/Access-1.htm.

Accessible Rights-of-Way: A Design Guide. US Access Board, 1999,
http://www.access-board.gov/prowac/guide/PROWGuide.htm.

PEDSAFE: Pedestrian Safety Guide and Countermeasure Selection System, US Department of
Transportation, Federal Highway Administration, Authors: D.L. Harkey and C.V. Zegeer,
September 2004, http://www.walkinginfo.org/pedsafe/.

Pedestrian Facilities Planning and Design Handbook. Florida Department of Transportation,
1999,

http://www.dot.state.fl.us/safety/ped bike/ped bike standards.htm#Florida%20Ped%20Han
dbook.

Facilities for Pedestrian Travel along the Roadway

Pedestrians are safer and feel more comfortable when they have high-quality facilities for
walking along the roadway. Pedestrian facilities should be continuous, be accessible to all
pedestrians (including those with disabilities), have a \' /
surface wide enough to accommodate existing and future
pedestrian activity, be separated from the roadway by a
buffer (such as parked cars, trees, or landscaping), have
adequate lighting, include appropriate street furniture,
and not be obstructed by poles, bushes, utility boxes or
other immovable objects.

Sidewalks

Sidewalks are the central element of the pedestrian
transportation system. There should be a continuous,
connected system of sidewalks on both sides of all
roadways in Alexandria (where pedestrians are permitted).
The City should ensure that its sidewalks and other
pedestrian pathways have appropriate width, surface,
separation from motor vehicle traffic, lighting and signs.
Width

Sidewalks should be wide enough to accommodate

Sidewalk in Parker Gray.
Photo Credit: City of
Alexandria



http://www.access-board.gov/adaag/html/adaag.htm
http://www.epa.gov/smartgrowth/pdf/ptfd_primer.pdf
http://www.fhwa.dot.gov/environment/bikeped/Access-1.htm
http://www.access-board.gov/prowac/guide/PROWGuide.htm
http://www.walkinginfo.org/pedsafe/
http://www.dot.state.fl.us/safety/ped_bike/ped_bike_standards.htm#Florida%20Ped%20Handbook
http://www.dot.state.fl.us/safety/ped_bike/ped_bike_standards.htm#Florida%20Ped%20Handbook

expected levels of pedestrian traffic. Narrow sidewalks that cannot accommodate the
volume of foot traffic may encourage pedestrians to walk in the roadway increasing the
potential for conflict with motor vehicles.

At a minimum, it is desirable to provide a sidewalk clear width (i.e., lateral space available
for pedestrian travel for the length of a corridor) at least wide enough to accommodate two

This sidewalk is wide enough to allow This sidewalk on Duke Street is narrow and
large numbers of pedestrians to pass in poor condition. A path nearby is a
comfortably. pedestrian “desire line.”

Photo Credit: James Trowbridge Photo Credit: City of Alexandria

people walking side-by-side (5 feet)®. In addition, ADA guidelines specify a minimum passing
area width of 5 feet at least every 200 feet. In areas with high pedestrian volumes (often
areas near transit stops and stations) and/or where street furniture (e.g. pay phones, trash
cans, etc.), utilities, and street trees may function as obstacles, additional sidewalk width
will be necessary to provide this minimum clear width.

Surface

The full clear width of a sidewalk should be paved with a smooth, stable and slip-resistant
material to accommodate wheelchairs, bicycles, and strollers. Additionally, grade changes
and conflicts with vehicles should be kept to a minimum, including curb cuts for driveways.
More details can be found in the ADAAG.

® Pedestrian and Transit-Friendly Design: A Primer for Smart Growth. Ewing for Smart Growth Network in Florida,
1999. http://www.epa.gov/smartgrowth/pdf/ptfd primer.pdf
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Sidewalks should be smooth, stable and Sidewalks with surface defects, such as gaps,

slip-resistant to allow all pedestrians, cracks, joints, or heaved pavement can be a
including people with disabilities to hazard to pedestrians.
travel safely. Photo Credit: Toole Design Group

Photo Credit: Toole Design Group

Buffer

For the safety and comfort of pedestrians, it is desirable to provide a buffer area between the
sidewalk and roadway (i.e., sidewalks should not be located against the curb, directly
adjacent to the lanes of moving traffic). Some form of buffer should be included to protect
pedestrians from noise, pollution, wind and errant vehicles. Landscaping, such as a simple
grass strip, shrubs, and/or trees can be used. A tree-lined buffer has the added benefits of
improving roadway aesthetics, providing shade, and improving pedestrians’ perceptions of
safety with respect to motor vehicle traffic®’. On-street parking can also serve as a buffer
between moving vehicles and pedestrians while simultaneously slowing vehicular traffic.

Buffer space between the sidewalk and The pedestrian on this sidewalk is very
moving vehicles makes pedestrians feel close to vehicles in the outside travel lane.
safer. Photo Credit: Toole Desian Group Photo Credit: Toole Desian Group

® pedestrian and Transit-Friendly Design: A Primer for Smart Growth. Ewing for the Smart Growth Network in
Florida, 1999. http://www.epa.gov/smartgrowth/pdf/ptfd primer.pdf

" Landis, B.W., V.R. Vattikuti, R. M. Ottenberg, D.S. McLeod, M. Guttenplan. “Modeling the Roadside Walking
Environment: Pedestrian Level of Service,” Transportation Research Record 1773, Transportation Research Board,
National Academy of Sciences, 2001.
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Obstructions

Sidewalks must have a minimum clear width of 36 inches and clear height of 80 inches to
meet pedestrian accessibility requirements. There are many locations in Alexandria where
immovable objects block this clear width. Examples of these obstructions include: trees,
utility poles, light poles, traffic signal poles, hydrants, raised utility hole covers, water
meters, guardrail, mailboxes, pipes, signs, steps, and guy wires.

Additional Considerations

There are several other factors that the City
should consider when evaluating sidewalks,
including:

o Ample lighting is required to ensure the
safety and security of pedestrians (see
recommendations for lighting in the
Improvements to Pedestrian Roadway
Crossings section below).

o Directional signage and wayfinding should
be installed around major pedestrian
attractors (e.g., heavily-used transit stops,
major parks, tourist  destinations,
commercial corridors) to direct pedestrians
to local points of interest. This signage
should be sized and oriented appropriately
for pedestrians.

Obstructions in the sidewalk network.
Photo Credit: Toole Design Group

Improvements to  Pedestrian  Roadway
Crossings

Improving the safety and convenience of roadway crossings is essential for making Alexandria
more walkable. Nationally, nearly 75% of all police-reported pedestrian crashes involve
pedestrians crossing roadway travel lanes®. Many of the pedestrian crashes reported in
Alexandria between 2004 and 2006 were in roadway corridors with multiple travel lanes in
each direction, high actual traffic speeds (85" percentile speed of 35 m.p.h. or higher) and
high traffic volumes (10,000 ADT or higher) (e.g., Mount Vernon Avenue (north end), Duke
Street, Van Dorn Street, Quaker Lane, etc.). Roadway crossing improvements may help
prevent future pedestrian crashes in these and other roadway corridors.

This plan recommends a number of engineering solutions at specific locations to improve
difficult pedestrian crossings, including constructing median islands, reconstructing curb
ramps, reducing turning radii, and adding pedestrian countdown signals. These treatments,

8 Zegeer, C.V., et al. Pedestrian and Bicycle Crash Types of the Early 1990s, Federal Highway Administration,
FHWA-RD-95-163, p. 22, June 1996.



when combined with education and enforcement programs, can make crossings more
convenient and help reduce pedestrian crashes.

Using a Combination of Treatments to Make Crossings Safer

The goal of the recommended improvements is to help pedestrians cross roadways safely.
This often requires using a combination of safety treatments, particularly on multi-lane roads
with high speeds and traffic volumes. Marked crosswalks are one tool that is commonly used
to improve pedestrian crossings. However, in many cases, marked crosswalks alone are not
sufficient to increase pedestrian safety. Additional treatments should be used to supplement
marked crosswalks. FHWA guidelines state, “In most cases, marked crosswalks are best used
in combination with other treatments (e.g., curb extensions, raised crossing islands, traffic
signals, roadway narrowing, enhanced overhead lighting, traffic calming measures etc.).”®
Therefore, combinations of several types of safety treatments are recommended to improve
crossings in Alexandria.

Types of Pedestrian Crossing Improvements

Specific types of recommended roadway crossing improvements are described below. These
infrastructure improvements generally address roadway markings and geometry, curb ramps,
traffic signals, signs, and lighting. The types of improvements listed below are appropriate
for controlled (traffic signals, stop signs, etc.) or uncontrolled locations unless otherwise
indicated. g

Roadway Markings and Geometry

Each roadway crossing improvement recommended
in this plan will require detailed engineering
analysis to determine the feasibility and design of
each of the potential treatments described below
before the improvements are made.

Marked Crosswalks

Legally, crosswalks exist where two streets
intersect whether or not they are denoted with
markings®. High-visibility crosswalks are
recommended at many of the pedestrian crossing
improvement locations in Alexandria to alert
motorists to locations where they should expect
pedestrians and to show pedestrians preferred
crossing locations. This may involve striping new
crosswalks where they do not currently exist,

High visibility crosswalk in Alexandria
Photo Credit: City of Alexandria

® Zegeer, C. V., J. R. Stewart, H. H. Huang, and P. A. Lagerwey. Safety Effects of Marked Versus Unmarked
Crosswalks, Federal Highway Administration, FHWA-RD-01-075, Feburary 2002.

% The Code of Virginia, 46.2-100 states: “‘Crosswalk’ means that part of a roadway at an intersection included
within the connections of the lateral lines of the sidewalks on opposite sides of the highway measured from the
curbs or, in the absence of curbs, from the edges of the traversable roadway; or any portion of a roadway at an
intersection or elsewhere distinctly indicated for pedestrian crossing by lines or other markings on the surface.”



restriping crosswalks that have worn away, or restriping crosswalks that need to be moved to
a more appropriate location. Colored crosswalks and stamped crosswalks are decorative in
nature; they are not considered standard crosswalks in the City of Alexandria.

While the City of Alexandria has used a variety of crosswalk types, including standard parallel
line markings and colored crosswalks (with stamped asphalt or pavers), high-visibility
crosswalk markings are recommended for key crossing locations. The high-visibility
crosswalks are similar to standard crosswalks, but they also have thick white bars parallel to
the direction of travel. This may help make drivers more aware of pedestrians crossing in
critical locations. A majority of the key locations for pedestrian crossing improvements in
Alexandria are controlled intersections (intersections with stop signs or traffic signals).
Crosswalks should be marked across most street approaches at these intersections.

Pedestrian crossings should be designed to maximize pedestrian safety. The MUTCD states
that: “Crosswalk lines should not be used indiscriminately. An engineering study should be
performed before they are installed at locations away from traffic signals or STOP signs.” A
recent national research project completed by the Federal Highway Administration provides
specific guidance on the installation of crosswalks and other safety measures at uncontrolled
locations™. The results of this study clearly indicate the safety value of enhanced pedestrian
crossing measures at midblock crossings and other uncontrolled locations (such as T-
intersections). Safety measures that are recommended include crossing islands, raised
crossings, and other traffic calming techniques, as well as additional warning signs and signal
treatments in some locations.

Where crosswalks are recommended, it is
critical to consider additional pedestrian
crossing treatments that may needed to
supplement the crosswalk. Marked
crosswalks alone (i.e., without traffic-
calming treatments, traffic signals and
pedestrian signals when warranted, or other
substantial crossing improvement) are
insufficient and should not be used under
the following conditions:

e Where the speed limit exceeds 40 miles
per hour,

e On a roadway with four or more lanes Raised pedestrian crosswalk with in-street
without a raised median or crossing Sign in Alexandria _
island that has (or will soon have) an Photo Credit: City of Alexandria
Average Daily Traffic count (ADT) of
12,000 or greater, or

e On a roadway with four or more lanes with a raised median or crossing island that has (or
soon will have) an ADT of 15,000 or greater.

11 Zegeer, C. V., J. R. Stewart, H. H. Huang, and P. A. Lagerwey. Safety Effects of Marked Versus Unmarked
Crosswalks, Federal Highway Administration, FHWA-RD-01-075, Feburary 2002.



As the City of Alexandria evaluates uncontrolled crossings in the future, it should use the

decision tree shown on the following page to determine appropriate safety treatments based
on vehicular speeds, volumes, and number of travel lanes.

Evaluating Locations for Uncontrolled Marked Crosswalks

Insufficient need to justify
a marked crosswalk

Decision: is this an
appropriate location for
an uncontrolled marked

crosswalk?

Direct pedestrians to the
nearest marked crosswalk

Yes .
Unsafe location for a
marked crosswalk

See Next Page See Next Page See Next Page See Next Page

Level One Level Two Level Three Level Four

Source: Based on Safety Effects of Marked Versus Unmarked Crosswalks, Federal Highway Administration, 2002

Evaluating Locations for Uncontrolled Marked Crosswalks




Engineering Treatments for Uncontrolled Marked Crosswalks

Level 1: 2 Lane Street

NUMBER OF CARS
(ADT)

Up to 12,000 cars
per day

POSTED SPEED
30 mph or less

High visibility
crosswalk markings

35 mph

High visibility
crosswalk markings

40 mph or more

High visibility
crosswalk markings
plus an engineering
treatment (see
below)

Level 3: 4 or more Lanes with a Raised Median

NUMBER OF CARS P

(ADT)

9,000 cars or fewer
per day

TED SPEED
30 mph or less

High visibility
crosswalk markings

35 mph

High visibility
crosswalk markings

nph or more

High visibility
crosswalk markings
plus an engineering
treatment (see
below)

Pedestrian signal or

High visibility
crosswalk markings
plus an engineering

Pedestrian signal or

High visibility High visibility grade separated High visibility treatment (see grade separated
12,000-15000 crosswalk markings |crosswalk markings |crossing 9,000-12,000 crosswalk markings |below) crossing
High visibility High visibility High visibility

crosswalk markings
plus an engineering

Pedestrian signal or

crosswalk markings
plus an engineering

crosswalk markings
plus an engineering

Pedestrian signal or

15,000 cars or more |High visibility treatment (see grade separated treatment (see treatment (see grade separated
per day crosswalk markings |below) crossing 12,000-15,000 below) below) crossing
Pedestrian signal or |Pedestrian signal or |Pedestrian signal or
grade separated grade separated grade separated
15,000 or more crossing crossing crossing
Level 2: 3 Lane Street Level 4: 4 or more Lanes without a Raised Median
NUMBER OF CARS POSTED SPEED NUMBER OF CARS POSTED SPEED
(ADT) 30 mph or less 35 mph 40 mph or more (ADT) 30 mph or less 35 mph mph or more
High visibility High visibility
crosswalk markings crosswalk markings
plus an engineering plus an engineering |Pedestrian signal or
9,000 cars or fewer |High visibility High visibility treatment (see 9,000 cars or fewer |High visibility treatment (see grade separated

per day

crosswalk markings

crosswalk markings

below)

per day

crosswalk markings

below)

crossing

High visibility
crosswalk markings
plus an engineering

High visibility
crosswalk markings
plus an engineering

High visibility
crosswalk markings
plus an engineering

High visibility
crosswalk markings
plus an engineering

Pedestrian signal or

High visibility treatment (see treatment (see treatment (see treatment (see grade separated
9,000-12,000 crosswalk markings |below) below) 9,000-12,000 below) below) crossing
High visibility High visibility

12,000-15,000

crosswalk markings
plus an engineering
treatment (see
below)

crosswalk markings
plus an engineering
treatment (see
below)

Pedestrian signal or
grade separated
crossing

12,000-15,000

Pedestrian signal or
grade separated
crossing

Pedestrian signal or
grade separated
crossing

Pedestrian signal or
grade separated
crossing

15,000 or more

High visibility
crosswalk markings
plus an engineering
treatment (see
below)

Pedestrian signal or
grade separated
crossing

Pedestrian signal or
grade separated
crossing

15,000 or more

Pedestrian signal or
grade separated
crossing

Pedestrian signal or
grade separated
crossing

Pedestrian signal or
grade separated
crossing

Engineering Treatments
Road Diet (removal of one or more motor vehicle travel lanes)
Median Crossing Islands

Curb Extensions

Advance Stop Lines
In-Roadway Warning Lights

Pedestrian Signals

Grade Separated Crossing (should not be used in conjunction with high visibility crosswalk markings)

Engineering Treatments for
Uncontrolled Marked Crosswalks




Median islands
Median islands (or pedestrian crossing islands) allow pedestrians to cross one direction of
motor vehicle traffic at a time. Studies show that they reduce pedestrian crashes. Median
islands (or raised median strips) should be installed to help improve pedestrian safety and
comfort at a majority of the locations recommended for crossing improvements. They are
likely to be a long-term improvement on roadways where significant geometric changes are
needed to provide enough space for the median island.

T —

Accessible median crossing islands provide a refuge for people crossing the street
Photo Credit: City of Alexandria

Space for median islands can be created by removing existing travel lanes on roadways that
have excess vehicle capacity. Removing travel lanes may involve removing through-travel
lanes or replacing a center-turn lane with raised median islands or a median strip. In some
corridors, removing travel lanes can also create extra roadway space for bicycle lanes. There
are several roadways in Alexandria where lanes could be removed in the long-term as a part
of corridor reconstruction projects. These streets include:

King Street between Quaker Lane and Janney’s Lane

Sanger Avenue between Beauregard Street and Van Dorn Street

Pickett Street between Cameron Station Boulevard and Duke Street

Howard Street between Seminary Road and Braddock Road

West Glebe Road between Martha Custis Drive and South Glebe Road

Braddock Road between High Street and Russell Road

Slaters Lane between Potomac Greens Drive and the George Washington Memorial
Parkway

Removing travel lanes often requires tradeoffs between travel modes within a roadway
corridor. Engineering analysis should be conducted to evaluate the impact of removing travel
lanes on all modes, including transit, motor vehicle, bicycle, and pedestrian transportation
before lanes are removed.



Curb extensions

Curb extensions shorten
pedestrian crossing distance and
increase the visibility of
pedestrians at roadway crossings.
By narrowing the curb-to-curb
width of a roadway, curb
extensions may also help reduce
motor vehicle speeds and improve
pedestrian safety. Curb
extensions are appropriate for
locations that have on-street
parking. They may be
complemented by in-roadway
pedestrian crossing signs, high-
visibility = pedestrian  warning
signs, and improved lighting.
Curb extensions have already
been installed in Alexandria on

King ~Street, Diagonal Street, cyrp extensions reduce pedestrian crossing distance
Mount Vernon Avenue, and Russell Photo Credit: Dan Burden

Road. Space for additional on-

street parking and new curb extensions can also be created by removing travel lanes (see

discussion above).

Curb radius reduction

Wide curb radii allow motorists to make high-speed turning movements. Reducing the curb
radii at the corners of an intersection helps slow turning vehicles, improves sight distance
between pedestrians and motorists, and shortens the crossing distance for pedestrians.

Surrounding land uses and the traffic
composition on the roadway are important to
evaluate when considering this treatment. If a
curb radius is too small, trucks and buses may
drive over the curb and endanger pedestrians.
Several intersections in Alexandria have wide
curb radii that should be reduced. The City
should also look for opportunities to reduce
curb radii as a part of all roadway projects
that involve geometric improvements at
intersections.

Raised pedestrian crossings

Raised pedestrian crossings (raised crosswalks)
provide a continuous route for pedestrians at
the same level as the sidewalk. Approaching
vehicles must slow down to go over raised
crosswalks comfortably. This encourages
motorists to yield and makes crossing the
street safer for pedestrians. Pedestrians are

Bulb outs also force vehicles to slow while
turning and shorten the crossing distance on
Braddock Road.

Photo Credit: City of Alexandria



also positioned slightly higher than the road surface, which makes them more visible to
approaching motorists. Pavement markings on the slope of the raised crosswalk can improve
the visibility of the raised crosswalk to motorists. Raised crossings eliminate the grade
separation between the sidewalk and road surface, making the crossing more comfortable.
However, pedestrians should continue to cross with caution at these locations. This
treatment is appropriate for low-speed locations, such as low-volume neighborhood
residential streets and shopping center parking lots.

Curb ramps

Accessible curb ramps should be provided
at every marked crosswalk in Alexandria.
Two types of curb ramp improvements are
recommended in the City: 1) constructing
new curb ramps at crosswalks where they
do not exist and 2) retrofitting existing
curb ramps to make them comply with
Americans with Disabilities Act (ADA).

All curb ramps in Alexandria must meet the
requirements of the Americans with
Disabilities Act Accessibility Guidelines for
Buildings and Facilities (ADAAG) (the
ADAAG rules are available at
http://www.access-
board.gov/adaag/html/adaag.htm).
Accessible curb ramps will be provided
when roads are resurfaced or
reconstructed. Though it is not
requirement, it is recommended that the
City provide a curb ramp for each
crosswalk extending from a corner rather
than a single curb ramp pointing into the
center of the intersection.

Accessible curb ramps in Alexandria
Photo Credit: Toole Design Group


http://www.access-board.gov/adaag/html/adaag.htm
http://www.access-board.gov/adaag/html/adaag.htm

Traffic Signals

Signalized intersections stop opposing traffic, allowing pedestrians to cross busy roadways. At
most signalized intersections, motor vehicles are still allowed to turn across crosswalks.
Though drivers are required to yield to pedestrians at these locations, pedestrian collisions
occur. Fast-turning traffic also increases pedestrian discomfort at these intersections, so it is
important to make other geometric improvements (such as reducing turning radii or adding
median islands) when signalized intersections are installed or upgraded. Traffic signal
improvements include installing pedestrian countdown signals, providing leading pedestrian
interval phasing, restricting right-turn-on-
red, and installing pedestrian activated
traffic signals.

Pedestrian countdown signal heads

Pedestrian countdown signal heads are
beneficial at intersections with high
pedestrian crossing volumes and/or long
crossing distances because they indicate
the number of seconds remaining for
pedestrians to complete crossing the
street. It is the policy of the City of
Alexandria to provide Accessible
Pedestrian Signals (APS) at such locations
as may be necessary to meet the mobility
needs of persons with disabilities.

APS are traffic signals that provide
information in nonvisual format (such as
audible tones, verbal messages, and/or
vibrating surfaces). The primary purpose
of these signals is to assist pedestrians
with visual disabilities in safely crossing
streets at complex locations. Pedestrians
who have visual disabilities typically
initiate their crossing at signalized
intersections when they hear the vehicular
traffic in front of them stop and the traffic
alongside of them begin to move.

Factors that limit accessibility for EXxisting Accessible Pedestrian Signal in
pedestrians with visual disabilities include: Alexandria

wide streets, intersections with complex Photo Credit: Toole Design Group

geometry, roundabouts or traffic circles,

right-turn-on-red (which masks the beginning of the through phase), continuous right-turn
movements, complex signal phasing, traffic-actuated signals, exclusive pedestrian phasing
where all vehicular traffic is stopped and pedestrians are allowed to cross diagonally, and
increasingly quiet cars. Further, periods of low traffic volume make it difficult for
pedestrians who have visual disabilities to discern signal phase changes.



APS’s provide audible and/or vibrotactile information to help pedestrians with visual
disabilities identify when the “WALK” phase occurs. The push buttons should be placed in
convenient locations. Pedestrian actuation should be avoided when pedestrian crossings are
frequent. Instead, locations with frequent pedestrian crossings should have an automatic
walk cycle in order to reduce pedestrian delay. The City has installed accessible pedestrian
signals throughout Alexandria.

Leading pedestrian interval

At signalized intersections
with high pedestrian crossing
volumes, the signals can be
programmed to allow
pedestrians to begin crossing 2
to 4 seconds before the
vehicle traffic on the parallel
street is given a green light.
This low-cost treatment gives
pedestrians enough time to
cross to the middle of the
street so that turning vehicles
can see them, be aware of
them, and vyield to them
before they receive a green
light. It is also possible to use
the LPI only during certain
times of the day, such as

between 7 a.m. and 7 p.m.,
whenever the highest numbers
of pedestrians are typically
present. A study of a three-
second leading pedestrian interval (LPI) found that the LPI decreased conflicts between
turning motor vehicles and increased the percentage of motorists that yielded to pedestrians
in the crosswalk™.

A leading pedestrian interval allows pedestrians to begin
crossing before the vehicle traffic on the parallel street is
given a green light. Photo Credit: City of Alexandria

Traffic signals with LPlI have a longer all red phase, which may tempt drivers to take
advantage of the extra time and run red lights. This type of behavior should be prevented
through education and strict enforcement. Leading pedestrian intervals are being used at the
intersections of Route 1 and East Glebe Road; Mount Vernon and East Monroe; and King Street
and Diagonal Street.

2 yan Houten, R., R. A. Retting, C. M. Farmer, J. Van Houten, and J. E. L. Malenfant. “Field Evaluation of a
Leading Pedestrian Interval Signal Phase at Three Urban Intersections,” Transportation Research Record 1734,
2000.



Right-Turn-On-Red restriction

Motorists are required by law to stop at red lights before making a permissive right-turn-on-
red. Though the City of Alexandria currently uses two signs that state,

“TURNING TRAFFIC MUST YIELD TO PEDESTRIANS” and “NO TURN ON RED WHEN PEDESTRIANS
ARE PRESENT”, motorists often roll through the stop (especially at intersections with wide
turning radii) and focus only on the traffic approaching from their left. This may prevent
them from seeing
pedestrians
crossing from their
right. In addition,
drivers often pull
into the crosswalk
to wait for a gap in
traffic, blocking
the path of
pedestrians and
putting them at
risk of being struck
by the vehicle®.

To address this
problem, the City
often requires
drivers to wait for
the green light to
turn right at
intersections with
high pedestrian
volumes. “NO
RIGHT TURN ON No Turn on Red When Pedestrians are Present signs provide a clear

RED” signs provide message to drivers in locations with high pedestrian volumes.

a clearer message Photo Credit: Toole Design Group

to drivers in

locations with high pedestrian volumes. The existing signs can be kept to continue reminding
drivers of their responsibility to yield to pedestrians when turning during a green light phase.
It may be desirable for the City to test the right turn restriction at three to five intersections
for 3 to 6 months and evaluate its impacts on all travel modes. The City could also
experiment with applying the restriction only during certain times of day with more
pedestrian activity, such as 7 a.m. to 7 p.m.

13 Zegeer, C.V., Seiderman, C., Lagerwey, P., Cynecki, M., Ronkin, M. and Schneider, R. Pedestrian Facilities Users
Guide: Providing Safety and Mobility, Federal Highway Administration, FHWA-RD-01-102, March 2002.



Pedestrian-activated traffic signal (mid-block)

At busy mid-block pedestrian crossings, pedestrian-activated traffic signals should be
considered for regulating vehicular traffic. Extensive guidance and standards for pedestrian
signal warrants are provided in the MUTCD (Section 4C). These signals are appropriate in
locations with heavy pedestrian crossing activity and police-reported crashes. The City should
conduct a detailed review of each intersection recommended for this type of traffic signal.

A new High-Intensity Activated Crosswalk (HAWK) Signal is being implemented on Van Dorn

Street, and will be
considered in other
locations in
Alexandria. These
signals allow the
traffic light to stay
green for roadway
traffic until a
pedestrian pushes
the button. When
the button is pushed,
the traffic light turns
to yellow and red
like a typical traffic
signal. When traffic
receives the red
light, the pedestrian
signal provides the
WALK indication to
the pedestrian.
After the pedestrian
begins to cross and
the flashing DON’T
WALK indication
starts, drivers are
given a flashing red

HAWK signals allow the traffic light to stay green for roadway traffic
until a pedestrian pushes the button.
Photo Credit: Toole Design Group

signal that allows the drivers to proceed as soon as the pedestrian clears the crosswalk and
conditions are safe. In locations where the HAWK signal is used, the City is conducting studies
of driver expectations and educational campaigns to help motorists and pedestrians
understand how they should behave at this type of signal.



Signs

Driver awareness of pedestrians at crossings can be enhanced by pedestrian warning signs and
by clear sight lines to pedestrians in and approaching crosswalks. Crosswalks can be
enhanced by new high-visibility pedestrian warning signs and in-roadway pedestrian crossing
warning signs. Sight-distance improvements for pedestrians should also be made as a part of
all roadway reconstruction projects. These treatments are described below.

High-visibility pedestrian warning signs
High-visibility pedestrian warning signs are recommended at several important pedestrian
crossing locations in Alexandria. These signs can
increase driver awareness of pedestrians, especially
in areas where pedestrians may not be expected. A
fluorescent yellow/green color is approved in the
national Manual on Uniform Traffic Control Devices
and can be used on these signs (the W11-2
Pedestrian Crossing Sign). According to the MUTCD,
these signs “should only be used at locations where
the crossing activity is unexpected or at locations
not readily apparent.” These signs will be most
effective when combined with other treatments,
such as marked crosswalks, curb extensions, median
islands, etc. Flashing lights can also be used, in
appropriate situations, to grab the attention of
drivers. The City can also experiment with using
pedestrian and bicycle crossing warning signs at
shared-use path crossings. Signs should be used
judiciously—too many signs can cause visual clutter
and lead to non-compliance.

WIFHIN
CROSSWALK

High-visibility pedestrian warning
signs can increase driver
awareness of pedestrians,
especially in areas where
pedestrians may not be expected.
Photo Credit: City of Alexandria.



In-roadway pedestrian crossing
warning signs

In-roadway pedestrian crossing signs
are bright yellow signs placed in the
middle of the road at marked
crosswalks***>'1°.  These signs are
included in Section 2B.12 of the
Manual on Uniform Traffic Control
Devices (MUTCD). They remind
drivers of their responsibility to yield
to pedestrians in the crosswalk by
stating, “STATE LAW-—YIELD TO
PEDESTRIANS IN CROSSWALK.” These
signs are already being used at
pedestrian crossings on Mount Vernon
Avenue, Diagonal Road and Martha

Custis Drive in Alexandria. In- ) o )
roadway pedestrian crossing signs In-roadway pedestrian crossing signs are bright yellow

may also be more effective when Signs placed in the middle of the road at marked

such as high-visibility crosswalks and curb extensions. In-roadway pedestrian crossing signs
should not be used at signalized intersections (per MUTCD).

Sight-distance improvements

Sight-distance obstructions can increase the risk of pedestrians being struck by vehicles at
roadway crossings.  Several of the locations recommended for pedestrian crossing
improvements in Alexandria have landscaping, light poles, bus stop shelters, and other
features obstructing the line of sight between drivers and pedestrians. While these features
can make a street more attractive and serve other valuable functions, they should be placed
in locations that do not obscure drivers’ views of pedestrians.

The City should evaluate sight-distance obstructions as a part of all roadway projects. It
should make physical changes to address them, as appropriate.

14 City of Madison, Wisconsin Department of Transportation, Traffic Engineering Division, “Year 2 Field Evaluation
of Experimental ‘In-Street’ Yield to Pedestrian Signs,” Submitted to FHWA 1999.

BHF Huang, C.V. Zegeer, R. Nassi, and B. Fairfax. “The Effects of Innovative Pedestrian Signs at Unsignalized
Locations: A Tale of Three Treatments,” FHWA, FHWA-RD-00-098, 2001, available online at:

www. tfhrc.gov/safety/pedbike/pubs/00-098. pdf

18 Ercolano, J. “Pedestrian Crossing Devices,” Case Study #28 in PEDSAFE: Pedestrian Safety Guide and
Countermeasure Selection System, FHWA, FHWA-SA-04-003, September 2004.



Lighting

Improving roadway lighting, especially at pedestrian crossings, has been shown to reduce
nighttime pedestrian crashes. Pedestrians are adversely affected by low-light conditions:
two-thirds of pedestrian fatalities occur between dusk and dawn. Roadway lighting should
illuminate all pedestrian crosswalks
(standard street lamps should be
provided at each end of the crosswalk).
Street lights placed on high poles that
only illuminate part of an intersection
are not adequate. Pedestrian lighting
should also be provided along sidewalk
segments, especially when there are
dark areas on long blocks between
intersection lights. Better lighting will
also help improve the personal security
of pedestrians walking in Alexandria at
night. Pedestrian lighting should be
designed in accordance with the City of
Alexandria lighting specifications and
be included as a part of all development Existing in-pavement lighting near the Braddock
Road Metro. Photo Credit: Dan Burden

Preferred pedestrian-scale lighting is characterized by shorter light poles (i.e. 16-foot tall
posts), lower levels of illumination (except at crossings), shorter spacing between lamp posts,
and lamps that produce a better color definition and “white light” to areas with higher
pedestrian volumes.

Transit Access Improvements

Pedestrian safety and access is vital to the success of bus and rail transit in Alexandria. To
access a transit stop or station,
most people travel at least a
short distance by foot,
wheelchair, or other assistive
device. Adequate sidewalks,
pathways, and roadway crossing
treatments in the area around
transit access points are critical
for the safety and convenience of
transit customers.

Sidewalk connections to bus stops
roadway crossing improvements
near transit stops and stations are
included in the recommendations
discussed above. This section
describes concrete pad, bench,
shelter and lighting facility

Concrete pads, benches, shelters and lighting improve
safety and convenience of transit customers.
Photo Credit: Toole Design Group



improvements for transit stops.

Concrete Pads

A level landing area of at least eight feet in length and five feet in depth must be provided at
all bus stops to meet ADA accessibility requirements. Many bus stops in the City have landing
areas, but there are several that need new pads installed. When these pads are installed,
they should include an accessible connection to the sidewalk system.

Benches and Shelters

Benches and shelters should be provided at appropriate bus stop locations to make it more
comfortable for pedestrians to wait for the bus. New benches and shelters are recommended
at bus stops that are currently used by a large number of pedestrians or have the potential to
serve many pedestrians in the future. DASH and Metro bus boarding data were used to select
high-use bus stops for bench and shelter improvements.

Transit Stop Lighting

Lighting should be improved transit stops and stations to increase the comfort and security of
customers waiting for the bus or train. Lighting should be evaluated by the City and DASH
and improved, where needed. This evaluation should focus on transit stops and stations that
have high levels of use or have problems with crime.

Shared-Use Pedestrian and Bicycle Facility Types

Several types of recommended
pedestrian facilities are shared with
bicyclists, in-line skaters, and other non-
motorized users. These shared-use path,
sidepath, and grade separation facilities
are described below.

It will be critical for the City to retrofit
and design new shared-use paths,
sidepaths, and grade-separated facilities
so that conflicts between pedestrians
and Dbicyclists and other users are
minimized. The city should apply the
FHWA Shared Use Path Level of Service

methodology’ to congested shared-use  Mount Vernon Trail near Daingerfield Island.

path segments to identify sections that  photo Credit: James Trowbridge.
are congested and should be widened.

Special attention should be given to trail sections with high use by both pedestrians and
bicyclists, since these two types of trail users have different speeds and characteristics.

Specific shared facilities recommended in Alexandria include new shared-use paths,
sidepaths, and grade-separated facilities.

¥ The FHWA Shared Use Path Level of Service methodology determines the level of comfort on a trail from a
bicyclist’s perspective. The model uses trail width, total number of users, and percentage of different user types
to estimate the amount of delay that bicyclists will experience in passing other trail users.



Shared-Use Paths
Shared-use paths (also referred to as multi-use trails) are an important component of
Alexandria’s pedestrian and bicycle transportation system. Shared-use paths are usually
paved and should be a minimum of 10-feet wide. Minimum width may be reduced to eight
feet where physical or right-of-way
constraints are severe. Path widths of
12, 14, and even 16 feet are
appropriate in high-use urban
situations and areas with a significant
mix of pedestrian and bicycle traffic.

Alexandria also has several unpaved
shared-use paths. These paths provide
excellent places for walkers, hikers,
runners, and mountain bicyclists to
explore. It is important for the City to
maintain sufficient width and surface
guality on these pathways.

Existing conditions of shared-use paths

in Alexandria, including surface type, .
surface condition, width, and Shared Used Path at Ben Brenman Park in

maintenance needs (e.g., overgrown Aléxandria. Photo Credit: City of Alexandria

bushes, drainage problems, fallen
trees, surface defects, etc.) were evaluated in the field.

Sidepaths
Sidepaths are wide sidewalks that are intended for shared pedestrian and bicycle use.

Ideally, sidepaths are provided on both sides of the roadway and bicyclists use the paths as
one-way facilities (traveling in the same direction as adjacent motor vehicle traffic). Due to
right-of-way and budget constraints, sidepaths are often provided only on one side of the
roadway. These facilities are only used in a few locations, sidepaths should be designed to
reduce conflicts between pedestrians and bicyclists. Sidepaths can function well if some of
the following key design features can be achieved:

o Sufficient width is available to build a facility with at least a five-foot buffer between
the outside travel lane and edge of pathway (a 42-inch vertical barrier also
acceptable).

e The path can be located in an area where conflicts with crossing roadways and
driveways (which may or may not be signalized) can be minimized. Paths work
particularly well where they are parallel to expressways and railroad rights-of-way
because they are limited access in nature. However, paths parallel to expressways
must be designed carefully - grade separation is preferred at freeway interchanges.

e Crossings of free flow ramps can be avoided, minimized, or made sufficiently safe.

e Conflicts between pedestrians and bicyclists are minimized by having adequate width,
clear space at the side of the path, and sight distance at locations where pedestrians
cross or enter the facility.



Overpasses and Underpasses
Overpasses and
underpasses separate
pedestrian and bicycle
traffic from motor
vehicle traffic, allowing
pedestrians and
bicyclists to cross busy
streets without potential
conflicts. Because they
are expensive to
construct, they should
be reserved for locations
where there is a high
demand for pedestrian
and bicycle crossings and
the danger of crossing
the roadway is high (the
bridge over [-395
between Alexandria and
Shirlington at Gunston
Road is a good example).

Ideally, overpasses and  Qverpasses and underpasses separate pedestrian and bicycle
underpasses should take  traffic from motor vehicle traffic such as this one over 1-395 from
advantage =~ of  the Alexandria to Shirlington. Photo Credit: Toole Design Group
topography at a site—

grade separations are less expensive to construct and more likely to be used if they can help
pedestrians and bicyclists avoid going up and down slopes, ramps, and steps. If overpass
ramps add significant distance to the route of a pedestrian or bicyclist, they are less likely to
use the facility, and they may choose to risk crossing at grade. Adequate width (for users to
pass each other comfortably), lighting, and surveillance should also be provided to increase
security of these crossings.

Roadways Designated for Non-Motorized Use

There are several roadways in Alexandria, for example Union Street and King Street, which
have very high levels of pedestrian and bicycle activity, especially on weekends and during
the summer. These roadways are open to motor vehicle traffic at all times. This can cause
potential conflicts between motorized and non-motorized users. The City has in the past
closed portions of roadways to motorized traffic at certain times that regularly experience
high pedestrian and bicycle use. For example the City has previously closed King Street from
Fairfax Street to Union Street to motor vehicles on weekends.

The City may wish to consider limiting access to motor vehicles on streets with high
pedestrian and bicycle activity. As it explores this possibility, it will be essential to gather
input from local residents and businesses. Impacts on traffic flow and parking should be
evaluated. In order to allow access to businesses and homes, it may be possible to close
streets to through motor vehicle traffic, but still allow cars and trucks to park on the closed
streets. Parking permits for local employees and residents could be considered as a part of
this solution. Union Street is an example of a street where motor vehicle access could



potentially be limited, but not eliminated entirely, to improve pedestrian and bicycle
mobility.

Bicycle Facility Types

This plan presents recommendations for more than 60 miles of bikeways to connect activity
destinations throughout the City of Alexandria. These bikeways will also connect to the
bicycle systems in Fairfax and Arlington Counties and across the Woodrow Wilson Bridge into
Maryland. The Bicycle Facility Network includes locations throughout the City where specific
improvements have either already been made or are proposed in the future to accommodate
bicycles. Almost all Bicycle Facility Network segments will have some type of visible cue (i.e.
a bike lane, a bike route sign, a pavement marking, a trail, etc.) to indicate that special
accommodations have been made for bicyclists. While the network will provide primary
routes for bicycling, it is important to note that, by law, bicyclists are permitted to use all
roadways in Alexandria (except limited access freeways or where bicycles are otherwise
prohibited). Therefore, the Bicycle Facility Network will serve as a core system of major
routes that can be used to safely access all parts of the City and other parts of the
transportation system. The completed Bicycle Facility Network will connect all parts of the
city.

The Bicycle Facility Network includes the following types of improvements:

Facilities for network segments:
e Bicycle lanes

Climbing lanes

Shared lane markings

Shared-use paths

Bicycle boulevards

Shared roadways

Bridge facilities

Facilities for roadway crossings:
e Signalized intersections (adding traffic signals)
Pedestrian crosswalk signals (with appropriate elements to facilitate bicycle crossings)
Bicycle boxes
Curb extensions
Median crossing islands
Overpasses and underpasses
Warning signs

Portions of the Bicycle Facility Network identified as “early action” are recommended to be
implemented in the next three years. Other segments of the network will require a longer
period to implement due to their higher complexity.

A Network to Meet the Needs of Different Types of Bicyclists

The recommended Bicycle Facility Network includes a variety of facility improvements that
respond to the many different issues faced by bicyclists. Some parts of the Network are
located along independent corridors that are separated from roadways. Other parts of the
network will require motorists and bicyclists to coexist in the same right-of-way. Even among



“on-road” bikeways, there are a variety of different design treatments that will be used,
depending on whether the roadway is a quiet neighborhood street versus a busy arterial
street.

There are important reasons for providing a mix of bicycle facility types:

o Alexandria is a built environment with a finite number of corridors that can
accommodate shared-use paths. Consequently, bicyclists need access to the roadway
system in order to create an interconnected system and to be able to reach all desired
destinations.

o Different types of bicycle facilities are appropriate in different situations, depending
on surrounding land use characteristics, available right-of-way space, traffic volume,
traffic speed and composition, on-street parking, roadway grade, etc.

e Depending upon an individual bicyclist’s level of experience, some types of bikeways
are preferred over others. For example, new bicyclists tend to prefer off-road shared-
use paths and quiet neighborhood streets. More experienced bicyclists usually prefer
on-road bicycle facilities such as bike lanes, wide curb lanes, paved shoulders, etc.
Sometimes, more experienced bicyclists avoid using trails because they are crowded
with other users.

For these reasons, the Bicycle Facility Network is composed of a variety of different facility
types that can realistically be implemented and will appeal to bicyclists with varying levels of
experience.

Facilities for Network Segments

The Bicycle Facility Network includes a variety of on- and off-road bicycle facilities. On-road

bicycle facilities serve several purposes, including designating roadway space for bicyclists,

channelizing motor vehicles and bicyclists, making bicyclist movements more predictable,

indicating the proper direction for bicyclists to travel on the roadway, and indicating the

optimal location on the street for riding at mid-block locations and when approaching

intersections. Off-road bicycle facilities, including multi-purpose trails, provide a space for

bicyclists to be physically separated from roadway traffic. The specific type of facility that is

recommended on each segment of the network depends on a wide range of factors, including:
e Surrounding land uses and connectivity to destinations

Existing right-of-way space

Number of travel lanes

Travel lane width

Traffic volume

Traffic speed

Traffic composition (presence of buses and large trucks)

Presence of on-street parking

Pedestrian activity

Bicycle facilities recommended for on-road and off-road segments in the Bicycle Facility
Network are described below. These facilities should be designed according to the standards
in the AASHTO Guide for the Development of Bicycle Facilities™.

18 American Association of State Highway and Transportation Officials. Guide for the Development of Bicycle
Facilities, 1999.



On-Road Bicycle Facilities

The Recommended On-Road Bicycle Facilities Map shows specific locations where bicycle
lanes, climbing lanes, shared lane markings, wide outside lanes, paved shoulders should be
installed in the Bicycle Facility Network (see Figure R12). The individual facility components
of the Bicycle Facility Network are described below.

Bicycle Lanes

A bicycle lane is a portion of the roadway that has been designated by striping, signing®®,

and/or pavement markings for
the preferential use of bicyclists.
The minimum width for a bicycle
lane next to parked cars is five
feet (four feet if next to a curb).
Bicycle lanes include a bicycle
pavement marking with an arrow
to indicate that bicyclists should
ride in the same direction as
adjacent motor vehicle traffic.
These facilities are recommended
for collectors and arterial
roadways in Alexandria. Bicycle
lanes can provide the following
benefits:
o Increase the comfort of
bicyclists on roadways
e Increase the amount of
lateral separation between
motor vehicles and
bicycles
e Indicate the appropriate
location to ride on the

A bicycle lane is a portion of the roadway that has
been designated for the preferential use of
bicyclists. Photo Credit: City of Alexandria

roadway with respect to moving traffic and parked cars, both at mid-block locations

and approaching intersections

¢ Increase the capacity of roadways that carry mixed bicycle and motor vehicle traffic
e Increase predictability of bicyclist and motorist movements
e Increase drivers’ awareness of bicyclists while driving and when opening doors from an

on-street parking space

When on-street parking exists, bicycle lanes should be designed so that bicyclists are
encouraged to ride far enough away from parked cars so that they are not at risk of being
struck by opening doors. Further, bicycle lanes should not be placed between parked cars
and the curb, for the following reasons:
e Motor vehicles entering the arterial roadway from a side street must cross through
bicycle traffic to view arterial roadway traffic around the parked cars. This takes
driver attention away from bicyclists and blocks bicyclists.

® The National Committee on Uniform Traffic Control Devices (NCUTCD) voted unanimously, at the January 20",
2006 committee meeting, to allow jurisdictions the flexibility to designate bicycle lanes without bicycle lane signs
(R3-17) - striping will be sufficient to designate bicycle lanes.



e Drivers of motor vehicles crossing or turning from or to the road with bicycle lanes are
primarily focused on motor vehicle traffic on the roadway. Bicyclists in the bike lanes
are not in their primary line of sight.

e To make a left turn, bicyclists must merge into the travel lanes from behind a line of
parked cars, creating a situation with poor sight lines between motorists and
bicyclists. If parking is fully-utilized, this may not even be possible.

e Motor vehicle passengers are not accustomed to looking for bicyclists when they open
their doors on the right side of the vehicle.

o |f the facility is a two-way bicycle pathway, bicyclists are encouraged to ride in the
opposite direction of adjacent motor vehicle traffic, making them vulnerable to motor
vehicle drivers who only look to their left when turning right from a side street.

¢ Roadway space is not used efficiently. Roadways with on-street parking require some
space for car doors to open safely. When one line of cars is moved away from the curb
to make room for the bicycle facility, several feet of shy distance (e.g., lateral space)
are needed on both sides of that line of parked cars, rather than just on the drivers’
side. Overall, more roadway space is needed for car doors to open, so less space can
be used for other purposes.

Shared Lane Markings
Shared lane markings or “sharrows” are bicycle symbols that are placed within a vehicular
travel lane of the roadway. Unlike bicycle lanes, they do not designate a particular part of
the roadway for the use of bicyclists. The bicycle symbols used in shared lane markings
include chevrons pointing in the direction of motor vehicle traffic to indicate that bicyclists
should also ride in this direction. Shared lane markings have the following benefits:
e Provide a visible cue to bicyclists and motorists that bicycles are expected and
welcomed on the roadway

e Indicate the most appropriate V\.éfl —= / j
location to ride on the roadway i‘ i _l_ l 5
with respect to moving traffic L -
and parked cars i >

e Can be used on roadways where =t
there is not enough space for i = i\
standard width bicycle lanes = : v

e Connect gaps between other [ o,
bicycle facilities, such as a [
narrow section of roadway
between road segments with
bicycle lanes

Shared lane markings will be used most

commonly on collectors and some

arterial roadways. Shared lane markings are bicycle symbols that
are placed within a vehicular travel lane of the
roadway. Photo credit: City of Alexandria.



SHARED LANE SYMBOL
ADJACENT TO CURB BHARED LANE SYMBOL

{NO PARKING) ADJACENT TO PARKING

Shared lane markings indicate the most appropriate
location to ride on the roadway with respect to
moving traffic and parked cars.

Shared lane markings indicate
the most appropriate location to
ride on the roadway with respect
to moving traffic and parked
cars.

Climbing Lanes

Climbing lanes are a hybrid bicycle
facility that includes a five-foot bicycle
lane on one side of the roadway
(typically in the uphill direction) and a
shared lane marking on the other side
of the roadway. This allows slower-
moving, uphill bicyclists to have a
designated bicycle lane space and
allows motor vehicles to pass more
easily. It also allows faster-moving,
downhill bicyclists to have a shared-
lane marking, which alerts motorists to
expect faster-moving bicyclists in the
travel lane, further from parked cars.
The bicycle lane and shared lane
markings also indicate the proper
direction for bicyclists to travel on
either side of the street. This type of
facility is particularly applicable in
Alexandria in locations with steep
grades.




Bicycle Boulevards

Bicycle boulevards are non-
arterial  streets that are
designed to allow bicyclists to
travel at a consistent,
comfortable speed along low-
traffic roadways and to cross
arterials  conveniently  and
safely.  This is achieved by
introducing treatments that
allow bicyclists to travel along
the bicycle boulevard with
minimal stopping while
discouraging motor  vehicle
traffic.  Traffic calming and
traffic management treatments
such as traffic circles, chicanes,
and diverters are used to
discourage motor vehicles from
speeding and using the bicycle
boulevard as a cut-through.
Quick-response traffic signals,
median islands, or other
crossing treatments are
provided to facilitate bicycle crossings of arterial roadways.

Bicycle boulevards allow bicyclists to travel along
the road with minimal stopping while discouraging
motor vehicle traffic.

Photo Credit: Toole Design Group

The city should look to other jurisdictions for examples of bicycle boulevard marking and
signing. There is currently no national consensus or best practice for identifying bicycle
boulevards. Some jurisdictions utilize signs only, markings only, or a combination of each. It
is recommended that a prototype design be developed and evaluated along a two- to three-
block section of roadway in Alexandria.

Shared Roadways

Shared roadways are regular streets without any designated bicycle facilities. Many local
streets with low traffic volumes and low speeds are already good places for bicyclists to ride
because they are quiet streets. Roadway striping and markings are not necessary to make
these streets comfortable for most bicyclists to use.

Wide QOutside Lanes

Wide outside travel lanes are typically designed to be 13- to 15-feet wide. This width allows
most motor vehicles to pass cyclists within the travel lane, which is not possible in more
typical 10- to 12-foot wide travel lanes. Wide outside travel lanes on arterial roadways are
generally acceptable for experienced cyclists, but less-experienced bicyclists may not feel
comfortable on this type of facility. These travel lanes do not provide the benefit of having a
striped area that is exclusively for the use of bicyclists, a feature that bicyclists with all levels
of riding experience have reported as desirable?®®. Wide outside lanes also do not have

2 | andis, Bruce W. et.al. “Real-Time Human Perceptions: Toward a Bicycle Level of Service” Transportation
Research Record 1578, Transportation Research Board, Washington, DC 1997.



markings to indicate where bicyclists should be positioned when passing through an
intersection with a right-turn lane.

Bus/Bike Only Roadways

As Alexandria develops its transit system over the next 10 years, there may be some roadways
that are designated for buses only (possibly during peak travel times). If bus-only roadways
are planned, the City should work with transit agencies to ensure that the roads are also open
to bicycles. It is preferable to
have wide outside lanes on these
roadways to create safe bus and
bicycle passing opportunities.

Shared Bus/Bike Lanes

Exclusive bus lanes are likely to
be added to City roadways as Bus
Rapid Transit corridors are
developed. In  appropriate
locations, these lanes can create
car- and truck-free space for both
transit vehicles and bicycles. If
bus/bike-only lanes are
developed, it is desirable for the
lanes to be wide enough for buses
and bicyclists to pass each other
comfortably in the lane. The
locations and design of shared
bus/bike-only lanes will need to
be evaluated on a case-by-case
basis.

If bus-only roadways are planned, the City should
work with transit agencies to ensure that the roads
are also open to bicycles.

Photo Credit: Toole Design Group

Off-Road Bicycle Facilities

Shared-use paths, sidepaths, and grade-separated facilities are all important components of
the recommended Bicycle Facility Network. Detailed descriptions and recommended
locations for these facilities are included in the Pedestrian Facility Recommendations section
above. Additional descriptions of their application for bicycle transportation are provided
below. All of these facilities require bicyclists to share space with pedestrians. Bicyclists
must use caution when riding near pedestrians on these facilities, including yielding the right-
of-way to pedestrians, giving pedestrians sufficient space when passing, providing audible
warnings to pedestrians before passing.

Shared-Use Paths

Shared-use paths can provide a high-quality bicycling experience because they are separated
from motor vehicle traffic and often provide access through parks and adjacent to water
bodies. They should be designed with adequate width to accommodate existing and future
levels of pedestrian and bicycle traffic safely.




Sidepaths
Sidepaths are essentially shared-use paths that are located on the side of a roadway. Ideally,

sidepaths are provided on both sides of a roadway and bicyclists use them as one-way
facilities (traveling in the same direction as adjacent motor vehicle traffic on the roadway).
However, sidepaths L

are often located
only on one side of a
road and are
intended to provide
two-way bicycle and
pedestrian travel.
Sometimes this type
of facility is the only
option in a narrow
roadway corridor.
Special attention will
be required in the
design process to
improve bicycle
safety on sidepaths,

since these facilities i . :
can create potential Sidepaths are wide sidewalks that are intended for shared

conflicts with  Pedestrian and bicycle use.
and driveway
crossings.

Overpasses and Underpasses

Overpasses and underpasses can provide important linkages to increase the connectivity of
the Bicycle Facility Network in the future. In addition to allowing bicyclists to cross busy
streets without potential conflicts, they can help avoid long and sometimes hilly detour
routes around railroad and highway corridors.

Roadways Designated for Non-Motorized Use

Limiting motor vehicles access on certain roadways could potentially improve bicycle
conditions in the City. Bicyclists would still need to use caution near pedestrians and at
roadway intersections. For example, limiting motor vehicle access on Union Street could
potentially improve access to the Mount Vernon Trail through Alexandria. This would be likely
to increase the trail’s popularity in the region. This City could consider making Union Street a
priority street for pedestrians and bicyclists by allowing local motor vehicle traffic, while
discouraging through traffic.




Use of Sidewalks for Bicycling

While bicycling on sidewalks is allowed in the City of
Alexandria, bicyclists should use extreme caution on
these facilities. They should not travel faster than
the design speed of the sidewalk (which is often the
speed of a typical jogger). Bicyclists should always
yield to pedestrians, ride very -cautiously near
pedestrians, and use audible cues to alert pedestrians
of their presence on sidewalks. Bicyclists should ride
in the same direction as adjacent motor vehicle
traffic and be aware of potential conflicts with motor
vehicles at intersections.  However, sidewalks may
be useful for bicycling for a number of reasons:

e Bicycle access is needed but bicycle volumes
and/or pedestrian volumes are expected to be
low.

e Right-of-way is constrained or there are traffic  BICYclists should use extreme
safety concerns (high speeds, high volumes, caution —when  Dbicycling on
lots of trucks)—a sidewalk may be the best Sidewalks. Photo Credit: Toole
option in this type of location for many Design Group
bicyclists, especially if they are traveling up a
steep hill.

Sidewalks that are expected to be used by bicyclists should be designed to accommodate
separated, one-way bicycling on each side of the road so that bicyclists can safely and easily
transition to and from the road at each end of the segment. Sidewalk bike routes should not
result in bicyclists riding opposed to motor vehicle traffic when they re-enter the street. In
addition, sidewalks that are expected to serve bicycle travel should be a minimum width of
six feet for one-way bicycle travel and a minimum of eight feet if two-way bicycle travel is
likely.

Further Study Required

There are several roadways in the Bicycle Facility Network that have poor conditions for
bicycling, but do not have straightforward opportunities to include bicycle facilities by
striping narrower lanes, removing lanes, adding shoulders, or making other physical
improvements due to right-of-way constraints and traffic volumes. Some of these roadways
represent critical connections between major destinations in the Bicycle Facility Network. In
order to make recommendations on how to improve these roadways for bicyclists, the city
will need to conduct additional, detailed studies that are beyond the scope of this plan.

Transitions Between Different Bicycle Facility Types

Due to existing roadway conditions, surrounding land uses, available right-of-way, and other
characteristics, it is often necessary to use different bicycle facilities to provide bicycle
access within the same bikeway corridor. It is important for the city of Alexandria to provide
transitions between different facilities. These transitions can be made safer and more
understandable for bicyclists and motorists with appropriate treatments, such as spot
directional signs, warning signs, pavement markings, curb cuts, etc. An example of a
transition treatment could be shared lane markings and appropriate warning signs on a facility



where a bicycle lane ends and the roadway continues. Transitions should be provided as a
part of the bicycle facility design process.

Facilities for Bicycle Roadway Crossings

Roadway crossings are critical to the safety and continuity of the Bicycle Facility Network.
Alexandria has a number of multi-lane streets that carry high-speed, high-volume traffic, such
as Duke Street, Van Dorn Street, King Street, and Jefferson Davis Highway. Many other
arterial streets are also challenging to cross, particularly during peak travel periods. In order
to make it possible for bicyclists to travel throughout the City, there must be safe places to
cross these major streets. The section below describes the types of treatments that are
recommended to help bicyclists cross these roadways. Selection of the appropriate roadway
crossing treatment depends on a number of factors:

e Roadway width
Motor vehicle traffic volumes
Motor vehicle speed
Sight-distance
On-street parking
Presence of traffic signals at the intersection or at nearby intersections
Presence of a signed bicycle route or bicycle boulevard

An appropriate combination of physical improvements should be recommended for each
crossing location in the Bicycle Facility Network. These crossing improvements include traffic
signals, geometric improvements, signs, and markings. Many of the crossing improvements
that serve pedestrians will also benefit bicyclists. Therefore, many of the roadway crossing
facility improvements for bicyclists are described in the Pedestrian Facility Recommendatlons
section above. This section focuses on
crossing facilities that are more specific to
bicyclists.

Specific types of recommended crossing
improvements for bicyclists include bicycle
boxes at intersections, bicycle lane pockets
at intersections, bicycle-oriented traffic
signal timing, and automatic bicycle
detection at signalized intersections. These
facilities are described below.

Bike Box at Intersection

Bike boxes are installed to allow bicyclists to
move in front of cars waiting at an . .
intersection to increase their visibility and Bike boxes are installed to allow
reduce conflicts with turning vehicles. They Picyclists to move in front of cars
are typically used at intersections where waiting at_an intersection. Photo Credit:
bicyclists need to turn left and/or many 1oole Design Group

vehicles turn right. During a red signal

phase, bicyclists are able to better position themselves for a left turn by moving left across
the bike box.




Through bicycle lane on intersection approach

When adequate width is available at intersections with right-turn lanes, a bicycle lane should
be provided to the left side of the right-turn lane. It is beneficial to have this designated
lane for bicyclists to show them the appropriate positioning for traveling straight through the
intersection and to remind right-turning drivers that they should yield to through-bicyclists
before entering the right-turn lane. Bicycle lane pockets can be provided at intersections
even when a street does not have continuous bicycle lanes. In some cases, bicycle lanes are
dropped to provide dedicated turning lanes. Clear markings and/or signage should be
provided prior to the turn lane to indicate appropriate merging behavior to bicyclists and
drivers.

Left-turn bicycle lane pocket on intersection approach

Left-turn bicycle lane pockets are either provided as the only lane where legal left-turns are
permitted or on the right side of a motor vehicle left-turn lane. At unsignalized intersection
approaches, left-turn pockets can be provided to allow bicyclists to wait in a designated
space for a gap in traffic before turning left. These pockets are particularly beneficial on
roadways with relatively high traffic volumes and
significant bicycle turning movements. Locations
with raised medians provide good opportunities to
add these pockets. At signalized intersection
approaches, left-turn bicycle lane pockets can be
also be added, where appropriate.

Bicycle-oriented traffic signal timing

Traffic signal timing should consider all modes
including bicycling. Therefore, all traffic signals
should facilitate safe bicycle crossings.  This
includes providing a minimum green time and a
minimum yellow time to ensure that bicyclists are
able to clear intersections, per the AASHTO Guide
for the Development of Bicycle Facilities. This is
particularly important on signed bicycle routes
because less-experienced riders are expected to
use them. It is important to ensure that signal
timing for bicycle crossings also facilitates safe
pedestrian crossings.

Traffic signal timing should consider
all modes including bicycling.
Photo Credit: Toole Design Group



Automated bicycle detection at signalized intersections

At some signalized intersections, the traffic on the minor street approach is not given a green
light until a sensor (typically an inductive loop) detects a vehicle. The City should ensure
that all sensors at actuated traffic signals can detect bicycles. In the future, the City should
explore new automated detection technologies such as infrared or video sensors that can tell
the difference between bicycles and motor vehicles. Automated bicycle detection systems
can also be designed to collect intersection bicycle counts.

Bicycle Parking Facilities

Racks and lockers should be provided at key destinations in Alexandria so that bicyclists have
secure places to park their bicycles. This section describes bicycle parking facilities.

Bicycle Racks
Bicycle racks typically provide short-term (a few hours) bicycle parking in locations that are

convenient to stores, parks, bus stops, and transit stations. Though bike racks are currently
provided at several locations in Alexandria, there are many destinations that do not have
racks available. [Citizens may request racks through the Bicycle Rack Request Program]. The
City of Alexandria will coordinate with WMATA, DASH, retail businesses, schools, and other
organizations in the City to identify additional locations where bicycle racks can be provided.
Bicycle racks should be installed according to City of Alexandria specifications.

Bicycle Lockers

Bicycle lockers are usually used for
longer-term bicycle parking (entire day
or several days) and provide greater
protection for bicycles. Currently,
there are several lockers available at
Metro rail stations in Alexandria. It
will be important to coordinate with
WMATA to evaluate the potential
demand for bike parking near these
transit stations and future Smart
Stations to determine if more bike
lockers should be provided. Bike
lockers could also potentially be
installed at some schools and parks in
Alexandria.

Bicycle lockers provide greater protection for
bicycles.
Photo Credit: City of Alexandria



Justification for Key Pedestrian and Bicycle Facility Design and Policy
Recommendations

This section describes the reasoning behind several important pedestrian and bicycle facility
design and policy concepts in the Plan. While this part of the appendix does not address all
issues in the Plan, it provides background information and research for many of the
pedestrian and bicycle facility and policy questions that are commonly raised in communities.

Sidewalks on Both Sides of Roadways
Sidewalks should be provided on both sides of all arterial, collector, and local streets (with
the exception of short cul-de-sacs or dead-end streets.

Justification

All streets should have some type of walking space out of the vehicular travelway. When a
sidewalk is provided on only one side of the street, pedestrians traveling on the opposite side
may not cross to the sidewalk, and may instead elect to walk in the roadway. This creates an
uncomfortable and potentially hazardous situation. If pedestrians do cross, they increase
their exposure to vehicular traffic. Though it may be appropriate for some streets in
developing areas to temporarily have a pedestrian walkway only on one side, sidewalks on
both sides are necessary for pedestrian-compatible roadways. A research study of
pedestrians’ perceptions of walking along different types of roadway segments found that
sidewalk presence has a significant positive effect on pedestrians’ feelings of safety and
security while walking along roadways (1). Further, an analysis of 47 pedestrian crash sites
and 94 comparison sites found that the absence of sidewalks was associated with a
significantly higher likelihood of pedestrian crashes (2).

Decisions on whether to provide a sidewalk should not be based on existing pedestrian
volumes because they are not a reliable indication of pedestrian demand. Individuals tend to
walk more in locations where continuous connections are provided. A lack of pedestrian
activity in a location with discontinuous sidewalks is not necessarily an indication of a lack of
pedestrian demand.

1. Landis, B.W., V.R. Vattikuti, R. M. Ottenberg, D.S. McLeod, M. Guttenplan. “Modeling the
Roadside Walking Environment: Pedestrian Level of Service,” Transportation Research Record
1773, Transportation Research Board, National Academy of Sciences, 2001.

2. McMahon, P.J., C.V. Zegeer, C. Duncan, R.L. Knoblauch, J.R. Stewart, and A.J. Khattak. An
Analysis of Factors Contributing to “Walking Along Roadway” Crashes: Research Study and
Guidelines for Sidewalks and Walkways, Federal Highway Administration, FHWA-RD-01-101,
February 2002.



Minimum Sidewalk Width
Sidewalks should have a minimum width of five feet.

Justification

A five-foot sidewalk width is very important, as it enables two people to walk side by side,
which is not possible on 4-foot wide sidewalks. Many other jurisdictions have increased their
minimum sidewalk width to 5 feet. In addition, new rules that will be issued by the U.S.
Access Board in the near future will require that 4-foot sidewalks provide a 5-foot passing
area (a wider area where two wheelchairs can pass) every 200 feet (1). This makes
constructing continuous 5-foot sidewalks much more practical than sidewalks of varying
width. Additional sidewalk width is particularly important for locations with higher volumes of
pedestrian activity, such as near schools, shopping centers, parks, and other pedestrian
attractors. In these locations, it would be beneficial to require sidewalks that are 6-feet wide
(or wider).

1. ADA Accessibility Guidelines for Buildings and Facilities. United States Access Board, 2002.
Available Online: http://www.access-board.gov/adaag/html/adaag.htm.

Sidewalk Buffers

The buffer space between the sidewalk and the curb and gutter (or edge of pavement) should
be maximized within the available right-of-way. Street trees should be provided in
appropriate locations in this buffer area.

Justification

Pedestrians feel more comfortable when there is a greater buffer between the sidewalk and
the street, particularly when the roadway serves high volumes of traffic. A scientific study of
the real-time perceptions of pedestrians walking along roadway segments identified buffer
width as a significant factor in a pedestrian’s comfort level. The study also showed that on-
street parking and street trees also act as buffers between roadway traffic and the sidewalk
and increase pedestrian comfort (1).

1. Landis, B.W., V.R. Vattikuti, R. M. Ottenberg, D.S. McLeod, M. Guttenplan. “Modeling the
Roadside Walking Environment: Pedestrian Level of Service,” Transportation Research Record
1773, Transportation Research Board, National Academy of Sciences, 2001.

Raised Median Islands

Raised medians or pedestrian refuge islands should be provided, where practical, at
crosswalks on streets with more than three lanes, especially on streets with high volumes of
traffic. Median widths of 6 to 10 feet are recommended. Medians should be made accessible
through the provision of level cut-throughs or curb ramps.

Justification

Raised medians have been shown to significantly reduce the incidence of pedestrian crashes,
particularly at multi-lane sites. Medians make it easier for pedestrians to cross the street by
reducing the width of roadway that pedestrians must cross at one time. Raised medians may
provide a place for landscaping and change the character of the street, possibly reducing the


http://www.access-board.gov/adaag/html/adaag.htm

speeds of vehicles. Medians and channelizing islands also reduce the rate of motor vehicle
crashes and have particular benefits for older drivers.

Research suggests that raised medians are more effective than painted medians at reducing
pedestrian crashes. Zegeer et al. found that raised medians and crossing islands correspond
with a significantly lower crash rate on multi-lane roads with both marked and unmarked
crosswalks, but that painted medians did not correspond with a reduction in pedestrian crash
rates compared with multi-lane roads without medians (1). Bowman and Vecellio also found
that locations with raised medians correspond with lower pedestrian crash frequencies
compared to locations on undivided arterial streets (2). Research in Australia described by
Peter Cairney found that locations with raised medians had lower pedestrian crash
frequencies than locations without, but that narrow medians have higher crash frequencies
than wider ones (3).

1. Zegeer, C., Stewart J., Huang, H. and Lagerwey, P. “Safety Effects of Marked vs.
Unmarked Crosswalks at Uncontrolled Locations- Executive Summary and Recommended
Guidelines.” Report No. FWHA-RD-01-075, Federal Highway Administration, Washington, DC,
March 2002.

2. Bowman, B.L., and R.L. Vecellio. “Effect of Urban and Suburban Median Types on Both
Vehicular and Pedestrian Safety. “ Transportation Research Record 1445 (1994): 169-179.

3. Cairney, Peter. “Pedestrian Safety in Australia.” FHWA-RD-99-093. Federal Highway
Administration, Washington DC, December 1999.

In-Street Pedestrian Crossing Signs

In-Street Pedestrian crossing signs (MUTCD sign R1-6) may be placed in the roadway at
crosswalks to remind motorists of their responsibility to yield to pedestrians within the
crosswalk. The MUTCD specifies that these signs may not be used at signalized locations.

Justification

In-street pedestrian crossing signs often increase the incidence of drivers yielding to
pedestrians in the crosswalk by reminding motorists that it is their legal responsibility (1, 2,
and 3).

1. City of Madison, Wisconsin Department of Transportation, Traffic Engineering Division,
“Year 2 Field Evaluation of Experimental ‘In-Street’ Yield to Pedestrian Signs,” Submitted to
FHWA 1999.

2. H.F. Huang, C.V. Zegeer, R. Nassi, and B. Fairfax. “The Effects of Innovative Pedestrian
Signs at Unsignalized Locations: A Tale of Three Treatments,” FHWA, FHWA-RD-00-098, 2001,
available online at: www.tfhrc.gov/safety/pedbike/pubs/00-098.pdf

3. Ercolano, J. “Pedestrian Crossing Devices,” Case Study #28 in PEDSAFE: Pedestrian Safety
Guide and Countermeasure Selection System, FHWA, FHWA-SA-04-003, September 2004.

Leading Pedestrian Interval—Pedestrian Signal Timing

At signalized intersections with high pedestrian crossing volumes, the signals can be
programmed to allow pedestrians to begin crossing 2 to 4 seconds before the vehicle traffic
on the parallel street is given a green light.



Justification

This is a low-cost treatment. It gives pedestrians enough time to cross to the middle of the
street so that turning vehicles can see them, be aware of them, and yield to them before
they receive a green light. Because the LPI is operated by the traffic signal controller, it is
also possible to use the LPI only during certain times of the day, such as between 7 a.m. and
7 p.m., whenever the highest numbers of pedestrians are typically present. A study of a
three-second leading pedestrian interval (LPI) found that the LPI decreased conflicts between
turning motor vehicles and increased the percentage of motorists that yielded to pedestrians
in the crosswalk (1).

Traffic signals with LPI have a longer all red phase, which may tempt drivers to take
advantage of the extra time and run red lights. This type of behavior should be prevented
through education and strict enforcement (2).

1. Van Houten, R., R. A. Retting, C. M. Farmer, J. Van Houten, and J. E. L. Malenfant. “Field
Evaluation of a Leading Pedestrian Interval Signal Phase at Three Urban Intersections,”
Transportation Research Record 1734, 2000.

2. Zegeer, C.V., Seiderman, C., Lagerwey, P., Cynecki, M., Ronkin, M. and Schneider, R.
Pedestrian Facilities Users Guide: Providing Safety and Mobility, Federal Highway
Administration, FHWA-RD-01-102, March 2002.

Traffic Calming

Traffic calming is the practice of slowing traffic speeds by reducing the design speed of
roadways. This is done by making various physical changes to the roadway, including adding
raised median islands, curb extensions, and raised crosswalks; adding chicanes; narrowing
travel lanes; etc. Traffic calming is appropriate on neighborhood streets that should have low
traffic speeds.

Justification

Numerous studies have shown that traffic calming has many benefits, including reductions in
the number and severity of collisions, reductions in vehicular speeds, reductions in noise
levels, and improvements in the comfort of pedestrians and bicycles (1, 2, 3, and 4). Since
traffic speed is correlated with the severity of pedestrian crashes, the reduction of speeds
help improve pedestrian safety. It is estimated that 85% of pedestrians who are struck at 40
mph are killed, 45% at 30 mph, and only 5% at 20 mph (5).

[Some of the recommended roadway treatments may also help decrease motor vehicle
speeds. Lower vehicle speeds will reduce the severity of injuries when crashes occur. When
hit by a vehicle traveling at 40 miles per hour, a pedestrian has an 85% chance of being killed;
at 30 miles per hour, the likelihood decreases to 45%; and at 20 miles per hour the pedestrian
fatality rate is only 5%%.]

1. Institute of Transportation Engineers, Traffic Calming: State of the Practice, August 1999.
2. Zegeer, C.V., J.Stuart, and H. Huang, Safety Effects of Marked vs. Unmarked Crosswalks at
Uncontrolled Crossing Locations, Federal Highway Administration, Washington, DC, 1999.

21 Zegeer, C.V., et al. Pedestrian Facilities Users Guide: Providing Safety and Mobility, Federal Highway
Administration, FHWA-RD-01-102, p. 13, March 2002.



3. City of Cambridge, MA, Preliminary Results: Effects of Columbia Street Traffic Calming
Project on Driver Behavior, April 2000.

4. Zein, S.R., Geddes, E., Memsing, S., Johnson, M., “Safety Benefits of Traffic Calming,”
Transportation Research Record, Volume 1578 pp. 3-10, 1997.

5. Ashton, S.J. and Mackay, G.M., “Some characteristics of the population who suffer
trauma as pedestrians when hit by cars.” Proceedings of the 4™ International IRCOBI
Conference on the Biomechanics of Truma, Goeteborg, Sweden, 5-7 September, 1979.

Travel Lane Widths

Roadway travel lane widths should not be excessively wide. Local and collector roadways
should generally be striped with 10-foot travel lanes. Arterial roadways should have 10- or 11-
foot lanes, depending on traffic volume and use by heavy trucks and transit.

Justification

According to AASHTO’s Guide for Achieving Flexibility in Highway Design (2004), the normal
range of design lane width is between 9 and 12 feet (1). This guide states:

“In urban areas and along rural routes that pass through urban settings, narrower lane
widths may be appropriate. For such locations, space is limited and lower speeds may be
desired. Narrower lane widths for urban streets lessen pedestrian crossing distances, enable
the provision for on-street parking and transit stops, and enable the development of left-
turn lanes for safety.”

Narrowing existing travel lanes can provide extra space for shoulders and bicycle lanes.
Striped shoulders and bicycle lane space improves the safety and comfort of bicyclists. A
study of the real-time perceptions of bicyclists riding on a wide variety of roadway segments
found that the width of the shoulder or bicycle lane had a significant influence on bicyclists’
feeling of comfort and safety. Wider shoulders increase the comfort levels of bicyclists riding
along roadway segments (2). A similar result was found in a Federal Highway Administration
study that asked bicyclists to rate the suitability of different roadways for bicycling from
video clips (3). Wider shoulders and bicycle lanes are preferred by bicyclists. In some
situations narrower motor vehicle lanes and wider shoulders and bicycle lanes may have a
desired traffic calming effect, slowing typical motor vehicle traffic by several miles per hour.

According to the AASHTO Policy On Geometric Design of Highways and Streets (2004), minor
thoroughfares (collector roadways) can be designed with 10-foot motor vehicle travel lanes.
Ten-foot travel lanes are already used on many roadways in the City of Alexandria. Wider
widths should be considered in rural areas if the roadway has high traffic volumes or speeds
and considered in urban areas if the roadway carries a large amount of truck traffic (p. 425,
433).

Major thoroughfares (arterial roadways) are commonly designed with 11-foot travel lanes.
However, in urban areas, some major thoroughfares can have narrower lanes. The AASHTO
guide states, “Lane widths of 3.0 m [10 ft] may be used in highly restricted areas having little
or no truck traffic” (p. 472) (4).

1. American Association of State Highway Transportation Officials. A Guide for Achieving
Flexibility in Highway Design, 2004. Order from:



https://bookstore.transportation.org/publications/bookstore.nsf/Cateqgorized?OpenFormé&cat
=Design/Operations/Planning

2. Landis, Bruce W. et.al. “Real-Time Human Perceptions: Toward a Bicycle Level of Service,”
Transportation Research Record 1578, Transportation Research Board, Washington, DC 1997.
3. Harkey, D.L., D.W. Reinfurt, M. Knuiman, J.R. Steward, and A. Sorton. Development of the
Bicycle Compatibility Index: A Level of Service Concept, Federal Highway Administration,
FHWA-RD-98-072, December 1998.

4. American Association of State Highway Transportation Officials. Policy On Geometric
Design of  Highways and  Streets, Fifth Edition, 2004. Order  from:
https://bookstore.transportation.org/publications/bookstore.nsf/Cateqorized?OpenFormé&cat
=Design/Operations/Planning

Bicycle Lanes
Bicycle lanes should be provided, where practical, on collector and arterial roadways in
Alexandria.

Justification

National research has shown that bicyclists feel more comfortable and motor vehicles give
bicyclists more lateral space when a shoulder or bike lane stripe is provided (Landis, et al.
1996; Harkey, et al. 1998; Hunter, et al. 1999; City of Cambridge, MA 2005) (1,2,3,4). Bike
lanes help bicyclists navigate through complex intersections with turn lanes and other
features that might otherwise deter bicyclists. This research is supported by policies in the
AASHTO Bicycle Guide (1999)(5), which states:

“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...[Bike lanes
may be provided] by reducing the width of vehicular lanes or prohibiting parking...” (p. 8)

1. Landis, Bruce W.; Venkat R. Vattikuti; and Michael T. Brannick. “Real-Time Human
Perceptions: Towards a Bicycle Level of Service,” Transportation Research Record 1578,
1996. Available Online:
http://www.dot.state.fl.us/planning/systems/sm/los/pdfs/BLOS TRBscanned.pdf

2. Harkey, D.L.; D.W. Reinfurt; M. Knuiman; and A. Sorton. Development of the Bicycle
Compatibility Index: A Level of Service Concept: Final Report, Report No. FHWA-RD-98-072,
Federal Highway Administration, Washington, DC, August 1998. Available Online:
http://www.hsrc.unc.edu/research/pedbike/98095/.

3. Hunter, William W.; J. Richard Stewart; Jane C. Stutts; Herman H. Huang; and Wayne E.
Pein. A Comparitave Analysis of Bicycle Lanes Versus Wide Curb Lanes: Final Report, Federal
Highway  Administration, = FHWA-RD-99-034, December 1999. Available Online:
http://www.walkinginfo.org/pdf/r&d/widelanes final.pdf.

4. City of Cambridge, MA. “Safety Benefits of Bike Lanes.” Available Online:
http://www.cambridgema.gov/~CDD/et/bike/bike safety.html.

5. American Association of State Highway and Transportation Officials. Guide for the
Development of Bicycle Facilities, 1999.




Pedestrian and Bicycle Accommodations on Roadway Bridges, Underpasses, and
Interchanges

Pedestrians and bicycles should be accommodated on roadway bridges, underpasses, and
interchanges in Alexandria (unless prohibited by law). New bridges should be constructed
with bicycle lanes and wide sidewalks. Bridge replacement projects on controlled access
freeways where pedestrians and bicyclists are prohibited by law will generally not include
facilities to accommodate bicyclists and pedestrians. In cases, however, where a bridge
replacement project on a controlled access freeway impacts a non-controlled access roadway
(i.e. a new overpass over an arterial roadway), the project should include the necessary
access for pedestrians and bicycles on the non-limited access roadway, including such
elements as: bicycle lanes, sidewalks, and pedestrian/bicycle crossing improvements to
associated ramps and intersections.

Justification

The current Federal law for pedestrian and bicycle accommodation on bridges was established
in the Transportation Equity Act for the 21st Century (TEA-21) and re-affirmed by the Safe,
Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU).
This law states:

“In any case where a highway bridge deck is being replaced or rehabilitated with Federal
financial participation, and bicyclists are permitted on facilities at or near each end of such
bridge, and the safe accommodation of bicyclists can be provided at reasonable cost as part
of such replacement or rehabilitation, then such bridge shall be so replaced or rehabilitated
as to provide such safe accommodations.” (23 U.S.C. Section 217)(1).

1. Federal Highway Administration. “Bicycle and Pedestrian Legislation in Title 23 United
States Code.” Available Online: www.fhwa.dot.gov/environment/bikeped/sec217.htm.



http://www.fhwa.dot.gov/environment/bikeped/sec217.htm

Appendix H: Existing Conditions and
Preliminary Recommendations Maps

The full size versions of all of the maps included in this Plan are available on the City’s
website at http://www.alexandriava.gov/localmotion.



http://www.alexandriava.gov/localmotion

Appendix |: Prioritization of Recommended
Improvements

This appendix describes the method used to prioritize the pedestrian and bicycle facility
recommendations during the planning process. The prioritization process resulted in maps of
early-action, short-term, medium-term, or long-term projects. A variety of factors were
considered when prioritizing the plan recommendations. These factors included:

e Existing conditions: Potential to improve conditions for pedestrians and bicyclists
where there are missing facilities, facilities that are in poor condition, or barriers to
walking and bicycling (e.g., pedestrian deficiencies or low bicycle level of service
grades identified through existing data and field inventories).

e Existing and future demand: Potential for pedestrian and bicycle activity at a
location based on objective land use and socioeconomic characteristics.

e Reported crashes: Potential to improve conditions in locations with high numbers of
reported crashes.

e Bus Riderhsip

o Public input: Potential to address problems that were mentioned frequently by
citizens in survey responses and e-mails and at stakeholder meetings and public
meetings.

Each of the individual factors is described in more detail below.

Reported Crashes

Higher priority is given to pedestrian and bicycle recommendations that improve conditions in
locations with greater numbers of reported pedestrian-vehicle and bicycle-vehicle collisions.
GIS crash density analysis was used to identify areas with higher concentrations of police-
reported pedestrian and bicycle crashes (see Pedestrian Crash Density Bicycle Crash Density
maps in Appendix H). Police-reported collisions provide an indication of safety problems, but
most pedestrian and bicycle crashes are not reported to police??. Recommended facilities
were given priority rankings based on the average crash density per mile within a 1000 foot
radius of their location.

It is also important to consider locations that have unsafe or uncomfortable characteristics for
walking and bicycling, even if they have not experienced reported crashes. There are streets
in Alexandria that have missing or narrow sidewalks, non-ADA-compliant curb ramps, missing
pedestrian signals, narrow travel lanes that are difficult for bicyclists to share with motor
vehicles, difficult roadway crossings, or other challenges. Locations with challenging
pedestrian and bicycle conditions have been given higher priority for improvements.

A point system was used to approximate pedestrian comfort walking along the roadway.
Recommended pedestrian projects that are intended to improve conditions for walking along

22 stutts, J.C. and W.W. Hunter. “Police-reporting of Pedestrians and Bicyclists Treated in Hospital Emergency
Rooms,” Transportation Research Record No 1635, Transportation Research Board, 1998. P. 88-92. This study of a
sample of cases collected at eight hospital emergency rooms in three states, showed that only 56 percent of the
pedestrians and 48 percent of the bicyclists were successfully linked to cases reported on their respective state
motor vehicle crash files. This study looked at only the most serious crashes (involving emergency room
treatment). We can assume that less-severe crashes were accurately reported at an even lower rate.



a roadway segment (e.g., adding a sidewalk) received points according to the table below.
Projects that received more points were given a higher priority (see Figure H3: Walking Along
the Roadway Conditions).

Pedestrian Walking along the Roadway Deficiency Points

Sidewalk Presence

Missing sidewalk on roadway with less than 1,500 | 10
Average Daily Traffic

Missing sidewalk on roadway with more than 1,500 ADT 20

Sidewalk Clear Width

Under 5° wide 2

Under 4’ wide 5
Sidewalk Condition

Fair 2

Poor 5

Buffer

No separation between street and sidewalk but there is | 2
on-street parking

No separation between street and sidewalk and there is | 5
no on-street parking

Traffic Volume (ADT)

Less than 1,500

1,500 - 4,999

5,000 - 9,999

10,000 - 14,999

15,000 - 19,999

20,000 - 24,999

N[OOI~ WIN|F-

25,000 or more

Motor Vehicle Speed Category of Parallel Street®

»

Medium-speed

High-speed 10

The Bicycle Level of Service model was used to estimate the level of comfort that a typical
bicyclist feels while riding along roadway segments in Alexandria. This model’s grading
system is based on measurements of outside travel lane width, presence of a bicycle lane or
shoulder, traffic volume, speed limit, heavy truck traffic, on-street parking, and pavement
condition (a detailed description of the Bicycle Level of Service Model is provided in Appendix
F). Higher priority was given to recommended bicycle facilities on roadway segments that
have lower Bicycle Level of Service grades, or poorer conditions for bicycling (see Figure H4:
Bicycle Level of Service).

A point system was also used to approximate the difficulty of street crossings for both
pedestrians and bicyclists. Recommended pedestrian and bicycle roadway crossing
improvement projects received points according to the table below. Projects that received
more points were given a higher priority. Motor vehicle volume, posted speed limit, number
of travel lanes crossed, and presence of a raised median crossing island were identified as
significant factors associated with higher risk of pedestrian crashes at uncontrolled marked

2 Motor vehicle speed categories were based on the City’s roadway functional classification system. The high-
speed category included expressway, arterial, primary collector, and major collector roadways. Medium-speed
roadways included all residential collectors. The low-speed category included local roadways. Several exceptions
were made: all arterial roadways in the Old Town area, Commonwealth Avenue, and Monroe Street (west of US 1)
were classified as medium speed rather than high speed.



crosswalk locations in a FHWA study®. Traffic signals and stop signs for opposing traffic allow
pedestrians and bicyclists to cross at locations where motor vehicle traffic is stopped. These
locations are typically easier to cross than uncontrolled locations.

Pedestrian and Bicycle Crossing Deficiency | Points
Marked Crosswalk Presence
| Missing crosswalk | 3
Marked Crosswalk Condition
Fair 1
Poor 2
Curb Ramp Characteristics (each end of the crosswalk counted separately and summed)
No truncated domes, but otherwise ADA compliant 1
Not ADA compliant because of slope or surface problem | 2
Missing 3
Number of Travel and Turning Lanes at Crossing
2 2
3 4
4 6
5 8
6 or more 12
Presence of a Raised Median Crossing Island
| Median crossing island present at crosswalk | -5
Average Daily Traffic
Less than 1,500 1
1,500 - 4,999 2
5,000 - 9,999 3
10,000 - 14,999 4
15,000 - 19,999 5
20,000 - 24,999 6
25,000 or more 7
Motor Vehicle Speed Category of Perpendicular Street®
Medium-speed 6
High-speed 10
Intersection with 3-way or 4-way stop signs (stop control in all directions)
| All crossings | -5

Intersection with Traffic Signals for Opposing Traffic

Signalized intersection that doesn’t have pedestrian | -5
signals at the crosswalk

Traditional pedestrian signals at the crosswalk -10

Countdown pedestrian signals at the crosswalk -15

A map was developed to show which projects have the highest priority for addressing
challenging pedestrian and bicycle roadway crossings (see Roadway Crossing Conditions map
in Appendix H).

2 Zegeer, C., J. Stewart, H. Huang, and P. Lagerwey. “Safety Effects of Marked vs. Unmarked Crosswalks at
Uncontrolled Locations- Executive Summary and Recommended Guidelines.” Report No. FHWA-RD-01-075, Federal
Highway Administration, Washington, D.C., February 2002

% Motor vehicle speed categories were based on the City’s roadway functional classification system. The high-
speed category included expressway, arterial, primary collector, and major collector roadways. Medium-speed
roadways included all residential collectors. The low-speed category included local roadways. Several exceptions
were made: all arterial roadways in the Old Town area, Commonwealth Avenue, and Monroe Street (west of US 1)
were classified as medium speed rather than high speed.



Existing and Future Demand

Existing and future demand is important to consider because it shows where non-motorized
facility improvements have the potential to serve the greatest number of users. General
estimates of existing and future pedestrian and bicycle activity in different parts of
Alexandria were derived using a point system. This “sketch plan” method is similar to
methods applied in Portland, OR?® and Washington, DC%’.

The existing and future pedestrian and bicycle demand at each recommended project
location was estimated from the pedestrian and bicycle trip attractors, anticipated growth in
population and employment density, and rates of household automobile ownership near that
location. The point system for estimating pedestrian and bicycle activity at each location is
presented in the two sections below.

Proximity to Trip Attractors

Recommended project locations received more points for being close to pedestrian and
bicycle trip attractors. Buffer zones of one-eighth, one-fourth, and one-half mile (straight-
line distance, not network distance) were drawn around each attractor. Project locations
received points for falling within each of these buffer areas according to the table below.
Note that projects completely within commercial areas and on trails and bicycle routes were
given a ggreater number of points than projects in buffer areas around them (see “no buffer”
column).

Trip Attractor No buffer | 1/8 mile 1/4 mile 1/2 mile
Metro Station 15 10 5
Bus Stop (DASH or Metro) 5 3

Proposed Bus Rapid Transit Route 10 5

Proposed Smart Station 5 3

School (public, private, and college) 5 3

Major Park Access Point 3 1

Recreation Center 3 1

Commercial Area 30 15 3

Existing or Proposed Paved Multi-Use Trail 15 3 1

Existing or Proposed Gravel Trail 5 3 1

Existing or Proposed Bicycle Route (Bicycle Projects | 15 5 3 1
only)

It is likely that bicyclists will travel further to and from trip attractor destinations than
pedestrians. Yet, the greatest concentrations of bicyclists will still be located close to the
attractors, so it is fair to use the same buffer distances for this general approximation of
pedestrian and bicycle activity. One key difference in the point system between pedestrian
and bicycle projects is that bicycle projects are also given a higher number of points for being
on or near a signed bicycle route.

% portland Pedestrian Master Plan. City of Portland, OR, 1998. Online:
http://www.portlandonline.com/transportation/index.cfm?c=dhage

%" District of Columbia Pedestrian Master Plan project website, 2007. Online:
http://www.tooledesign.com/projects/dc/reports.html.

28 Other projects did not have scores within a “no buffer” area because their locations were marked as points.



http://www.portlandonline.com/transportation/index.cfm?c=dhage
http://www.tooledesign.com/projects/dc/reports.html

The actual number of pedestrians and bicyclists near an attractor may vary significantly by
time of day, day of week, or season. However, the points are assigned based on an
approximation of average pedestrian and bicycle activity throughout the year.

The points are a relative measure that has not been calibrated to actual pedestrian and
bicycle counts. Typical planning assumptions have been made. For example, it was assumed
that more pedestrians and bicyclists will access rail stations than bus stops. It was also
assumed that people will walk and bicycle longer distances to transit stations than to other
attractors (studies have shown that a typical walk to transit is one-quarter to one-half mile,
and many people walk even further?®).

Population and Employment Density and Automobile Ownership

This category incorporates population and employment forecasts for 2025 from the
Metropolitan Washington Council of Governments (MWCOG) and household automobile
ownership from the 2000 US Census. Recommended project locations in MWCOG Traffic
Analysis Zones (TAZs) with greater future population and employment density were assigned
more points. Because more pedestrian trips per person are typically generated from a
residential location than an employment location, population density forecasts were assigned
greater values than employment density forecasts. Locations were also assigned points based
on surrounding household vehicle ownership rates. US Census block groups with lower
automobile ownership were given more points. Population, employment, and automobile
ownership data were divided into five categories, and points assigned for each category as
follows:

2000 Household

Automobile  Ownership
2025 Population 2025 Employment (percent of households
Forecast (per sg. mile) Points | Forecast (per sq. mile) Points | with no vehicles) Points
0-5,285 0 0-3,823 0 0-9 0
5,286 - 8,751 5 3,824 - 10,567 3 10-19 3
8,752 - 10,538 10 10,568 - 22,285 6 20-29 6
10,539 - 15,674 15 22,286 - 34,897 9 30-39 9
15,675 - 38,735 20 34,898 - 75,478 12 40-100 12

The points were summed to generate an overall rating for existing and future pedestrian and
bicycle activity near each recommended project. These ratings are shown on two separate
maps (see the Potential Pedestrian Activity and Potential Bicycle Activity maps in Appendix
H).

Public Input

Residents who walk and bicycle in Alexandria are familiar with many of the locations that
should be improved for pedestrian and bicycle travel. Therefore, locations that were
mentioned frequently by citizens were an important part of the prioritization process. Below
are locations that were mentioned at least two times through public input opportunities at
the first public meeting, e-mail comments submitted to the City, or responses to the DASH or
online questionnaires.

2 \Weinstein, A., V. Bekkouche, K. Irvin, and M. Schlossberg. “How Far, by Which Route, and Why? A Spatial
Analysis of Pedestrian Preference,” Presented at 2007 Transportation Research Board Annual Meeting.



Locations for Pedestrian Facility Improvements

King Street

Washington Street in Old Town

Eisenhower Avenue Trail crossing of Eisenhower Avenue

Eisenhower Avenue Trail

Pegram Street

Pickett Street

Holmes Run Trail

Connection between Lake Barcroft Trail (in Fairfax County) and the Holmes Run Trail
Union Street (Mount Vernon Trail)

Connections between existing trails and roads in the Taylor Run area

Eisenhower Avenue Metro area (1/4-mile radius)

King Street Metro area (1/4-mile radius)

Van Dorn Street Metro area (1/4-mile radius)

Braddock Road Metro area (1/4-mile radius)

Duke Street

Landmark Mall (intersection of Duke Street & Van Dorn Street (1/4-mile radius)

Van Dorn Street

Connections between Cameron Station and the Van Dorn Street Metro area
Connections between the Duke Street Corridor and Eisenhower Avenue

Bus stops in west Alexandria

Mount Vernon Trail connection into Old Town from the south

Connections across the railroad tracks north of the Braddock Road metro station near
the Monroe Street Bridge and the Potomac Yards area

Intersection of King Street & Braddock Road & Quaker Lane (and 1/8 mile radius)
Interchange of Duke Street & Telegraph Road

New multi-use trail in Fort Ward Park

Commonwealth Avenue

Mount Jefferson Park Greenway Trail

Intersection of Edsall Road & Whiting Street

US 1 (including Patrick Street and Henry Street)

George Washington Middle School (intersection of Mount Vernon Avenue & Braddock
Road) (1/8-mile radius)

Interchange of Duke Street & 1-395

Potomac Yard area

George Mason Elementary School (intersection of Cameron Mills Road & Virginia
Avenue) (1/8-mile radius)

West Street between Roundhouse Lane and Wilkes Street

Gunston Road*

Mount Vernon Avenue

Mount Vernon Recreation Center (1/8-mile radius)

TC Williams High School (intersection of King Street & Kenwood Avenue) (1/8-mile
radius)

Intersection of Braddock Road & Scroggins Road*

Monroe Avenue Bridge

Slaters Lane

Mount Vernon Trail

Powhattan Street



1% Street (between Patrick Street & Powhattan Street)

2" Street (between Patrick Street & Powhattan Street)

Cameron Station Boulevard

Somerville Street*

Washington Street

Intersection of Edsall Road and Pickett Street

Russell Road between Windsor and Woodland*

Four Mile Run Trail

Hammond Middle School (intersection of Seminary Road & Library Lane) (1/8-mile
radius)

Patrick Henry Elementary School (intersection of Taney Avenue & Latham Street) (1/8-
mile radius)

Seminary Road

Intersection of Cameron Mills Road & Virginia Avenue

Jordan Street between Duke Street & Seminary Road*

Northern Virginia Community College (Campus Avenue and Campus Drive)
North Old Town Housing Project areas

James Polk Elementary School (intersection of Pegram Street & Richenbacher Avenue)
(1/8-mile radius)

Polk Avenue

Interchange of Seminary Road & 1-395

Connection between Del Ray neighborhood and Mount Vernon Trail
Interchange of US 1 & 1-495

Interchange of Telegraph Road & 1-495*

Intersection of Prince Street & Dangerfield Road

Intersection of Telegraph Road & Mill Road

Linden Street

Intersection of GW Parkway & Slaters Lane

Intersection of US 1 & Slaters Lane

Interchange of Washington Street & 1-495

Wythe Street

Stevenson Avenue between Van Dorn Street & Yoakum Parkway

Locations for Bicycle Facility Improvements

Eisenhower Avenue Trail crossing of Eisenhower Avenue
Holmes Run Trail

Connection between Lake Barcroft Trail (in Fairfax County) and the Holmes Run Trail
New bicycle lanes in Old Town

Eisenhower Avenue/Eisenhower Avenue Trail

King Street

Seminary Road

Janney’s Lane

Van Dorn Street

Duke Street

Connect Cameron Station to the Van Dorn Street Metro area
Connect the Duke Street Corridor to Eisenhower Avenue
Union Street (Mount Vernon Trail)



e Connections across the railroad tracks north of the Braddock Road metro station near
the Monroe Street Bridge and the Potomac Yards area

King Street & Braddock Road & Quaker Lane

Interchange of Duke Street & Telegraph Road

Mount Vernon Trail connection into Old Town from the south

New multi-use trail in Fort Ward Park

Mount Jefferson Park Greenway Trail

Abingdon Drive

Development of Priority Categories

Reported crashes, existing conditions, and existing and future demand were combined to
classify all of the recommended facilities into groups of short-term, medium-term, and long-
term projects for each program. The values for each of these factors were converted to a 0
to 100 scale. For example, a project in a location with the highest density of reported
pedestrian crashes in the City would receive a score of 100 for the reported crashes category.
A project in a location with the lowest potential existing and future demand would receive a
score of 0 for the existing and future demand category. Then the scaled scores for the three
categories were summed. Projects with the highest combined scores (in a range of 0 to 300)
were placed in the short-term category, and projects with the lowest combined scores were
placed in the long-term category.

The final factor, public input, was used to adjust the phasing category of a project. If a
specific recommendation received two or more public comments during the planning process,
it was moved to the next-highest phasing category. For example, a project may have been
placed in the medium-term category based on the first three factors, but significant public
input would make it a short-term priority. Short-term projects receiving significant public
input were classified as “early-action” projects.
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