Designing for Bicyclist Safety
Module D

DESIGN POLICIES & SAFETY EVALUATION



LEARNING OUTCOMES

Discuss why we should include bicycles in the
transportation network

Explain the challenges and opportunities to
analyze bicyclist safety



Designing for Bicyclist Safety

POLICIE




FEDERAL LAW

Consider bicycle facilities, where appropriate,
with new construction and reconstruction.

Consider safety and contiguous routes for
bicyclists in plans and projects.

What does consider mean?



QS

USDOT POLICY

Signed on March 11, 2010 and announced March 15, 2010

Every transportation agency, including DOT, has
the responsibility to improve conditions and
opportunities for walking and bicycling and to
integrate walking and bicycling into their
transportation systems.
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USDOT POLICY

Recommended Actions:
Consider bicycling as equal with other modes

Ensure transportation choices for all ages and abilities,
especially children

Go beyond minimum design standards
Integrate bicycle accommodation on bridges
Collect data on bicycle trips

Remove snow - same maintenance as roads required
for facilities built with federal funds

Improve bicycle facilities during maintenance projects



USDOT POLICY

Safer People, Safer Streets:

Summary of U.S. Department of
Transportation Action Plan to Increase
Walking and Biking and Reduce
Pedestrian and Bicyclist Fatalities

QS

The Department will
promote the development
of multimodal networks
which include
interconnected
pedestrian/and or bicycle
transportation facilities
that allow people of all
ages and abilities to safely
and conveniently get where
they want to go.

USDOT, September 2014



(A

FHWA PROGRAM GUIDANCE o/

Bikeways established in all urban area
construction/reconstruction projects, unless:
bicyclists prohibited by law
cost excessively disproportionate
absence of need

Paved shoulders included in all rural area

construction/reconstruction projects with
1,000 vehicles per day



REDUCES LIABILITY

“It is no longer acceptable to .
plan, design, or build roadways | poiesty Course on Bleycle and
that do not fully accommodate | ez
use by bicyclists and -
pedestrians...

With every passing year, the
courts become less and less
sympathetic to agencies that
have not understood the
message: bicyclists and
pedestrians are intended
users of the roadway. “
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BIL & COMPLETE STREETS

Complete Streets standards or policies as those
which “ensure the safe and adequate
accommodation of all users of the transportation
system, including pedestrians, bicyclists, public
transportation users, children, older individuals,
individuals with disabilities, motorists, and freight

vehicles.”



Sy
Safe Road Safe
Vehicles

THE
SAFE SYSTEM
APPROACH

Zero is our goal. A Safe System

iIs how we will get there. Post-Crash

1)
Imagine a world where nobody has to die from % Care

vehicle crashes. The Safe System approach aims to ‘%L
eliminate fatal & serlous injuries for all road users. It 0 /A\
does so through a holistic view of the road system that ‘990

first anticipates human mistakes and second keeps Safe

impact energy on the human body at tolerable levels. Roads
Safety is an ethical imperative of the designers and owners
of the transportation system. Here’s what you need to know
to bring the Safe System approach to your community.
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DATA COLLECTION GOALS

dentify high crashes
dentify high crash potential
Prioritize

dentify appropriate treatments



DATA COLLECTION GUIDELINES

Collect only what you need
Collect only what you can use
Timely crash data



TYPES OF SAFETY PROJECTS

Spot Locations (individual intersections and
non-intersections)

Corridors (¥2 mile to 5 or more miles in length)

Targeted Areas (neighborhood, business
district, or large area where pedestrian
crashes are high)

Entire Jurisdictions (addressed through
system-wide changes)



CRASH DATA

Understanding the limitations:
Crashes usually dispersed
Data does not include “near- e
misses” ' * i+
Public may perceive '

ocations without a crash
nistory as being unsafe

Data may be incomplete or
Inaccurate

: Comments!




Dallas County
Bicycle & Pedestrian
Crash Density
(2010 - 2014)

[ ] NocCrash Density
[] vLow Crash Density
Medium Crash Density
Il Hioh Crash Density
I very High Crash Density
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Minor Aterial

i Passenger Rail

NCTCOG 12 County
Metropolitan Planning Area

Note: Density concentration is calculated as a magnitude per unit area
from crash point features and is based on each county’s geography.
Blue symbolizes higher concentration of crashes and yellow displays
lower concentrations.




Dallas County
Bicycle and Pedestrian

Crash Locations and Density
(2010 - 2014)

* Bicycle and Pedestrian
Fatal Crash Location - (263)

©  Bicycle Crash Location - (995)
@  Pedestrian Crash Location - (3,064)
[] NoCrash Density
[] Low Crash Density
Medium Crash Density
Il Hioh Crash Density
I very High Crash Density

Highway

——— Major Arterial

Minor Arterial
——i Passenger Rail

NCTCOG 12 County
Metropolitan Planning Area
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Note: Density concentration is calculated as a magnitude per unit area
from crash point features and is based on each county’s geography.
Blue symbolizes higher concentration of crashes and yellow displays
lower concentrations.




SAFETY EVALUATION TOOLS

Highway Safety Manual
Bicycle Intersection Safety Indices
Highway Capacity Manual
Road Safety Audit
BIKESAFE




HSM METHODOLOGY

Urban & Suburban Segments
Nbiker (7 N X Tgad
Nyiker — VEDICle-bicycle collision frequency

Ny, — crash frequency, excluding bikes and peds

foer — DiCycle crash adjustment factor
- < or > 30 mph posted speed

- road type (2U, 3T, 4U, 4D, 5T)
- values range from 0.002 to 0.050



HSM METHODOLOGY

Urban & Suburban Intersections
Npirei = Npi X Thie
Nyiei — VEDiIcle-bicycle collision frequency
Ny — predicted intersection crashes (no bikes/peds)
foikei — DICYyCle crash adjustment factor
— Intersection type (3ST, 3SG, 4ST, 4SG)
- values range from 0.011 to 0.018



CRASH MODIFICATION FACTORS

* Countermeasure: Install bicycle lanes

CMF
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Chen et
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Chen et all-way stop
al., 2012 controlled, ... [read
maore]
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al., 2012 stop controlled, .

[read more]



CRASH MODIFICATION FACTORS

¥ Countermeasure: Installation of bicycle lanes at signalized intersections
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[read more]
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"
-l;l’ rr‘zeﬂr lel- Cyclist through,
left _. [read more]
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BICYCLIST INTERSECTION SAFETY INDICES

Prioritize intersections crossings
and |nte rseCt|On approaCheS for Pedestrian and Bicyclistlnteection

Safety Indices

bicycle safety improvements

Score of 1 (safest) to
6 (least safe)

Score for each movement
(thru, left turn, right turn)




BICYCLIST INTERSECTION SAFETY INDICES

Inputs:
ADT on main and cross streets.

Number of through vehicle lanes on Safety Indices
Cross street. o

Number, type, and configuration of
traffic lanes on main street approach.

Speed limit on main street.

Presence of on-street parking on main
street approach.

Type of traffic control on approach of
Interest (signal or no signal).

Pedestrian and Bicyclist Intersection




BICYCLE LEVEL-OF-SERVICE

Interrupted flow:

LOS reported separately for each mode
Purpose, length, and expectation differs

Travel speed

HCM2010

Intersection delay
Bicyclist perception




BICYCLE LEVEL-OF-SERVICE 4 D

Factors in bicycle LOS score:

Interrupted flow * C

Motorized vehicle Median

volume Curb

% heavy vehicles Access

7% occupied parking Pavement condition
# lanes Motorized vehicle

Outside lane width speed



BICYCLE LEVEL-

Factors in bicycle LOS score:
Shared-Use & Exclusive Paths

Meetings per minute

Active passings per
minute

Delayed passings

Presence of
centerline

Path width



LEVELS OF TRAFFIC STRESS (LTS)

LTS 1

Physically
separated from
traffic or low-
volume, mixed-
flow traffic at 25
mph or less
Bike lanes 6 ft
wide or more
Intersections
easy to approach
and cross
Comfortable for
children

LTS 2

Bike lanes 5.5 ft
wide or less, next
to 30 mph auto
traffic
Unsignalized
crossings of up to
5 lanes at 30
mph
Comfortable for
most adults
Typical of bicycle
facilities in
Netherlands

LTS 3

Bicycle lanes
next to 35 mph
auto traffic, or
mixed-flow traffic
at 30 mph or less
Comfortable for
most current U.S.
riders

Typical of bicycle
facilities in U.S.

LTS 4

No dedicated
bicycle facilities
Traffic speeds 40
mph or more
Comfortable for
“strong and
fearless” riders
(vehicular
cyclists)



NCHRP Report 948 —
Guide for Pedestrian
and Bicyclist Safety at
Alternative and Other
Intersections and
Interchanges

Applying the ‘20 Flag’
Assessment Method from
NCHRP 07-25

Bastian Schroeder
Senior Principal, Kittelson

AASHTO TCGD
November 10,2021
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Guiding Principles

Integrate Multimodal
Facilities in the Design
Process, as opposed to
‘accommodating’
pedestrians and bicyclists
at later stages

Allow comparison of Focus on design elements
alternative intersections of the intersection, rather
and interchanges (A.l.1.) than intersection form

with ‘conventional’ designs

Follow a performance-
based design process

31
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Design Flag
Assessment
Method —
20 Questions

for Pedestrian
and Bicyclist
Safety

Motor Vehicle
Right Turns

Indirect Paths

Undefined
Crossing at
Intersections

Grade Change

Channelized
Lanes

Uncomfortable/
Tight Walking
Environment

Executing
LTTEE]
Movements

Motor Vehicle
Left Turns

Riding in Mixed
Traffic

Turning
Motorists
Crossing Bicycle
Paths

Nonintuitive
Motor Vehicle
Movements

Multilane
Crossings

Intersecting
Driveways and
Side Streets

Bicycle Clearance
Times

Riding Between
Travel Lanes,
Lane Additions,
or Lane Merges

Crossing Yield- or
Uncontrolled
Vehicle Paths

Long Red Times

Sight Distance for
Gap Acceptance
Movements

Lane Change
Across Motor
Vehicle Lane(s)

Off-tracking
Trucks in
Multilane Curves

VQ KITTELSON
\/&ASSOCIATES



Yellow
VS

Red Flags

Red Flags, for design elements
that are directly related to a safety
concern for pedestrians or
bicyclists.

KITTELSON
&ASSOCIATES



Case Study Application:
Faulkland Rd (34) at Centre Rd. (141), Wilmington, DE

2

R 25
S 2
*Greenville

KITEELSON
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Results: Existing Conditions

Motor Vehicle Right Turns
Tight Walking Environment
Crossing Yield Control Path
Multilane Crossing

Long Red Times
Intersecting Driveways
Sight Distance

Riding in Mixed Traffic
Bicycle Clearance Times
Lane Change Across Vehicle Lanes
Channelized Lanes
Motorist Crossing Bike Path

Riding Between Travel Lanes

KITEELSON
&ASSOCIATES



Results: Existing Conditions

e Motor Vehicle Right Turns

As-Built Assessment

* Crossing Yield Control Path

100%

* Multilane Crossing 00%
80%
o o 70% 58%
* Intersecting Driveways 0% o8
* Sight Distance 50%
* Riding in Mixed Traffic o
° o 30% 31%
* Bicycle Clearance Times 20% 23%
* Lane Change Across Vehicle Lanes 1o 12% =
o 0%
¢ ChannenZEd Lanes Pedestrian Bicycle

PCT Yellow: PCT Red: PCT Not Flagged:

KITEELSON
&ASSOCIATES



Assessment: Alt. 1 — Low Cost Strategies

ALT [ : Low Cost IHrPeouensars. 1. Widen Island Cut-Throughs

Install Raised Crosswalks
Stripe Bike-Lane Through
BT Intersection

=

o)
2
w

4. Add Two-Stage Left-Turns
5. Consolidate Driveways
6. Build Driveway Islands
7. Install Stop Signs at
g = Channelized Turn Lane Exits
LEGewn 8. Raised Refuge Islands and
B A ‘noses’ to protect
) STRPE RIKE LAKE Trieovit .
wreksecrisg) pedestrians
E @) 1o Sreae \ERarvey o
a E{’ © ® ColSOCingE RRIVEWsYS

@DR‘VEW"’{HLSLA\/D‘;
Psrop Siers BT :
CHAMME 38 0 TURK EAUE S
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Results: Alt. 1 — Low Cost Strategies

Alt. 1 Assessment

* Crossing Yield Control Path 100%
90%
80%
70%
60%
50%
40%
* Riding in Mixed Traffic o
20% 16%
* Bicycle Clearance Times 10% -
® 13%
0%
Pedestrian Bicycle
e Channelized Lanes*™ PCT Yellow: ®PCTRed: ® PCT Not Flagged:

*Mitigdtedtbutmaetieliminated

KITEELSON
&ASSOCIATES
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Results: Alt. 2 — Median U-Turn (MUT)

* Motor Vehicle Right Turns

Alt. 2 Assessment
100%
90%
80%

* Long Red Times* 70%

60% 80% 85%

50%
40%
30%
20% )
o 4%
12% 11%

10%

0%
Pedestrian Bicycle

PCT Yellow: PCT Red: PCT Not Flagged:

*Mitigdtedtbutmaetieliminated

KITTELSON
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Results

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Pedestrian Assessment

58%
_— 80%
31%
8%
12% 15% 12%
As-Built Alt. 1 Alt. 2

PCT Yellow: PCT Red: PCT Not Flagged:

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Bicycle Assessment

68% 71%
85%
23% 16%
4%
8% 13% 11%
As-Built Alt. 1 Alt. 2

PCT Yellow: PCT Red: PCT Not Flagged

KITTELSON
&ASSOCIATES



ROAD SAFETY AUDIT

Formal safety
examination conducted
by an independent,
experienced,

multidisciplinary team BICYCLE ROAD SAFETY
| AUDIT GUIDELINES AND
RSA Prompt List PROMPT LISTS

Bikeability checklist

Py — ; uuuuu o Rf‘A FHWA-SA-12-018



Outdated Striping

The transition, whether along a roadway or at an intersection, should allow drivers to see cyclists and
understand their path and intent, and vice versa. The following should be investigated:

« (Obstructions caused by roadside features (e.g., fences and vegetation).

+ Adequacy of warning signs.

+ Location of the transition with respect to roadway geometry (e.g., shoulder drop and turn lanes)
(see also A9 and C.9).

The picture to the left depicts a bike lane that hooks right through a major intersection and transitions
to a protected bikeway. Chevrons an the pavement help guide cyclists and show motorists the path

provided for cyclists through the intersection (note that the chevron pavement markings do not conform
to the MUTCD).

Transitions and termini should be appropriately signed and marked to warn cyclists of conditions ahead, particularly at locations at which cyclists do not expect
transitions ar termini. Likewise, motorized vehicles should have adequate warning when off-road bicycle facilities transition to on-road facilities. The intended
paths of all road users should also be appropriately signed and marked at the point of transition. Additional attention may be given to locations with high volumes

of unfamiliar users or tourists.



BIKEABILITY CHECKLIST

Go for a ride and use this checklist to rate your neighborhood's bikeability.

1 I itv?

Location of bike ride (be specific): Rating Scale: | : ; N H H
awiul man s0me good wery good excellent
problems problems

1. Did you have a place to bicycle safely? 2. How was the surface that you rode on?
a) On the road, sharing the road with [JGood [ Some problems. the road or path had:
motor vehicles? [ Potholes
[] Cracked or broken pavement
[ Yes [] Some problems (please note locations): [ Debris (e.g. broken glass, sand, gravel, ete.)
[ No space for bicyelists to ride [ Dangerous drain grates, utility covers, or

metal plates
[] Uneven surface or gaps

[ Slippery surfaces when wet (e.g. bridge

[ Too many trucks or buses decks, construction plates, road markings)

[ Mo space for bicyelists on bridges or in
tunnels

[ Poorly lighted roadways

[] Bieyele lane or paved shoulder disappeared
[ Heawvy and/or fast-moving traffic

[] Bumpy or angled railroad tracks
[] Rumble strips

Oth blems:
Other problems: er pro =

Owverall Surface Rating: (circle one)

X 123456
b) On an off-road path or trail, where motor

vehicles were not allowed?

] Yes ] Some problems: 3. How were the intersections you

[ Fath ended abruptly rode through?

[ Path didn't g0 where 1 wanted to go

[] Path intersected with roads that were O Good [ Some problems:
difficult to cross [ Had to wait too long to cross intersection

[ Path was crowded [] Couldn't see crossing traffic

[ Path was unsafe because of sharp turns or [ signal didn't give me enough time to cross
dangerous downhills the road

[] Path was uncomfortable because of too [] Signal didn't change for a bicycle
many hills [ Unsure where ar how to ride through

[[] Path was poocly lighted intersection

Other problems: Other problems:
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DESIGN & EVALUATION GUIDELINES

FHWA Memorandum - August 20, 2013
“Bicycle and Pedestrian Facility Design Flexibility”

Guide for the Development of Bicycle Facilities (AASHTO)
Designing Urban Walkable Thoroughfares (ITE)
Urban Bikeway Design Guide (NACTO)

New 2015 Separated Bike Lanes Planning & Design Guide
(FHWA)

New 2016 Achieving Multimodal Networks: Applying Flexibility
and Reducing Conflicts (FHWA)

New 2016 Small Town and Rural Multimodal Networks (FHWA)

New 2018 Guidebook for Measuring Multimodal Network
Connectivity (FHWA)

New 2019 Bikeway Selection Guide(FHWA)



WWW.PEDBIKESAFE.ORG/BIKESAFE/

The Bicycle Safety Guide and G U I D E
Countermeasure Selection System

is intended to provide practitioners

with the latest information available -
for improving the safety and mobility BaCkground AnalySIS

of those who bike. The online tools Understand what is needed to create How crash typing can lead to the
provide the user with a list of a viable bicycle network. most appropriate countermeasures.
possible engineering, education, or

enforcement treatments to improve icti :
bicycle safety and/or mobility based Statistics Implementatlon

on user input about a specific Learn about the factors related to Needed components for treatments.
location. thebicycle crash problem.

COUNTERMEASURES

Selection Tool Countermeasure List CASE STUDIES

Find countermeasures based on A comprehensive list of all
desired objectives. countermeasures.

Selection Matrices
Find countermeasures based on RESOURCES

crash types and performance & G U I D ELI N ES

objectives.




TRAFFIC CONTROL DEVICES

Subject to Experimentation Available through Interpretations
Interim Approval

= = gk
- MAY USE
— FULL LANE
Two-Stage Turn Box Green-Colored Pavement Use of B4-11 Sign on Roads with

Speed Limits Above 35mph

4 Bardstown Rd 2

4= Louisville Loop 3

Downtown District 11z =9

Dashed Bicycle Lanes Alternate Design for the U.S. Bicycle Modified Bicycle Destination Sign
Route (M1-0) Sign

+= 4= Riverfront Park 7

4R HighSchool 10 =

Andgeln
Bay Frail

Destination Guide Signs for Shared-Use Paths Bicycle Signal Faces Installation of Advance Turm and
Directional Assemblies for

Bike Route Signs

S

Green-Colored Pavement for Use with the Shared- | Bicycle Box Pavement Markings for
Lane Marking Designated Bicycle Routes

https://www.fhwa.dot.gov/environment/bicycle_pedestrian/guidance/mutcd/index.cfm
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KEY SAFETY FACTORS

Speed

Number of lanes
Visibility

Traffic volume & composition
Conflict points <
Proximity
Bike control
Connectivity




