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Housekeeping

= Problems with audio?
Dial into the phone line instead of using “mic &
speakers”

= Webinar issues?
Re-Load the webpage and log back into the webinar. Or
send note of an issue through the Question box.

= Questions?
Submit your questions at any time in the Questions box.




Archive and Certificates

Archive posted at www.pedbikeinfo.org/webinars
= Copy of presentations
= Recording (within 1-2 days)

= Links to resources

Follow-up email will include...
= Link to certificate of attendance

= Information about webinar archive

CSO




PBIC Webinars and News

|:> Designing for BicyCIiSt Safety Series @Pedemian and 8icycle~ Information Center
Continues on...

 April 17: Along the Road

 April 27: Intersections and Crossings

= Find PBIC webinars and webinar archives
pedbikeinfo.org/webinars

= Follow us for the latest PBIC News
facebook.com/pedbikeinfo
twitter.com/pedbikeinfo

= Sign up for our mailing list
pedbikeinfo.org/signup




Designing for
Ricyclist Safety

POLICIES, TOOLS, AND GUIDANCE FOR IMPROVED QUALITY OF
BICY CLINGIFAGS[ENIES



Brooke Struve, PE
Safety & Design Engineer
FHWA Resource Center

/20-237-2745
brooke.struve@dot.gov
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-1'I -
.,

The knowledge ar
changing. Image
outdated. Alwc
experimental TCI

»
.......
i

S is rapidly

es may be
d




Imperc
DESIGNING ﬂ

- — e 2






Poll Question #2
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What are the opportunitiese

» 50 % of tfrips are < 3 miles

» > 1/3 of U.S. adults say they would commute by bike if safe
facilities were available

» 1 outofevery 11 US. households do not own an automobile
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Would you daree




Bicyclist Skill & Comfort

Experienced & Confident

» Navigate on streefts

» Some prefer bike lane, shoulders,
shared-use paths when available

» Prefer direct route

» Speeds up to 25 mph on level
and 45 mph on downgrade

» Longer trips

Casual/Less Confident

>

V V Vv

Difficulty gauging traffic or
unfamiliar with rules of road

Prefer shared use paths or
bike lanes on low volume
streets

Prefer separation from traffic
May ride on sidewalk

Avoid traffic

Speeds of 8 fo 12 mph

Trips of 1 to 5 miles
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Bicyclist Characteristics
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» Preferences
» Feel safe
Feel secure
Lower speed 4
Lower volum ‘é |
Lower fruck %

Fewerlanes

vV vy VvYVyy
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» Violate traffic control
» Slow on uphill
» Fast on downhill

i




Deaths and Injuries

In 2015
> 818killed (X 840
> 45,000 injurec .

» Cyclists accountec
for 2.3% of all »}' e
traffic fatalities




Highway Safety Manual

;e
» 15T Edition 2010 HIGHWAY
» Predictive models SAFETY

» Based on data mfoAL v
» Crash frequency Q
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Satety Performance Function
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Prediction of Bicyclist Crashes

» Urban & Suburban Segments
Nbiker 3 Nbr X i:biker
» N, — Vehicle-bicycle collision frequency

» N, — crash frequency, excluding bikes and peds

» f.ior — DiCcycle crash adjustment factor
-- < or > 30 mph posted speed

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




Prediction of Bicyclist Crashes

» Urban & Suburbban Intersections
Npikei = Npi X foied
» NLioi - Vehicle-bicycle collision frequency
» N, -- predicted intersection crashes (no bikes/peds)
» fLiei — DiCycle crash adjustment factor

-- intersection type (3ST, 3SG, 43T, 45G)
-- values range from 0.011 to 0.018




Crash Modification Factors

’ b Crash Modification Fact

& C' | ® www.cmfclearinghouse.org

e Home | DOT Intranet Internet Explorer Bo Bikeway Videos Sharepoint [ Near Me Bikeway Operations #® MUTCD - Guidance () MCORE Project - MC ﬂ IDOT / FHWA Desigr

E E m E About the CMF Clearinghouse | Using CMFs | Developing CMFs | Additional Resources

CRASH MODIFICATION FACTORS CLEARINGHOUSE

Search for:

Bike

CMF User Guide

New resource to help learn about crash
modification factor (CMF) basics and guidance
on how to conduct searches on the CMF

Countermeasure Name Clearinghouse.




* Countermeasure: Install bicycle lanes

. Crash Crash Area
Compare CMF CRF(%) Quality Type Severity Type Reference Comments
1.05 5 Al Al Uban 5=
Jense
1.14  -14 Al K.AB,C Urban S

1.01 -1 Al 0 Urban e
L _ Jensen,
1.15 -15 All KA B,C Urban R
2008
1.22 22 Al K,A Urban e
Jense
1.05 5 All Urban e
£ UG
Jensen Pedestrian, all
0.83 17 Vehicle/pedestrian K.A,B,C Urban e injuries ...
B [read more]
Pedestrian
0.92 8 Vehicle/pedestrian K,A,B,C Urban ,i|1sne-'. __Injunes,
2008 intersections ...

- Pl s s Tal =
read more]
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Vehicle/bicycle

Vehicle/bicycle

All

All

All

All

Vehicle/bicycle

Vehicle/bicycle

K.AB,C

K.AB,C

K.AB,C

K.AB.C

All

K.A,B,C

All

K.AB,C

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Bicycle and
Jense moped
2008 riders, all ...

read more]

Bicycle and
Jensen, moped
2008 riders, all ...

[read more]




“Install Bicycle Lanes”
“Provide Bicycle Lanes”

Bicycle and
o Jensen, moped
Vehicle/bicycle 2008 riders, all ...

[ 30 TN 7/(‘]

Bicycle and
_ g jensen, moped
hicle/bicycl : s
vehicle/bicycle 2008 riders, all ...

[read more]

Vehicle/bicycle Urban Aty et
al., 2014

. . Rodegerdts
Vehicle/bicycle ot al. 2004




“Installation of Bicycle Lanes af
Signalized Intersection with
Exclusive Right Turn Lanes”

CRF(%)

Quality

Crash Type

Vehicle/bicycle

Vehicle/bicycle

Area
Type

Crash
Severity

Urban
and
suburban

Urban and
suburban

Reference Comments

note: study
was

performed

in ... [read
mare]

Tumer et
al., 2011

note: study
was performed
in ... [read
mare]




“Increase Bike Lane Width”

Compare

CMF

CRF( %)

Quality

Crash Type

Vehicle/bicycle

Crash
Severity

All

Reference Comments

This CMF is
for KABCO
... [read

Vehicle/bicycle

Vehicle/bicycle

Park and
Abdel-
Aty,

o
2016

This CMF is
for KABC ...

[ read more]

Park and
Abdel-
Aty,

2016

This CMF is for
KAB ... [read
more]




“Increase Bike Lane Width”

CMFunction:

CMF = exp { 0.1155 x ( Ugyw — Baseyg,,, ) }
Where:
Ugpw = In {47.24 + 11.859 (PropBikeLaneWidth — 7 ) + 3.7 ( PropBikeLaneWidth — 7 )* }
Baseyg,,, =In{47.24 + 11.859 (ExistBikeLaneWidth —7 ) + 3.7 ( ExistBikeLaneWidth —7 )* }
Where:
PropBikeLaneWidth = Proposed bicycle lane width in feet

ExistBikeLaneWidth = Base, or existing, bicycle lane width in feet



Using CMF's for Bikes

» Consider the star rafting

» Read underlying research

» Consider applicability to your location
» Remember effects on crash rate

» Wait for methodology to evolve

» Use your judgement




How do we measure safetye

» Alive

» Whole
» Calm and confident




Types of bicyclists — City of Portland l

Interested but Concerned, 60%

80% 100%




Levels of Traffic Stress (LTS)

» LTS 1: Suitable for almost all

» LIS 2: Suitable to most adult cyclists
» LTS 3: More traffic stress

» LTS 4: Strong and fearless




Levels of Traffic Stress (LTS)

LTS 1 LTS 2 LTS 3 LTS 4

Physically « Bike lanes 5.5 ft « Bicycle lanes  No dedicated
separated wide or less, next o 35 mph bicycle

from traffic or next to 30 mph auto traffic, or facilities
low-volume, auto traffic mixed-flow Traffic speeds
mixed-flow « Unsignalized traffic at 30 40 mph or
traffic at 25 crossings of up mph or less more

mph or less to Slanes at 30 « Comfortable Comfortable

Bike lanes 6 ft o2 for most for “strong and
wide or more Comfortable fearless” riders
Intersections for most ady (vehicular

easy to « TYD cyclists)
approach and bicycle

Cross facilities in

Comfortable Netherlands

for children




Casual/Less Confident

In order for this group fo regularly
choose bicycling as a mode of
fransportation, a physical network of
visible, convenient, and well-designed
bicycle facilitfies is needed.

AASHTO Guide for the Development of Bicycle Facilities 2012



Well-Connected Network
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5 out of 10 pedestrians survive.

Vehicle traveling at | ¥

w

O™0

| out of |10 pedestrians survive.




Number of Lanes




Visibility/Conspicuity




Traffic Volume & Composition




Contlict Belis
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Bike Walk Encinitas
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Proximity |
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Bike Control




Corridor 1: 1-680, Contra Costa County

m J / LOW STRESS NETWORK

/ , |

| '. '; S
i‘ ( ,V/ { .. l"l ‘v/
A\ | f\ |

Connectivity

Out of Direction Travel Existing Bicycle Network
® < 1/3 Mile (High Permeability) Facility Type

N\
N\

Class | Shared Use Path

1/3 Mile to 2/3 Mile

' Class Il Bike Lane
2/3 Mile to 1 Mile lass Il Bi ar

® 1Miletol11/3 Mile

» -

Class Il Bike Route/Shared Lane

I I 1
® >11/3 Mile (Low Permeability) 0 Y 1 Milos




Key Safety tactors

Speed

Number of lanes

Visibility

Traffic volume & composition el
Conflict points
Proximity

Bike conftrol

VNV ey V. V V V¥V

Connectivity
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Federal Law

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

» Consider safety and configuous routes for bicyclists in plans and
projects.

What does consider mean?



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.




US

DOT 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
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Other Analysis Methods

Highway Capacity Manual

_evel of Traffic Stress

ntersection Safety Indices

Road Safety Audit

» Measuring Network Connectivity

By VvV Vv




HCM2010

HIGHWAY CAPACITY MANUAL




Bicycle Level of Service

» Motorized vehicle » Median
volume » Curb
» % heavy vehicles > ACCess
> 7% occupied parking . pavement condition
» # lanes » Motorized vehicle

» Qutside lane width speed



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
eqasy to
approach and
Cross
Comfortable for
children

LTS 2

Bike lanes 5.5 ft
wide or less,
next to 30 mph
auto fraffic
Unsignalized
crossings of up
to 5 lanes at 30

omfortable fo
ost adults

bicycle facilities
in Netherlands

Level of Traffic Stress

LTS 3

Bicycle lanes
next to 35 mph
auto traffic, or
mixed-flow
traffic at 30
mph or less
Comfortable for

S

LTS 4

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




Bicyclist Intersection Safety Indices

Pedestrian and Bicyclist Intersection

Prioritize intersections crossings and Sdloly icices
infersection approaches for bicycle L]
safety improvements e,
» Score of 1 (safest) to 6 (least safe) e e T
» Score for each movement R NN
(thru, left turn, right turn) — Jm
|
|




Bicyclist Intersection Safety Indices

Inputs: | (‘

» ADT on main and cross streets. \

» Number of through vehicle lanes on cross street.

» Number, type, and configuration of fraffic lanes on main *
street approach.

» Speed limit on main street.
» Presence of on-street parking on main street approach.

» Type of fraffic control on approach of interest (signal or
Nno signal).



Road Safety Audit

» Formal safety examination conducted -
by an independent, experienced, i -
multidisciplinary feam

» RSA Prompt List
» Bikeabllity checklist

BICYCLE ROAD SAFETY
AUDIT GUIDELINES AND
PROMPT LISTS

st s e R’/FA FHWA-SA-12-018




RSA Prompt List

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 fransition with respect to roadway geometry (e.g., shoulder drop and turn lanes)
(see also A9 and C9)

The picture to the left depicts a bike lane that hooks right through a major intersection and transitions
to a protected bikeway. Chevrons on 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 or 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 &

of unfamiliar users or tourists.

and marked at the point of transition. Additional attention may be given to locations with high volumes




Bikeabillity Checklist

Location of bike ride (be specific): Rating Scale:

od excellent

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 ] Good [ Some problems, the road or path had:

motor vehicles? [] Patholes
ed or broken pavement

[ Yes [] Some problems {ples note locations): ] R i s, sand, gravel, etc.)
s to ride | Da s dra £ . utility covers, or
metal plates
] Uneven sur

oulder disappeared
ing traffic
< when wet (e.g. bri
n plates, road markings)
on bridges orin [] Bumpy or angled railroad tracks

Rumble strips
[ Poorly lighted roadways [} Rumble strip

Other proble
Other problems: et probe

Overall Surface Rating: (circle one)

i 123 456
b) On an off-road path or trail, where motor

vehicles were not allowed?

[ Yes [] Some problems: 3. How were the intersections you
[ Path ended abruptly rode thr{]ugh?
[ Path didn't go where | wanted to go
[ Path intersected with roads that were [0 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 ] Signa i give me enough time to c

dangerous downhills

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

Other problems: Other problems:




Measuring Network Connectivity

» How complete is the networke .
» How dense is the networke

» How direct is the network?e

» What destinations can you access with

the networke MEASURING
MULTIMODAL

ANY NETWORK BIKE/PED SPECIFIC HIGH QUALITY NETWORK

CONNECTIVITY

100% ACCESSED 66% ACCESSED
L
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are to Experiment

Subject to Experimentation Available through Interpretations
Interim Approval

NS

MAY USE
E—— libozeloicien] |

Two-Stage Turn Box Green-Colored Pavement Use of R4-11 Sign on Reads with
Speed Limits Above 35mph

o2

4 Bardstown Rd Va
= Louisville Loop 3
Downtown District 112 =

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

- rﬂ}i Riverfront Park 7

R HighSchool 10 =

Destination Guide Signs for Shared-Use Paths Bicycle Signal Faces

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




Design Guidelines

» FHWA Memorandum — August 20, 2013
“Bicycle and Pedestrian Facility Design Flexibility™

» Support for taking a flexible approach

» 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 2015: Separated Bike Lanes Planning & Design Guide (MassDOT)

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

New 2017: Small Town and Rural Multimodal Networks (FHWA)
New 2018: Measuring Multimodal Network Connectivity (FHWA)

vV v. v v Vv

V v



The Bicycle Safety Guide and
Countermeasure Selection System
is intended to provide practitioners
with the latest information available
for improving the safety and mobility
of those who bike. The online tools
provide the user with a list of
possible engineering, education, or
enforcement treatments to improve
bicycle safety and/or mobility based
on user input about a specific
location.

PEDBIKESAFE.ORG

GUIDE

Background

Understand what is needed to create
a viable bicycle network.

Statistics

Learn about the factors related to
thebicycle crash problem.

COUNTERMEASURES

Selection Tool

Find countermeasures based on
desired objectives.

Selection Matrices

Find countermeasures based on
crash types and performance
objectives.

Countermeasure List

A comprehensive list of all
countermeasures.

Analysis

How crash typing can lead to the
most appropriate countermeasures.

Implementation

Needed components for treatments.

CASE STUDIES

RESOURCES
& GUIDELINES




Shared Lane Marking

Supporting Nonsupporting

Characteristics Characteristics

» More than 1 lane Downhill or
level

Single lane
Uphill

» Short segment to fill gap in Parallel route option
bikeway

» Speed <30 mph Long segment

» High bicycle use 40 mph

A A e (e A pesth 4

Low bicycle use



Poll Question #3

» Which sign is preferred for a shared roadway?




Shared Road Signs

» Reminder for motorists

NS

on Roacuy

MAY USE
FULL LANE




Separated Bike Lanes

» Exclusive bike facility

» Adjacent to or on roadway

» One-way or contra-flow

» Separated from traffic by vertical element




Separated Bike Lanes

Advantages

L -

» Very low stress midblock
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» Encourages bike riding
» More conspicuous
» Crash rate reductions




Separated Bike Lanes

Disadvantages

» Special freatments for \

» |Infersections

» Driveways L
. y :—.ougaf"."-:--,g: 3

» Parking

» Transit

» Loading zones
» Additional space needed
» More costly than bike lanes
» More tolearn




Safer Signals for Cyclists

» Setinitial and gap times for bicyclists
» Differentiate detection to optimize signal
» Leading bicyclist interval (LBI)

» Segregate conflicting movements

| —
' -...“lt —— ., =
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Signal Timing

» MUTCD
» Section 9D.02

» Standard: On bikeways, signal timing and actuation
shall be reviewed and adjusted to consider the needs
of bicyclists.

» Yellow change interval
» Red clearance interval

Bicyclists are slower!



Leading Bicyclist Interval

USE
PED
SIGNAL
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Bicycle Sighal Face

» Bicyclist non-compliance
» Provide aleading or lagging bicycle interval

» Continue the bicycle lane on the right-hand side
of an exclusive turn lane

» Augment the design of a segregated counter-
flow

» Unusual or unexpected arrangements of the
bicycle movement through complex

Roy Crismnan/Fl



“Protected” Intersections




Visibility at Conflict Points

motorist’s view at
conventional bike lane

motorist’s view at
separated bike lane




“Protected” Intersections

Corner refuge island

Forward bicycle queuing area
Motorist yield zone
Pedestrian crossing island

Pedestrian crossing of separated bike lane

o o A~ W N P

Pedestrian curb ramp




“Protected” Intersections




Useful References

V V. V.V V VYV V V VvV vV VvV YV

http://www.cmfclearinghouse.org/

http://www.northeastern.edu/peter.furth/research/level-of-traffic-stress/

23 United States Code 217(g)
https://www.fhwa.dot.gov/environment/bicycle pedesirian/guidance/policy accom.cfm

https://safety.fhwa.dot.gov/ped bike/tools solve/fhwasal2018/

http://www.fhwa.dot.gov/publications/research/safety/pedbike/06130/06130.pdf

http://safety.fhwa.dof.gov/rsa/

http://www.fhwa.dot.gov/environment/bicycle pedestrian/guidance/design flexibility.cfm

http://www.fhwa.dot.gov/environment/bicycle pedesirian/publications/separated bikelane pdg/

https://www.mass.govVv/lists/separated-bike-lane-planning-design-guide

https://www.mass.goV/lists/separated-bike-lane-planning-design-guide

https://www.fhwa.dot.gov/environment/bicycle pedestrian/publications/multimodal networks/

https://www.fhwa.dot.gov/environment/bicycle pedesirian/publications/small towns/

https://www.fhwa.dot.gov/environment/bicycle pedestrian/publications/muliimodal connectivity/

hitp://www.pedbikesafe.org/bikesafe/

http://www.fhwa.dot.gov/environment/bicycle pedestrian/guidance/mutcd/index.cfm

City of Edmonton video on bike box: https://www.youtube.com/watch2v=siixA3FJc1I



http://www.cmfclearinghouse.org/
http://www.northeastern.edu/peter.furth/research/level-of-traffic-stress/
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/guidance/policy_accom.cfm
https://safety.fhwa.dot.gov/ped_bike/tools_solve/fhwasa12018/
http://www.fhwa.dot.gov/publications/research/safety/pedbike/06130/06130.pdf
http://safety.fhwa.dot.gov/rsa/
http://www.fhwa.dot.gov/environment/bicycle_pedestrian/guidance/design_flexibility.cfm
http://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/separated_bikelane_pdg/
https://www.mass.gov/lists/separated-bike-lane-planning-design-guide
https://www.mass.gov/lists/separated-bike-lane-planning-design-guide
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/multimodal_networks/
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/small_towns/
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/multimodal_connectivity/
http://www.pedbikesafe.org/bikesafe/
http://www.fhwa.dot.gov/environment/bicycle_pedestrian/guidance/mutcd/index.cfm
https://www.youtube.com/watch?v=siixA3FJc1I
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Summary Thoughts

» SPF provides a crash frequency, not a crash rate

» HSM Is a new methodology with more research
and reliability to come

» Look to other tools in the meantime

» Engineering judgement based on key safety
factors for bicyclists

» Safety is more than getting home alive















Key Safety tactors

Speed

Number of lanes

Visibility

Traffic volume & composition el
Conflict points
Proximity

Bike conftrol
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Connectivity
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Discussion

= Send us your questions .ﬁ____a

= Follow up with us:

= Brooke Struve brooke.struve@dot.gov

= General Inquiries pbic@pedbikeinfo.org

= Archive at www.pedbikeinfo.org/webinars
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