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This is a workshop:

Expect to do some work!
Ask questions and issues as
you have them

May be covered in course
material or

Will be placed on the “Park
Bench” for later

Exercises, questions, and
discussions —
YOU provide the answers!

Field trip: Assess the situation,
apply the principles, and
make recommendations
Identify and prioritize
potential policies and
procedures
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Designing for Pedestrian Safety

Workshog Ovutcomes

At the end of this workshop, you will be able to:

Describe the influence of planning factors: land use,
street connectivity, access management, site design, and
level of service.

Describe how pedestrians should be considered and
provided for during the planning, design, work zone,
maintenance, and operations phases.

Describe how human behavior affects the interaction
between pedestrians and drivers

Identify good practices and effective solutions to
enhance pedestrian safety and accessibility.
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Overview of Pedestrian Safety

Problem
) |

Annually more than 6,000 pedestrians are killed in traffic crashes,
representing about 15% of all traffic deaths.

Nearly 70,000 pedestrians are injured each year
Most crashes occur when the pedestrian crosses a road

Most fatalities and serious injuries occur on roads designed with little
attention for pedestrian safety.

Pedestrians are less likely to be killed in walkable environments.
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Pedestrian Fatalities by Year U.S. Data
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New Mexico

Sorted by Fatality Rate

Pedestrian Fatalities per
100K Population - 2016

345

GHSA Pedestrian Traffic Fatalities by
State 2021 Preliminary Report
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City of Jackson Overview
.
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Agenda overview

Planning factors: land use, street connectivity, access
management, site design, and level of service

Walking along the road: Effectiveness of sidewalks

Street crossings: Human behavior, midblock crossings,
crosswalks, medians, signals, over /under-crossings

Pedestrian-friendly intersections: Geometry, radii, curb
extensions, islands, crosswalks

Signalized Intersections: Making them better for pedestrians
Interchanges: Providing pedestrian safety and accessibility
Roundabouts: Making them work for pedestrians

Transit: Stop locations & pedestrian crossings

Road diets: Making room for pedestrians

Field Exercise: Apply what we have learned

Designing for Pedestrian Safety - Introduction
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Why is it important to accommodate

Eedes’rrian sofe’rz and occessibili’rz?

Because we are all pedestrians
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Because many people do not drive
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Because other modes depend on walking
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Because it’'s good for business — people walk into stores
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e . e

Because pedestrians use and belong on streets and highways
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Because it will make roads safer for all road users
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Designing for Pedestrian Safety - Introduction

AASHTO: “Because of the demands of vehicular traffic in
congested areas, it is often extremely difficult to make adequate
provisions for pedestrians. Yet this should be done, because
pedestrians are the lifeblood of our urban areas...”

(2011 edition, AASHTO Green Book, page 2-78)

20
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Why?

T
USDOT Policy Statement on Bicycle & Pedestrian
Accommodation (Announced March 15, 2010)

Every transportation agency, 4

including DOT, has the FED DRIVIG SN S ENMA

responsibility to improve

conditions and opportunities _AMSLOQ v S

for walking and bicycling and™
to integrate walking and
bicycling into their
transportation systems

It’s also been Federal Policy |

since ISTEA (1 991 ) gls Trérlllsportation Secretary
aine Chao
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Why?

USDOT Policy Statement — Actions to integrate non-
motorized modes into future projects:

Consider walking and bicycling as equals with other
transportation modes;

Ensure convenient choices for people of all ages and
abilities;

Go beyond minimum design standards;

Collect data on walking and biking trips;

Set mode share targets for walking and bicycling
Maintain sidewalks paths, including snow removal

Improve non-motorized facilities during maintenance
projects.

22
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Resources

Guide for the HIGHWAY
Planning, Design, SAFETY
and Operation MANUAL

of Pedestrian Facilities 15t Edition

& BICYCLE ROAD SAFETY
AUDIT GUIDELINES AND
PROMPT LISTS

PBIC: www.pedbikeinfo.org

A RESIDENT'S GUIDF,
FHWA: safety.fhwa.dot.gov FOR CREATING SAFE A

WALKABLE COMMUNIT e

PEDBIKESAFE

NHTSA: nhtsa.dot.gov

ITE: www.ite.org
AASHTO/NCHRP: safety.transportation.org

Countermeasures
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Highway Safety Manual

Science-based technical approach for

. HIGHWAY
safety analysis SELY
AASHTO HSM Website: ' s
o www.highwaysafetymanual.org i
FHWA HSM Website: @®

O http://safety.fhwa.dot.gov/hsm/
TRB Highway Safety Performance Committee Website:

O www.safetyperformance.org
FHWA RC HSM Webinar Series

o http://www.highwaysafetymanual.org /Pages /FHWAResour
ceCenterHSMWebinarSeries.aspx

24

2-25

Calculating Reduction in Number of
Crashes

Crash Modification Factor (CMF): factor used to compute the
expected number of crashes after implementing a given
countermeasure.

Crash Reduction Factor (CRF): % fewer crashes experienced
on a road with a given countermeasure than on similar road
without the countermeasure

Relationship between CMF and CRF:
CMF =1 - (CRF/100)
CRF =100*(1 — CMF)

CMF/CFR Clearinghouse: www.cmfclearinghouse.org
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CMF - Important Concepts

126 |

May apply to all crashes, or crash specific subsets
(e.g., run-off-road, night, wet weather, multi-vehicle,
etc.)

Same treatment in different contexts or highway
types may have different effects and different CMF
values
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Planning elements that affect pedestrian

sofe’rz:

Land Use

Street Connectivity
Access Management
Site Design

Level of Service

27
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Why do we have cities?

To minimize travel & maximize exchange (to be closer together)
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How have we built our urban roadway

szs’rem?

To facilitate travel over longer distances

30
Reducing travel demand is best achieved through Land Use
policies that bring destinations closer together
_ { !
) y
The problem: S}hooL &E'_ o
Commercial activities £ Al Y
concentrated in auto- — o -
e
dominated corridors. —. i Cigmn |
— l—
Segregated land uses fJ B o .
Result: long travel ()
distances, not ] 9 L
conducive to walking 1 4 g o
Commercial fg—“: //"
Potential solutions? K &
1. Allow small-scale retail in —d © ZONING LEGEND
neighborhoods - Commercial [
2. Create neighborhood parks £r Industrial [
3. Site school closer to /‘ o
residences & parks ' Residential [ |
Open Space
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Neo-traditional development: destinations are close to residential areas
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1-33

Market

Designing for Pedestrian Safety - Introduction
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School

Market
I 3 left turns!

Il--'

--I -I
[
[

Connectivity creates a walkable street system by:
Reducing walking distances;
Offering more route choices on quiet local streets;

Dispersing traffic — reducing reliance on arterials for all trips

34

You live here, your
child wants to visit a
friend who lives not

far away; how do you
get there?

Cul-de-sac patterns increase walking distances & increase reliance on arterials

Designing for Pedestrian Safety - Introduction
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1-36

Can you increase connectivity
with paths, greenways?

-) Market

Reduces walking distances: YES
Offers more route choices: YES
Disperses traffic: NO

School

36

1-37

R

i

q

Dedicate R.O.W. to link cul-de-sacs with linear parks

Land Use & Connectivity: Schools next to parks.
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High Connectivity Travel Lanes Required

Moderate Connectivity
| O

O

Low Connectivity

Designing for Pedestrian Safety - Introduction
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Lack of connectivity => overly wide streets
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140 [lbwaerave N |
Lack of connectivity => few but large intersections
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Access Management

1-41

Every driveway is a potential conflict
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Access Management => fewer conflicts at driveways
2 techniques: (1) median (no left turns) (2) consolidate driveways
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Which has greater crash reduction factor:
(1) Median (no left turns) or
lidate driveways?

o'o ’o‘

LA AR b
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@ Unleaded
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1-44
Driveways can be closed for safety

Designing for Pedestrian Safety - Introduction
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Severing public streets not a desirable
access management technique
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Non-traversable
barrier — |
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= A i )
Available crossings and movements before access control Available crossings and movements after access control

This limits people’s ability to walk or bicycle
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Connecting severed streets
reestablishes walking routes
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Severed street can be reconnected for pedestrians
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Bringing Buildings closer to the Street
|

W J ‘_
Creates a street e G S S Ry
where drivers know
Major Street
to expect
. \ Short-term parking L~
pedestrians — : Sidewalk

for cars |

Conyanlanss
Story

Stnaller driveway
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<= | arger:driveway.
=» fordeliveries
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Parking between sidewalk and building is not pedestrian-friendly

50

L1
Building at back of walk: pedestrian-oriented design

Designing for Pedestrian Safety - Introduction
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1-52

SIZE:
PRIZES

Fast food typically favors drive-thru over walk-ins

Pedestrians must cross drive-thru lane

52

ARSI -

Alternative design: Direct pedestrian access is provided with no vehicular conflicts
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1-54

Parking and drive through are still provided

Designing for Pedestrian Safety - Introduction

54

. Cars enter
& back here

1-55

Even a gas station / convenience store can be built with
pedestrian friendly design, at back of walk
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1-56

Pedway retrofitted from sidewalk to building through parking

56

Same principles apply to large-scale developments:

Direct, safe & convenient access is provided
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So desperat;e for
parking, they cut down
tree!

1-58

Poor Design: Drivers use sidewalk for backing

Designing for Pedestrian Safety - Introduction
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Do your local ordinances support
pedestrian-oriented planning and design?

These goals are achieved by local ordinances,
which must be enforced.

They are beyond the scope of road designers,
yet contribute greatly to the safety, comfort and
aesthetics of the walking experience

59
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Portland, OR

A “complete street” accommodates many uses and provides for
all purposes of a street:

o Mobility (all modes)
O Access to destinations
o Thriving businesses

o Beauty

Designing for Pedestrian Safety - Introduction
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Transforming a street

62

163 sPassdenacA

Narrow lanes; add bike lanes, median, trees, texture

63



164 [ Pasadana €A

Bring in buildings that face the street

64

More buildings: Infill

65



166 [Spasadena €A |
The street now has life and is safer for pedestrians

66

1-67

The impact of LOS standards
on street design and
pedestrian safety

Designing for Pedestrian Safety - Introduction
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HCM 2000: ped LOS = F; too many peds!
New HCM 2010: considers quality and density for peds

68

HCM 2010 Approach

1-69

Multimodal 1 1
evaluation for
urban streets

Levelof

svee Automobile

o Emphasizes
combined
evaluation of
auto, bike, and
transit modes

Designing for Pedestrian Safety - Introduction

Interactions

.

2104

Source: FDOT Quality/Level of Service Handbook
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Pedestrian LOS

Lo —
LOS model determined from research on
pedestrians’ perceptions
LOS models are provided for:

o Urban street segments

o Signalized intersections

o Two Way Stop Controlled (TWSC) intersections
o Roundabouts

o Off-street facilities

70

Pedestrian LOS

71 |
Urban street segments

0 Density of pedestrians and comfort / perceived
exposure

Signalized intersections

o Pedestrian delay and perceived exposure

G W — o I B s

A= actual sidewalk width
E= effective sidewalk width

71



Pedestrian LOS

1-72

TWSC intersections

o Average pedestrian delay
crossing major street

Off-street facilities
o Affected by bicyclists

72

Why are pedestrians at high risk on this street?

Multi-lane roadway, high speeds

73



174 [NaneowerBC
Why are pedestrians at low risk on this street?

Narrow roadway, low speeds, busy

74

What is the core safety issue?

Pedestrians & drivers must use the street together
1-75

Saiteraiicle
W voo NS

Narrow cross-section
P
ildings

What does the driver see that says ‘““slow down, watch for
pedestrians”?

Designing for Pedestrian Safety - Introduction
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Reinventing the roadway:

Transform a 5-lane commercial strip to ...

76

...a safer road for everyone
Discussion: 1. What changed?
Discussion: 2. What didn’t change?
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Let’s Recap

Why is it important to accommodate pedestrian
safety and accessibility?

How does the street environment influence drivers’
and pedestrians’ expectations and interactions?

Where is the information?

What planning factors influence pedestrian safety
and accessibility?

78




Module 2

Learning Outcomes:
2
At the end of this module, you will be able to:

Describe the operational and safety benefits of
shoulders and sidewalks

Select the appropriate design for sidewalks




Shoulders and Sidewalks

2-3

Walking along the Paved shoulders

road accounts for reduce pedestrian
10-15% of fatal crashes by 70% (CRF)
pedestrian crashes: o CMF = 0.3

. Gan et al. study
o Fewer in urban areas

Sidewalks reduce
pedestrian crashes by
They’re easily 88% (CRF)
preventable o CMF=0.12

McMahon Study

O More in rural areas

Shoulders improve safety for all users

2-4

For motorists: room to avoid crashes




Shoulders improve safety for all users

For bicyclists: a place to ride

Shoulders improve safety for all users

6’ width preferred

For pedestrians: a place to walk

CMF = 0.3 (CRF = 70%)




At a certain point, sidewalks are needed

“Goat trail” indicates sidewalks are needed




The 2011 AASHTO “Green Book” states:

“Sidewalks are an integral parts of city streets”

sidewalk bike lane travel lane travel lane bike lane sidewalk
51t -|~— 6 ft i 12 ft | 12 ft l 6 ft —-|-- 5ft
o 2y

2%
T
[slzw::' FANR

4 inches type "’

ESesiFErdranas

4 inches PCC

A/C~ N 8inches aggregate subgr

Sidewalks are not added to streets,
they are part of the street

Sidewalks reduce pedestrian crash risk by 88%
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Curbs & sidewalks slow traffic more

than sgeed sign

Sidewalks define an urban street

11

Discussion: Why are sidewalks
discontinuous?

12



Discussion:Why are sidewalks on one
side not OK?

Answer: Pedestrians walk in street, or cross twice

13

Sample Implementation Strategy to
retrofit existing streets w/sidewalks

2-14

Develop a program to fill in missing sidewalks over 20 years

14



How do you make such
a daunting task
manageable?

Seattle example:
divide it into bite-size
chunks, with
overlapping priorities

SIDEWALK INVENTORY

{Intersection of Sidewalks with Urban Villages, Schools, and Service Providers)

15
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2-19

Discussion: =

What are your requirements for sidewalks:
What are the triggers?
Who pays for them?

Who maintains them?

19

extends from the edge
of roadway to the
right-of-way and is
divided into 4 zones:

Sidewalk Corridors —

The Zone st’rem

The sidewalk corridor

o Curb zone

O Furniture zone

. | Furniture Zone | Pedestrian Zone |Frontage
O Pedestrian zone Lt Zone

o Frontage Zonhe Total Width

20




Curb Zone

221

Typically
6 inches

Furniture Zone Pedestrian Zone

Curb Zone

21

Why the curb zone matters: Mountable curbs are
inappropriate on local streets

22



Why the curb zone matters: It’s where pedestrians
transition from/to the street

23

Curbs & drainage are the greatest sidewalk cost

24



This sidewalk cost little to install w/o curb

25

Furniture Zone

2-26

L‘ Furniture Zone i

Curb Zone

Pedestrian Zone

Local or collector
streets 2 to 4 ft

Arterial or major
streets 4 to 6 ft

26




All these things go here!

All the “stuff” goes in the furniture zone

27

Jacksonville OR

The furniture zone keeps the sidewalk clear

28



Sidewalk with furniture zone is pleasant to walk on

29

Planter strip helps define driveways, it’s easier for drivers to
find them and they’re more likely to yield to pedestrians

30



Pedestrian Zone

- _ ~
L Furniture Zone Pedestrian Zone Frontage

Curb Zone Zone

< >
€ L

Total Width

31

5 feet necessary for two people to walk comfortably

side by side or to pass each other; 6’ preferred

32



Sidewalk should be as wide as needed to serve
anticipated pedestrian use (use HCM ped LOS)

33

Minimum Sidewalk Recommendations

Local or collector streets 5 ft
Arterial or major streets 6 to 8 ft

Along parks, schools, and other major pedestrian
generators 8 to 10 ft
CBD areas 8 to 12 ft

o 8-ft minimum in commercial areas with a planter strip,
12-ft minimum in commercial areas with no planter strip

Designing for Pedestrian Safety - Introduction
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Frontage Zone

2-35

Doors, planters,
etc...

o 3 feet
Café seating
o 8 feet

ﬁ
W—

{ B Pedestrian Zone

>
>

Frontage
Zone

Total Width

\

35

Shy distance concept applies to pedestrians, who will shy
away from a vertical face; extra width is needed

36




2-37

An interesting fagade makes narrow sidewalks feel wider

37

Fence placement and type impacts pedestrian comfort:

the sidewalk on the left is wider, but feels narrow due to
high and adjacent chain link fence

38



One foot of frontage zone between right-of-way line and sidewalk makes
maintenance easier

39

The Zone System - Summary

Residential street

40



The Zone System - Summary

Pedestrian
Zone j

41

With Zone System

2-42

a

Street furniture arranged in zones leaves sidewalk clear

42



Weithout Zone System

Randomly placed street furniture clutters sidewalk

43

Without Zone System

2-44

No buffer between pedes’rriqns and traffic

44



ADA requirements for sidewalks

Well-designed sidewalks
meet ADA:

Sidewalks should be
clear of obstructions:

o 3’ min clearance, 4’
proposed

Sidewalk should have
smooth surface

) The zone system creates a
Sidewalk should be at safer and more pleasant

o -
i2n ﬁurc?i?\x :*:)leriﬂ:\sz . place to walk, and makes it
9 Y easier to meet ADA

requirements.
Best resource for ADA: Public Right-of-Way Accessibility Guidelines
(PROWAG) draft. http://www.access-board.gov/prowac/draft.htm

45

Utilities & poles should not obstruct sidewalk

46



Mitigate around obstacles on narrow curbside sidewalk

47
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Driveways are the source of most conflicts with
motor vehicles on sidewalks

Driveways built like intersections encourage high-speed turns




Driveways built like driveways encourage slow-speed turns

51

Intersection or Driveway?

Designing for Pedestrian Safety - Introduction

52




2-53

This driveway was built like an intersection

Driver exits at high speed, not looking at pedestrians

53

Santa Monica, CA

This driveway tells drivers watch for pedestrians

54



2% max
slope

ADA requirements for driveways: minimum pedestrian access
route of 3’ (soon to be 4’) at 2% max cross-slope

55

Easier to maintain level access with
separated sidewalks

56



Without zone system hard to meet ADA

For narrow curbside sidewalks, wrap sidewalk around apron

58



Driveway Coaster

Most common reason given by wheelchair users using the street

Driveways are not flat

59

Max Ramp Slope 8.33%
Max Cross Slope 2%

2-60

For narrow curbside sidewalks

Fully lowered sidewalk

60



Walking Along the Road — Let’s Recap

2-c1. .|

1. Crash Reduction Factors:
Rural environments:
o Paved shoulders reduce ped crashes up to 70%
Urban environments:

o Sidewalks reduce ped crashes up to 88%

(most sidewalk crashes occur at driveways)

61

Walking Along the Road — Let’s Recap

2. Sidewalk Design: The zone system
0 What are the 4 zones?

The curb zone
The furniture /planter /buffer zone
The pedestrian/walking zone

The frontage zone

62



Walking Along the Road — Let’s Recap

26 [
3. Sidewalk Design: Key characteristics
How should the walking zone be designed?

Smooth

Separated from traffic
Clear of obstructions

Level cross-slope (max 2%)

Wide enough to accommodate expected
pedestrian volumes

63

Walking Along the Road

Learning Outcomes:
el

You should now be able to:

Describe the operational and safety benefits of
shoulders and sidewalks

Select appropriate designs for sidewalks

64



STREET CROSSINGS

Module 3 Part 1: General Principles

2

Learning Outcomes

T
At the end of this module, you will be able to:

Describe how and why people cross the street

Describe how drivers and pedestrians perceive
each other

Describe principles for users to cross a road safely
Select midblock vs. intersection locations

Identify how speed affects pedestrian safety




Why do people cross the street?

Because there’s someplace good on the other side

People shouldn’t have to run to cross a street




Ideally, we'd always cross at locations with positive
control

But we can’t provide signals everywhere people cross




These people are not criminals...
They’re simply trying to deal with a situation

Pedestrian behavior varies: Some use crosswalks,

others don’t




Ped behavior varies: some cross midblock
(and do so safely)

Ped behavior varies: others cross at signal
(and do so safely)

10




11

General Principles
]

Pedestrians want & need to cross streets safely
Drivers need to understand pedestrians’ intent
Keep crossings short

Speed Matters

Pedestrians will cross where it’s convenient

Ok Wb =

Good design makes use of these principles

11

Principle # 1

Pedestrians want & need to cross the street safely

12




Principle # 2

Drivers need to understand pedestrians’ intent

13

Principle # 3

Keep Crossings Short

Impacts of long

crossing distance:

O Increases exposure
time

o Increases vehicle-
pedestrian conflict

o Increases vehicle delay

o Decreases ability of
slower pedestrians to
cross

14



Principle # 4: Speed Matters

Drivers’ field of

vision & ability to
see pedestrians
Drivers’ ability to
react and avoid a
crash

Crash Severity

15

16

As speed increases, driver focuses less on
surroundings

16




17

As speed increases, driver focuses less on
surroundings

17

As speed increases, driver focuses less on

surroundings
18

18




As speed increases, driver focuses less on surroundings
19
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Speed Affects Crash Avoidance

.
40 mph J—

30 mph
20 mph

10 mph

0 mph L L L ;
0 feet 100 feet 200 feet 300 feet 400 feet

Reaction / Braking Distance

High speeds equate to greater reaction and stopping distance

22
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Speed Affects Crash Severity

High speeds lead to 85%
greater chance of
serious injury & death

45%

5%
Sources:
Killing Speed and Saving Lives, United
Kingdom DOT 32 km/h 50 km/h 65 km/h
20 MPH 30 MPH 40 MPH
Vehicle Travel Speeds and Pedestrian
Injuries; NHTSA.DOT HS 809 021 Pedestrians’ chances of death if hit by a motor vehicle

23

24

Speed Management

Speed management is
the single most
effective way to
increase safety for all
modes

Speed limits must be
realistic, consistent, and
enforceable and able
to be adjudicated.

24



Comprehensive Speed Management

P rog ram
25
Development

Judiciary Education &
\ / Communication

Speed

: Speed

Partnerships & Management Countgrmeasure
Outreach Program Program
Evaluation

25

Speed Management Guidance

and S’rra’regic Initiatives

+Highway Safery Impc e
Program (HSIF)

Vimarscion seey Speed Safety

+Local & Rural Road Safery In 201, th
+Roadvay Departure Safoty
+Roadvay Safety Data Program
S i ing bhavior sducalion. nd enforcement. Thatswhy ths US. DOT has set up a mulimadsl,
‘e SOT HTHL, POF 764G and 3 work plan. FHVA s

ustms2
Facts and Statisics

B

Vbl Spood Linka Speed Management
Tt Comig

T Strategic Initiative

Speed Management
TS FOPTOeaT RavaT oSy DwHersY

http://safety. fhwa.dot.gov/spee

/g
https://safety.fhwa.dot.gov/local_ru http://www.nhtsa.dot.gov/people/i
ral/training/fhwasa010413spmgmt/ njury/enforce/SpeedManagement

speedmanagementquide.pdf -content/

26



Discussion:

What are your policies & practices
regarding setting, enforcing, and

adjudicating speed limits2

27

Principle # 5

28

Pedestrians will cross where it’'s most convenient

28



Discussion:

2 memesfl
How far are you willing to go out of your way for an

“improved” crossing?

Would you walk: 25 50" 75 100° 125

29
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City of Jackson
.

City-wide Speed Reduction Study

30



I Midblock vs. Intersection

What is the relative risk of crossing midblock vs.
crossing at an intersection?

31

Midblock: Pedestrian faces 2 directions
of traffic

32



Intersection: pedestrian must walk

out-of-direction

Intfersection: pedesirian races other
conflicts




Midblock vs. Intersection

35 Mampaft |
People choose based on their perceived risk

The data is inconclusive

35

Mid-Block or Intersection?

Washington State SR99

36



Street View

37

Let’s look at the State laws

|

Duties of drivers toward pedestrians
Duties of pedestrians

Is crossing midblock illegal?

38



Kentucky Laws - Pedestrian Crossings
o

189.570 Pedestrians.
(1) Pedestrians shall obey the instruction of any official traffic control devices
specifically applicable to them, unless otherwise directed by a police officer or
other officially designated persons.

(4) When traffic control signals are not in place or in operation the operator of a
vehicle shall yield the right-of-way, slowing down or stopping if need be to so
yield, to a pedestrian crossing the roadway upon which the vehicle is traveling, or
when the pedestrian is approaching so closely from the opposite half of the
roadway as to be in danger.

(5) Whenever any vehicle is stopped at a marked crosswalk or at any unmarked
crosswalk at an intersection, to permit a pedestrian to cross the roadway, the
operator of any other vehicle approaching from the rear shall not overtake and
pass the stopped vehicle.

Designing for Pedestrian Safety — State Laws

39

Kentucky Laws - Pedestrian Crossings
|

(6) (a) Every pedestrian crossing a roadway at a point other than
within a marked crosswalk or within an unmarked crosswalk at an
intersection shall yield the right-of-way to all vehicles upon the
roadway.

(b) Any pedestrian crossing a roadway at a point where a
pedestrian tunnel or overhead pedestrian crossing has been
provided shall yield the right-of-way to all vehicles upon the
roadway.

(c) Between adjacent intersections within the city limits of every
city at which traffic control signals are in operation,
pedestrians shall not cross at any place except in a marked
crosswalk.

Designing for Pedestrian Safety — State Laws

40




Kentucky Laws - Pedestrian Crossings
o

(8) The operator of a vehicle shall yield the right-of-way to any
pedestrian on a sidewalk.

(?) No pedestrian shall suddenly leave a curb or other place of
safety and walk or run into the path of a vehicle which is so close
as to constitute an immediate hazard.

(10) No pedestrian shall cross a roadway intersection diagonally
unless authorized by official traffic control devices; and, when
authorized to cross diagonally, pedestrians shall cross only in
accordance with the official traffic control devices pertaining to
such crossing movements.

Designing for Pedestrian Safety — State Laws

41

Where Can You Cross legally?

42



Can you Legally Cross Here?

43



STREET

Billgeville's new pedestrian monkey bars

iyl CROSSINGS

Module 4 Part 2: Countermeasures

Learning Outcomes

2

At the end of this module, you will be able to:
Identify which crossing technique is appropriate
Ensure oft-requested solutions (crosswalks, signals,
pedestrian bridges) are effective:

o Concerned citizens and elected officials often respond
to a tragic pedestrian crash asking for an immediate
solution, which may or may not be appropriate.

o This module explains why some countermeasures work,
and why others don’t.




Basic Street Crossing Techniques

3

Crosswalks

[llumination

Signs

Striping

Medians/pedestrian islands

Signals

Over /undercrossings

Crosswalks
.
Crosswalk FAQ's:
o Why are they marked?
& Where should they be marked?

o Do marked crosswalks increase safety, or provide a
“false sense of security?”




1. Why are crosswalks markings

Erovided?

To indicate to pedestrians where to cross
To indicate to drivers where to expect pedestrians

At mid-block locations, crosswalk markings legally
establish the crosswalk.

2. How to determine where to mark a

crosswalk?
6 Cambridgema
Crosswalk markings are commonly used to guide pedestrians
and alert other road users of pedestrians at signalized locations
and approaches controlled by STOP or YIELD signs

An engineering study should be performed before crosswalk
markings are installed at locations away from traffic signals or
STOP signs. (MUTCD Section 3B.18)




2. How to determine where to mark a

crosswalk?
CcomalsoR

Consider origins and destinations

In this case, apartments across from bus stop & stores




dmskenieOR
Not a good location for a marked crosswalk:

Poor sight distance

10

10



1

(llLiry

Suitable location for a marked crosswalk:

Two-lane, high use, driver expectancy

11

12

Suitable location for a marked crosswalk:

Slow speed, high use, driver expectancy

12




3. Looking or Not Looking?

13

Do marked crosswalks increase safety, or encourage

people to cross without looking?

13

STUdy Of CFOSSWCI”( MCII’kingS (Zegeer et al 2005)

MQ rked VS, Unma rked Anq Iysis Safety Effects of Marked Versus Unmarked

Crosswalks at Uncontrolled Locations
Speeds < or = to 40 mph

o Two-lane roads: No significant
difference in crash rate

o Multilane roads (3 or more lanes)
Under 12,000 ADT: no significant
difference in crash rate

Over 12,000 ADT w/ no median:
crashes marked > crashes unmarked

Over 15,000 ADT & w/ median:
crashes marked > crashes unmarked

o |

14



Zegeer Study Results

Median reduces crashes by
32 to 40 percent

Pedestrians over 65 are
over-represented in
crosswalk crashes

Pedestrians are not less
vigilant in marked
crosswalks:

0 Looking behavior increased
after crosswalks installed

15

Raised Medians And Islands
4o |

Significant crash reductions:
Marked crosswalks
0 CMF = 0.54 ( CRF = 46%)
Unmarked crosswalks
o CMF = 0.61 (CRF = 39%)

16
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Study Results
ewer

Crashes correlate with ADT & number of travel lanes.

0 Other studies have shown similar results

17

18

One explanation of higher crash rate at

marked crosswalks: mul’riﬁle-fhreq’r crash

1st car stops too close, masks visibility for driver in 2nd lane

Solution: advance stop bar (comes later...)

18



Text in the 2009 MUTCD
19 |

New marked crosswalks alone, without other measures
designed to reduce traffic speeds, shorten crossing
distances, enhance driver awareness of the crossing,
and/or provide active warning of pedestrian presence,
should not be installed across uncontrolled roadways where
the speed limit exceeds 40 mph and/or el'rher

0 Has 4 or more lanes without ol

a raised median or island and
ADT of 12,000 or more, or

O 4 or more lanes with
raised median island and
ADT of 15,000 or more

o (2009 MUTCD Section 3B.18)

19

Increase Effectiveness Of Crosswalks

With:
a0 |

Proper location

High Visibility Markings
[llumination

Signing

Advance Stop Bars
Median Islands

Curb Extensions

Signals

20



21

Key Quotes from the Study Conclusion
o

“When considering marked crosswalks at uncontrolled locations, the
question should not be simply, “Should | provide a marked crosswalk or
note”...

“Regardless of whether marked crosswalks are used, there
remains the fundamental obligation to get pedestrians safely
across the street. 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)....

“In all cases, the final design must accomplish the goal of getting pedestrians
across the road safely....”

“The design question is, “How can this task [getting pedestrians across the road
safely] best be accomplished?”

21

What are your policies & practices regarding
marked crosswalks?

22



Marked crosswalk must be visible to the
DRIVER

What the pedestrian sees

23

Marked crosswalk must be visible to the
DRIVER

(-

What the driver sees (same crosswalk)

24




Crosswalk Visibility
25 |

P————
—

‘Il A \\:

Crosswalk Marking Types

25

Crosswalk Visibility
26 |

LATERAL 12" STRIPE
CROSSWALK
0.002°
H
L
300’
LONGITUDINAL MARKING
CROSSWALK
AEE—
a— 0.021°
A—
[ —
10'
300'

Longitudinal markings are more visible to driver from afar

26



Longitudinal markings with transverse markings — very visible

27

Place longitudinal markings to avoid wheel tracks,
reducing wear & tear & maintenance

28



SCHrOTN

Staggered markings improve visibility from afar

29

30

Textured crosswalks:
How effective are they?

In theory, more visible. Reality?

30




What the pedestrian sees

31

32

CComalisoR
What the driver sees

32



Brick crosswalks: prone to failure

Difficult for wheelchair users

33

34

34



35

2
Supplement textured crosswalks with white lines to
increase visibility

35

36

Brick street with (asphalt-coated) concrete crosswalk

36



WITH LIGHT BROOM FINISH.

EXPANSION

ALONG CLOSEST PATTERN LINE .

¥ Teeswendandr
Checkerboard pattern created by alternating brushed
concrete with exposed aggregate (use fine rock)

37

® seam

Idea: Embed white crosswalk within contrasting color

38



3 TaRmiMn |
Driver perspective: crosswalks show up well

39

Raised Crosswalks
T —
Typically installed on 2-lane or 3-lane roads
Speed limits of 30 mph or less
AADT below about 2,000
CRF: 45%

40

40



Raised Crosswalks

Figure 6. Raised crosswalk and overhead flasher,
Towerview Drive, Durham, North Carolina.

FHWA Study “The Effects
of Traffic Calming
Measures on Pedestrian
and Motorist Behavior” -

2001

Increase pedestrian
visibility & likelihood
driver yields to
pedestrians especially
when combined with an
overhead flashing light

Most appropriate low
speed local or
neighborhood streets

11

41

Raised Crosswalks

Key Measured Effects
Lower speeds

Improved motorist yielding
at some locations

30% CRF for all crashes

36% CRF for all fatal injury
crashes

NCHRP Synthesis 498 (December 201 6)

NATIONAL
RESEARCH

SYNTHESIS 498

Application of Pedestrian
Crossing Treatments for
Streets and Highways

http://www.trb.org/Publications/Blu
rbs/175419.aspx

42
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Considerations
.

May not be appropriate if street is a bus route or
emergency route

O Emergency services consulted

o Snow Plowing public works consulted

1 may be necessary & serve primary need Several may
be disruptive, so other measures should be considered

Visually impaired pedestrians need truncated domes
Drainage

May be inappropriate for crossings on curves or steep
roadway grades

43

43

Raised Crosswalk

a4

44



Raised Crosswalk

B —
Traffic Calming ePrimer

https:/ /safety.fhwa.dot.gov/speedmgt /traffic calm.cfm

Figure 3.14.6. Raised Crosswalk with Bicycle Lane.
(Source: Scott Batson)

Figure 3.14.4. Raised Crosswalk at Intersection
(Source: City of Cambridge. Massachusetts)

45

45

MUTCD 2009 Edition
]

Figure 3B-30. Pavement Markings for Speed Tables or Speed Humps with Crosswalks

OPTION A OPTION B Legend
Gof =+ Direction of travel
L—12 tt typical — L—12 #t typical —
| ' Center of |'— 6ft "‘l |
' |~ travel lane [P !
T N
Gft
hj'pl(:al 1]
S —— L
101t
typical
N =
U
6ft
typical
il
12 inchesS 12-inch 12 ‘lf\C"\eS3 12-inch

white white
l t markings ‘ t markings
Note: Optional crosswalk lines are not shown in this figure

https://mutcd.fhwa.dot.gov/htm/2009/part3/fig3b 30 longdesc.htm 26
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lllumination — Essential For Any Crossing

Marked crosswalk?
o Light it

Up to 50% of
pedestrian crashes
occur at night

47

lllumination!

Lighting reduces the odds of pedestrian fatalities:
o by 42% at midblock locations
o by 54% at intersections

48




Ped shows up well in well-lit crosswalk

49

Informational Report on Lighting Design
for Midblock Crosswalks

F H WA- H RT-O 8 -05 3 Informational Report on Lighting

. Design for Midblock Crosswalks
o April 2008

PUBLICATION NO. FHIWA HRTO8.053

O Available at
https: //www.fhwa.dot.go
v/publications /research/

safety /08053/

50




Sample lllustrations from
FHWA Report

i j
N

Fig 11. Traditional midblock Fig 12. New design for midblock

crosswalk lighting layout crosswalk lighting layout

Recommended lighting level: 20 lux at 5’ above pavement

51
| i
L] -
D /-E E -
- BE-
. Fig 13. Tradl.tlon.al Fig 14. New design for
intersection lighting . Lo
layout intersection lighting
— ] layout for crosswalks.
i
Fig 15. New design for wide roadway
52 intersection lighting layout for crosswalks

52



Lummi Nation Haxton Way Pedestrian
Pathway Adaptive Solar Lighting WSDOT

53

https://www.youtube.com/watch?v=ItR20iQ3R9Q

53

Pedestrian Warning Signs
MUTCD 2C.50

54
‘... may be used to alert road users in advance of

locations where unexpected entries into the roadway
might occur or where shared use of the roadway by

Guidance:

If used in advance of a pedestrian, snowmobile, or equestrian crossing, the W11-2, W11-6, W11-7, and W11-9
signs should be supplemented with plaques (see Section 2C.55) with the legend AHEAD or XX FEET to inform
road users that they are approaching a point where crossing activity might occur.

wi1-2%

* % A fluorescent yellow-green background color may be used for this sign or plaque.

Guidance

When a fluorescent yellow-green background is used, a systematic approach featuring one background color
within a zone or area should be used. The mixing of standard yellow and fluorescent yellow-green backgrounds
within a selected site area should be avoided.

54



Pedestrian Warning Signs — MUTCD
2C.50

Standard:

If a post-mounted W11-2, W11-6, W11-7, or W11-9 sign is placed at the location of the crossing point
where pedestrians, snowmobilers, or equestrians might be crossing the roadway, a diagonal downward
pointing arrow (W16-7P) plaque (see Figure 2C-12) shall be mounted below the sign. If the W11-2, W11-6,
‘W11-7, or W11-9 sign is mounted overhead, the W16-7P plaque shall not be used.

Option:

A Pedestrian Crossing (W11-2) sign may be placed overhead or may be post-mounted with a diagonal
downward pointing arrow (W16-7P) plaque at the crosswalk location where Yield Here To (Stop Here For)
Pedestrians signs (see Section 2B.11) have been installed in advance of the crosswalk.

55

Embedded LED’s in Signs

MUTCD Section 2A.07 Retroreflectivity and

[llumination
LEDs may be used individually within the
legend or symbol of a sign and in the y
L]

border of a sign...

VY, N
White or yellow, if used with warning signs. A y
h 4

White or yellow, if used with school area
Fiqure 3; Example of pedestrian crossing warning

Sig ns. signwith empedkled LEDs ared solrunit

If flashed, all LED units shall flash
simultaneously at a rate of more than 50
and less than 60 times per minute.

https://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A07

56




Embedded LED’s in Signs Research
S |

STOP Sign
o 28.9% reduction number of vehicles not fully stopping

O 52.9% reduction number of vehicles moving through

intersection w/o significantly slowing

safety.fhwa.dot.gov/intersection/conventional /unsignalized /tech _sum/fhwasa09006

https:

Figure 1: Exarnple of stop sigh with ermbedeed
LEDs and solar unit.

57

STATE | [ STATE )
LAW LAW
TO FOR
.ﬂ .ﬂ
WITHIN WITHIN
CROSSWALK CROSSWALK

R1-6 R1-6a
MUTCD signs

s on state EATY

In-street pedestrian crossing signs

58



In Street Gateway Treatment

> 4AUSER GUIDE FOR R1-6 GATEWA
FOR PEDESTRIAN‘CROSSINGS/+

https://mdotcf.state.mi.us/public/tands/Detail
s Web/mdot user guide gateway treatment
-pdf

https://conservancy.umn.edu/bitstream/handle
111299/189957/CTS %2017~
05.pdf?sequence=1&isAllowed=y

59

59

60

Research Abstract key points

Increase of drivers yielding to pedestrians at midblock
and multilane urban and suburban locations from 15%
to 70%

O Increases endured without any decrement over the spring,
summer and fall of 2016.

Speed data collected showed 4 to 5 mph reduction in

mean speed when motorists traversed the crosswalk

when pedestrians were absent.

o These speed changes persisted over time.

Placing signs between 5, 10, 20, 30, and 50 ft in
advance of the crosswalk were equally effective and
enticed drivers to yield further ahead of the crosswalk.

60
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Research Abstract key points cont.|,

Curb type mount with a
flexible rubber
attachment all survived
while only 58% of the
flush mounted signs with
a pivoting base
survived.

None of the signs
mounted on top of the
edge of a curb on a
refuge island or median
island, curb extension,
or the curb on the edge
of the roadway under
FHWA permission to
experiment were
destroyed or damaged.

61

62

Gateway Treatment, Three-Lane Configuration
Without Refuge Island

Travel Lanes 2

Passing/Turn Lanes 1

R1-6 Signs 2

Flexible Deli 3 1]

Yielding Compliance Between 60% and 90% compliance
rate if speed limit is 30mph or less
for ADT up to 25,000.
If the speed limit is 35 mph expect
similar results if ADT is 12,000 or
less. UNKNOWN above 12,000 ADT.

Approximate Cost $1,200 for materials
20-minute installation
8 minutes to remove for winter
8 minutes to reinstall in spring

General Description:

Note: By installing the gateway on the near side of the
intersection, both crosswalks are covered with only four signs.
Data show that a gateway at the near side crosswalk continues to
be effective for the far side of the intersection, as the motorist on
the far side has already passed through a gateway on the near
side.

chance of survival if they are moved placed between 3 and 50 feet
in Advance of the crosswalk markings. This would reduce the
chance of the sign being struck by a turning vehicle. Figure 6b
shows a typical installation.

Figure 6b

The signs on the curb side in the gutter pan would have a better f L]

R

- IN-STREET PEDESTRIAN
~ '\ CROSSING SIGN
By PLACED IN GUTTER PAN

. 17 &VARES

-
10 & VARIES

-——

EEE 17 & VARIES
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Pedestrian crossing flashing beacon
63
R "'.
2 Q i X - _. — L
Improves visibility of sign and crosswalk; CMF/CRF unknown
63
Interpretation of Flash Rate for Beacons
qucgroﬁh 3 Section 4L.01
64

You were prompted to request this official interpretation because your agency
had become aware that other agencies across the country have been exploring
using a flash pattern that uses two quarter-second flashes in the first second and
then one full-second flash in the next two seconds.

It is the Federal Highway Administration's (FHWA's) official interpretation that the
flash pattern described in your letter and in the previous paragraph of this reply
does not comply with the provisions of Paragraph 3 of Section 4L.01. The
described flash pattern is a combination of two different flash rates, neither of
which complies with the MUTCD. The flash rate during the first second features
short flashes that would result in 120 flashes per minute, which is not within the

required rate of 50 to 60 flashes per minute. The flash rate
during the next two seconds features long flashes that would result in 30 flashes
per minute, which also is not within the required rate of 50 to 60 flashes per
minute. In simple terms, a "flash" as provided in the MUTCD is a period of
illumination, at a constant intensity, that is followed by a period of darkness.
Similarly, a "flash rate" is a constant value, rather than a variable one that
would be a combination of more than one rate.

https://mutcd.fhwa.dot.gov/resources/interpretations/4_09_64.htm

64
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Interpretation of Flash Rate for Beacons

quogroﬁh 3 Section 4L.01 cont.

It is also important to note that Definition 73 in Section 1A.13 defines a "flasher"
as a device that is used to turn highway traffic signal indications on and off at a
repetitive rate of approximately once per second. Using a combination of flash
rates that turn highway traffic signal indications on and off at a repetitive rate of
approximately twice per second and at a repetitive rate of approximately once
per two seconds would not be consistent with this definition.

In addition to the flash rate for beacons as provided in Paragraph 3 of Section
4L.01, this same official interpretation would also apply to the flash rate for
traffic control signals as provided in Paragraph 1 of Section 4D.28 of the MUTCD.

You asked whether the FHWA would be willing to consider experimentation with
alternative flash rates for warning beacons. Any requests for experimentation
would be evaluated on their merits and would be addressed separately from this
official ruling. The criteria and procedures for experimentation are described in
Section 1A.10 of the MUTCD.

https://mutcd.fhwa.dot.gov/resources/interpretations/4 09 64.htm
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Rectangular Rapid Flash LED Beacon

Studies indicate motorist yield rates
increased from about 20% to 80%

Higher yielding rates sustained even
after two years of operation and no
identifiable negative effects

o St. Petersburg FL research report 2008

66
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Rectangular Rapid Flashing Beacon
New IA-21

b Memorandum

Raministrotion

Correction issued 3/21/2018

Subject: INFORMATION: MUTCD - Interim Approval Date: AR 202018
for Optional Use of Pedestrian-Actua
Rectangular Rapid-Flashing Beacons at
Uncontrolled Marked Crosswalks (IA-21)

From: Martin C. Knopp \

)\ J | In Reply Refer To:
Associate Administrator for Operations HOTO-1

To:

B

Federal Lands Highway Division Directors
Division Administrators

Figure 1. Example of an RRFB dark (left) and illuminated during the flash period
(center and right) mounted with W11-2 sign and W16-7P plaque at an uncontrolled
marked crosswalk.

https://mutcd.fhwa.dot.gov/res-interim _approvals.htm#valid09

Must request and receive permission to use this new
Interim Approval (1A-21) even if prior approval had
been given for Interim Approval TA-11

A State may request Interim Approval for all
jurisdictions in that State.

67
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Interim Approval — Allowable Uses

a. Function as pedestrian-actuated conspicuity
enhancement

b. Shall only be used to supplement post-mounted
Pedestrian, School, Trail Crossing warning sign with
diagonal downward arrow, plaque, or overhead-
mounted warning sign located at or immediately
adjacent to an uncontrolled marked crosswalk

d. If deemed necessary by the engineer, in event of
sight distance, additional RRFB may be installed in
advance of crosswalk. Shall supplement not replace.

68



IA-21 3.a For any approach two RRFB required, One on right-
hand and one on left-hand of roadway. If divided highway left-hand
should be installed on median if practical rather than far left-hand.

69

70

b.

|A-21 Beacon Flashing Requirements

Left-hand 50ms - Both Dark 50ms - Right-hand 50m:s -
Both Dark — Repeat Left Right Sequence - Both 50ms —
Both Dark 50ms - Both 50ms — Both Dark 250ms —
Repeat from start

Existing RRFB units using IA-11 should be
reprogrammed as part of a systematic upgrading

process, such as when the units are serviced or when
replaced

70




RRFB Video IA-11Flash Pattern

71

RRFB Video |IA-21Flash Pattern

72
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e.

|A-21 5. Beacon Flashing Requirements

Flash rate of each individual RRFB indication, as
applied over the full flashing sequence, shall not be
between 5 and 30 flashes per second to avoid
frequencies that might cause seizures

Automatic signal dimming device should be used

73
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|A-21Beacon Operation

T
6. e.

o Flash period shall be immediately initiated each and every
time a pedestrian is detected through passive detection or
pushbutton activated, including when pedestrians are
detected while RRFB’s are already flashing and when
pedestrians are detected immediately after the RRFB’s have
ceased flashing.

6. f.
o Small pilot light may be installed

Figure 2. View of pilot light to pedestrian at sharcd-use path crossing with median
ight at right

refuge. Enlargement of pilot light at

74
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IA-21 Accessible Pedestrian Features
]

7. a. - If speech pushbutton information message is
used locator tone shall be provided

7. b. - If speech pushbutton information message is
used, the audible information device shall not use
vibrotactile indications or percussive indications

7. c. - Speech pushbutton message “Yellow lights are
flashing”. Message should be spoken twice. [l &

75
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77

Multiple Threat Crash Problem

1st car stops to let
pedestrian cross, (
blocking sight lines

2nd car doesn’t
stop, hits
pedestrian at high
speed

{

iII
IIII"II

=4
1l

4
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Multiple Threat Crash Solution

ko

Advance stop or
yield line

1st car stops further |’
back, opening up
sight lines

2nd car can be
seen by pedestrian
CMF =0.75

(CRF of 25%)
(NCHRP 17-56)
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Signing to go along with markings

”@ @

79

HERE HERE
[ )] ([ ]
H|E-‘RE 10 HERE FOR
10 PEDESTRIANS FOR PEDESTRIANS
& \ . /)
R1-5 R1-5a R1-5b R1-5¢

(Use where local law says (Use where local law says stop
yield to pedestrians) for pedestrians)

MUTCD Sec. 2B.11 and Figure 2B-2

79

Advance yield line (shark’s teeth) & sign

Consider double white lines for no passing
2009 MUTCD Section 3B.16 and Figure 3B-17

80




81

Advance stop line and sign

2009 MUTCD Section 3B.16

81
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20’ to 50’ setback (30’ preferred for effectiveness)
Prohibit parking between line and crosswalk

82
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84

Marking a Crosswalk Summary IEI

When is it OK to mark a crosswalk without other treatments
on roads with speed limits < or = to 40 mph?

2-lane roads
Multi-lane roads w/ ADT < 12,000 (no median)
Multi-lane roads w/ADT < 15,000 (median)

How can you increase the effectiveness of marked
crosswalks?

Marked crosswalk: Add median, advance stop line
Textured crosswalks: Smooth and white is best
Signs: In road; supplement with striping

In all cases (nighttime):lllumination!

84




Marking a Crosswalk Summary .=.

Raised Medians And Islands Significant crash reductions:
"~ Marked crosswalks

0 CMF = 0.54 ( CRF = 46%)
Unmarked crosswalks

o CMF = 0.61 (CRF = 39%)

85

LC 1]

-1 Continuous raised median — basic principle:

"~ Breaks long complex crossing into two simpler crossings

86
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Step 1: look at traffic on left

87

Step 2: cross first half

'n'ﬁmmnmuuuummuumnm
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Step 3: look at traffic on right

W

89

20

Step 4: cross second half

90




People figure out on their own how to use a median to cross
in two steps

91

%2 [Ailaa @A |

A flush median is not a refuge

92
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Add a raised island

93

94

Crossing island at marked crosswalk - same principle:

Breaks long complex crossing into two simpler crossings

94




Option: stagger or angle cut-through so pedestrians face
oncoming traffic before 2nd crossing

95

Angled cut through: Line up ends with
crosswalk direction for the blind

96



Medians: Y-

97

Why do medians reduce pedestrian crashes?

o They reduce crossing distance and break up an otherwise
complex task into 2 simpler crossings

What is the crash reduction factor?

o At marked crosswalks CMF = 0.54 (CRF = 46%)
o At unmarked crosswalks CMF = 0.61 (CRF = 39%)
o NCHRP 17-56 findings: CMF = 0.68 (CRF = 32%)

97
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MUTCD signal warrants

o
Eight-hour vehicle volume
Four-hour vehicle volume
Peak hour

Pedestrian volume™
School crossing*

S hwbd

Coordinated signal
system

N

Crash experience®

©

Roadway network

9. Intersection near a grade
(rail) crossing

* = potential ped warrant
2009 MUTCD Chapter 4C

929

Very difficult to meet pedestrian volume

warrant

You need many pedestrians

100



2009 MUTCD Pedestrian Volume

Warrant for Sﬁeeds > than 35 mﬁh

Figure 4C-8. Warrant 4, Pedestrian Peak Hour (70% Factor)

500
400 \\\
TOTAL OF ALL -
PEDESTRIANS 300 Ny Minimum ped
CROSSING \ volume: 93
MAJOR STREET- ~ \
PEDESTRIANS 200 - \
PER HOUR (PPH) \\ j
100 03

200 300 400 500 600 700 800 900 1000 1100 1200

MAJOR STREET—TOTAL OF BOTH APPROACHES—
VEHICLES PER HOUR (VPH)

101
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Provide a HOT response

Otherwise pedestrians won't wait for the light

102



If wait is too long, pedestrians will seek gaps

103

And then traffic waits for no reason

104



- —

2-stage crossing increases effectiveness

and disrupts traffic less

105
Traffic signal controls
one direction only This traffic continues through
_____ Traffic signal controls
one direction only
[ 108
1. Ped pushes button, waits, crosses to island

106



Traffic signal controls
one direction only - |\ [ This traffic continues through

| [This traffic resumes | Traffic signal controls

one direction only

2. Ped crosses to island, proceeds to 2nd button

107

Traffic signal controls o
one direction only K‘

This traffic continues [ ' -
| one direction only

3. Ped on island — pushes button to finish crossing

108
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Stage 1: Ped stops traffic in one direction

109

110

Stage 1: Ped crosses to median island

110
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Stage 1 over: Traffic in one direction resumes

111

112

Stage 2: Ped stops traffic in other direction

112
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Stage 2 over: Traffic resumes

113

114

Detail 1: Requires ped push button on island

114
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Detail 2: Fences force peds to walk against on-coming traffic

115

Pedestrian Hybrid Beacon aka “HAWK?”
(High Intensity Activated Crosswalk)

116

2009 MUTCD Chapter 4F Pedestrian Hybrid Beacons
116




17

PHB Sequence

1

Blank for
drivers

2

Flashing
yellow

3

Steady
yellow

Steady
red

Wig-Wag w H

Return
to1

117
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Excerpts from 2009 MUTCD Chapter 4F
For Pedestrian Hybrid Beacons

The CROSSWALK STOP ON RED sign shall be used

There are Guidelines (similar to signal warrants) for
Pedestrian Hybrid Beacons — variables include:

O Pedestrian volume
o Traffic speeds

o Traffic volumes

o Crosswalk length

[CROSSWALK

STOP
ON RED

500

I
o
S

w
S
S

TOTAL OF ALL PEDESTRIANS
CROSSING THE MAJOR STREET

PEDESTRIANS PER HOUR (PPH)

Speeds of more than 35 mph

\ \ \ L = crosswalk|length
\

1N

\

Signal
< \¢ warrant
<\v\f /

Yy o\
L\S \g
2 \* >

N .

20"

0

250 500 750 1000 1250 1500 1750 2000

MAJOR STREET — TOTAL OF BOTH APPROACHES —
VEHICLES PER HOUR (VPH)

MUTCD Sections 4F.1 and 4F.2

118




MUTCD Section 4F.01
o

Standard:

If used, PHBs shall be
used in conjunction with
signs and pavement
markings to warn and

control traffic.

A PHB shall only be
installed at a marked
crosswalk.

119

2009 MUTCD mandated sign

Standard:
A CROSSWALK STOP ON
RED (symbolic circular red)
(R10-23) sign shall be
mounted adjacent to a
PHB face on each major
street approach.

Option: CROSSWALK
o State MUTCD’s may allow
other appropriate MUTCD STO P
approved ped, bike or ON RED
school crossing signs .

120
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Optional Signing

Courtesy: City of Columbus

PROCEED ON
FLASHING RED
WHEN CLEAR

121

MUTCD — PHB & Intersections

S EGEGE@EE@EE@EE@EE@EE@EE iR
Section 4F.02, paragraph 04
Guidance:

o “When an engineering study finds that installation of a
pedestrian hybrid beacon is justified, then the PHB should be
installed at least 100 feet from side streets or driveways
controlled by STOP or YIELD signs.”

“Guidance” not a “Standard”
NCUTCD voted to remove that Guidance.
Proposed Standard for next MUTCD:

o “If a pedestrian hybrid beacon is installed at or immediately
adjacent to an intersection with a side road, vehicular traffic on
the side road shall be controlled by STOP signs.”

122



MUTCD - PHB & Intersections

“Guidance” not based on research from Tucson, AZ
where PHB (HAWK) was developed

o (HAWKs in TTl study were at local street intersections)

2009 MUTCD “Guidance” was not a part of the
Preliminary Rulemaking

Some State supplements have eliminated the
“Guidance” statement (Arizonal)

Ultimate decision up to FHWA

123

123

One or Two crossing(s) at intersections

If used at an intersection or driveway, the PHB
crossing and signal equipment should only control one
crossing

o ITE Traffic Control Devices Handbook

.

124
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PHB Florida Success Story
o

FDOT D7 installed three PHBs along Hillsborough Ave
in the Fall of 2015.

oo

.vvﬂ'({vl

125

Hillsborough Ave Preliminary Crash
Data

Year Crashes

2010 17
2011 20
PHB Installed 2012 27 Six year average
Fall of 2015 2013 24 20 crashes per
2014 14 year
—\, 2015 19 /
| 2016 7

126



Education Campaign

HOW TO USE THE

PEDESTRIAN

HYBRID BEACON

i
“/DRIVERS
SEE THIS DO THIS

GO!

FLASHING
SLOW DOWN

STOP!

For Pedestrian

STOP!
Proceed with

Caution if Clear
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INTERSECTION GEOMETRY

Designing for Pedestrian Safety — Intersection Geometry

Learning Outcomes
—
At the end of this module, you will be able to:

1. Explain why tight/right angle intersections are
best

2. Describe why pedestrians need access to all
corners

3. Assess good crosswalk placement: where peds
want to cross & where drivers can see them

4. Explain how islands can break up complex
intersections

2



Designing for Pedestrian Safety — Intersection Geometry

Intersection Crashes

Some basic facts:
|

Most (urban) crashes occur at intersections
40% occur at signalized intersections

Most are associated with turning movements

A Wb -

Geometry matters: keeping intersections tight,
simple & slow speed make them safer for
everyone

3

Small, tight intersections best for pedestrians...

Simple, few conflicts, slow speeds

Designing for Pedestrian Safety — Intersection Geometry

4




Large intersections can work for pedestrians with
mitigation

Designing for Pedestrian Safety — Intersection Geometry

5

Skewed intersections

5-6

Skew increases crossing distance & speed of turning cars

Designing for Pedestrian Safety — Intersection Geometry
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Cars can turn at high speed

Designing for Pedestrian Safety — Intersection Geometry

7

5-8

Skew increases crosswalk length, decreases vis

Designing for Pedestrian Safety — Intersection Geometry

b

lity

8




so [
Right angle decreases crosswalk length, increases visibility

Designing for Pedestrian Safety — Intersection Geometry

9

Skewed intersection reduces visibility

Driver looks left, doesn’t see pedestrian on right

Designing for Pedestrian Safety — Intersection Geometry
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Adjust skew by bringing out curb

Designing for Pedestrian Safety — Intersection Geometry

11

Result: driver behavior change

Designing for Pedestrian Safety — Intersection Geometry
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Curb radius — small
radii are safer for

pedestrians
s ——

Large radii:
Increase crossing

distance and

Make crosswalk &
ramp placement
more difficult

Designing for Pedestrian Safety — Intersection Geometry

13

Effect of large radius on crosswalk:

Additional area to cross

+ Higher speed turns . -

It adds to crossing distance...

Designing for Pedestrian Safety — Intersection Geometry
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Effect of large radius on crosswalk:
15 B OR |

Note right-turning vehicle __

... and makes it hard to figure out where to cross

Designing for Pedestrian Safety — Intersection Geometry

15

Effect of large radius on drivers

5-16

They drive fast, ignoring pedestrians

Designing for Pedestrian Safety — Intersection Geometry
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Minimize curb radius

1. Calculate
effective

)

radius: Larger
than built
radius if travel

lanes offset
from curb with
parking and/or
bike lane

R1 = Actual Curb Radius

R2 = Effective Radius

Designing for Pedestrian Safety — Intersection Geometry

17

Minimize curb radius

{2551 |
2. At one-way streets, corner with no turns can have tight radius

*Corner with no possible turn

Designing for Pedestrian Safety — Intersection Géometry

18




Minimize curb radius

S19 CanyonvileoR |
3. Don’t choose larger design vehicle than necessary
‘ 3« : ﬁ 4

Bus makes turn several times an hour

Designing for Pedestrian Safety — Intersection Geometry

19

Minimize curb radius

S0 samaBabaacA |
3. Don’t choose larger design vehicle than necessary

T

Moving van, once or twice a year; peds cross every day

Designing for Pedestrian Safety — Intersection Geometry

20




Minimize curb radius

sa [
4. Where appropriate, let trucks use 2nd lane

"' o o &
°

®

B

o

Designing for Pedestrian Safety — Intersection Geometry

21

Minimize curb radius

5-22

5. Trucks can make very tight turns at slow speeds

Designing for Pedestrian Safety — Intersection Geometry

22




Minimize curb radius

5-23

6.a Turn common Single Unit truck (SU-30) into near lane

i

Y\from Face of curb

72:/ 30" from Tace

AN
:

Designing for Pedestrian Safety — Intersection Geometry

23

Minimize curb radius

2+
6.b Turn less common Semi (WB-50) into 2nd lane
| T I~ N

Designing for Pedestrian Safety — Intersection Geometry
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Minimize Curb Radius w/Truck Apron

5-25

\
[

Ll & S
L=

"

\ \ =

P

25

5-26

What are your policies & practices regarding

corner radii¢

Designing for Pedestrian Safety — Intersection Geometry

26




Curb extensions

Most focus is on
reduced crossing
distance

Other advantages: =~ < ' ><#w><12-elg]

Better visibility between peds and motorists

Traffic calming

Room for street furniture

Curb extensions should be the width of the parking
lane and not encroach on bike lanes or travel lanes

Designing for Pedestrian Safety — Intersection Geometry 5-27

27

Better Visibility

a8 |

T
—~ o

Designing for Pedestrian Safety — Intersection Geometry
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Curb ext. places pedestrian where he can see and be seen

Designing for Pedestrian Safety — Intersection Geometry Salem OR

5-29

29

Before: high speed right-turns

Designing for Pedestrian Safety — Intersection Geometry
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After: slow speed right-turns

s31 [selemOR

Curb extension and new corner radius must be designed
together — see earlier radius discussion

Designing for Pedestrian Safety — Intersection Geometry

31

Curb ext. increases likelihood drivers will yield to peds

Designing for Pedestrian Safety — Intersection Geometry

32



Curb extensions allow room for street furniture

But use care not to block sight lines

Designing for Pedestrian Safety — Intersection Geometry 533

33

Curb extensions enable signs to be moved in

Designing for Pedestrian Safety — Intersection Geometry
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Drainage solutions 1. Additional inlet

Designing for Pedestrian Safety — Intersection Geometry

35

Drainage solutions 2. Slotted drain

Designing for Pedestrian Safety — Intersection Geometry
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Drainage solutions 3. Leave original curb + islands

Designing for Pedestrian Safety — Intersection Geometry

37

Drainage solutions 4. Same as before, plus plate

Designing for Pedestrian Safety — Intersection Geometry
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Curb Extension Integrated with the Sidewalk

“Parking pockets” in furniture zone have
similar surface materials as the sidewalk

Designing for Pedestrian Safety — Intersection Geometry

39

Before: road looks and feels wide

Designing for Pedestrian Safety — Intersection Geometry
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After: curb extension integral to sidewalk
Street looks narrow even with no parked cars

Designing for Pedestrian Safety — Intersection Geometry

41

More examples: curb extension integral to sidewalk

Designing for Pedestrian Safety — Intersection Geometry
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Reminder — crosswalks are provided:
1. To indicate to pedestrians where to cross

2. To indicate to drivers where to expect pedestrians

Designing for Pedestrian Safety — Intersection Geometry

43

Crosswalks should normally be placed on all legs of an
intersection

44



— —

- ~— -Should there be-a J:[g§s‘v7alk*/here’f£

o =

— aesa
s Ofcourse! - =

—TClosing a cross‘vyll?i/sirklot the answer

Large intersection is capacity driven, pedestrian unfriendly...

45

Will she wait?

Is crossing 15 lanes safer
than crossing 5 lanes?

Designing for Pedestrian Safety — Intersection Geometry 5-46
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Crosswalk placement requires balancing

several goals that sometimes compete:
-&

' Shortest crosswalk length
' Minimal crosswalk setback to:

0 Reduce out-of-direction travel

o Provide good sight lines between peds and motorists
' Proper ramp placement:

0 Ramps entirely contained in crosswalk

o Two ramps preferred whenever possible

Designing for Pedestrian Safety — Intersection Geometry

47

Small corner radii allow two ramps,
shortest crosswalks, direct travel paths

Designing Streets for Pedestrians — Intersection Geometry 5-48
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Larger radii create large undefined areas

Designing Streets for Pedestrians — Intersection Geometry 5-49

49

Crosswalks at shortest crossing = longer walking distance

Designing Streets for Pedestrians — Intersection Geometry 5-50

50



Single ramp reduces crosswalk setback but lengthens crosswalk

Designing Streets for Pedestrians — Intersection Geometry 5-51

51

Balancing the goals works best

Note: 3” curb
exposure between
ramps allows theg

together

Note:
Crosswalk length and setback
are greater with large radii than

with small radii

Designing Streets for Pedestrians — Intersection Geometry 5-52
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Crosswalk placement: Observe pedestrians

Designing for Pedestrian Safety — Intersection Geometry

53

“When in doubt, paint it out!”

3 3 :57 L1k
Crosswalks can have odd shapes to take pedestrians where they
want fo go

Designing for Pedestrian Safety — Intersection Geometry
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5-55

What are your policies & practices regarding
crosswalk placement?

Designing for Pedestrian Safety — Intersection Geometry

55

Pedestrian Islands

sse
Benefits:

%
Separate conflicts &
decision points
Reduce crossing
distance E
Improve signal timing
Reduce crashes l¢

Designing for Pedestrian Safety — Intersection Geometry
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Imagine the signal timing without island

Designing for Pedestrian Safety — Intersection Geometry

57
Right-Turn Slip Lane: Design for Pedestrians
5-58
. \e Tighter angle 55to 60
Wwide An9 9 g deg?ee angle
between
R vehicle flows.

[
|
|
[
|
[
|
|
|
|
[

40° Old Way :
|
|
|
|
|

High speed, head turner = |

low visibility of pedestrians |  Slow speed, good angle =

| good visibility of pedestrians

Designing for Pedestrian Safety — Intersection Geometry
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Right-Turn Slip Lane - Details

5-59
55° to 70° between
Cut through medians and vehicular flows.
islands for pedeD'ans ﬂ,
i I O 25’ to 40’ radius
/ depending on
2:1 _ / design vehicle
Iength/.WIdth | Crosswalk one
ratio car length back
Long radius
followed by
short
. 150 to 275’ radius
Bicycle lane

Designing for Pedestrian Safety — Intersection Geometry

59

Drivers naturally trace the right island shape

Designing for Pedestrian Safety — Intersection Geometry
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... instead of here

Designing for Pedestrian Safety — Intersection Geometry

61

Atlanta GA

= v, = |

e mark this crosswalk?

/ield-controlled approach,
ar where peds cross

Designing for Pedestrian Safety — Intersection Geometry 5-62
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Raised islands
can improve a
large multi-lane
intersection

Honolulu HI
Designing for Pedestrian Safety — Intersection Geometry 5-63

63

Raised islands
can improve a
large multi-lane
intersection

1.Build raised islands
between thru & RT
lanes to separate
ped/driver conflicts.
Consolidate two
crosswalks into
one.

Honolulu HI

Designing for Pedestrian Safety — Intersection Geometry 5-64
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Raised islands
can improve a
large multi-lane
intersection

2.Move stop bar
forward to improve
capacity and safety
for motorists

Honolulu HI

Designing for Pedestrian Safety — Intersection Geometry 5-65

65
Island Design
5-66
Cut-through preferred over ramps
Truncated domes at cut-throughs
8’ or more preferred width — 6’ minimum
Designing for Pedestrian Safety — Intersection Geometry
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With ramps, provide at least 48” level area

Designing for Pedestrian Safety — Intersection Geometry

67

NOT Okay

Designing for Pedestrian Safety — Intersection Geometry
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Ay i

N gcceptable | Accpable, not gra

St Paul MN
Designing for Pedestrian Safety — Intersection Geometry 5-69

69

Best:
| s

' Bullet nose protects
pedestrians from
high-speed left-
turning cars

St Paul MN
Designing for Pedestrian Safety — Intersection Geometry |
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5-71

What are your policies & practices regarding
providing pedestrian islands?

Designing for Pedestrian Safety — Intersection Geometry

71

PROOF: Man & Bass

Designing for Pedestrian Safety — Intersection Geometry

72




SIGNALIZED
INTERSECTIONS

Module 6

Learning Outcomes
o
1. At the end of this module, you will be able to:

2. Explain why traffic signals don’t “guarantee” safety:
they assign the right of way

3. ldentify signal timing techniques that favor ped
crossings

4. ldentify major conflicts: concurrent turn movements

5. Select protected turns to improve ped safety




Signalized Intersections Can Be Improved

For Pedestrians Bz:

Using good geometric design
Placing islands to break up complex crossings

Placing crosswalks in logical locations

PS*’!\-’.—'I

Improving convenience and ease of use of pedestrian
pushbuttons and signals

5. Using techniques to reduce conflicts with turning vehicles

1, 2 & 3 addressed in earlier module

Traffic signals assign the of right of way,
regulate the flow of traffic and create gaps

Traffic signals do not guarantee safety — in fact, signalized
intersections have more crashes than non-signalized




Turn movements often result in conflicts

6-6

Traffic signals don’t ensure protection

Peds routinely ignore the light (usually quite safely)




Traffic signals don’t ensure protection

Pedestrians will cross where it’s convenient

Traffic signals don’t ensure protection

T >

Concurrenteft turns on

T T e

Pedestrians are at risk when crossing with the light




Lucky Escape

6-9

Improving convenience and

ease of use of Eedes’rrion signals
6-10

Proper pushbutton placement

Need and placement of pedestrian signal heads
Signal timing for pedestrians

Countdown Signals

Intelligent Transportation Systems (ITS)

10



Proper Pushbutton Placement

This button for
this crosswalk

0 [
This button for this crosswalk—(f \y Ol
) ‘ h

]

\
e

MUTCD Sec. 4E.08

| o1z
Proper
Pushbutton
Placement
The MUTCD 7
recommends these Ni&

dimensions

Legend

=P Downward slope

Recommended area for
pushbutton locations

MUTCD Figure 4E-3

12



6-13

Poor Pushbutton Placement

13

Poor Pushbutton Placement

Behind guardrail Behind vegetation

14




Poor Pushbutton Placement

Portland OR Salem OR

15

Poor Pushbutton Placement

At Mid-Ramp All the Above

Cumberland, MD Hillsborough Co. FL

16



Proper Pushbutton Placement

> - & =i '
On side of pole At top of ramp

17

Communicate With Pedestrians

LED tells peds the button works  Tactile arrow gives direction
and the signal has received the to blind and sighted
call (like an elevator) pedestrians

18



Requirement in the 2009 MUTCD

6-19

Combination of sign legends and

(r—\
pushbutton placement shall clearly indicate _‘
which crosswalk signal is activated by each rPUSH BUTION

( (r—
pushbutton AT RS TO CROSS
ai or
Vehicles
:‘””: DON'T START ‘STREET
(o YEH| K- SRR E WAIT FOR
‘—1 B e
PUSH BUTTON . DONT CROSS
—
FOR PUSH BUTTON
A TO CROSS
Maple Drive
—_— \S——
\—)

MUTCD Sec. 2B.52 and Section 4E.08

19

Pedestrian Signals

(AKA Ped Heads/Pedestrian Indicators)
20 |

Need and Placement at Signalized Intersections

In general, use signals wherever pedestrians may be present (if
in doubt, install them)

Designing for Pedestrian Safety — Signalized Intersections 2009 MUTCD Section 4E.03

20



. “placed here

SE=

Pedestrian signals should be provided, Otherwise pedestrians
don’t know when to cross

21

‘““‘"‘::&3?

A

N
TE Ui

Lack of pedestrian signals on one way street:

o The pedestrian may not notice the signal

22



Ped head placement: close to crosswalk, visible to
pedestrians, especially with long crosswalk
6-23
: ) —— —
‘QJ Th Helght: 7’_.’ ‘
e 3 o n
1 &
il
Poor example Good example
2009 MUTCD Section 4E.05
23

Two-step signals: ensure pedestrians

don’t see conflicﬁng signals
6-24

These pedestrians kept walking, not noticing the separate
signal for the 2nd half of the roadway

24



6-25

25

Accessible Pedestrian Signals (APS)

Provide ped signal information in audible
and vibrotactile format

Benefit all pedestrians by providing
redundancy

The 2009 MUTCD describes the features
of APS, but does not require them

Future accessibility standards and future
MUTCD editions will likely require APS for
all ped signals

26




MUTCD Specifies

Pushbu’r’ron-in’regrofed APS

o Not the loud Cuckoo/Chirps used in the past

o Key Features:
Speakers at the pushbutton
Pushbutton locator fone & (Click to play sample locator tone)
Tactile arrow (described earlier)

Automatic volume adjustment (so tones are audible within 6 to 12
feet of the button)

APS location is critical to proper functioning (see standards
described earlier)

27

APS WALK indications

|
APS should have both audible and
vibrotactile WALK indications

o Audible WALK indication: tone or speech
message during WALK
o Vibrotactile WALK indication: tactile

arrow (or other surface on button)
vibrates during WALK

Video, click play button
to start

28



6-29

(Walk Signal Comes Up Automatically)

29

At high-use crosswalks, pedestrians should get a signal at
every cycle

30



Set pedestrian signals to recall to WALK
when major street is set to recall to green

Peds shouldn’t
* | have to push a
button to cross

32



Use Short Signal Cycle Length

Long wait causes stacking: pedestrians wait in street,
or don’t wait and cross against the signal

33

Pedestrian Walking Speeds

6-34

2009 MUTCD:
7 sec walk, 4 sec option (no change)
Ped clearance time (flashing hand)
calculated at 3.5’ /sec curb-to-curb.
Example: 60’ crosswalk requires 17 sec
o 7+ 17 = 24 sec total
Additional test for walk plus clearance
time: Calculate travel time from push
button (or 6’ feet from curb if no button)
to curb on other side at 3'/sec
o Example: 6’ + 60’ crosswalk = 66

66’ requires 22 sec
24 sec > 22 sec; passes test.

MUTCD Sec. 4E.06

34



Guidance for walk plus clearance: Calculate time from
pushbutton (or 6’ from curb) to curb on other side at 3’/sec

60’ crosswalk + 6’ = 66’ total; @ 3’/sec = 22 sec walk plus ped clearance

Note: pushbutton is considered the departure point for
older pedestrians and people in wheelchairs.

Old System
1. Ped symbol or WALK

2. Flashing Hand or DON'T WALK
3. Steady Hand or DON'T WALK

1/2 of Americans don’t
understand it;

Is there a better system?
* Flashing orange hand/DON’T

WALK is ped clearance interval:
very counterintuitive

B tocross
PUSH BUTTON

7 FLASHING *

START CROSSING

WATCH FOR
TURNING CARS

| DON'TSTART

FINISH CROSSING
IF STARTED

PEDESTRIANS
SHOULD NOT BE
IN CROSSWALK
B smeaoy o
N Y

MUTCD Sec. 2B.51 and Section 4E.06

36




Problem with old system: People not sure if they can start

during flashing hand / DON'T WALK

37

(r—\
START CROSSING
Watch For

Vehicles

NN

~ DONT START
b : Finish Crossing
e, I Started

TIME REMAINING
e 10 Finish Crossing

STEADt

DON'T CROSS

PUSH BUTTON

T0 CROSS
Maple Drive

New system: countdown pedestrian signal tells
pedestrians how much time remains for crossing

38
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Countdown pedestrian signal research results:

Pedestrians understand how it works

More people start crossing during clearance phase, but...
Fewer people initiate walk late in clearance phase

Very few pedestrians in crosswalk in steady don't walk
Drivers don’t take a cue and accelerate to beat the light

Ohkwbd--

40

What about crash reduction?

Results from multiple studies are promising:
CMF = 0.48 (CRF = 52%) Kwigizile et all 2016
CMF = 0.75 (CRF = 25%) early Study out of San Francisco

41



2009 MUTCD requirement
6 |

Countdown displays required
for new pedestrian signals
(except the rare situation
where the change interval is 7
seconds or less)

Why? Significant reductions in
pedestrian-vehicle crashes

42

6-43

What are your policies & practices regarding
the provision of pedestrian indicators and

countdown signals?

43



6-44

Using ITS to Adjust Pedestrian Signal Timing

44

In this example a high-tech signal was used to help slower
pedestrians cross the street with minimal delay to traffic.

A slower crossing speed would delay traffic significantly

45



Microwave sensors are aimed at the crosswalks to track peds

46

Pedestrian clearance is The sensor tracks peds as they cross
timed @ 3.5 ft/sec the street

MUTCD Sec. 4E.06, Paragraph 08

47



ITS Pedestrian Signal

The controller adds 4 seconds
crossing time if pedestrian hasn’t
finished crossing (8 seconds
maximum)

In this case, the walk phase was
prolonged in 20% of crossings,
reducing unnecessary traffic delay
the other 80% of crossings.

48

6-49

Reducing Conflicts between Pedestrians

and Turning Vehicles

At signals, turning movements account for most ped
crashes

Left /right turn ratio is roughly 2:1
Countermeasures

O Protected vs. permissive turns

o No turn on Red

O Exclusive Pedestrian Phase

O Leading Pedestrian Interval

49



Signs: Remind Turning Drivers to Yield to Peds

6-50

TURNING
VEHICLES r>

VR

A\ /4

R10-15in
2009 MUTCD

Older local variations,
using MUTCD-approved
lettering and symbols:

Leesburg, FL | Junea,AK |
Orlando, FL

MUTCD Sec. 2B.53, Paragraph 09

50

Protected Vs. Permissive Left Turns

* CMF = 0.3 (CRF 70%) (all crashes) converting
permissive left turns to protected only left turns

51



6-52

Permissive Left Turns

6-53

Protected Left Turns




6-54

Protected /permissive Left Turns

58 [ |

Protected /permissive Left Turns:
Solutions

Provide protected-permissive
phasing by default, but
revert to protected-only when
pedestrian button is pushed
or based on time of day

Flashing Yellow Arrow
(details on the next slide)

e

MUTCD Sec. 4D.20

55



6-56

Flashing Yellow Arrow

6-57

Discussion

Do you use protected left turns to protect pedestrians
from turning vehicles?

Do you use protected /permissive phasing?

If so, have you considered flashing yellow arrow during
the steady green ball?

57




Restricting Turns on Red

R
Consider No Turn on Red signs where there is:

Poor sight distance between vehicles and peds;

An unusual number of ped conflicts with turns on red
(compared to

turns on green);

An exclusive
pedestrian phase; or

A leading pedestrian
interval

MUTCD Section 2B.54

58

Restricting Turns on Red:

59



Restricting Turns on Red

6-60

2. When pedestrians
are present

NO TURN
ON-RED
WHEN

PEDESTRIANS
PRESENT

Difficult to enforce

60

Restricting Turns on Red:

eo1 [stealin |
3. By time of day '

Limits most turns on red

61



Restricting Turns on Red:

4. Changeable
message sign — can be
activated when ped
pushes button or as set
by controller

Note: An on-demand NTOR sign can be used to improve
the effectiveness of a Lead Pedestrian Interval

62

Exclusive Pedestrian Phase (Barnes Dance)

i = i

663 [Passdena €A
Popular because all traffic stops and pedestrians can
cross in any direction (must ban turns on red)

MUTCD Figure 3B-20 (Markings)

63



6-64

Pedestrians pay a price in delay:

Pedestrians wait for traffic in one direction

64

6-65

Pedestrians wait for traffic in other direction

65




ases

Reward: pedestrians can cross in any direction

66

LPI gives pedestrians a head start

It’s like a “mini” exclusive phase

MUTCD Sec. 4E.06, paragraphs 19-23

67



LPI : WALK comes on at least 3 seconds prior to the green signal;
pedestrians enter crosswalk before turning vehicles arrive there.

69

Where do the extra 3-5 seconds come from?

Peds need 30
seconds to cross

l___l._.ﬁ

70



Exclusive Ped Phases or LPl and

Accessible Ped Signqls

Without APS, pedestrians with
vision impairments cross by listening
to vehicle movement

With an exclusive ped phase or LPI,
the walk signal does not coincide
with vehicle movement

Use APS with LPI or exclusive ped
phases

71

These peds waited 3 cycles before turning drivers let them cross as legally
required. LPI would give them a head start.

CMF = 0.41 (CRF: 59%) Fayish and Gross, 2009

72



6-73

Discussion

Do you restrict right turns on red where appropriate?

Do you use Exclusive Pedestrian Phases or LPls2

73




INTERCHANGES

Module 7

Learning Outcomes
72—
At the end of this module, you will be able to:

Identify how land uses around freeway interchanges
create pedestrian trips

Explain how and why pedestrian crashes occur at
interchanges (driver expectation of pedestrians is very
low; high-speed, free-flow movements)

Select slow-speed, right-angle urban designs

Designing for Pedestrian Safety — Interchanges

2




Land Use, Vehicles and Pedestrians

Large commercial tracts
generate traffic

Employees walk to jobs at
retailers, restaurants,
service stations, & hotels

Visitors walk to and from
restaurants and hotels

Pedestrians must cope with
vehicles entering and
exiting the freeway

Designing for Pedestrian Safety — Interchanges

3

™ 1
fogerort | yiLas AD.

i : = “i el gt ‘
Typical c_lty has a few o HedT T © yEpFORE
freeway interchanges N t ;

And some non-
interchange
crossings

Non- interchange
crossings are easier
for pedestrians

Interchanges have
many conflicts

7-4
Designing for Pedestrian Safety — Interchanges

4




Accommodate all pedestrian movements

75
1. Through interchange (east-west along arterial)

2. Across the arterial (north-south)

Designing for Pedestrian Safety — Interchanges

5

These inside crosswalks may be closed

These crosswalks must be open

7-6
Designing for Pedestrian Safety — Interchanges

6




Intersections

Interchange then becomes a Large

Designing for Pedestrian Safety — Interchanges

Design interchanges to look like an intersection, then
drivers are more likely to expect pedestrians

8



Consider each terminus as 2 an urban intersection

Designing for Pedestrian Safety — Interchanges

o

Avoid free-flow movements...

... they are difficult for pedestrians to cross

Designing for Pedestrian Safety — Interchanges

10




Positive Example:

Reconfigured Ramﬁ Terminus
7-11

Flat angle = wide crossing & high-speed turns
Tight angle = short crossing & slow speed turns

Designing for Pedestrian Safety — Interchanges

11

Positive Example:

Reconfigured quﬁ Terminus
7-12

Red line = old crosswalk

Green line = new crosswalk

Designing for Pedestrian Safety — Interchanges
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Where free-flow ramps exist, good

crosswalk Elacemen’r is critical
7-13

Reminder from geometry module — crosswalk
placement requires balancing goals:

Shortest crosswalk length

Minimal crosswalk setback to:

o Reduce out-of-direction travel

o Provide good sight lines between peds and motorists

Proper ramp placement

Designing for Pedestrian Safety — Interchanges

13

Existi-n |
crosswalk
is here

7-14

Where free-flow ramps are used (least desirable)
Crosswalk should be placed where it’s visible

Designing for Pedestrian Safety — Interchanges

14




Barrier should not obscure crosswalk

Designing for Pedestrian Safety — Interchanges

15

Crosswalk Placement

Choosing the best crosswalk placement where it’s not

clear what’s most logical for the driver or the
pedestrian:

3 choices:
Most direct route
Shortest crosswalk

“Compromise” - midway solution

Designing for Pedestrian Safety — Interchanges

16



Most Direct Route

Driver can make
turn at high speed

Pedestrian crosses
long distance with back
turned to traffic

17

Shortest Crosswalk

Driver is accelerating, no
longer expects crosswalk

Pedestrian must travel long
distance to get to crosswalk

18



Midway Solution — Balances Goals

Driver is still
making turn, can
see the crosswalk

Pedestrian mustn’t travel
too far to get to crosswalk;
crosswalk is not too long

19

4 ".
i | s,
" |
- — 1
4

Shortest crossin&-
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S
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-
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o
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o
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=

Where to place crosswalk? Observe pedestrians

0O Younger woman takes direct route (looks over shoulder)
0O Older man seeks crosswalk

0 Midway would be used by both

0 YIELD TO PED signs indicate a problem

Designing for Pedestrian Safety — Interchanges
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Select An Interchange

Single Point Urban Interchange (SPUI)

Diverging Diamond Interchange (DDI)
Restricted Crossing U-Turn (RCUT)
Median U-Turns

Displaced Left Turn

Designing for Pedestrian Safety — Interchanges

21

»21 Single Point Urban Interchange (SPUI)

Designing for Pedestrian Safety — Interchanges

22




Single Point Urban Interchange

Takes less ROW
than split diamond

1. Through movements
2. Left turns in one direction
3. Left turns in other direction

Signal timing; 3 movements are run through one signal

Designing for Pedestrian Safety — Interchanges

23

How to make SPUI work for pedestrians:
|

"1 Provide continuous sidewalks

1 Break up crossings into several small steps
"1 Use good geometry; create tight, right-angle crossings;

" Make it clear to drivers where to expect pedestrians

Designing for Pedestrian Safety — Interchanges

24




SPUI Pedestrian crossing sequence:

Ped walks next to well defined right-turn lane (RTL)

Ped crosses RTL at a point with good visibility; drivers yield to peds
Ped proceeds on island

Ped crosses entry lane; signal controlled

Ped proceeds on sidewalk on or under bridge

Ped crosses exit lane; signal controlled

Ped proceeds on island

Ped crosses exit lane; stop controlled; drivers yield to peds

9. Ped continues on his merry way

7-25
Designing for Pedestrian Safety — Interchanges

©Noa bk ODd-=

25
Vehicle phase 1
Vehicle phase 2
Vehicle phase 3
Possible ped crosswalks
s
G
— |

With most SPUIs there is never a phase when pedestrians can cross the
urban arterial without conflict

Solution 1: Two-step crossing (one step during vehicle phase 2 and the
other during vehicle phase 3 NOTE: requires median refuge & Ped
Signals

Solution 2: Nearby midblock signalized ped crossing, or nearby signalized
2i6ntersection with crosswalks

7-26 . .
Designing for Pedestrian Safety — Interchanges
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Getting Pedestrians Across a SPUI
|2

Vehicle phase 1
Designing for Pedestrian Safety — Interchanges

27

Getting Pedestrians Across a SPUI
| s

Vehicle phase 2

Designing for Pedestrian Safety — Interchanges
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Getting Pedestrians Across a SPUI

7-29

Vehicle phase 3

Designing for Pedestrian Safety — Interchanges

29

=1 Diverging Diamond
ke

|
|

S /‘
19)/A\

\i
|

DIVERGING DIAMOND
INTERCHANGE

Informational Guide

August 2014

Designing for Pedestrian Safety - Interchanges
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DDI How they work

Designing for Pedestrian Safety — Interchanges

31

DDI and Pedestrians

Designing for Pedestrian Safety — Interchanges
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Right-of-way availability for
multimodal facilities.

7-33

- ~ Center walkway
|:| ~ Channelization islands Exhibit 3-2. Center wallsway at MO 13 (Springfield, M0).™

E ~ Outside walkway/sidewalk

Exhibit 3-3. Outside walkway at Dorsett Road (Maryland Heights, M0)."

Designing for Pedestrian Safety — Interchanges

33

Ped Signal: Center and Outside

Exhibit 3-5. Pedestrian facilities in center of DDI (Springfield, M0).®

Designing for Pedestrian Safety — Interchanges Exhibit 3-6. Pedestrian facilities on outside of DDI (Maryland Heights, M0).%®

34




Crosswalk Placement: Center vs. Outside
735 |

Provide adequate Provide one vehicle length
sight distance for storage downstream of
vehicle approaches crosswalks for yield-controlled
to crosswalks vehicle movements

. N Provide adequate Provide one vehicle length
T.ghg radii for C_rcssylalk behind stopbar for sight distance for storage downstream of
right turns to signalized vehicle tums vehicle approaches crosswalks for yield-controlled
reduce speeds at to crosswalks vehicle movements
crosswalk -
left turn not affected

Exhibit 3-9. Pedestrian-focused DDI — cenfer walkway.

Tight radii for Crosswalk behind stopbar for
right tuns to signalized vehicle turns
reduce speeds at

crosswalk -

left turn not affected

D esi gn 1ng f()]' Pedestri an S ﬁfety —1In terch anges Exhibit 3-10. Pedestrian-focused DDI — outside walkway.

35

Center Walkway
Advantages & Challenges

Exhibit 3-7. Center walkway pedestrian safety and comfort.

Advantages Challenges
Crossing of the arterial street provided at Crossing of free-flow nght-turn
DDI for full pedestrian access. movements to/from freeway

Crossing one direction of traffic at a time

Pedestrians may not know to look to the
right when crossing to center

Short crossing distances

‘Wait at center island dictated by length of
signal phase for through traffic

Street

) No exposure to free-flowing left turns to
Crassings

freeway

Location of pedestrian signals can
conflict with vehicular signals at
CTOSSOVers

Protected signalized crossing to walkway

Pedestrian clearance time generally provided
1in crossover signal phasing

Pedestrian delay to center minimized by
short cycles at two-phase signals

Side walls provide a positive barrier between
vehicular movements and pedestrians

Center walkway placement counter to
typical hierarchy of street design

Walkway  Walls low enough to avoid “tunnel” effect
Facility that could impact pedestrian comfort

Potential discomfort from moving
vehicles on both sides of walkway

Recessed lighting can provide good
illumination of walkway

Sign and signal control clutter

Designing for Pedestrian Safety — Interchanges
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Outside Sidewalk
Advantages and Challenges

7-37

Exhibit 3-8. Outside path/sidewalk pedestrian safety and comfort.

Advantages Challenges

Crossing of free-flow right-turn
movements to/from freeway

Ramp crossing distances are often shorter _ Conflict with free-flow left furns to
than through traffic crossing distance due to  freeway, where fast vehicle speeds are
Fewer travel lanes likely (acceleration to freeway)

Crossing one direction of traffic at a time

Crossing of the arterial street sometimes
not provided at DDI

Street Potential sight obstruction of pedestrian

Crossings crossing left turns from behind barrier wall
Pedestrians may not know which direction
to look in, when crossing turn lanes
Umatural to look behind to check for
vehicles before crossing when traveling out
of the DDI (depends on angle of approach
and direction of travel)
Signalized crossings require more
complicated timing

Extension of existing pedestrian network
(natural placement on outside of travel
Lanes)

Need for widened structure on outside for
overpass

Pedestrian fypically has view of path ahead {112l for additional right-of-way for

‘;_:‘:l‘l‘l‘:‘ (depends on sight lines and obstructions) Egzr":;; construction of refaining wall
Walkoway dossalt contlict with cenfer
bridge piers (at underpass) Need for additional lighting for underpass
Opportunity to use right-of-way outside of
bridge piers (at underpase)

Designing for Pedestrian Safety — Interchanges
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Reminders Might be Helpful

Exhibit 3-17. Pedestrian markings to indicate directionality of traffic (Maryland Heights,
MO).

Designing for Pedestrian Safety — Interchanges
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7-39

Crosswalk Markings with and w/o
Acceleration Lane

Exhibit 7-22. Entry ramp free right and left turns with acceleration lanes.

Designing for Pedestrian Safety — Interchanges

Exhibit 7-23. Entry ramp left turn yield control - no acceleration lane.

39

(‘ Federal Highway

@7 Administration

RESTRICTED CROSSING
U-TURN INTERSECTION

Informational Guide

August 2014

Designing for Pedestrian Safety — Interchanges

=l Restricted Crossing U-Turn

40
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Designing for Pedestrian Safety — Interchanges

Restricted Crossing U-Turn

41

7 |

Designing for Pedestrian Safety — Interchanges

Restricted Crossing U-Turn Pedestrians

42



Pedestrian Movement

7-43

[Exhibit 3-1. Pedestrian movements in a RCUT intersection.

Exhibit 3-2. Signalized RCUT with “Z” crossing near San Antonio, TX.”

Designing for Pedestrian Safety — Interchanges
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Pedestrian Path Offset Approaches

]

N W

7-44

Hp

mn

[

Exhibit 3-5. RCUT intersection with minor street approaches offset to produce a shorter
pedestrian crossing.

Designing for Pedestrian Safety — Interchanges
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Signalized Crossing

Regular traffic signal or PHB
o :j 3

Exhibit 3-6. Three types of signalized mid-block crossing feasible on RCUT corridor.

Designing for Pedestrian Safety — Interchanges
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=13 1 Median U-Turns

" Federal Highway

@ Administration

MEDIAN U-TURN
INTERSECTION

Informational Guide

August 2014

Designing for Pedestrian Safety — Interchanges
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Designing for Pedestrian Safety — Interchanges

Median U-Turns

47

g

Designing for Pedestrian Safety — Interchanges

Median U-Turns Pedestrians

48



Single or Two Stage Crossings

7-49

Two-stage crossing Single-stage crossing

%

b=l ]
T
=

Exhibit 3-4. Single- versus two-stage pedestrian crossings.

Designing for Pedestrian Safety — Interchanges
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Mid-block Crossing

A
B i P
KYRY
Regular traffic signal or PHB

Exhibit 3-5. Signalized mid-block crossing.

Designing for Pedestrian Safety — Interchanges
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> Displaced Left Turn

(‘ Federal Highway

@ Administration

DISPLACED LEFT TURN
INTERSECTION

Informational Guide

August 2014

Designing for Pedestrian Safety — Interchanges
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Displaced Left Turn

Designing for Pedestrian Safety — Interchanges
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Displaced Left Turn Pedestrians

Bangerter Highway

all T

Designing for Pedestrian Safety — Interchanges
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Pedestrian Crossings

I

Exhibit 3-2. Possible pedestrian movements with one-stage crossings of main line at a D.
intersection.
Exhibit 3-4. Refuge islands between left-turn and through lanes.

Designing for Pedestrian Safety — Interchanges Exhibit 3-1. DLT in Dayton, OH with two-stage crossings of main line.?
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ROUNDABOUTS:
HOW THEY WORK FOR
PEDESTRIANS

Module 8

Golden CO

Roundabouts:

Lea rning Ob'lec’rives:

At the end of this module, you will be able to:
Explain why roundabouts reduce crashes

Describe the safety benefits for pedestrians and
motor vehicles of roundabouts

Describe how roundabout safety depends on correct
design

Designing for Pedestrian Safety — Roundabouts
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Essential roundabout characteristics

Lots of deflection = slow

Crosswalk 1<€ar- pr.s - § speeds throughoUt &
Wilength back

peed entry = yield

Roundabouts are a type (or subset) of

circular intersections
s |

All circular | Roundabouts
intersections

Others

Rotaries .
Neighborhood

traffic circles

Bottom Line: Not all circular intersections are roundabouts!!

Designing for Pedestrian Safety — Roundabouts
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A roundabout is not:
1. A rotary, with large size & high speeds

Problems with Existing Rotary

#l No control of entry
\§ High speed
1= High speed
b 2, weaving here

e




Rotary Reconstructed to Roundabout

Smaller diameter
(Typically 120 — 250 feet)

A roundabout is not:
2. A Washington DC style circle, with traffic signal controls




A roundabout is not:
3. A traffic-calming mini circle

A roundabout is not:
4. Paris

10



8-11

11

Before and After Example

8-12

12




Advantages for Pedestrians

#13
Reduced vehicle speeds
Reduced number of conflict points
Shorter crossing distances

Splitter island provides a refuge — ped crosses one

direction A !

of traffic at a time

Crosswalk is placed
one car length back

13

Vehicle-Pedestrian Conflict Points

8-14

|
r |
@ Right tum on green conflict
® Red light running conflict
@ Left tum on green conflict

@ Red light running or right turn on red conflict O Vehicle/Pedestrian Conflicts
Conventional Intersection Roundabout
16 Conflict Points 8 Conflict Points

14




Roundabout are Safer for All Users

Pedestrian crashes:
CMF = 0.73 (CRF = 27%)

All crashes:

Conversion from Two-way stop control:
o All crashes: CMF = 0.56 (CRF = 44%,)

o Injury crashes: CMF = 0.18 (CRF = 82%))
Conversion from signal control:

o All crashes: CMF = 0.52 (CRF = 48%)

o Injury crashes: CMF = 0.22 (CRF = 78%))

15

Observational Pedestrian Safety Findings

Normal Hesitates Normal Hesitates

Behavior on Entry Side Behavior on Exit Side

Runs

Figure 59. Pedestrian crossing behaviors when a vehicle was present
and the crossing began on the entry side.

Normal Hasitates Runs Normal Hesitates Runs

Behavior on Entry Side Behavior on Exit Side

Figure 60. Pedestrian arossing behaviors when a vehicle was present
and the crossing began on the exit side.




Observational Pedestrian Safety Findings

Actvo Yickd Passivo Yickd DidNotYicld Actve Yicid Passivo Yield Did Not Yield

Behavior on Entry Sige Behavior on Exit Sice 80
T2
Figure 62. Ylelding behavior of motorists when the pedestrian arossing 7 ol m1ime
begins on the entry side. & 60| o7 o2ime -
4 1 L DM = aAl
i_sn ™ 6
5w n
| 3 o
L 1
it
2 2 14 4
10 7

Active Yield  Passive Yield Did Not Yield  Active Yield Passive Yield Did Not Yield

Behavior on Entry Side \Behavior on Exit Side

Figure 63. Yielding beh of when the pedestrian arossing
begins on the exit side.

Pedestrian Movements at Roundabouts

Splitter Island

Stop For Pedestrians Look To The Left

Look Towards
Entry Lane

Look Towards

Roundabout Stop For Pedestrians

18



8-19

Narrow entry slows drivers

19

—
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. At entry lane-

Well defined crossings & splitter islands

20



2. At exit lane

Well defined crossings & splitter islands

21

Roundabout near Schools

Slow speeds improve safety at schools

There are 100-plus roundabouts at schools in the US

22



Lighting at Roundabouts

0 Center Mounted Lighting:

1 Peds visible only as
silhouettes

0 Signs not visible

Study Source: Hasson and Lutkevich

23

Lighting at Roundabouts

2 Approach Mounted
Lighting:

2 Peds illuminated

2 Signs illuminated

24



Multi-lane roundabouts have potential for

“multiple threat” and higher speeds

25

Drivers may take a straighter, faster path on entry and exit,
resulting in higher speeds — lane markings are recommended
to minimize this

26



Roundabout concerns for peds with
vision impairments:

8-27

o Circulating traffic masks the sound cues used to identify gaps
and masks the sound of yielding vehicles

0 Problems are much worse at multi-lane roundabouts

27

Possible Mitigation Measures for Blind
Pedestrians at Multi-Lane Roundabouts

= |
Public Right-of-Way Accessibility Guidelines
(PROWAG, proposed rule July 26, 2011) require
signals at multi-lane roundabout approaches:
o Pedestrian Hybrid Beacon (HAWK)
o Regular Red-Yellow-Green Signal
Research — other solutions may work:
o Raised Crosswalk

o Rectangular Rapid Flash Beacon

Ped signal may rest in dark (optional use by peds)

28



Pedestrian Hybrid Beacon at

Two-lane Roundabout

29

Raised Crosswalk at
Two-lane Roundabout

L=l Golden CO




8-31

Rectangular Rapid Flash Beacon at
Multilane Roundabout

FHWA study found
some benefits to
accessibility after
RRFB installation at
multilane roundabouts

Other impacts
(volume, speeds,
configuration) also
impact yielding

https:/ /safety.fhwa.dot.gov /intersection /innovative /roundabouts/docs /fhwasa15069.pdf

31

Problem/Background

Case Study: Great Neck Plaza, NY

Small, dense, suburban community
on Long Island

High pedestrian activity & older
population

o Busy central business district
o High-use train station

Excessive vehicle speeds

32



Case Study: Great Neck Plaza, NY

Solution

City received traffic calming grant from
state DOT

o Goal: calm traffic, enhance visibility of
pedestrians, & improve crosswalk safety
4-way STOP replaced by roundabout

o Contrasting pavement color, curb
extensions, fencing, and islands used to
direct traffic

Other locations: illuminated pedestrian
crossings and speed awareness devices
installed

Cost: $365,000 for the roundabout,
$275,000 for the other improvements

33

Case Study: Great Neck Plaza, NY
e

Results

Pedestrian collisions reduced near the
roundabout after installation

Users indicate a safer pedestrian
environment

Vehicle flow improved

Effect of pedestrian crossing signs &
speed warning devices not as good

Officials and residents consider project
a success

Speed awareness device
installed at same time as
roundabout

34



LLET T

TRANSIT

Module 9

2

Learning Outcomes
—
At the end of this module, you will be able to:

Describe why transit stops must be convenient and
accessible

Apply techniques to help transit users cross the
street at transit stops (many pedestrian crashes are
associated with transit stops)

Assess if transit operators concerns are met

Assess the needs of other road users




Transit: Bus is most common mode

Transit: Only choice for many people




5

Sidewalks should be wide enough to provide space for waiting,

Recommendation: create minimum 8’
sidewalk entire length of bus stop

boarding & passing.
Widen beyond ADA 5’ X 8’ minimum landing

Narrow curbside sidewalk Especially when bus
provides insufficient space = comes & people board




Wide sidewalk is full while people board, blocking access to
other pedestrians, but empties out soon

» IO

|

Bus shelter is an important amenity




Shelters must be accessible
(grass makes it inaccessible)

Good news: they fixed it!
(after attending this course)

10
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Separated sidewalk: Shelter placed in planter strip

11

Transit Safety & Operation Concerns:

2 |
Pedestrian Crossings

0 Bus Stop Location

1 Bus Pullouts

12



Discussion:
Name the crossing
techniques shown

All previously discussed crossing
techniques apply to transit stops

13

Pedestrian Safety Guide for

Transit Agencies

Intended to provide transit agency staff and transit
agency partners with an easy-to-use resource for
improving pedestrian safety.

Emphasizes the importance of Pedestrian Safety Guide
solving pedestrian safety issues R
through partnerships between
transit agencies and state and
local transportation agencies
municipalities, and consumer
interest

15



16

Guide Includes

Common pedestrian safety issues near transit
stations, bus stops, and other transit facilities.

Descriptions of specific engineering, education, and
enforcement programs that have been effectively
applied by transit agencies.

Background information about pedestrian safety

and access to transit.

References to publications, guides and other tools
that can be used to identify pedestrian safety

problems.

16

17

Place crosswalks
behind bus stop!

1. Peds can see traffic
2. Bus driver can move forward
3. Bus doesn’t run over peds

17




Farside generally preferred at
intersections because:
18 [salemOR |
Bus Driver Concern: Farside or Nearside Stops?
Driver can pull across intersection before light turns red
Nearside can mean waiting an extra signal cycle

Farside ensures pedestrians cross behind bus

Farside: Patrons cross behind Nearside: Patrons cross in front

18

There are operational reasons to place

sToE nearside
19

1. Bus user convenience

19



There are operational reasons to place

s’roE nearside
20

2. Nearside allows for bus queuing

— ’; ,,.- - ‘
N

20

There are operational reasons to place

s’roE nearside
21

3. If bus makes a right turn

21



Moving, Eliminating, Consolidating Bus

S’rogs J

Considerations:

Improve safety by placing bus
stops near good crossings S

Adds walking time for users,

but x

Reduces transit operator
delay (fewer stops)
Trade-offs:

o 2-3 minute longer walk?

o 10-15 minute shorter bus ride?

22

23

23



They help traffic flow, but...

Make it harder for bus drivers to reenter the traffic stream

24

Operational fix:

YIELD signs on buses (must be supported by law)

25



Bus pullouts must work for peds, cyclists & drivers

A far side pullout can be used as an acceleration lane,
endangering other users

26

This far side pullout allows drivers make right turns at
high speed, endangering pedestrians

27




Bus pullouts must work for peds, cyclists & drivers

With curb extension, drivers will turn cautiously.
Pedestrians and bicyclists are better served

28

Slows drivers making right-turn Protects pedestrians

29



On streets with on-street
parking, “bus bulbout” » .
£

retains parking spots.

"1 bus shelter

These two spots I
would be prohibited if |
bus has to pull up to
normal curb line.

30

30

Bus bulbout reduces dwell time because the bus does not need to
reenter traffic and patrons board rapidly

10 seconds saved per stop adds up to minutes over an entire route




Before After

ROAD DIETS mobute 10

1 of 9 Safety Proven
Countermeasures

Learning Objectives
2 |

Describe how ped crash risk increases with number of
travel lanes and speed.

Explain why reducing # of travel lanes reduces risk,
and makes it easier to cross the street

Demonstrate how reducing lanes frees space for
higher & better use:

O Streets exist 24 /7; peak traffic may be a concern for as
little as 30 minutes a day




“Classic Road Diet”

4 to 3 lanes

_a

On-street park_jﬁﬁ{r Median

[!Iz.'r
&

Road diets: reclaim street space for other uses




Road Diet Informational Guide &
Road Diet Case Studies

Road Diet
Informational Guide

FHWA Safety Program

CASE STUDIES

https://safety.thwa.dot.gov/road_diets/guida https://safety.fhwa.dot.gov/road_diets/case_studies
nce/info_guide/

Road Diets
.

W Pasadena, CA Considerations
M Lansing, MI Sdfefy
M Seatile, WA

Operations

O Peak Hour

Design
o Signalized Intersection
Adjustments
Resurfacing
Maximum Volume for Road Diet (ADT) ConTeXt SenSiﬁve
Figure 12.oad Dt Implernentton Mumur Solutions/Complete Streets

6




Intersections

T
Signal timing or phasing changes at intersections to
optimize operations and safety benefits

Roundabouts Single Lane
o~ 20,000 ADT




3 crash types can be reduced by going

from 4 to 3 lanes: which ones?

3 crash types can be reduced by going
from 4 to 3 lanes: 1 — rear enders

10




3 crash types can be reduced by going

from 4 to 3 lanes: 2 — side SWIEeS

3 crash types can be reduced by going
left turn /broadside

from 4 to 3 lanes: 3 —

12



Case study: Edgewater Drive

Resurching Pro'lec’r SOrlqndo FL:

$589,000 project scheduled in FDOT 5-year work plan
FDOT open to 3-lane option if City takes over jurisdiction

Changes must be accepted by neighborhood and business
associations; before /after studies

Before Concept

Reality: Before




Reality: After

Before /after studies: 1. Crash rate
wen

14.0

12.0

Crash Rate (per MVM)

2.0

0.0 -

10.0 -

8.0

6.0

4.0 -

12.6

34% Reduction

Before After

16



Before /after studies: 2. Injury rate

4.0 36
3.5 1

e

3.0 -
68% Reduction
2.5
2.0

1.5 1

Injury Rate (per MVM)

1.0 1

0.5 -

0.0 -

Before After

17

Before /after studies: 3. Speeding analysis

35.0%

29.5%
30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0% -

Before After Before Afte n Before After

North End | Middle 1 South End
1 1

Percent of Vehicles Traveling over 36 MPH

18



Before /after studies: 4. Traffic volumes
omern

25,000

20,500
18,100

20,000 -

15,000

10,000

Vehicles per Day

5,000

Before After

19

Before /after studies: 5. On-street

arking utilization

459
, o 1%
= 40%
T 35%
o ()
5 30% S
S 25%
T 20% |
g 15% |
2 10% |
5%
o

0% -

Before After

20



Before /after studies: 6. Pedestrian volumes
omer

3000

2,632

23% Increase

2500 —
2,136 /
2000

1500 1

1000 1

Number of Pedestrians

A
(=3
o

Before After

21

Before /after studies: 7. Bicyclist volumes
o |

600

30% Increase
500

375

400 -

300 -

200 -

Number of Bicycles

100 |

0

Before After

22



Before /after studies: Evaluation matrix
COdamdoFL |
. Obijective

Measure of Effectiveness Accon:plished?
Avoid Increasing Traffic On Neighborhood

Streets i
Reduce Speeding on Edgewater Dr. YES
Increase Bicyclist Volumes YES
Increase Pedestrian Volumes YES
Reduce Crashes YES
Increase On-Street Parking Use Rates YES
Increase Pedestrian Satisfaction (Residents) YES
Increase Parking Satisfaction (Residents) YES
Also: Noise levels went down...

23

1. Which road carries more traffic?

2. Which road produces the higher speed?

« With a 4-lane road a fast driver can pass others

« With a 2-lane road the slower driver sets the speed
3. Which road produces the higher crash rate?
4. Which is better for bicyclists, pedestrians, businesses?

24



Road Diet CMF = 0.47 & 0.71 (CRF = 53% & 29%)

~ Countermeasure: Converting four-lane roadways to three-lane roadways with center turn

lane (road diet)

Source CMF Clearinghouse

CRF

oE G Quality Crash Type Crash Severity ~ AreaType  Reference Comments
Persau d
0.47 53 RRIR Al Al Suburban et.al,
2010

~ Countermeasure: Road diet (Convert 4-lane undivided road to 2-lanes plus tuming lane)

CRF

CMF (%) Quality Crash Type Crash Severity  Area Type Reference ‘Comments
071 25 RRRRE Al Al rban  MEker et

25

What are some benefits of

road diets for Eedes’rrions?

Reduce crossing distance

Eliminate or reduce “multiple threat” crash types

Install crossing island to cross in 2 simple steps

Reduce top end travel speeds

Buffer sidewalk from travel lanes (parking or bike lane)

Reclaim street space for “higher and better use” than
moving peak hour traffic

26



Reclaiming road space creates room for ped islands

27

Reclaiming road space creates room for ped islands

28



This 5-lane Main Street was converted to...

29

Fewer travel lanes; added bike lanes; parallel to back-in
diagonal parking on one side; new pavement

30



It's Not This Hard

This area was recaptured from a 4th travel lane; the
street took on a whole new life

33



Speed Design

Small Groups

Exercise

WALKING ALONG THE
ROAD

15 minutes Total Time

Session 2 Exercise Applying
Pedestrian Sofe’rx Princiales

Learning Outcomes:
Analyze the roadway cross sections

Propose pedestrian safety improvements by
changing the cross section

Identify any unintended consequences




Designing for Pedestrian Safety Exercise Module 2

Instructions: propose pedestrian-friendly designs for the sample cross-sections, taking into account
the context; superimpose your proposal over the existing in color, with dimensions

1. Existing: 28’ roadway & ditches in 60’ row. Context: rural, some residential; ADT 1,800

Existing: 28’ roadway, 2 x 12’ lanes
60’ row

.

-_—

-------- ; P b— Roadway — (__ft)

(not to scale)

1.a. Existing: 28’ roadway & ditches in 60’ row. Context: Suburban, residential, ADT 3,600

\/E: } :es\/—

xisting: 28’ roadway, 2 x 12’ lan

%

60’ row 1

----------------- I Roadway I (__ft)

(not to scale)

Designing for Pedestrian Safety Exercise Module 2

Instructions: propose pedestrian-friendly designs for the sample cross-sections, taking into account
the context; superimpose your proposal over the existing in color, with dimensions

2. Existing: 66’ roadway & curbs in 100’ row. Context: suburban, commercial; ADT 22,000

14’ lane 12’ lane 14’ CTL 12’ lane 14’ lane

—

I 100’ row

Design sidewalk details using zone system

----------------- I' Roadway 'I (_ft)

(not to scale)




Designing for Pedestrian Safety Exercise Module 2

Instructions: propose pedestrian-friendly designs for the sample cross-sections, taking into account
the context; superimpose your proposal over the existing in color, with dimensions

3. Existing: 60’ roadway & sidewalks in 80’ row. Context: urban, commercial, buildings at back of walk;
ADT 26,000

1 1 1
siwk 7 pk 12’ lane 11’ lane 11’ lane 12’ lane 7 pk siwk
80’ row =|I
Design sidewalk details using zone system
(___ft) I Roadway 'I (__ft)
(not to scale)
Designing for Pedestrian Safety Exercise Module 2
Instructions: propose pedestrian-friendly designs for the sample cross-sections, taking into account
the context; superimpose your proposal over the existing in color, with dimensions
4. Existing: 60’ roadway & sidewalks in 100’ row. Context: urban, commercial, buildings at back of
walk; ADT 26,000
| : : : :
siwk 7 pk 12’ lane 11’ lane 11’ lane 12’ lane 7 pk siwk
100’ row 1

Design sidewalk details using zone system

------- ; PP I' Roadway 'I (__ft)

(not to scale)




Designing for Pedestrian Safety Exercise Module 2

Instructions: propose pedestrian-friendly designs for the sample cross-sections, taking into account
the context; superimpose your proposal over the existing in color, with dimensions

1. Existing: 28’ roadway & ditches in 60’ row. Context: rural, some residential; ADT 1,800

— " : ~

Existing: 28’ roadway, 2 x 12’ lanes

| 60’ row |

1a. Existing: 28’ roadway & ditches in 60’ row. Context: Suburban, residential, ADT 3,600

— " | ~_

Existing: 28’ roadway, 2 x 12’ lanes

) 60’ row g|



Designing for Pedestrian Safety Exercise Module 2

Instructions: propose pedestrian-friendly designs for the sample cross-sections, taking into account
the context; superimpose your proposal over the existing in color, with dimensions

2. Existing: 66’ roadway & curbs in 100’ row. Context: suburban, commercial; ADT 22,000

14’ lane 12’ lane 14’ CTL 12’ lane 14’ lane
|« 100’ row
(__ ft) I' Roadway 'I (__ ft)

(not to scale)



Designing for Pedestrian Safety Exercise Module 2

Instructions: propose pedestrian-friendly designs for the sample cross-sections, taking into account
the context; superimpose your proposal over the existing in color, with dimensions

3. Existing: 60’ roadway & sidewalks in 80’ row. Context: urban, commercial, buildings at back of walk;
ADT 26,000

s/wk 7’ pk 12’ lane 11’ lane 11’ lane 12’ lane 7’ pk s/wk
| 80’ row
( ft) I Roadway | (__ ft)

(not to scale)



Designing for Pedestrian Safety Exercise Module 2

Instructions: propose pedestrian-friendly designs for the sample cross-sections, taking into account
the context; superimpose your proposal over the existing in color, with dimensions

4. Existing: 60’ roadway & sidewalks in 100’ row. Context: urban, commercial, buildings at back of
walk; ADT 26,000

s/wk 7’ pk 12’ lane 11’ lane 11’ lane 12’ lane 7’ pk siwk
|« 100’ row
(__ ft) I' Roadway 'I (__ ft)

(not to scale)



Speed Design
Small Groups
Exercise

INTERSECTION GEOMETRY

15 minutes Total

Exercise — Applying Pedestrian Safety
o

Learning Outcomes:

Analyze intersections for pedestrian safety and
accessibility

Identify the “positives” and “negatives”

Identify possible improvements and unintended
consequences




Exercise — Applying Pedestrian Safety

Hiarr

1. Identlfy geometrlc deS|gn
POSITIVES and negatives

o b Wi T

Exercise — Applying Pedestrian Safety

2. Develop |mprovements in geometrlc deS|gn

N



Exercise — Applying Pedestrian Safety
- Session #4B

~ 1. Identify geometric design

° > = ® POSITIVES
2. Identify geometric design
negatives

Use the g

Worksheet to 3. Develop improvements in

record your geometric design

answers

4. Identify possible unintended
consequences

Exercise — Applying Pedestrian Safety
o

Learning Outcomes:

Analyzed the intersection for pedestrian safety and
accessibility

Identified the “positives” and “negatives”

Identified possible improvements and unintended
consequences




Jedi Ave between Wakanda St and Avengers Ave
Made-up Town, USA
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