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Why Is pedestrian safety and accessibility
Important?

Too many people dying on our roadways

Pedestrian Lives Lost Pedestrian fatalities increased 27% from 2007-2016,
while all other traffic deaths decreased by 14%.
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Pedestrians now account for a larger proportion of traffic
fatalities (16%) than they have in the past 33 years
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NHTSA October 22, 2019 Press Release

e« 2018 - 2.4% decline overall fatalities
« 913 lives saved
« 2018 - 36,560 people died
e 2017 -37,473 people died

« People who walk - more than 3.4% increase
e 6,283 — deaths
e most deaths since 1990

(CEDC



Why STEP?

« Over (2% of pedestrian fatalities occur at non-
Intersection locations

« Roughly 27% of pedestrian fatalities occur at
Intersections

every day counts



What is “Every Day Counts”(EDC)?

State-based model to identify and rapidly
deploy proven but underutilized innovations to:
v'shorten the project delivery process
v'enhance roadway safety
v'reduce congestion
viimprove environmental sustainability

* EDC Rounds: two year cycles
= |nitiating 5" Round (2019-2020)

(CEDC



Marked vs. Unmarked Crosswalks at
Uncontrolled Locations

Marked vs. Unmarked Analysis
Safety Effects of Marked Versus Unmarked

Crosswalks at Uncontrolled Locations

Speeds < or = to 40 mph

. . g Recommended Guidelines
 Two-lane roads: No significant s
difference in crash rate

e Multilane roads (3 or more

lanes)
o Under 12,000 ADT: no significant
difference in crash rate
o Over 12,000 ADT w/ no median:
crashes marked > crashes
unmarked

A i
AALS

o Over 15,000 ADT & w/ median: ,
crashes marked > crashes SN
unmarked https://mww.fhwa.dot.gov/publications/res

earch/safety/04100/

(CEDC 6


https://www.fhwa.dot.gov/publications/research/safety/04100/

One explanation of higher crash rate at
marked crosswalks: multiple-threat crash

1st vehicle stops and “masks” visibility for driver in 2nd lane
Solution: advance stop bar (we’ll discuss later...)

(&EDC



MUTCD Section 3B.18 Crosswalk Markings

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
iInstalled across uncontrolled roadways where the
speed limit exceeds 40 mph and /or either:

e Has 4 or more lanes without
a raised median or island and
ADT of 12,000 or more, or

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

(CEDC




== PEDESTRIAN FATALITY & SERIOUS INJURY RISK ==

18% 90% 77%
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CONE OF VISION

As motor vehicle speeds increase, the risk of serious injury or fatality for a pedestrian also increases (AARP Impact Speed and a
Pedestrian’s Risk of Severe Injury or Death 2011, p. 1). Also, motorist visual field and peripheral vision is reduced at higher speeds.

(CEDC 9




ADbility to React and Avoid
Australian PSA on Speed

60 kph (37 mph)
VS.
65 kph (40 mph)

10



Midblock: Pedestrian faces 2 directions of traffic
®




Intersection: pedestrian faces other conflicts




Pedestrian Safe ty
Motol who see pedestrian(s) in a marked crosswalk MUST:

STOPand stavSTOPPED

New Jersey —
Crosswalk Laws

ES

n-Ramp to
ano vation o i
every day counts



https://www.nj.gov/oag/hts/pedestrian.html

NEW JERSEY STATUTE 39:4-36
Driver to stop for pedestrian

A. The driver of a vehicle must stop and stay
stopped for a pedestrian crossing the roadway
within any marked crosswalk, but shall yield the
right-of-way to a pedestrian crossing the roadway
within an unmarked crosswalk at an intersection,
except at crosswalks when the movement of
traffic is being regulated by police officers or
traffic control signals, or where otherwise
prohibited by municipal, county, or State
regulation, and except where a pedestrian tunnel
or overhead pedestrian crossing has been
provided, but no pedestrian shall suddenly leave
a curb or other place of safety and walk or run
iInto the path of a vehicle which is so close that it
IS impossible for the driver to yield.

(CEDC
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NEW JERSEY STATUTE 39:4-36 continued

« Whenever any vehicle is stopped to permit
a pedestrian to cross the roadway, the
driver of any other vehicle approaching
from the rear shall not overtake and pass
such stopped vehicle.

 Every pedestrian upon a roadway at any
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.

(CEDC
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Who has the Right of Way at A, B, C crossing




Safety Effects of Marked Versus Unmarked
Crosswalks at Uncontrolled Locations

Tahle 11. R ions for installing marked cr lks and other needed pedestrian improvements at uncontrolled locations.™
Vehicle ADT Vehicle ADT Vehicle ADT Vehicle ADT
Roadway Type =9,000 =9,000 to 12,000 >12,000-15,000 = 15,000
(Number of Travel Lanes Speed Limit=~
and Median Type) =483 | 564 | 644 | <483 | 564 | 644 | =483 | 564 | 644 | =483 564 | 644
km'h | kmh | km'h | km'h | km'h | km/h | kb | kb | km/h | km/h | kb | km/h
@0 | 3 | @ | @ | 35| @ | @0 | 35 | @ | @0 | 35| @0
mi/h) | mi/h) | mi/h) | mih) | mi/h) | mith) | mih) | mih) | mih) | mih) | mim) | mih)
Two lanes [ C P C [§ P C C N ¢ P N
Three lanes C C P (o] P P P P N P N N
Multilane (four or more lanes) C C P C P N P P N N N N
with raised median®**
Multilane (four or more lanes) C P N P P N N N N N N
without raised median

* These guidelines inchude infersection and midblock locations with no fraffic siznals of stop signs on the approach to the crossing. They do not apply to school crossings. A fwo-
way cenfer furn lane is not considered a median Crosswalks should not be installed at locations that could present an increased safety risk to pedestrians. such as where there is
poor sight distance, complex or confusing designs. a substantial volume of heavy trucks, or other dangers, withont first providing adequate design features and/or traffic control
devices. Adding crosswalks alone will not make crossings safer. nor will they necessarily result in more vehicles stopping for pedestrians. Whether or not marked crosswalks are
installed, it is important to consider otber facility (e2. taffc sigual, roadway narmowing, alianced overhead lihiing, trafic-cabing
measures, curb extensions), as needed, to improve the safefy of the crossing - judgment should be used in individual cases
for deciding where to install crosswalks.

** Where the speed limit exceeds 64.4 knyh (40 mi/h), marked crosswalks alone should not be used at unsignalized locations.

#+* The raised median or crossing island must be at least 1.2 m (4 ) wide and 1.8 m (6 ) long to serve adequately as a refuge area for pedestrians, in accordance with MUTCD
and American Association of State Highway and Transportation Officials (AASHTO) guidelines

€ = Candidate sites for marked crosswalks. Marked crosswalks must be installed carefully and selectively. Before installing new marked crosswalks, an engineering study is
needed to defermine whether the location is suitable for a marked k. Foran study, a ry be sufficient at some locations, while a mere

study of pedestrian volume, velcle speed. sight distance, vehicle mix, and other factors may be needed at other sites. It is recommended that a minimum utilization of 20
pedestrian crossings per peak hour (or 15 or more elderly and/or child pedestrians) be confimed at a location before placing a high pririty on the installation of a marked
crosswalk

P = Possible increase in pedestrian crash risk may occur if erosswalks are added withont other pedestrian facility enhancements. These locations should be closely
menitored and eahanced with other pedestrian r_ﬂ:sm\g improvements, if necessary. before adding a marked crosswalk.

N = Marked alone are crash risk may be increased by providing marked crosswalks alone. Consider using other treatments. such.
25 traffic-calming treatments, traffic signals with pe:itslnan signals where warranted, or other substantial crossing improvement to improve crossing safety for pedestrians.

Table 1. Application of pedestrian crash

Guide for Improving
Pedestrian Safety
at Uncontrolled
Crossing Locations

ountermeasures by roodway feature.

5 generally ol en opprapriale irealment. bul exceplions may
bez comsidered fallowing engineering

Posted Spaad Limit and AADT
Vehicle AADT <6,000 Wehicle AADT &, 000-15,000 Vehicls AADT »15,000
Roadway Configuration  =30mph| 35mph =40 mph | <30 mph| 35 mph | =40 mph =30 mph 35 mph =40 mph
0z |0 @ (] (1] @ [1] (0] (0]
fl'l‘;"‘:"mﬂiww 4656 66 E646E6 BE4& b5&(466 66 66
T 98 9 7 98 @7 %7 @ %]
2 lose with raised madion 0z:0 €0 €0 3D €0 0 8D e
(1 e in woch divecion) 4 g 4|8k & 9 e S g
7T '@ @7 Y6 08 07 ‘e 0 o
3 lanes wia raised median 02310 80 S0 3D 60 OO0 6D O ©
(1 lana in anch dimction with o 4656 66 GE6&[46E6( B4 E&456& 565 A
by lef-lum fane] 7 9|7 % @71 w8 o 97 % @ %]
telanes wibmisedmesicn. 0 . 2@ @0 00 €0 €0 OO D OO €
(2 or mone banes in eoch diveclion) 2 = = < 2 2 2 2 =
TB97EY 8@7890:0 BOGEO B0 5O
¢ 80 0 0 e o0 80 8D ed
4+ lanes wie raised median
(D armen s s dimiey 56| 5@ 5@ 50/ 50 50 50 50 50
LR AR - 859789080 EQ6 D BE@ B8O
Given the set of condifions in a cell. 1 High-visibility crosswalk markings. parking restrictions on
#  Signites ol the counlenmeasure is o candidale mavmll approgch, mlaquue nighttime lighting lavels.
Fectment of o marked uncontralled crossing locofion, 2 I'Jms:‘::é’:uul N 5ig
@ Signifies that the countermeasure should always be I
considar bt pof mandated or requied basadupan & Advaios e Hut To (Stop Here For) Pdesiians sgn
%mmmdgrnemm o morked uncontrolled 4 In-Street b fon Crassing sign
- - 5 Curb axtension
O Signifies thet crosswalk vishility enhancaments should N .
ahways oz in Mmmion!urrnh other dsntified & Pedasirian refug iskand
counfermedssures 7 Recangulor Rapid-Flashing Beacon (RRFEY™
8 Rood Diet
The nbsence of o rumber signifies thal the counfermeosure 9 Peddestiion Hybrid Beagan (PHE)™

g fodie |

(CEDC
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Guide for Improving Pedestrian
Safety at Uncontrolled Crossing
Locations

n-Ramp
Inno va tlon

every day counts
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FHWA Guide

 Provides guidance
and suggested
process for selecting
countermeasures

o Assists agencies in
developing a policy
to support the
installation of
countermeasures at
uncontrolled
pedestrian crossing
locations

< www.fhwa.dot.gov/innovation/everydaycounts/edc 4/quide to improve uncontrolled crossings.pdf
—

Guide for Improving
Pedestrian Safety
. at Uncontrolled

f: Crossing Locations



http://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/guide_to_improve_uncontrolled_crossings.pdf

Countermeasure Selection Process

Following the process
suggested in the guide offers
countermeasure options
based on road conditions,

crash causes, and pedestrian
safety issues.

Figure 1. Process diagram for selecting
countermeasures at uncontrolled pedestrian
crossing locations.

(CEDC 20




4 Select countermeasures

Review Table 1 Review Table 2
(roadway features) (safety issues)
» AADT » Conflicts at crossings

B4

Number of lanes Excessive speed
Median presence Visibility issues
Speed limit » Other

¥
¥ ¥

2




of pedestrian crash countermeasures by roadway feature.

Posted Speed Limit and AADT
Vehicle AADT <9,000 Vehicle AADT 9,000-15,000 Vehicle AADT >15,000
Roadway Configuration <30 mph| 35 mph | =40 mph| <30 mph| 35 mph | =40 mph| <30 mph| 35 mph |=40 mph
02 © @ (1] (1] @ 0 @ @
%';’r‘lgsinmhdimm} 456 56 56456 56 56456 56 56
7 90O © 7 9O ©7 97 9 ©
N i 0230 80 0 30 0 0 0 V0 ©
3 lanes with raised median 45 5 5 45 5 5 45 5 5
(1 lane in each direction)
7 20O ©7 90 0O 07 90 O ©
3 lanes w/o raised median 0230 60 60 30 60 60O V0 OO O
(1 lane in each direction with a 4 5 6 5 6 5 64 5 6 5 6 5 6(4 5 6 5 6|5 &6
fwo-way left-furn lane) 7 97 9 ©7 90 © Q7 9 © o
I i 0O 60 80 0 0 80O OO0 V0O OO0 ©
4+ lanes with raised median 5 5 5 5 5 5 5 5 5
2 I [ h directi
[Drmcreune5|nEﬂc||Dn}?aq?aq 807890380 80980 8 © 8 ©
4+ lanes w/o raised median 0 €0 00 €0 e ed &d ed ed e
+
(2 or more lanes in each direction) 5 6 50 50 50 50 50 50 50 50
789789 8©789080 8008 80 860
Given the set of conditions in a cell, 1 High-visibility crosswalk markings, parking restrictions on
# Signifies that the countermeasure is a candidate crosswalk approach, adequate nighftime lighting levels,
treatment at a marked uncontrolled crossing location. ) ;"fi :rdnssmg "'"‘:Ir{"'"g sign
nised crosswa
@ Signifies that the countermeasure should always be . .
considered, but not mandafed or required, based upon 3 M;m]“ﬁl“;'d H"Tfe To (Stop Here For) Pedestrians sign
engineering judgment at a marked uncontrolled and yield (stop) Hne L
crossing location. 4  In-Street Pe{lzlesmun Crossing sign
O Signifies that crosswalk visibility enhancements should : Eﬂ':;;ﬂ:ﬂfg sisland
always occur in conjunction with other identified g .
countermeasures.® 7 Rectangular Rapid-Flashing Beacon (RRFB)**
- 8 Road Diet
The absence of a number signifies that the countermeasure ) . .
is generally not an appropriate freatment, but exceptions may ¢  Pedestrian Hybrid Beacon (PHB)
be considered following engineering judgment.

Tefer io Chapter 4. Using Tabie 1 and Table 2 io Select Courfemeasures, " for mare infarmafion about using mufiple couniermeaswures.
ﬁ < *The PHE and RRFE are nof both insiolled of the same crossing [ocation.



The Spectacular Seven

STEP

Safe Transportation for Every Pedestrian

(CEDC



Spectacular Seven

DN Crosswalk Visibility Enhancements

=Y Raised Crosswalks

Ly Pedestrian Refuge Island

Rectangular Rapid Flashing Beacon (RRFB)
Pedestrian Hybrid Beacon (PHB)

Road Diets

_eading Pedestrian Interval (LPI)

24



Spectacular Seven

N Crosswalk Visibility Enhancements

Raised Crosswalks
Pedestrian Refuge Island
RRFB

PHB

Road Diets

Pl

Crosswalk Visibility
Enhancements

SAFE TRANSPORTATION
FOR EVERY PEDESTRIAN

25



W-11-2, W16-7P

26



Crosswalk Visibility Enhancements
High Visibility Crosswalk

What Pedestrians See

SCrHoOTN.

Photo Source all 4 Mlchael Ronkin

%‘.Wl‘wat Drivers ee
&EDC
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In-street pedestrian crossing signs

7 AT )

STATE
LAW

S0P

FOR

L]

WITHIN WITHIN
CROSSWALK CROSSWALK
R1-6 R1-6a
MUTCD signs
Yield or Stop depends
on state law

(ED 2009 MUTCD Section 2B.12 and Figure 2B-2
(&‘h—. 28



In Street Gateway Treatment

AASHID

AASHTO INNOVATION INITIATIVE

® AT Home BASHTD > AASHTD Innavation Tnifistive > Pedestrian Gatewsy Treatment

Pedestrian Gateway Treatment

= About All

k F”L What is Pedestrian
‘Pedestriant Gat Y, Gateway Treatment?

L reatmenT

Resources

Pedestrian Gateway Treatment Technical Memo
Gateway Treatment for Pedestrian Crossings Presentation

User Guide for R1-6 Gateway Treatment for Pedestrian Crossing

http://aii.transportation.org/Pages/Pedestrian-
Gateway-Treatment.aspx

E Toward Zero Deaths

http://aii.transportation.org/documents/User%20Guide 2018 0503

Final UPDATED%20CDM%20Edgeline%20Clarification.pdf

(CEDC
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http://aii.transportation.org/Pages/Pedestrian-Gateway-Treatment.aspx
http://aii.transportation.org/documents/User%20Guide_2018_0503_Final_UPDATED%20CDM%20Edgeline%20Clarification.pdf

Gateway Treatment, Three-Lane Configuration
Without Refuge Island

Travel Lanes 2

Passing/Turn Lanes 1

R1-6 Signs 4

Flexible Delineators 0

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 51,200 for materials
20-minute installation
8 minutes to remove for winter
8 minutes to reinstall in spring

General Description:

Mote: 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.

The signs on the curb side in the gutter pan would have a better
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.

Y

Figure 6b

T,

i

i

~+— IN-STREET PEDESTRIAN

., CROSSING SIGH
%, PLACED IN GUTTER PAN

LY

s — — —

11" & VARIES

== =
10" & VARIES

11" & VARIES

1

(&EDC
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LED Pedestrian Sign

(CEDC






Multiple Threat Crash Problem

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

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




Multiple Threat Crash Solution

Advance stop or
yield line

e 1st car stops
further back,
opening up sight
lines

« 2nd car can be

seen by
pedestrian

) :
"

OpS 1O pedes
i 2 N
Angile 1c

e fer
steps ba
: I
. |
-,
:._‘__. o

(&EDC
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Sighing to go along with markings

HERE

FOR
PEDESTRIANS

R1-5 R1-5a R1-5b R1-5c

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

(EDC MUTCD Sec. 2B.11 and Figure 2B-2
—




« Advance yield line (shark’s teeth) & sign
 Consider double white lines for no passing

((<<EDC 2009 MUTCD Section 3B.16 and Figure 38-17
——




Curb extensions

Most focus is on &
reduced crossing —Z
distance

Other advantages:

Je— 18" —>l< 14’ >« 12’ > 6’| 8 |

o Better visibility between peds and motorists
o Traffic calming
o Room for street furniture

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

(CEDC .




Better Visibility




Before: road looks and feels wide

(CEDC




After. curb extension integral to sidewalk
Street looks narrow even with no parked cars

(CEDC




Effect of large radius on crosswalk:

Note rightsturning Venicle

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

(&EDC




Curb radius -
small radii are
safer for
pedestrians

Large radii:

Increases crossing
distance

Makes crosswalk

& ram placement ==

more difficult

(&EDC
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Minimize curb radius

Calculate
effective
radius: Larger
than built
radius If travel
lanes offset
from curb with
parking
and/or bike
lane

R1

R1 = Actual Curb Radius

R2 = Effective Radius

(CEDC
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Effective Curb Radius




Minimize Curb Radius w/Truck Apron

—

il e

e
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Crosswalk Visibility Enhancements
Crosswalk Lighting

e CRF 42% to 59%
 Lighting at
Intersections
e 4 star rating
* Vehicle/ped
crashes

Photo source: Youtube screen capture SWARCO

(CEDC .




Lighting Over Crosswalks

| ' L ——
i =
| .
4 | L
T . I ] N
B ] -
= B L \: -'”| -!I.
= =
—_— 3 1 -
.‘.' =
AN

Fig 11. Traditional midblock  Fig 12. Newddesign for midblock
crosswalk lighting layout crosswalk lighting layout

Recommended lighting level: 20 lux at 5’ above pavement




Spectacular Seven

DN Crosswalk Visibility Enhancements

Raised Crosswalks
Pedestrian Refuge Island
RRFB

PHB

Road Diets

Pl

Raised Crosswalk

Raksed crosswalks are ramped speed fables spanning
Thes entire widih of the recdway, offen placed of midblock
crossing locafions, The crosswalk Is demarcated with paint
and/or special paving malerials. These crosswalks act as
Traffic-calming measures that allow the pedestrian fo cross
al grade wilh the sidewalk,

In addifion fo their use on local and collector sireets, raised
crosswalks can be installed in campus setfings, shopping
centars, and pick-up/drop-off zones (e.q. airpors, schools,
Transit centers).

Raised crosswolks are fush wilh the heighl of the sidewalk.
The crosswalk lable is lypically al leas! 10 feel wide

and designed 1o allow Ihe fronl and rear wheels of a
passenger vehicle 1o be on lop of he lable al the same
lime. Deleclable wamings (fruncaled domes) and curb
ramps are installed al 1he sireel edge lor pedesthians wilth
impaired vision.

e e EDCI

b g Bt

SAFE TRANSPORTATION
FOR EVERY PEDESTRIAN

COUNTERMEASURE TECH SHEET

Lecal and ecllector
roads with high speeds
pose a significant
ehallenge far
pedasitians erassing
the roadway.

A raised crosswalk
ean reduce vehicle
speeds and enhance
the pedesirian cressing
environment.

Raised crosswalks
ean reduce
padastian
crashes by

prominent in the driver's
field of vision, and allows
pedesitians fo cross af

grade with the sidewalk

« Approach ramps may
reduce vehicle speeds and
improve motorist yielding

OFTEN USED WITH:
+ Crosswalk visibility
enhancements

a7



Raised Crosswalks

» Typically installed on
2-lane or 3-lane
roads

e Speed limits of 30
mph or less

e AADT below about
9,000

e CRF:45%

Photo Source: SRTS Guide

(CEDC
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Spectacular Seven

DN Crosswalk Visibility Enhancements

Raised Crosswalks
Pedestrian Refuge Island
RRFB

PHB

Road Diets

_PI

Pedestrian Refuge oo vasmin
Is I an d COUNTERMEASURE TECH SHEET

Padestrian refuge islands
can reduce

A pedesfrian refuge island is a median with a refuge crashes by
area that is infended to help protect pedestians who

are crossing a mulfilane rood. This countermeasure is
somefimes refemed to as a crossing sland. refuge island,
or pedesfrian sland. The presence of a pedeshian refuge
iskand at a midblock location or infersection allows
pedeastians fo focus on one direction of fraffic at a fime
as they cross, and gives them a place fo wait for an
adequale gap in oncoming fraffic before finshing the
second phase of a crossing.

Refuge istands ae highly desirable for midblock pedesiian
«crossings on roads with four or more travel lanes, especially
where spead limits are 35 mph or greater and/ or where
annual average daily traffic (AADT) is 9.000 or higher. They
are also a candidate freaiment option for unconirolled
pedasiion crossings on 3Hane or 24ane roads thal have
high vehicle speeds or volumes. When installed ot a
midblock crossing, the island should be supplementod
with a marked high-isibility crosswalk.

2

e, Qe EDC
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Community
Center
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Phoenix, AZ - W. Van Buren Street. Before: 1/2-mile signal
spacing; high-volume, high-speed; marked crosswalks at
unsignalized intersections

(CEDC




Phoenix, AZ

Before: No frills marked crosswalk at intersection

(CEDC




3221 W Van Buren St Q:

After. added RRFB and Advanced Stop Bars

(CEDC 53




Spectacular Seven

DN Crosswalk Visibility Enhancements

Raised Crosswalks
Pedestrian Refuge Island
RRFB

PHB

Road Diets

Pl

Rectangular Rapid- & Gy ot
Flashi ng Beacon COUNTERMEASURE TECH SHEET

& High speads and

multiple lanes of fraffie
create challenges for
pedestrians crossing of
unsignalized locations.

* {O) RRFBs ean make
% ecrosswalks and/or
lastrians more

An RRFB Is o padestiian-actuated consplcuty
enhancement used in combination with a pedesrian
crossing waming sign fo improve safely of unconfrolled
crossing locations. The device includes iwo reciongular- |
shaped yellow indicafions, each with an LED-array-based
light source, that flash with high frequency when aclivated.

Tha RRFB is a freatment cplion ot marny fypes of
established pedesirian crossings. For example, an RRFB
may be a considerafion for crossings of 2 or more lanes
with speed limits of 35 mph or above and/or at crossings
of 3 or mofe lanes with any spead limits. However, for high-
speed roads (40 mph or grealer) combined with high
vehicle volumes (annual average daily raffic of 15,000
and abaove) and/or cerlain combinations of high-volume .

and high-speed, the RRFE may not be sufficient, and a e e
Pedesinan Hybrid Beacon is likely a beter oplion

54



Rectangular Rapid Flashing Beacon

New IA-21

i Memorandum
Federal Highway
mmmmmm tion
Correction issued 3/21/2018
Subject: INFORMATION: MUTCD - Interim Approval Date:

for Optional Use of Pedestrian-Actuated MAR 2 0 2018

Rectangular Rapid-Flashing Beacons at
Uncontrolled Marked Crosswalks (LA-21)

From: Martin C. Kn{)ppl\ O:L/Q,‘Q_‘wl j In Reply Refer To:

Associate Administrator for Operations HOTO-1

To: Federal Lands Highway Division Directors
Division Administrators

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

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.

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

A State may request Interim Approval for all

jurisdictions in that State.

(CEDC
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https://mutcd.fhwa.dot.gov/res-interim_approvals.htm#valid09

|A-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.

56




RRFB Video |A-21Flash Pattern

(CEDC



|IA-21Beacon Operation

6. e.

* 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.

« Small pilot light may be
installed

Figure 2. View of pilot light to pedestrian at shared-use path crossing with median
refuge. Enlargement of pilot light at right.

(CEDC :




|A-21 Accessible Pedestrian Features

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

/. b. - If speech pushbutton information
message Is used, the audible information

device shall not use vibrotactile indications or
percussive indications

/. C. - Speech pushbutton message
“Yellow lights are flashing”. Message
should be spoken twice.

(CEDC

59



Spectacular Seven

DN Crosswalk Visibility Enhancements

Raised Crosswalks
Pedestrian Refuge Island
RRFB

PHB

Road Diets

Pl

Pedestrian Hybrid  ams:
Beacon (PHB) COUNTERMEASURE TECH SHEET

High spoods and
mulfiple lanes of fraffic
create challenges for
pedesirians crossing at
unsignalized lacations.

PHEs can warn and

T control fraffie at
unsignalized lecatisns
and assist padashians
in erossing a sireet or
highway ot a marked

A Pedesirian Hybrid Beocon head consisls of wo red
lenses above a single yallow lens. Unlike a Iraffic signal,
Ihe: PHB resls in dark unlil a pedeshian oclivales itvia EEEECELICEEEERESE L LS LI B
pushbution or olher form of deleclion. When aclivaled,
Ihe: beacon displays a sequence of flashing and solid
lighls that indicale Ihe pedeshian walk inlerval and when il

is sale for drivers lo proceed (see ligure on back page). B

fraffic. which can reduce

Tha PHB ks often considered for installafion at locations. Ppedesirian crashes.
where pedestrions need to cross and vehicle speeds or

volumes are high, but traffic signal warants are not met. R h—
Theasa devices have been successfully used af school + High-visibility crosswalk
crossings. parks, sanior centers, and other padestrian markings

crossings on multilane sireats. PHBs are fypically installod + Raised idands

at the side of the road of on miast ams over midblock + Advance STOP or YIELD

signs and markings

Pedestrian Hybrid Beacon (PHB)
EDC-4 STEP: hitps:/Avwnifhva.dot. gowinnovation/everydaycountsfedc_d/slop.cfm
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Pedestrian Hybrid Beacons (PHB)

Blank for
drivers

Flashing
yellow

Steady yellow

Steady red
h1)0 Credit Peter Eun Wig Wag
CRF: Vehicle/Pedestrian 69%
Return
tol




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:

 Pedestrian volume
Traffic speeds
Traffic volumes
Crosswalk length

Speeds of more than 35 mph

L = crosswalk|length

Signal
warrant

93

20"
0 250 500 750 1000 1250 1500 1750 2000

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

EDC
(&__ MUTCD Sections 4F.1 and 4F.2 &2

TOTAL OF ALL PEDESTRIANS
CROSSING THE MAJOR STREET
PEDESTRIANS PER HOUR (PPH)

[Ae]




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:
e State MUTCD’s may allow

CROSSWALK

other appropriate MUTCD
approved ped, bike or
school crossing signs

STOP

ON RED

(CEDC
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Optional Signing

Courtesy: City of Columbus

STOP ON RED

e —e,

PROCEED ON

FLASHING RED
WHEN CLEAR

—_—

(CEDC



Spectacular Seven

DN Crosswalk Visibility Enhancements

Raised Crosswalks

Pedestrian Refuge Island
9 RRFB

@& PHB

@ Road Diets

_PI

H SAFE TRANSPORTATION
Roqd Dlet FOR EVERY PEDESTRIAN
coul IEASURE TECH SHEET
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Road Diet / Roadway Reconfiguration

Roy«! E' -
m

o8

« Reduce top end travel speeds

o Buffer sidewalk from travel lanes (parking or
bike lane)

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

(CEDC 66




Road Diet / Roadway Reconfiguration

« Reduce crossing distance
 Eliminate /reduce “multiple threat” crash types
o Install crossing island to cross in 2 simple steps

(CEDC 67




General Guidelines for Traffic Volumes

LESS THAN 10,000 - 15,000 -
10,000 ADT 15,000 ADT 20,000 ADT

Great Very good Good
candidate candidate candidate
for Road for Road for Road
Diet Diet Diet

In most Agencies should Agencies should
instances conduct intersection  conduct a corridor
traffic will likely  analysis to study analysis since

not be potential traffic traffic operations
negatively operational effects may be affected at
affected. and consider signal this volume

retiming as needed. depending on the
“before” condition.

GREATER THAN
20,000 ADT

Potential
candidate

for Road
Diet

Agencies should
complete a feasibility
study to determine
whether this is a good
location for a Road Diet.
Operations may be
affected at this volume.

successful with ADTs as high as 26,000

There are examples across the country where Road Diets have been

(CEDC




Intersections

= Rt - ot YT
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- e il
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:

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

Roundabouts Single Lane
« ~ 20,000 ADT

—
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Road Diet Informational Guide &

Road Diet Case Studies

Road Diet
Informational Guide

- ;-.i-—- ;—.,_;:_ __:__- i

FHWA Safety Program

https://safety.fhwa.dot.gov/road diets/q
uidance/info gquide/

. i-
b j i
The, =
8 il
L} '/'
7
7 - e SPEE
M
¥
i #l- |} -
- " - " -
i EE CH
| -

CASE STUDIES

https://safety.fhwa.dot.gov/road diets/case studies/

(CEDC
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https://safety.fhwa.dot.gov/road_diets/case_studies/
https://safety.fhwa.dot.gov/road_diets/guidance/info_guide/

New Jersey Road Diet

Complete
Streets
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https://www.youtube.com/watch?v=lm_zrAfRj20

Spectacular Seven

DN Crosswalk Visibility Enhancements
Raised Crosswalks
Pedestrian Refuge Island
RRFB

PHB

Road Diets

_PI

Leading Pedestrian {5 Uav ooy
Intervql (LPI) lllllllllllllllllllllll

frnved far encugh for pedarhions

ahoad of the luming tatfic before the fuming tralfio s
nedased ” MUTCD also affers corsidornations for
accesible pedesiian signak when Pl are wed?




Leading Pedestrian Interval

3+ second head
start to enter the
crosswalk

Source: FHWA
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MUTCD Sec. 4E.06, paragraphs 20-21

Guidance:

20 If a leading pedestrian interval is
used, the use of accessible
pedestrian sighals (see Sections
4E.09 through 4E.13) should be
considered.

Support:

21 If a leading pedestrian interval is
used without accessible features,
pedestrians who are visually
Impaired can be expected to begin
crossing at the onset of the
vehicular movement when drivers
are not expecting them to begin
crossing.

(CEDC
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https://mutcd.fhwa.dot.gov/htm/2009/part4/part4e.htm#section4E09
https://mutcd.fhwa.dot.gov/htm/2009/part4/part4e.htm#section4E13

LPI Guidance in the works (Draft)

A | B [ D E F G | H
Washington, DC Portland Florida Boulder Boston Chicago
2018 2016 2017 2018 2018 2013
internal scoring internal scoring internal scoring warrants ifany ifanyare howto
document document process are met met priortize
3 locations
4 Suitability Criteria
Intersections where drivers make left turns without a need to yield to oncoming traffic X x X x X
5 (i.e. T-intersections and intersections of roads with one-way roads)
6 Visibility issues X X X X X
7 Volume of crossing pedestrians X X X X
|Rate of collisions between pedestrians and turning vehicles or observed non-yield or X X X X x X
8 near-miss incidents

1 Jurisdiction
2 Year of Published Guidance

Toronto
2014

9 Close proximity to elementary schools X X X X
10 Level of activity by elderly residents X X

11 Impact on vehicular traffic (delay, LOS, high volume} X
12 Existing Protected Pedestrian Movement

13 Cross-Product of Vehicle and Pedestrian Volumes

14 Major Pedestrian Generator

15 Distance between Parallel Curb Line and Crosswalk

16 Pedestrian minimums for minor street split

17 |High Cross-Street traffic

18 High turning traffic X X X
19 Improvement to operations with LPI+Concurrent WALK phasing x

No YELLOW TRAP for vehicle traffic X

case
case x
X exception x

LR R
E
=
x

u

Evaluation Form X X

Design Considerations
5 second or formula-based minimum X

'3 second or formula-based minimum x X
10 seconds

7 seconds

1 RTOR prohibitions for right turn movements X case % case

| J K L
St. Paul Alexandria, VA Charlotte  New York City
2016 2016 2016 2018
street design Complete infarmal internal policy
manual Streets Design  internal document
reco ions Guideli guidelines
x X X x
X X
x X X X
X x x
X X
X X X
schools or  for bike facilities
RT flashing
arrow
x
x

(CEDC
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Spectacular Seven

DN Crosswalk Visibility Enhancements

=Y Raised Crosswalks

Ly Pedestrian Refuge Island

Rectangular Rapid Flashing Beacon (RRFB)
Pedestrian Hybrid Beacon (PHB)

Road Diets

_eading Pedestrian Interval (LPI)
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Systemic Pedestrian Safety Analysis

Systemic safety
Improvement means a
proven safety
countermeasure(s) that
Is widely implemented
based on high-risk
roadway features that
are correlated with
particular severe crash

types.

NCHRP 53

RESEARCH REPORT 893

Systemic Pedestrian
Safety Analysis

http://www.trb.org/NCHRP/Blurbs/178087.aspx

(CEDC
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http://www.trb.org/NCHRP/Blurbs/178087.aspx

Systemic Safety

 Approach to identify high-risk roadway
features correlated with specific or severe
crash types

« Data-driven
« Network-wide
 Addresses locations with

e prior crash occurrence

e similar roadway or environmental crash
characteristics

« Considered more proactive

(CEDC
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e Qverview

« Background on a
Systemic Process
and key features

e How to use the

Guidebook and
Intended .

. Systemic
audience Pedestrian Safety

Analysis Process

e Relation to other
agency processes

e Process steps

Figure 3. Steps in a systemic pedestrian safety analysis
process.

(CEDC 79




Case Examples

Seattle Department of Transportation
Oregon Department of Transportation
Arizona Department of Transportation
California Department of Transportation

> w e

(CEDC 80



Case Example: Seattle

Location Type Crash Type

Motor Vehicle
Going Straight

Motor Vehicle

Intersection Turning Left

70%
Motor Vehicle
Turning Right

Pedestrian-MV Crashes Other
100%

Motor Vehicle Goin
Segment Straight at Midbloc 22%

(Midblock, Driveway)

30%

Other 8%

Figure 6. Pedestrian crash distributions by location type and crash type, based on data

from 2008-2014 (Adapted from Figure 12 in City of Seattle Bicycle and Pedestrian Safety
Analysis 2016).

(&EDC
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Case Example: Oregon

Table 20. Oregon DOT-identified pedestrian risk factors.

Relative

Pedestrian Risk Factor Weight Risk Factor Score
Proximity to signal 1 1 poilnt.if at least one signal is located on the segment

or within 100 feet of the segment

1 point for segments with one transit stop located on
Proximity to transit stop 2 the segment or within 100 feet of the segment;

2 points for two or more transit stops
Pedestrian-activated beacons or ) 1 point subtracted (rewarded) for the presence of an
flashers enhanced midblock crossing

o 2 points for posted speed limit of 35 or 40 mph

Posted speed limit 3 . o

4 points for posted speed limits above 40 mph
Undivided 4-lane segment L . -

.. 8 3 2 points if segment is an undivided 4-lane segment

characteristic
Number of non-severe injuries and 2 points if a non-severe injury or pedestrian-involved
pedestrian involved but not injured in 4 crash was reported within 100 feet; 1 additional point
crashes for each additional injury or pedestrian involved

2 points for AADT between 12,000 and 18,000
AADT 4 .

4 points awarded for AADT above 18,000
Number of severe injuries resulting 5 4 points if a severe injury was reported; 2 additional
from pedestrian-involved crashes points awarded for each additional severe injury
Number of fatalities resulting from L :

g 5 4 points if a fatality was reported

pedestrian-involved crashes

(CEDC
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Case Example: Arizona

Table 21. Pedestrian crash risk factors and corresponding data sources.

Risk Factor Category Risk Factor

Posted speed limit

Operating environment/number of lanes/roadway
width

Missing sidewalk link
Existing conditions Paved shoulder width

Prior crashes

Traffic volume

Signalized intersection spacing

Population density
Pedestrian demand Attractors (e.g., convenience stores, schools, parks)

Land use (commercial and high density housing)
% Households in poverty

. % Households with no vehicle
At-risk groups

At-risk groups (children, elderly, and handicapped)

-

Data Source

Arizona DOT Highway GIS

Census Bureau

Land use maps and visual
inspection (corridor-level
only)

Census Bureau

Land use maps and visual
inspection (corridor-level
only)

(CEDC
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Case Example: California

Location type is based

) i 25 sites of
on features of the site. Location type ecation Tvbe 4
Example: rashes 1 2 3 ypP
Intersection: ADT<10,000: on urban

speed = 45 mph; arterials 39 116 51 289 number of sites
3 or 4 lanes; traffic signal not
Qo .
g 2 67 56 82 66 67 338 98 pedestrian crashes
= 3 39 for Crash Type 3
[} .
© and Location
O 4 73 Type 3.
Crash type is based on 5 30
features of the crash. ; . ,
Example: 25(12?3 171 233 1215 Systemic hot spot

Turning vehicle

258 pedestrian crashes
across all Type 2
locations.

Figure 9. Example of systemic hot spot identification matrix
(Grembek et al. 2013).

(CEDC
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Case Example: California

Location type is based

on features of the site. Location type

Example:

Intersection; ADT<10,000; Possible 1 2 3 4 5

speed = 45 mph; countermeasure

3 or 4 lanes: traffic signal not

present g 1 12 34 12 26 7.80 To reduce Type 3

) crashes at Type 3

2 956 4 67479 locations, apply
3 134 3 countermeasures 2 or 4,
4 4 5 12323657 across all of the Type 3

_ locations (n = 51) of the
Crash type is based on 5 2 56 3 36 57 arterial (i.e., systemic).
features of the crash. |

Example:
Turning vehicle

Values in this table represent the possible
countermeasures to reduce crash type i for
location J.

Crash type

.

Figure 10. Example of systemic countermeasure matrix (Grembek et al. 2013).

(CEDC
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We b I n ar http://www.pedbikeinfo.org/webinars/webinar _details.cfm?id=14

Proactively Addressing Crash Risk with Systemic
Safety Analysis - Oct 11, 2018

e Panelists

o Chris Svolopoulos, Seattle Department of
Transportation

« Rebecca Sanders, Toole Design Group

o Offer Grembek, Safe Transportation
Research and Education Center
(SafeTREC), University of California -
Berkeley

« Rachel Carpenter, Caltrans
Rodney Brown, Fehr & Peers

(CEDC %



http://www.pedbikeinfo.org/webinars/webinar_details.cfm?id=14

We b I n ar http://www.pedbikeinfo.org/webinars/webinar details.cfm?id=48

~unding and Evaluating Systemic Safety
mprovements for Pedestrians - Mar 05, 2019

Panelists

« Karen Scurry, Federal Highway
Administration

e Elissa Goughnour, VHB

e Tracy Turpin, Virginia Department of
Transportation

(CEDC .
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Systemic Approach Technical Assistance

U5.Dey ent of Transportotion
@ Fede! Hi(‘!h yl.‘;dminisfrction About Programs Resources Brizfing Room G

Safety

About  Office of Safety Programs Initiatives  Resources  Contact

Offi(‘, of Safety : .""'-;m ; '!:aau- !
A Systemic Approach to Safety - Using Risk to Drive Action ' 2=

Home | About Systemic | Why Systemic | Training and Technical Assistance | Resources/Coniact

A systemic approach to safety involves widely implemented improvements
based on high-risk roadway features correlated with specific severe crash
types. The approach helps agencies broaden their traffic safety efforts at
little extra cost. Find out how (read more)

Contact:
Karen Scurry
Karen.scurry@dot.gov

https://safety.fhwa.dot.gov/systemic/

(CEDC
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Contact Information

Peter Eun

« FHWA Resource Center Safety & Design TST
 Transportation Safety Engineer

 Olympia WA

* peter.eun@dot.gov

e 360-328-3044

(CEDC
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Questions

n-Ramp
Inno va tlon

every day counts
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