Billgeville's new pedestrian monkey bars
not only reduced accidents but also whipped
peocple into great shape. C R O S S I N G S

Module 4 Part 2: Countermeasures



Learning Outcomes
A
At the end of this module, you will be able to:
|dentify 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.

0 This module explains why some countermeasures work,
and why others don't.



Basic Street Crossing Techniques
ad
Crosswalks
lllumination
Signs
Striping
Medians /pedestrian islands
Signals

Over /undercrossings



Crosswalks
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Crosswalk FAQ's:
0 Why are they marked?
0 Where should they be marked?

0 Do marked crosswalks increase safety, or provide o
“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 CambidgeMA
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?e
7 [eamaiisor

Consider origins and destinations

In this case, apartments across from bus stop & stores






Not a good location for a marked crosswalk:

Poor sight distance







Suitable location for a marked crosswalk:

Two-lane, high use, driver expectancy




i..;.-;ilmlﬂ_ _

12 Washington DC

Suitable location for a marked crosswalk:

Slow speed, high use, driver expectancy
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3. Looking or Not Looking?

Do marked crosswalks increase safety, or encourage
people to cross without looking?

Pl
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SfUdy Of CI‘OSSWCI”( MCII‘kingS (Zegeer et al 2005)

.
1 Safety Effects of Marked Versus Unmarked
Mqued vs. Unmqued AanYSIS Cfc'is\i'valkescaiBnct}ar:t:’_:-lled Lt;jcatic:-ns

Final Report and
Recommended Guidelines

Speeds < or = to 40 mph - e

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
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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




Study Results
o CmemeeA

Crashes correlate with ADT & number of travel lanes.

1 Other studies have shown similar results




One explanation of higher crash rate at

marked crosswalks: mul’riﬁle-’rhreq’r crash

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

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



Text in the 2009 MUTCD

1

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 or either:

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

0 4 or more lanes with
raised median island and
ADT of 15,000 or more

0 (2009 MUTCD Section 3B.18)




Increase Effectiveness Of Crosswalks

With:
CHE e

Proper location

High Visibility Markings
[llumination

Signing

Advance Stop Bars
Median Islands

Curb Extensions

Signals
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Key Quotes from the Study Conclusion

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

“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?”



What are your policies & practices regarding
marked crosswalks?



Marked crosswalk must be visible to the
DRIVER

5 i

What the pedestrian sees



Marked crosswalk must be visible to the
DRIVER

23 Atlanta GA
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Crosswalk Visibility
20
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Crosswalk Marking Types
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Crosswalk Visibility

LATERAL 12" STRIPE

CROSSWALK

300

LONGITUDINAL MARKING

CROSSWALK

—

300'
Longitudinal markings are more visible to driver from afar




Longitudinal markings with transverse markings — very visible




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




CROSSWAS

SCHOQUN\

Staggered markings improve visibility from afar
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Textured crosswalks:
How effective are they?

In theory, more visible. Reality?



What the pedestrian sees




What the driver sees




Brick crosswalks: prone to failure

Difficult for wheelchair users







Supplement textured crosswalks with white lines to

increase visibility




Brick street with (asphalt-coated) concrete crosswalk
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Checkerboard pattern created by alternating brushed
concrete with exposed aggregate (use fine rock)




ldea: Embed white crosswalk within contrasting color




ECOLAB

GLOBAL CUM MUNIGATIONS GENTER

Driver perspective: crosswalks show up well




Raised Crosswalks

FHWA Study “The Effects of Traffic
Calming Measures on Pedestrian and
Motorist Behavior” -2001

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

light
Most appropriate on low speed local
or neighborhood streets

Should not be used on emergency
routes, bus routes, or high speed
streets

Drainage of storm water runoff and
snow plowing considerations may
also be a concern with raised
crosswalks



http://www.fhwa.dot.gov/publications/research/safety/pedbike/0104.pdf
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Raised
Crosswalk

Table 8. Comparison of Vehicle Speeds at the Treatment and Control Sites.

Drive
Raised crosswalk &
overhead flasher

(11.5 mwh)

(23.9 nu/h)

S0TH 50TH
CITY AND PEI;%E:EEILE PERCENTILE DIFFERENCE IN
TREATMENT i . SPEED SPEEDS
TREATMENT .
"ON h
SITE CONTROL SITE
Durham. NC — Research 33.3 kan/h 39.8 kmh 6.5 kmv/h (4.0 muh)
Drive (20.7 mi/h) (24.7 miv/h) [ower at treatment site
Raised crosswalk SIGNIFICANT!
Durham. NC — Towerview 18.5 km/h 38.4 kivh 19.3 kmv/h (12.4 mu/h)

[ower at treatment site
SIGNIFICANT

Montgomery County, MD? 34.6 kin/h 38.6 kim'h 4.0 ki/h (2.5 mwh)
Raised Crosswalk 21.5 mvh) (24.0 mi/h) [ower at treatiment site
NOT SIGNIFICANT
Significant at the 0.05 level or better. using a two-tailed test.

2 Vehicle speeds in Montgomery County were measured only when the staged pedestrian was present

Table 9. Pedestrians for Whom Motorists Stopped to Let Them Cross.

. - TREATMENT CONTROL SIGNIFICANC

¢ AN ATMEN

SITE AND TREATMENT SITE SITE E
Durham, NC — Towerview 79.2% (159)* 31.4% (35) * (0.000)
Dr
Raised crosswalk and
overhead flasher
Montgomery County, MD 1.2% (169) 1.0% (198) N
Raised crosswalk




lllumination — Essential For Any Crossing

1 Marked crosswalk?
o Light it
- Up to 50% of

pedestrian crashes
occur at night
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Lighting reduces the odds of pedestrian fatalities:
0 by 42% at midblock locations
0 by 54% at intersections
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Ped shows up well in well-lit crosswalk




Informational Report on Lighting Design
for Midblock Crosswalks

44

F HWA- H RT-O 8 -05 3 Informational Report on Lighting
. Design for Midblock Crosswalks
n A p rl I 2 O O 8 PUBLICATION NO. FHWA-HRT-08-063

O Available at
https: / /www.fhwa.dot.go

v/publications /research/
safety /08053 /




Sample lllustrations from
FHWA Report

—
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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
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Fig 14. New design for
intersection lighting
layout for crosswalks.
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Fig 13. Traditional
intersection lighting
layout

Fig 15. New design for wide roadway
16 intersection lighting layout for crosswalks



Lummi Nation Haxton Way Pedestrian

Pathway Adaptive Solar Lighting W3SDOT
7

'1

-

https://www.youtube.com/watch?v=ItR20iQ3R90O



https://www.youtube.com/watch?v=ltR2oiQ3R9Q

Pedestrian Warning Signs
MUTCD 2C.50

48

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.

w1i-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.



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.

49
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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
border of a sign...

White or yellow, if used with warning signs.
White or yellow, if used with school area
signs.

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/part?2a.htm#section2A07
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Figure 3: Exarmple of pedestrian crossing warn

sign with embedded LEDs and solar unit.

ing



https://mutcd.fhwa.dot.gov/htm/2009r1r2/part2/part2a.htm#section2A07
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Embedded LED’s in Signs Research

STOP Sign
0 28.9% reduction number of vehicles not fully stopping

0 52.9% reduction number of vehicles moving through
intersection w /o significantly slowing

https: / /safety.fhwa.dot.gov/intersection /conventional /unsignalized /tech sum /fhwasa09006 /

Figure 1: Example of stop sign with embedded
LEDs and selar unit.



https://safety.fhwa.dot.gov/intersection/conventional/unsignalized/tech_sum/fhwasa09006/
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In-street pedestrian crossing signs
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In Street Gateway Treatment

e

53

MAAMIAIANY & ATV IMOTITILITET
MNMWMAL/ VYA &G/ e 1 1IN 11 W e
Hum d

to ad d roadway safety

AJSER GUIDE FOR R1-6 GATEWAY TREAT
‘FOR PEDESTRIAN-CROSSINGS#

Evaluation of R1-6 Gateway Treatment
Alternatives for Pedestrian Crossings:

* - 1
Follow-Up Report

Ron Van Houten
Jonathan Hochmuth

Department of Psychology
‘Western Michigan University

Final Repart

g,

oSy LLLLNOLS

CTS 17-05

ESVARDAVIIE TR e v

https://mdotcf.state.mi.us/public/tands/Detail

s Web/mdot user quide gateway treatment
pdf
https://conservancy.umn.edu/bitstream/handle

/11299/189957/CTS%2017-
05.pdf?sequence=1&isAllowed=y
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https://mdotcf.state.mi.us/public/tands/Details_Web/mdot_user_guide_gateway_treatment.pdf
https://conservancy.umn.edu/bitstream/handle/11299/189957/CTS%2017-05.pdf?sequence=1&isAllowed=y

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.

0 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.

54
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ROATEAY SAFTTY METITUTE

Research Abstract key points cont.| -

Curb type mount with a None 0:; the Signsf ]

o mounted on top or the
flexible rubber . edge of a curb on a
attachment all survived refuge island or median
while only 58% of the island, curb extension,

. . th b on the ed
flush mounted signs with 2; ’rh: ff,;df,';y lemzeg,e

a pivoting base FHWA permission to
. experiment were
survived. destroyed or damaged.

i

55
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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.
o AR
Figure ﬁm‘;; :
L. == b,
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.

n IL] il

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

Y

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 &b
shows a typical installation.

Figure 6b

g

IN-STREET PEDESTRIAN
., CROSSING SIGH
%, PLACED IN GUTTER PAN

LY
—— = —

11" & VARIES

10" & VARIES

ﬁ

11" & VARIES

BRI ]
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Pedestrian crossing flashing beacon

-

Improves visibility of sign and crosswalk; CMF/CRF unknown
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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

0 St. Petersburg FL research report 2008




¢

Rectangular Rapid Flashing Beacon

New [A-21

dim Memorandum

of Forsportation
Federal Highway
Administration

Correction issued 3/21/2018

Subject: INFORMATION: MUTCD - Interim Approval Date: MAR 2 0 2018
for Optional Use of Pedestrian-Actuated
Rectangular Rapid-Flashing Beacons at
Uncontrolled Marked Crosswalks (LA-21)

From: Martin C. Knopp\&ai'/gg j In Reply Refer To:

Associate Administrator for Operations HOTO-1

To: E)cigfs?c]m[‘::iﬁi:i]s%::oaé Division Directors 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.


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

Interim Approval — Allowable Uses
G0

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.



61 St. Petersburg FL

|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.



IA-21 Beacon Flashing Requirements

e [
b. Left-hand 50ms - Both Dark 50ms - Right-hand 50ms -

Both Dark — Repeat Left Right Sequence - Both 50ms —

Both Dark 50ms - Both 50ms — Both Dark 250ms —
Repeat from start

f. 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
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RRFB Video |IA-11Flash Pattern




RRFB Video |A-21Flash Pattern




JA-21 5. Beacon Flashing Requirements
cs

c. 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

e. Automatic signal dimming device should be used



|A-21Beacon Operation

o
6. e.

0 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 shared-use path crossing with median
refuge. Enlargement of pilot light at right.



JA-21 Accessible Pedestrian Features
o

/. 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. '
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Multiple Threat Crash Problem

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

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)

- ar
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Signing to go along with markings

HERE

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



Advance yield line (shark’s teeth) & sign

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




|

/

Advance stop line and sign

2009 MUTCD Section 3B.16



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




Marking a Crosswalk Summary .‘.
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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!



Raised Medians And Islands

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



D oFoo B B ,° 0 B B B o° B o °c » o &

T
- Continuous raised median — basic principle:

- Breaks long complex crossing into two simpler crossings



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




79 Atlanta GA

A flush median is not a refuge
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Atlanta GA

Add a raised island



8
- Crossing island at marked crosswalk - same principle:

- Breaks long complex crossing into two simpler crossings
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o

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



Angled cut through: Line up ends with

crosswalk direction for the blind




Medians:

84

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?

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







MUTCD signal warrants
o7

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

Pedestrian volume™
School crossing™

o h b=

Coordinated signal
system

N

Crash experience®

@

Roadway network

Q. Intersection near a grade
(rail) crossing

* = potential ped warrant

2009 MUTCD Chapter 4C



Very difficult to meet pedestrian volume
warrant

You need many pedestrians




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 \ Mlnlmum ped
CROSSING \ volume: 93
MAJOR STREET-
PEDESTRIANS 200 \
PER HOUR (PPH) \__\
100 — 93*
200 300 400 500 600 700 800 900 1000 1100 1200

MAJOR STREET—TOTAL OF BOTH APPROACHES—
VEHICLES PER HOUR (VPH)
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Provide a HOT response

Otherwise pedestrians won't wait for the light




91 Corvallis OR

If wait is too long, pedestrians will seek gaps



And then traffic waits for no reason




2-stage crossing increases effectiveness

and disrupts traffic less



Traffic signal controls
- one direction only _

|||+|||'

E
=
=

This traffic stops @ |/ Traffic signal controls
one direction only

1. Ped pushes button, waits, crosses to island




This traffic resumes — . ‘ Traffic signal controls .

one direction only

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




Traffic signal controls
one direction only _ K k /I..]\ | This traffic stops

I-'
e S

This traffic continues \ ' ———

3. Ped on island — pushes button to finish crossing




97 Bellevue WA

Stage 1: Ped stops traffic in one direction



island

Ian

e
()}
&
(0)
—

: Ped crosses

Stage 1
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99 Bellevue WA

Stage 1 over: Traffic in one direction resumes



Stage 2: Ped stops traffic in other direction




Stage 2 over: Traffic resumes
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Detail 1: Requires ped push button on island




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




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

104
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GO dance for Vehicles and F estrlans
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2009 MUTCD Chapter 4F Pedestrian Hybrid Beacons



PHB Sequence

105

| Blank for §
drivers
2 5
Flashing .
yellow Wig-Wag
3 Return
Steady to 1

yellow




Pedestrian Hybrid Beacon Effectiveness

106

Table 21. Summary of motorist yielding compliance from three sources
for red signal or beacon and active when present.

TCRP D-08/NCHRP 3-71 Study Other Studies
Compliance — Staged Compliance — General Compliance — Literature
Pedestrian Crossing Population Pedestrian Review (from Table L-1)
Crossing

Crossing #of Range  Average #of Range Awverage #of Range Average

Treatment Sites () (%) Sites (%) (%) Sites (%) (%)

nal or Beacon
2 97 to - 9110- NA NA NA
100
Half Signal f 04 to 96 o 00 9%

100
HAWK Signal 5 M to 5 98 to - 03 93%
Beacon 100

Active When Present

In-Roadway NA NA NA NA NA NA 11 8 to 66%
Warning Lights 100

Overhead 3 20 to 47% 4 38 to 494, 10 130 52%
Flashing Beacon 73 62 a1

( Pushbutton

Activation)

Overhead 3 25 1o 31% 3 61 to 67% NA NA 4%
Flashing Beacon 43 73

(Passive

Activation)



Excerpts from 2009 MUTCD Chapter 4F

For Pedestrian szrid Beacons

The CROSSWALK STOP ON RED sign shall be used

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

0 Pedestrian volume 500 Speeds of more than 35 mph
O TI’CIfﬁC Speeds L = crosswalk length
400
o Traffic volumes
300
O Crosswalk length |
Signal
warrant

CROSSWALK

STOP
ON RED

93

20*
0 250 500 750 1000 1250 1500 1750 2000

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

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

o

MUTCD Sections 4F.1 and 4F.2



MUTCD Section 4F.01
e

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.

108



2009 MUTCD mandated sig

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

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

school crossing signs .

109



Optional Signing
I

Courtesy: City of Columbus

PROCEED ON
FLASHING RED
WHEN CLEAR

pr RS
ri o

110



MUTCD — PHB & Intersections

.00V
Section 4F.02, paragraph 04

Guidance:

0 “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.”



MUTCD - PHB & Intersections

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

o (HAWKSs 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 (Arizona)

Ultimate decision up to FHWA
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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
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PHB Florida Success Story

FDOT D7 installed three PHBs along Hillsborough Ave
in the Fall of 20135.
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Hillsborough Ave Preliminary Crash

Data
X

Hillsborough Ave Bicycle
and Pedestrian Crashes

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
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Education Campaign

HOW TO USE THE

PEDESTRIAN

HYBRID BEACON

a—r--_"

SLOW DOWN
[Pedestrian has
activated the
push button)

........................................

Prepare to

STOP

STOP!

For Pedestrian

STOP!
Proceed with
Caution if Clear
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119 Salem OR

In reality, pedestrians often ignore structures placing
themselves in greater danger



Why don’t they get used? Longer travel distance




Sometimes fences are needed to direct users




Grade separation is more useful for purposes

beyond simply crossing from sidewalk to sidewalk

To cross freeways Light rail stations



ramp e

_|-|_ e T —————

g
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— ‘"'ADA-requwes

Overcrossings are expensive because of their height,

which requires long ramps




Undercrossings
require generous
dimensions to be
attractive: security
IS the main issue

Good design practice:
Users must see light at
the end of the tunnel
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Undercrossing must not intimidate potential user




126 Boulder, CO

Undercrossings work best if roadway is elevated, even
if it is just a small amount



University of Colorado

)
'

127 Boulder CO

Elevated roadway allows open, airy undercrossing



Undercrossings work best if well lit & attractive




Over /undercrossings

129

Why are they not effective for street crossings?
0 They add out-of-direction travel

When are they useful?

0 To connect land uses separated by a roadway
How can you increase their effectiveness?

o0 By providing a direct route
0 By providing security



Crossing treatments cost comparison:

Effectiveness

Signing $500 — 1,000 *

High visibility markings $2,000 — 15,000 %
Advance stop or yield line $1,000 — 2,000 Hkkk
lllumination ¢$5 000 — 15,000 Kk

Median Islands $15.000 — 90,000 KhkK
Signals (including HAWK) $75,000 — 400,000 Kkk
Over/undercrossings $1,000,000 — 4,000,000 *
Proper location “Priceless” Fekkkok



Case Studies

These case studies show before and after pictures of
locations where agencies developed projects specifically
to enhance pedestrian safety.

Some of these examples were done based on this
workshop.



St. Petersburg, FL — 4th Street North (US Hwy. 92)

3 /4-mile signal spacing; No existing marked crosswalks
between signals




Before: View from near Sunken Gardens entrance




After. Raised median, Signs with rapid flash beacons,
Advance yield lines, High-visibility marked crosswalk
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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



Before: No frills marked crosswalk at intersection




Before: Challenging 6-lane crossing at Community
Center
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After. Marked crosswalk moved to midblock
location near Community Center; Raised median
with stagger; advance stop lines



After: Raised median with stagger, Advance stop
lines (not visible), Location near destination




N c H R P T
COOPERATIVE
HIGHWAY °
RESEARCH Resource for Crossing

PROGRAM
SYNTHESIS 498
Countermeasures
Application of Pedestrian - NCHRP Synthesis 498
Crossing Treatments for . SUmmary of research

findings on a wide range

Streets and Highways

7F -
- of crossing treatments

- Interviews with agencies
revealed how prevalent
the treatments are being

used

A Synthesis of Highway Practice

http: //www.trb.org /Publications /Blurbs/175419.aspx




FHWA Guide

Provides guidance and
suggested process for
selecting countermeasures

ﬂ' . Guide for Improving
| " Pedestrian Safety

at Uncontrolled
Crossing Locations

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

-

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



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

Countermeasure Selection Process

Collect data and

Following the process
suggested in the guide offers
countermeasure options based
on road conditions, crash
causes, and pedestrian safety
issues.

engage the public

Inventory conditions
and prioritize locations

Andlyze crash types
and safety issues

Consult design and
installation resources

Identify opportunities

and menitor outcomes

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



Process for Selecting
Countermeasures at
Unconftrolled Pedestrian
Crossing Locations

This process follows the steps outlined in the Guide for Improving Pedestrian
Safefy af Uncontrolled Crossing Locations (FHWA-SA-17-072). Each numbered step
includes multiple options and components below for agencies to consider; these
options are not necessarily sequential, and the agency does not need to complefe
all activities within each step. Underined text in the flowchart indicates a hyperink
to an online resource containing additional information.

®® 4 Select countermeasures
@

%

Collect

pedesirian Review exisling ::.I:::i:“ .
wfoomg ::ic:l p?u:f.h T R‘.“,—"' D it Conducta
Location and » S5 end irafficsafely  njfiate o PSAP masfer plans informal public walkability
» i . ﬁ policies forp op A . it
» Crash maps . HSP » Completa Straats projects
» Crash reports = Vision Zaro

Analyze crash types and
safety issues

7 i . 1 Collect data and engage the public

Inventory conditions and
prioritize locations

Lead an Inventory

Review Table 1 Review Table 2
(roadway features) (safely issues)
» AADT » Conflicts of cressings
» MNumber of lanes » Excessive spoad
» Madian presence » Visibility issues
» Speed limit » (Other

Consult design and

installation resources

Local design
guidance
m AASHTO Guide and selection
» Part 2: Signs for the Design crteria
» Part 3: Markings of Pedesirian » PEDSAFE
= Part 4: Highway Facilities » (Buide for Improvi
Traffic Signals Pedastrian Safaty
at Uncontrolled

Crossing Locations

EDCh

L L

LIS Dipstinie of Fivgerialion g"mmlmﬂm
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Diagram Identify
smsh  orash Rl infornl pedesiian  Cioasy  Invond ——
reporls facters e site visit crossings and e A o
observed - ; . oo 9 0
io g or high-risk
tfder lecalions
Analyze “hot  Develop a
" or systemic
Confrolled  Uncontrolled el ::qm
ns approach
Abbreviations:
AADT  annual average daily fraffic
AASHTO American Association of State Highway and
Transportation Officials
Monitor CMAQ  Congestion Mitigation and Air Quality
Identify HSIP Highway Safety Improvement Program
f Py o Construct resulis of
fHies . C rt impi nts  implementation HSP Highway Safety Plan
: e e JS— MUTCD  Manual on Uniform Traffic Control Devices
» mlmen s oo considentions measures PSAP Pedestrian Sofety Action Plan
=L > SR MECHA . conduet pubic » Obfain public RSA Road Safety Audit
» STIP i ;”‘“"“* o SHSP  Strategic Highway Safety Plan
LI AT STBG  SurfaceTransporfation Block Grant
STIP State Transportation Improvement Program
TAP Transportation Alternatives Program

EDC-4 Safe Transportation for Every Padestrian: https: /www. fhwa.dot. gov/innovation/everydaycounts/ade_4/step.cfm



Field Guide for Selecting
Countermeasures at
Uncontrolled Pedestrian

Table of Contents

Crossing Locations

Introduction ...

Sample Inventory Form,.. .o aaiunanitinaniians2
Table T INSHUCHONS ... oo v mmrs svmmnimisssssminn s s giesssssvasmasssrsss s

Table 1: Application of Pedestrian Crash Countermeasures by
Roadway Feature ...

TOble: 2 I eI RO G . .o v arim st s M S s SRV S B RSO R S D Sample Inventory Form

On this ¥ fonm. the agancy abous readdway fa and sataty
iU important for
Table 2: Safety Issues Addressed per Countermeasure..................6 s o oo oy L s S e vetume it
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Countermeasure: Crosswalk Visibility Enhancements ....................7
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Countermeasure: Pedestrian Hybrid Beacon (PHB)..................... 14 Dl AADT <5000
O AADT 9.000-15.000
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Excessive vehicla spasd COves [Ne

= 8&n percenlile speeds, per speed shudy
» Hitory of speedHeiated croshes

Inadequate conspleulty/visibaity C¥es [INe
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» Long crossing dslonoe
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Table 1: Application of Pedestrian Crash Table 2: Safefy Issues Addressed per

Countermeasure

Countermeasures by Roadway Feature et o ety et et e

unconfrolled crossing locations. Review the carresponding worksheefs for counfermeasures
considered for the site. The worksheets desciibe addifional design and installation considerations for
the countermeasures.

Table 1 identifies suggested countermeasures for uncontrolled crossing locations according o

roadway and fraffic features. Review the corresponding worksheets for countermeasures considered T
for the site. The workshaets dascribe additional design and installation considerations for the et o curmenartor | CL505 | 2 %& e o ion
countermeasuras, Crossings . . ; Srossulis .
Crosswalk visibiity enhancement & & A S A
High-visibilily crosswalk markings* ;\ :\ ;-\
Speed Limit o \ \ A
Improved nighttime lighting™ kS 5
=30mph | 35mph | =40mph | =30mph | 35mph | =40mph | <30mph | 35mph | =40 mph Peasairs syl (et | h & A &
Rmm? In-Sireet Pedesirian Grossing sign* s & & &
Configuration Vehicle AADT <%,000 Vehicle AADT 9,000-15,000 Vehicle AADT »15,000 Cutheensiont i & i i
2 lanes* 02340 ® © ® © 3340 ©® O €& O 340 ©& O © —— \ \ l' : -
5 & 547 5&6@ |54 &7 |546@ |5867 |58657 540 Pestan tae sond A A A ; A
: Pedesrian Hybrid Beacon 3 X
3 lanes with 02140 ©® 0 & © 340 ©& O © O IO ©& O B P, i i i i
raised medion® | 5 5 7 5 @ |5 7 5 @ |5 @ |5 7 |5 @ |5 @ s e e e i e -
3hneswm n 2 3 d ﬂ @ “ 9 “ 3 4 n 9 0 9 ﬂ g d n g “ B implemented af o loeation as part of erosswalk wisibility enhancements.
raised median' |5 & 7 E &7 Es&@D BE& 7T Eéd0 5&@ (56T Es6@ 540D
4honeswith 0 & @ © 0 & O & O & 0 & 0 & 0 & 0 e ) i
rised median® | 5 5 7 5 © |5 7 5 & 5 © 5 © 5 © |5 © Countermeasure: Pedestrian Hybrid Beacon (PHB)
4+lneswc O © O © O & O © O & 0 e O & 0 e 0 e
raisedmedion’ |6 &4 7 B(EO 7 85 0ODB 5078008008008/ 00D8000208
*One lane in each direction 0z lana in eoch direcfion with fwo-way left-fum lona Two or mare lanes in soch direction
Given the sef of conditions in a cell, 1 High-visibility crosswalk markings, parking restriction on
© Signifies thaf the countermeasure should always be 0’95“‘“"‘ approach, adequate nighttime lighting levels
cansiderad, but not mandated or required, based upon 2 Raised crosswalk o
engineering judgment at o marked uncontrolled 3 Advance Yield Here To (Stop Here For) Pedestrians sign
crossing location. ond yield (stop) line
# Signifies that the countermeasure is a condidate 4 In-Street Pedestrion Crossing sign
treatment at o marked uncontrolled crossing location. 5 Curb extension
The absence of a number signifies fhat the countermeasure ~ ©  Pedestrian refuge island tmon
is generally not an appropriate freatment, but exceptions may 7 Pedestqun Hybrid Beacon A PHB s @ ybrid beason sed o control raffc and ress n dark il pedesiian aothales 1 via
be considered following engineering judgment. & Rood Diet &”Z@@:EEWE,&FWLF:%nﬁt’%"ﬁ"ﬁzn“fﬁﬂ’wm"aﬁ o brscasa,
This fobie was deweloped using informafion from: Zegeer, C. ¥, Sieward, J. R, Huang, H.H., Logerwey, P.A., Feoganes, J., & Campbel, B J. (2005), Safefy Roadway and Site Information
effects of marked varsus urmarked crosswalks of unconfrofied [ocafions: Final reporf and recommended guidelines (Wo. FHWA-HRT-04-100); Manwal on Stongly considr ths countetmeas.e fthe roadwany(s) are described by one ofthe following sefs of
Uniform Traffic Confrol Devices, 2009 Edifion, Chopier 4F. Pedesirion Hybrid Beocons; the Crash Modificafion Focfors (CMF) Cleoringhouse wehsie (hffp-aww. 5 Mm;m‘emsDUUMmmemsmnmeedW
cmitiearinghouse. org); and e Pedesirion Sofefy Guide ond Counfemeasure Sdlection Sysfem (PEDSAFE) website (Hip2www pedbikesofe. ong/PECBAFE] . D1 AADT of atieast 9,000 + 3 o more Ianes (wih of wihout mediai) + 2 35 mph speed It

O Any AADT + any numbsr of Ianss + = 40 mph spsed limit

Safely Issues and Behaviors

This counfermeasure may help address the following traffic behaviors or safety issues observed at the site:

O Drivers not yielding fo pedestrians in crosswalks
O Noted cenflicts at crossing locations
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STEP Tech Sheets

Pedestrian Hybrid

STEP).
Beacons (PHBs)

COUNTERMWEASURE TECH BHEET
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https://www.fhwa.dot.gov/innovation/everydaycounts/edc_4/step_tech_sheet.pdf

Achieving Multimodal Networks

24 design topics: ?2 Parts ACHIEVING MULTIMODAL NETWORKS
APPLYING DESIGN FLEXIBILITY
& REDUCING CONFLICTS
12 design topics on -
design flexibility

B
e <= SR

12 topics on measures to

reduce conflicts between
modes

sl 2

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



https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/multimodal_networks/

Design Flexibility

PEDESTRIAN HYBRID BEACON AND CROSSING ISLAND

RECTANGULAR RAPID FLASHING BEACONS

At uncontrolled crossings where a signal or pedestrian
hybrid beacon is not warranted, cost prohibitive, or deemed

y desi should consider i
pedestrian, bicycle/pedestrian, or school crossing warning
signs with Rectangular Rapid Flashing Beacons (RRFBs).
€D Generally, this treatment should be used with caution at
crossings with more than two lanes without a refuge. FWHA
Effects of Yellow Rectangular Rapid-Flashing Beacons on
Yielding at Multilane Uncontrolled Crosswalks found an
B8-percent average compliance rate for moterists yielding to
pedestrians at crossings with RRFBs; this rate was sustained
after 2 years (2010, p. 9).

PEDESTRIAN CROSSING ISLANDS

Raised medians or pedestrian crossing islands are a Proven
Safety Countermeasure and have demonstrated a 46-percent
reduction in pedestrian crashes. Pedestrian refuge areas or
islands ) allow pedestrians to cross the street in two stages
and significantly reduce the distance a pedestrian must cross
at one time. The AASHTO Pedestrian Guide states that a
crossing island should be considered "where the crossing
exceeds 60 ft" (2004, p. 90). FHWA Safety Effects of Marked

RECTANGULAR RAPID FLASHING BEACON AND CROSSING ISLAND

Versus G at Locations
found that providing raised medians on multilane roads

“can significantly reduce the pedestrian crash rate and also
facilitate street crossing” (2005, p. 55). However, on roadways
with a raised median and volumes exceeding 15,000 ADT, a
marked Ik is appropriate only with additional crossing
treatments. Crossing islands should be a minimum of 6 feet
wide (ITE Designing Walkable Urban Thoroughfares 2010, p.
141). At locations where bicycles may be crossing, such as
where a shared use path crosses a roadway, "10 ft is preferred
in order to accommaodate a bicycle with a trailer” (AASHTO
Bike Guide 2012, p. 5-48).

ADVANCE YIELD/STOP LINES AND SIGNING

Advance yield/stop lines and signing o can be installed

at locations where there are concerns about multiple threat
crashes. 0 They indicate to drivers the appropriate location
to yield or stop so that they do not “place pedestrians at risk
by blocking other drivers’ views of pedestrians and by blocking
pedestrians’ views of vehicles approaching in the other lanes”
(MUTCD 2009, Sec. 3B.16). Additionally, parking should be
prohihited in between the yield or stop line and the crosswalk
to increase visibility.

ENHANCED CROSSING TREATMENTS

CASE STUDIES

I STREET AT MAKEMIE PLACE, SW
WASHINGTON, DC

A Safe Routes to School action plan for Amidon-Bowen
Elementary School evaluated the intersection of Makemie
Place and | Street SW for a potential crosswalk. Prior to

the study, schoolchildren had to cross | Street SW at one of
two s ly 600 feet apart

to access the main school entrance. The City installed a
marked crosswalk halfway between these intersections at
the T-intersection of Makemie Place SW along with warning
signs, a crossing island, and curb extensions to increase
driver awareness of the crossing, reduce vehicle speeds, and
increase the pedestrian queuing area. This crossing also
connected bus stops on both sides of | Street SW. Crosswalk
signs were installed as part of an experiment and are non-
compliant.

IMPROVEMENT PLAN FOR UNCONTROLLED MARKED
CROSSWALKS
SEATTLE, WA

In 2001, the City of Seattle completed a detailed inventary
analysis of 522 marked crosswalks at uncontrolled locations.
Crosswalks were rated based on traffic volume, number of
lanes, and speed. In 2002, the City released a multi-year

i Plan for Marked C: that
addressed identified deficiencies. Rather than just decide
“yes" or “no” on whether to mark a crosswalk, the improvement
plan asks “what are the most effective measures that can be
used to help pedestrians safely cross the street?” The plan
was implemented over a period of six years. Deficiencies were
addressed with signing, markings, crossing islands, road and
lane diets, rectangular rapid flash beacons, pedestrian signals,
and other ADA Improvements.

SE BUSH STREET AND 122ND AVENUE PEDESTRIAN
HYBRID BEACON
PORTLAND, OR

As part of the SE Bush neighborhood greenway project, the
Portland Bureau of Transportation installed a pedestrian hybrid
beacon at the SE Bush Street crossing of 122nd Avenue in

July 2012. Counts at this location did not meet the pedestrian
hybrid beacon warrant prior to installation. However, engineers
designed the intersection to accommodate 50-100 bicycle and
pedestrian crossings during the peak hour based on previous
experience where bicycle and pedestrian volumes increased
following installation of other neighborhood inthe
City. December 2013 counts indicated that pedestrian hybrid
beacon warrants are satisfied at this location

[ 36 | ENHANCED CROSSING TREATMENTS




Small Town and Rural Multimodal

Networks

FHWA-HEP-17-024

https: / /www.fhwa.dot.gov/envi
ronment /bicycle pedestrian/pu
blications/small towns/

Resource and ldea book to
support safe, accessible, Small Town

comfortable, and active travel and Rural
Bridges design and practice Multimodal
Examples & project Networks
implementation
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https://www.fhwa.dot.gov/environment/bicycle_pedestrian/publications/small_towns/

Galena, IL-Population 3,429

CHAPTER 5 | KEY NETWORK OPPORTUNITIES

The ITE Urban T

Multimodal Main Streets

Guide 2010 recommends the following
‘design details for walkable and bikeable
commercial main strests:
» Minimum sidewalk width:
6P (1B m)
* Furnishing zone:
6 (1LEm)
» Target travel speed:
25 mith (40 kmik)
* Number of through lanes:
2

* Lane Width:
10-11 f{3.0-33m)

» Parallel On-Street Parking Width:
7-B fr(21-2.4 m)

» Bike facility:
-6 ft {1.5-1.8 m) min

5-15 —

Multimodal Main Streets

Figure 5-8. The following concepts liustrate
potential design options far main streets with
multiple trave! lanes in each direction.

EXISTING CONDITIONS
FOUR-LANE
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Rural highwsays are often widened
through town centers, providing
multiple travel lanes to reduce
impediments to through traffic.
Thesze configurations may encourage

CHAPTER 5 |

inappropriately high-speed travel
and erratic behavigr in the vicinity of
pedestrian and bicycle activity.

ROAD DIET

A four-lane to three-lane road diet can
balance the needs of through travel
and lecal community access, while
increasing safety.

Road diets are an FHWA Proven Safery
Countermeasure. For more information
on road diets, refer to the FHWA
Resurfacing Guide 2016 and the FHWA
Road Diet Guide 2014,

STREETSCAPE EXPANSION WITH
BIKE LANES

Marrowing and consolidsting excess

space dedicated to motor vehicles can
provide room to expand sidewslk areas.

Road diets are an FHWA Proven Safety
Countermeasure. For more information
on roadway recenfigurations, refer

1o the FHWA Road Diet Guide 2014,
Refer to the ITE Walkable Urban
Thoroughfares Guide 2010 for more
information on sidewalk configuration.
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Learning outcomes: Street Crossings

s e
You should now be able to:
|dentify which crossing techniques are appropriate

To ensure oft-requested solutions (crosswalks, signals,
ped bridges) are effective
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