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INTRODUCTION

This report documents research, best practices, and recommendations for pedestrian and vehicular
treatments at uncontrolled crossings in the City of Pasadena. It is a followup study to the 2011 report, City

of Pasadena Pedestrian Safety Study at Signaéid Intersections which focuses primarily on signalized

intersections. This new report includes an update on research,best practicesand t he Cityfs tre

toolbox, while providing new application of treatments at uncontrolled locations.

Volume | of this report expands on best practices, research, and tools for treatments at uncontrolled
locations and signalized locations. Volume Il focuses specifically on 60uncontrolled locations studied in
May 2016, documenti ng e ac hllisibrohistary, vahioutarsspeedeandevolime,pedestrian
volume, and site characteristics. Volume Il also includes a suggested prioritization for implementation of

treatments at the 60 studied locations.

Treatments in this report are designated as dhasicd or cenhancedd and categorized by type as striping,
signals/signage, geometric, or other treatments. Each treatment also includes an indication of vehicular
volume, ADT, and number of roadway lanes with which it is compatible. The data, treatments, and
approaches included in this report are based on best engineering practices from the federal to the local
level. Engineering considerations are central to this report and creating communities that make it easier
and more comfortable to travel by foot. In addition to engineering, best practices for enhancing walkability
rely on other E&, including: education, enforcement, encouragement, and evaluation. The B complement
each other by helping road users understand how to travel safely and lawfully, enforcing right -of-way, and
understanding how the investments made impact travel patterns and safety outcomes. This report focuses

on engineering considerations, with a focus and

The City of Pasadena commisgned this report as part of continued efforts focused on creating safe and
comfortable multi -modal environments throughout the city. Looking forward, the City may consider

following the lead of other world -class cities inadopting Vision Zero polices to further enhance an already

strong stance on increasing pedestrian safety. Cities such as Santa Barbara, San Diego, Fort Lauderdale,

and Austin could be valuable resources for inspiration and application.

This report was produced in cooperation with the City of Pasadena. The suggestions presented in this
report are based on field observations, time spent in the City of Pasadena by the authors, and general
knowledge of best practices in pedestrian design and safety. These suggestions are intended to guideCity
staff in making decisions for future safety improvements in the City, and may not incorporate all factors that

are relevant to specific pedestrian safety issues in the City or at individual locations.
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LITERATURE REVIEW A SUMMARY OF BEST PRCTICES

The chapter presents the findings in a review of recent literature regarding pedestrian safety at uncontrolled
crossings, andis organized into three sections: Marking Crosswalks at Uncontrolled Locations, Manual on
Uniform Traffic Control Devices (MUTCD) Standards, and Pedestrian Treatments for Uncontrolled Locations.
When available, treatments options include a definition, crash reduction factor (CRF), and conclusions based

on research of included sources.

A large body of research examines pedestrian safety and potential or observed outcomes associated with
different crossing treatments. The general consensus across the literature is that the inclusion of marked
crosswalks alone at uncontrolled locations crossing multi-lane, high-volume roads is associated with higher
pedestrian collision rates and shorter driver yield times. An uncontrolled location can include any point on

a roadway where traffic control devices are not present, such as the intersection of two streets or a midblock

crossing between two intersections.

Zegeer, Stewart, Huang, and Lagerwey conducted one of the most comprehensive studies comparing
pedestrian safety at marked and unmarked uncontrolled crossing locations. The study compared the
pedestrian crash rate at 1,000 marked and 1,000 unmarked crossings. The marked crosswalks included high
visibility continental markings, but did not include any traffic -calming measures. A subset of the marked

crosswalks included supplemental advanced pedestrian warning devices or signage.

At uncontrolled locations along 2-l ane roads and | ow v o l-lanmmadg, Bel stugdy0 0 0
found there was no statistically significant difference in the pedestrian crash rate between marked
crosswalks and unmarked crossings. At uncontrolled locations along multi-lane roads with moderate to

high volumes (>12,000 ADT) the pedestian crash rate is statistically significantly higher at marked
compared to unmarked crossings. The presence of a median on multilane roads was associated with a
lower pedestrian crash rate at both marked and unmarked uncontrolled crossings. For multi-lane roads

with high vehicle volumes (>15,000 ADT), the uncontrolled crossing with marked crosswalks were associated

with a statistically significant higher pedestrian crash rate.

! This is also the central study of the 2005 FHWA report
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Figure 1. Pedestrian crash rates separated by typeof crossing. (Zegeer, et al. 2005).

Zegeer et al. provide guidance through a matrix for identifying locations that are candidates for marked
crosswalks and locations for which marked crosswalks are not recommended without additional pedestrian

enhancements (Figure 1).

Roadway
Type
(Number of Vehéde ADT Vehicle ADT 9,000 to 12,000 Vehicle ADT >12,000- Vehicle ADT >15,000
Travel Lanes =9,000 15,000
and Median
Type)
Speed Limit

=48.3 56.4 od4.4 =483 56.4 o4.4 =483 S50.4 o4.4 =483 56.4 od.4
km/h | km/h km/h km/h km/h km/h km/h | km/h km/h km/h | km/h km/h
(30 (33 10 (30 (35 (40 (30 (35 (40 (30 (35 (40
mi/h) | mi/h) mi,/h) mi/h) mi/h) | mi/h) mi/h) | mi/h) mi/h) mi/h) | mi/h) mi/h)

Two lanes C C P C C P C Cc N C P N

Three lanes C C P C P P P P N P N N

Multilane C C P C P N P P N N N N

(four or more

lanes) with

raised median

Multilane C P N P P N N N N N N N

(four or more

lanes) without

raised median

Figure 2. From report recommending guidelines for installing marked crosswalks and other pedestrian improvements at
uncontrolled locations. C = Candidate for marked crosswalks; P = Possible increase in pedestriarcrash risk if other enhancements
are not used; N = Marked crosswalks alone are insufficient due to increase in crash risk. (Zegeer, et al. 2005).
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When reviewing case control studies like the Zegeer et al. study discussed above, it is important to be aware
of a possible selection bias. It is conceivable that the marked crosswalks were at locations that differ in
safety characteristics beyond number of lanes. Any combination of environmental, design, or behavioral
differences may also contribute the differences in observed crash rate between the marked and unmarked

locations.

A 2002 study found that the pedestrian collision risk at uncontrolled locations was 3.6 times higher at
marked crosswalks compared to unmarked crosswalks (Koepsell, et al. 2002). nl2008, Mitman and Ragland
published a study that compared driver behavior at marked and unmarked crosswalks along low-speed
arterials (Mitman and Ragland, 2008). The study found that drivers were more likely to yield to pedestrians
in marked crosswalks mmpared to unmarked crosswalks. Researchers posit that the increase in yield
behavior at marked crosswalks may be associated with the increase in multiplethreat collisions at marked
crosswalks. Pedestrians also demonstrate behavior differences at markedvs. unmarked crosswalks.
Pedestrians at unmarked crosswalks waited for longer gaps in traffic than pedestrians at marked crosswalks
(Mitman and Ragland, 2008). This difference in pedestrian behavior may be, partially, in response to the

lower likelihood of drivers yielding at the unmarked locations.

The additional caution demonstrated by pedestrians and the reduced yield rates demonstrated by drivers
may be a result of confusion around legal right-of-way at unmarked crosswalks. In 2007, Mitman and
Ragdand conducted intercept surveys and focus groups that revealed an overall lack of knowledge by users

around right -of-way laws at unmarked locations (Mitman and Ragland, 2007).

Based on the literature and research, the inclusion of a marked crosswalk wihout any other pedestrian
crossing treatments is not generally recommended along multi-lane high volume roadways. When
considering whether to mark a crosswalk it is important to understand that the increased risk associated
with these crossings should not eliminate the inclusion of a crosswalk. Instead- especially in cases with
multiple lanes, high vehicle volumes, and a high speed limit 8 engineering judgment should be used to

consider contextually appropriate crossing enhancements.

Federal Highway Adni ni strati on ( FHWA) gui dance highlights the
pedestrians safely across the street. 6 Each treat men
combination with other treatments to create a road environment that dir ects pedestrians safely across the

street. Distilling the design and implementation considerations to the single decision of whether or not to

mark a crosswalk is not consistent with FHWA guidance (FHWA, 2005).
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The 2014 California MUTCD (CAMUTCD) states that at uncontrolled locations, the crosswalk, in
combination with other road treatments, alert road users of a designated pedestrian crossing location and

at non-intersections, a marked crosswalk legally establishes a pedestrian crossindpcation.

The CAMUTCD also states that at both uncontrolled and stop-controlled locations, engineering studies

should always precede the decision to mark a crosswalk. The engineering study should include a
consideration of number of lanes, presence of a median, distance from nearest signalized intersection,
pedestrian volumes and delays, traffic volumes and speeds, road geometry, alternative crossing points,

visibility and lighting, and any other relevant factor.

The CAMUTCD provides further guidance for identifying road conditions for which marked crosswalks

alone are sufficient as opposed to road conditions for which marked crosswalks should be supported by
additional treatments. These treat ment s ssingdistamcessi gned
enhance driver awareness of the crossing, and/ or provi

MUTCD determines crosswalks alone to be insufficient in the following conditions:
Speed limit exceeds 40 MPH, the roadway has four ormore travel lanes and either:

o No raised median or pedestrian island is presen

o A raised median or pedestrian island is present

For existing marked crosswalks at uncontrolled locations where the speed Imit exceeds 40 MPH, the

roadway has four or more travel | a-MWTED re@mnoenda specidd T O 12
advanced warning treatments: advanced vyi el d5 R:ba)yes and
parking restrictions to provide adequate visibility, pedestrian crossing warning signage (W11-2 and W16-

7p), and a high-visibility crosswalk pattern.

There are many resources on pedestrian collision countermeasures, and a wide rage of technical
approaches to evaluate their effectiveness. The FHWAToolbox of Countermeasures and Their Potential
Effectiveness for Pedestrian Crashg$ebruary 2013) reflects one of the most comprehensive reviews of
guantitative research to date. The FHNA Toolbox compiles research on various pedestrian collision

countermeasures to produce a single crash reduction factor for each countermeasure. The CRF is the
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percentage reduction in pedestrian collisions that could be expected after implementing a given
countermeasure. In cases where the countermeasure CRF was not available in the FHWFoolbox the CRF

was sourced from the Crash Modification Factors Clearinghousgwhich is also maintained by the FHWA.

The Pedestrian and Bi cy c BEwluatianbfPedesaidnRetated Rdadwdy &eaduges: ( PB1 C)
A Summary of Available Research(April 2014) also provides a comprehensive and current review of
effectiveness evaluation literature. This document supports the PEDSAFE Pedestrian Safety Guide and
Countemeasure Selection Systerwhich was published by FHWA in April 2014. The report compiles known

studies that employ rigorous research methods into a comprehensive review of pedestrian collision
countermeasure effectiveness.

The pedestrian treatments discus®d here are all applicable at uncontrolled crossing locations.
STRIPING TREATMENTS

Advance Yield Limit Line

1 With this tool a marking is placed in advance of crosswalk to increase pedestrian visibility to vehicles
and reduce vehicle encroachment upon the crosswalk. Advance yield lines indicate that a driver
should yield before approaching the pedestrian crossing. The MUTCD guidance is for yield lines to
be placed four feet in advance of the crosswalk for single-lane approaches. Foruncontrolled multi -
lane approaches,the MUTCD guidance is that the yield lines should be placed 206to 506feet from
the crosswalk.

1 Research indicates that these advanced stop and yield lines are effective in increasing the rate at
which motorists yield to pedestrians (Mead et al. 2014).

1 A statistically significant increase in the rate of motorists yield to pedestrian from 69% to 85% (Van
Houten et al. 2002).

1 Additional research found advanced stop bars had a greater impact on motorists yielding rate in
combination with other treatments (Hengel 2013). Specifically, the advanced yield markings had a
greater impact on yield rates when coupled with a two -staged median crossing (Danish Offset) as
opposed to a standard pedestrian refuge island (Nambisan et al. 2007).

1 No CRFs available for advanced yield limit lines.

Colored or Artistic Pavementin Crosswalks

91 Definition: Crosswalks with colored or artistically designed pavement between crosswalk lines. Two
related but distinct purposes for such markings include:
o Aesthetic enhancement of a neighborhood
0 Improved pedestrian safety
1 In 2001, the FHWA issued an official aling that the colored crosswalk had no discernible effect on
pedestrian safety. In 2004 and 2005, the FHWA issued official rulings that stated any inclusion of
retro-reflectivity into an aesthetic crosswalk treatment caused that treatment to be considered an
official traffic control device. The rulings maintained that these aesthetically enhanced crosswalks
were not associated with any improved pedestrian safety or reduction in pedestrian collisions.

=¥
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1 A 2011 ruling further stated that the inclusion of fr ee form designs within the space of the crosswalk
can reduce the contrast and effectiveness of the white transverse lines marking the crosswalk on
the pavement. The inclusion of bright colorful p a
senseofsewr i tyo for all users. T h-eolofedHpaiementapdrdesigne s o nl y
treatments that do not include retroreflective properties and exist between the legally marked
crosswalks. Any aesthetic treatment should be uniform and regular, must not reduce the contrast
of the crosswalk markings, and must not convey any message to the driver.

1 No CRFs available for colored or artistic pavement in crosswalks.

High Visibility Crosswalks o Continental/ Ladder Striping

1 Definition: High visibility cr osswalks with thick stripes perpendicular to direction of vehicular traffic
are the standard striping. CA-MUTCD guidance includes an option to mark crosswalks with diagonal
white |Iines at a 45 degree angl e t o antlaleumberspe of t he
pedestrians crosso6 at uncontrolled I ocations.

1 CRF Range: 19 40%

0 40% reduction in vehicle/pedestrian collisions based on data from New York City (Chen et
al. 2012); 37% reduction in vehicle/pedestrian collisions based on a comparison ofstandard
and continental striped yellow crosswalks at schools in San Francisco (Feldman et al. 2010);
19% reduction in angle, head-on, left-turn, rear-end, rear-to-rear, right-turn, and sideswipe
vehicle collisions based on data from New York City (Chen ¢ al. 2012).

1 Additional CRFs for high visibility crosswalks are under development as part of NCHRP 1756
Development of Crash Reduction Factors for Uncontrolled Pedestrian Crossing Treatments.

1 Additional research has shown that high-visibility crosswalks, especially those that reinforce the
yielding of vehicles with stop bars 8-feet in advance of the crosswalk, improve vehicular yielding
behavior (NACTO, 2013).

Marked Crosswalk for a Minor Street Approach

1 Striping on the far sides of a pedestrian crossing parallel to the direction of vehicular traffic and
perpendicular to the minor street , which denote the proper location to cross a street.

1 CRF: 65% reduction in all crash types and severities with the installation of a crosswalk at a stop
controlled minor ap proach (Haleem and Abdel Aty 2010).

Temporary Painted Medians
1 Definition: Pavement striping that separates lanes of traffic but does not provide a raised surface.
1 Research has shown that pedestrian collisions rates were 33% lower on streets with 1@oot raised

medians than on streets with 4 foot painted medians (Cairney, 1999).
1 No CRFs available for temporary painted medians.

SIGNAL AND SIGNAGEREATMENTS

Crosswalk Flags

1 Definition: Brightly colored removal flags are placed at crosswalk to increase pedestrian visibility
and clearly communicate their desire to cross the street.

[ 9
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1 No CRFs available for crosswalk flags

1 Definition: Flashing beacons highlighting crosswalks and pedestrian crossing signs through the
addition of a flashing light. Rectangular Rapid Flash Beacons (RRFB) provide a highisibility,
brighter strobe -like flashing frequency. RRFB were given interim approval by the FHWA in 2008
(FHWA, 2009).

1 Several studies have measured the rate of motoists yielding to pedestrians before and after the
installation of an RRFB. Based on these studies, the RRFB is associated with an increase in yield
rates of approximately 15% to 60% with over 70% of motorist yielding in all studies (Van Houten,
Ellis, andMarmolejo, 2008; Pecheux, Bauer, and McLeod, 2009; Jua et al. 2009; Hunter, Srinivasan,
and Martell 2009; FHWA, 2010; Ross, Serpico, and Lewis, 2011; Foster, Monsere, and Carlos, 2014;
Domarad, Grisak, and Bolger, 2014).

1 These treatments are most appropriate on multi -lane streets (Berkeley, 2013; McGrane, 2013).

1 No CRFs available currently for flashing beacons CRFs for RRFBs are under development as part
of NCHRP 1756 Development of Crash Reduction Factors for Uncontrolled Pedestrian Crossing
Treatments.

In-Roadway Lighting

1 Definition: Lights embedded in raised markers along both sides of an uncontrolled crosswalk, which
are activated by a pedestrian pushbutton or pedestrian presence, sometimes with a strobe effect
(Mead et al. 2014).

1 In-roadway crosswalk lighting was associated with an increase in driver yielding and a decrease in
motor vehicles speeds, but not consistently in all scenarios (VTRANS, 2011)Mead et al. 2014)
These are sometimes difficult to maintain, depending on weather and traffic conditions, and may
confuse drivers if falsely activated (Berkeley, 2013).

1 Some drawbacks of the treatment include the necessity to replace the lights whenever a road is
repaved, the lack of visibility beyond the first car in a group, and diff iculty in noticing the lights
during daylight hours (Mead et al. 2014).

1 Astudyin 2006 in Las Vegas, N\Wid not see a significant reduction in conflict s, but concluded that
in-roadway lights did benefit pedestrian safety on low volume roads.

1 These treatments are mog appropriate for mid -block crosswalks on low volume roads.

1 No CRFs available currently forin-pavement lighting - CRFsare under development as part of
NCHRP 1756 Development of Crash Reduction Factors for Uncontrolled Pedestn Crossing
Treatments.

In-Street Pedestrian Sighage

1 Definition: High -visibility pedestrian crossing signage placed in the street at a marked crosswalk.

1 Research has shown increases in yield rate at locations with irstreet crossing signs (Banerjeeand
Ragland 2007; Ellis, Van Houten, and Kim 2007, Hua et al. 2009).

1 One study also found an association with a reduction in motorist speed with the presence of an in-
street crossing sign and that the increase in motorist yielding was largest when the sign was placed
directly in the middle of the crosswalk (Gedafa et al. 2014).

1 Additional research has shown that without signage approximately 25% of drivers yielded to
pedestrians; with a single in-street sign at the median, 57% of drivers yielded; with the addition of

10
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two curbside signs to create a oOgateway configurat
pedestrians. When compared to pedestrian hybrid be
street pedestrian signs, one located in the center median and one at each curb) performs similarly.
The inclusion of the oO0gateway configurationdé with
the highest motorist yield rates (Bennet, Manal, and Van Houten, 2014).
1 These treatments are ideal for mid-block crosswalks, lowspeed roads, unsignalized crossings, and
two-lane roads (Berkeley, 2013).
1 No CRFs available for instreet pedestrian signage.
Other Pedestrian Signhage
Currently there are no specific CRFs identified for the following treatments. However, CRFs for unsignalized
pedestrian crosswalk signs, pavement markings, inroadway warning lights, and advanced yield markings
are being included as part of NCHRP 1756 Development of Crash Reduction Factors for Uncontrolled
Pedestrian Crossinglreatments.
1 Fluorescent Strong YellowGreen signagewas associated with higher yield rates (Clark, Hummer, and
Dutt. 1996).
T Overhead o0Yield Whe50 mdiersaakehd af g érossvallgwas gssociated in a
reduction in vehicle-pedestrian conflicts (Van Houten et al. 1998).
1 Internally-illuminated overhead crosswalk signageand high visibility crosswalks were associated
with an increase in motorists yielding and with an increase in pedestrians using the crosswalk
(Nitzburg and Knobluach, 1999).
1 Overhead yellow crosswalk signagavas associated with an increase in driver yielding and a decrease
in pedestrians who ran, hesitated, or gave up crossing at the crosswalk (FHWA, 2000).
T Overhead o0Stop for Pede saattivaiedahy pedestriathuttos alonqdrtdrid s i gnag

roads with speeds limits of 40 mph was associated with a significant decrease in drivers yielding to
pedestrians. The authors suggested that the treatment might have been insufficient alone and that
optimal placement may not have been used (FHWA, 2000).

1 Roadside Pedestrian Crossing Signag@oth standard and high visibility) were associated with a
reduction in vehicle-pedestrian conflicts (Van Houten et al. 2002).

1 Portable changeable message speed limit signst mid-block crossings were associated with
reductions in motor vehicle speeds of 1-6 mph (Pedsafe I, 2009).

1 Roadside flashing pedestrian warning signsvere associated with an increase in driver yielding and
a decrease in motor vehicles speals (VTRANS 2011). Silicon Constellations manufactures the
LumiSign W11-2, a MUTCD compliant pedestrian warning sign (W1%2) with synchronized LED
flashing lights around the perimeter.

1 Speed limit reductions on roadway segmentsvere associated with an approximately 60% reduction
in pedestrian crash rate on roadway segments with speed reduction signage compared to road
segments without speed reduction signage (Chen et al. 2012).

Pedestrian Hybrid Beacon (HAWK signal)

1 Definition: Pedestrian-activated warning light located on a mast arm over a pedestrian crossing.
The beacon stays dark until activated. It has one yellow lens and two red lenses to indicate to drivers
that a pedestrian is in the crosswalk. The pedestrian hybrid beacon was included, for the fist time,

11
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in the 2009 MUTCD. The 2014 CAMUTCD includes a standard traffic signal (that does not meet a
signal warrant) as an alternative to the standard pedestrian hybrid beacon.

1 According to the 2014 CA-MUTCD guidance, pedestrian hybrid beacons should beconsidered as
part of an engineering study in cases where:

o Signal warrants are not met and gaps in traffic are not adequate for pedestrians to cross,
vehicles speeds are too high for pedestrians to cross, or pedestrian delay is excessive.

0 The major street speed limitor85"percentile speed is O 35
street volume, when plotted against a peak hour pedestrian volume lies above the
applicable threshold line in Figure 3.

o The major street speed limit or 85" percentile speed is > 35 MPH and the hourly major
street volume, when plotted against a peak hour pedestrian volume lies above the
applicable threshold line in Figure 4.

Speeds of 35 mph or less

L = crosswalk length
400 |

TOTAL OF ALL 300 |
PEDESTRIANS CROSSING
THE MAJOR STREET - PEDESTRIANS
PER HOUR (PPH) 200

120*

(; ; 2%0 5(-)0 7&0 |0—00 12-50 15—00 17—50 2600
MAJOR STREET — TOTAL OF BOTH APPROACHES —
VEHICLES PER HOUR (VPH)
* Note: 20 pph applies as the lower threshold volume

Figure 3. Guidelines for the installation of Pedestrian Hybrid Beacons onlow-speed roadways. (MUTCD, 2009).

Speeds of more than 35 mph

L = crosswalk length
400

TOTAL OF ALL 300

PEDESTRIANS CROSSING

THE MAJOR STREET - PEDESTRIANS
PER HOUR (PPH) 200

20°
0 2;0 560 750 1000 1250 ISOO 1750 2000
MAJOR STREET — TOTAL OF BOTH APPROACHES —
VEHICLES PER HOUR (VPH)
* Note: 20 pph applies as the lower threshoid volume

Figure 4. Guidelines for the installation of Pedestrian Hybrid Beacons on high speed roadways. (MUTCD, 2009).

1 CRF Range: 15%9%
0 15% reduction in fatal and serious injury collisions; 69% reducion in vehicle/pedestrian
collisions; 29% reduction in all collisions (Fitzpatrick and Park, 2010).
1 Additional research found that pedestrian hybrid beacons were associated with increasing motorist
yielding and decreasing the rates of pedestrians trapped at the middle of the crossing.

[ 12
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1 These treatments are shown to reduce conflicts between vehicles and pedestrians, and decrease
vehicular speeds. They are most useful where a full signal warrant cannot be met, but the speed or
volume of vehicles make it difficult for pedestrians to cross between traffic gaps (Berkeley, 2013;
McGrane, 2013).

1 Additional CRFs under development as part of NCHRP 1756 Development of Crash Reduction
Factors for Uncontrolled Pedestrian Crossing Treatments.

Traffic Signal, with Pedestrian Signal, Where Warranted

1 Definition: Standard traffic signal. A signal warrant does not, in itself, necessitate the installation of
a traffic signal. Engineering judgment and an analysis of all road users, local land uses, and other
external factors should be conducted before recommending a signal.

1 CRF Range: 24 44%

0 24% reduction in all collisions at intersections with annual ADT between 25,000 and 35,000
(Wang et al. 2014); 44% reduction in all collision types with the installation of a traffic signal
in rural areas (Harkeyet al. 2008); 39% reduction in all collision types with the installation
of a traffic signal in urban areas (Abdel-Aty et al. 2014)

1 A casecontrol study in New York City compared the pedestrian crash rate before and after signal
installations at 447 intersections. Based on analysis of covariance (ANCOVA) adjustments, the study
found a 1% increase in pedestrian crash rate with the addition of a signal. Results were not
significant at the 0.05 level (Chen et al. 2012).

GEOMETRIOREATMENTS

ADA/Directional C urb Ramps with Truncated Domes

1 Definition: A pair of curb ramps fitted at a right angle and facing directly into crosswalks, as opposed
to one curb ramp which faces the center of a street or intersection. The ramps a surfaced with a
highly textured materi al of truncated domes, often in a bright color.

1 The City of Austin, Texas worked closely with the US Access Board as ADA guidelines evolved and
has continually adapted its designs to create accessible designs for all modes of transportation.
This includesthe provision of directional curb ramps with truncated domes. The implementation
of curb ramps in Austin illustrated that even a simple policy requires a detailed understanding of
need, coordination between several stakeholders, and a strong understandirg of best practices.
The collaborative evaluation of the curb ramps while policy was evolving allowed for the Access
Board to also understand the success of new guidelines.

1 No CRFs are available for directional curb ramps.

Bus Bulb -Outs, Other Traffic Calming near Transit Boarding
1 Definition: Traffic calming and pedestrian protection devices near transit boarding locations,

including bulb -outs.
1 No CRFs available for bus bulb outs. See section orCorner bulb outs and curb extensions
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Chicane

1 Definition: Two or more alternating mid -block bulb-outs which create an Scurve in the roadway
and discourage vehicular speed.
1 No CRFs available for chicanes.

1 Definition: Two opposed mid -block bulb -outs which decrease the roadway, discouraging vehialar
speed and providing a shorter crossing distance if paired with a crosswalk.
1 No CRFs available for chokers.

Corner Bulb Outs and Curb Extensions

1 Definition: Raised devices, usually constructed from concrete and/or landscaping, that reduce the
corner radius and/or narrow the roadway in order to reduce traffic speeds and shorten pedestrian
crossing distances.

1 Research shows significant decreases in pedestrian crossing delay and increases in motorists
yielding to pedestrians (FHWA 2005; Hengel 2013; NACTQ@013; Berkeley, 2013).

1 In Bethesda, Maryland, high vehicle speeds were posing problems for local pedestrians on Leland
Street, an arterial roadway. Amongst the countermeasures employed to calm traffic on the street
were reducing curb radii from 50 feet to 30 feet. With the redesigned streets, the 85" percentile
speed was reduced from 32 mph to 27 mph (FHWA, 2013).

1 No CRFs available currently CRFs for curb extensions under development as part of NCHRP 1-56
Development of Crash Reduction Factors for Wiontrolled Pedestrian Crossing Treatments.

Lane Width Reduction (lane narrowing, 12 -footto 9 -foot lanes)

1 Definition: Reduction in vehicle travel lane width from 12 -feet to 9-feet.
1 CRF Range: 38 56%
0 38% reduction in all collision types and severity along rural roads with between less than
56,000 Annual Average Daily Traffic (AADT); 56% reduction in all collision types and
severities along rural roads with AADT between 1,600 and 139,000 (AbdelAty et al. 2014).
1 Inurban areas, lane widths of 10 feetareot en appr opri ate as it increases
an effect on traffic operations. Wider lanes have a greater likelihood of side-swipe collisions.
(NACTO 2013).

Multiple Turn Lane Removal

1 Definition: Removal of one or more turn lanes when multip le turn lanes exist, in order to remove
the double -threat of a vehicle/pedestrian collision.
1 No CRFs available for removal of turn lanes.

Pedestrian Overpass/Underpass

1 Definition: Complete separation of pedestrians from motor vehicle traffic, normally wher e no other
pedestrian facility is available, and connectsoff-road trails and paths across major barriers. The
device is recommended only where topography supports its use.
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No CRFs available for pedestrian overpasses and underpasses. However, these trea@mts entirely
eliminate the vehicle-pedestrian conflict points and would theoretically have a CRF of 100 assuming
the conditions and design prevented illegal at -grade crossings.

Raised Pedestrian Crossing/Raised Crosswalks/Speed Tables and Raised Crosswalks

il

Definition: Pedestrian crossings that are elevated to the level of the sidewalk, with in-road ramps

on each vehicle approach.

CRF Range: 3246%

0 30% reduction in injury collisions across all modes and collision types; 46% reduction in
pedestrian collisions (Elvik and Vaa, 2004)

Additional CRFs for raised crosswalks are under development as part of NCHRP 1%6 Development

of Crash Reduction Factors for Uncontrolled Pedestrian Crossing Treatments.

While speed tables can exist on their own, when coirciding with or near a crosswalk, the two

treatments should be combined into a raised crosswalk (NACTO, 2013).

This treatment also brings the pedestrian upwards

and is appropriate for streets with lower speeds, high pedestrian activity, and that are not
emergency routes (Berkeley, 2013).

Reduction in Curb Radii

Refuge

=¥

Definition: The size of the curb radius determines the speed at which approaching vehicles can
navigate a turn. Reduced turn radii force approaching vehicles to slow down when turning, while
still accommodating emergency vehicles and the largest vehicle expected to typically navigate the
intersection (i.e., the design vehicle).

No CRFs available for reductions in curb radii. See section orCorner bulb outs and curb extensions
for research on a similar treatment.

Islands/Raised Median/Pedestrian Refuge Islands

Definition: Curbed sections in the center of the roadway that are vertically separated from vehicular

traffic. Raised medians or refuge ishnds shorten crossing distances across wider roadways, and

allow for pedestrians to cross a road while only focusing on one direction of vehicle traffic at a time

(Berkeley 2013). Medians should be at least 4ft wide (preferably 610ft) and should be long enough

to allow the expected number of pedestrian users to stand and wait to cross the second leg (FHWA,

2005, NATCO, 2013). The ideal length of a median is 40 ft., and it should extend past the crosswalk

in order to further protect pedestrians and slow tr affic (NATCO, 2013).

Pedestrian CRF range 28.9% 73%

0 46% reduction in pedestrian collisions at marked crosswalks at uncontrolled locations (FHWA,
2005);

0 39% reduction in pedestrian collisions at unmarked crosswalks at uncontrolled locations
(FHWA, 2005)

0 28.9% reduction in pedestrian collisions observed at signalized intersections (Alluri et al. 2012);

0 33% reduction in pedestrian collision rates with the conversion of a 4 foot painted median to a
10 foot raised median (Cairney, 1999);

0 73% reduction in mid-block pedestrian collisions (though overall, collisions increased by 136%)
with the installation of a pedestrian refuge island.
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1 Additional CRFs for pedestrian refuge areas under development as part of NCHRP 156
Development of Crash Reduction Factor®or Uncontrolled Pedestrian Crossing Treatments.

Roadway Cross Section Reduction from Four To Three Lanes (Road Diets)

1 Definition: Reduction in number of roadway travel lanes from 2 lanes in each direction to 1 lane in
each direction and a center turning lane.

1 CRF: 29% reduction in all collision types along minor arterials in urban areas (Harkey et al. 2008).

1 Additional research has showed a 41% reduction in pedestrian collisions along roadway segments
with road diets and a 5% increase in pedestriancollision at intersections within road diet corridors
(Chen et al. 2012). These results were not statistically significant.

1 This is a good tool for decreasing vehicular speeds, especially when existing infrastructure prevents
the use of curb extensions or chicanes, and ADTs indicate more than necessary roadway capacity.
(Berkeley, 2013).

Rumble Strips

1 Definition: Transverse grooved strips or raised ceramic pavement markers generally used to alert
drivers to a change in roadway conditions through an audible and tactile vibration and rumbling.

1 CRF Range: 3436% reduction in all types of crashes without and with minor or serious injury
respectively (Elvikand Vaa, 2004).

Speed Humps

1 Definition: Raised pavement areas, typically 12 to 14-feet long and 3- to 4-inches high.
Traditionally, humps have pavement markings and advanced warning signage.

1 CRF Range: 4660% reduction in all types of crashes with minor or serious injury (Elvik and Vaa,
2004).

1 Additional research has showed a 22 to 23% reduction in 83" percentile speed? before and after
the installation of speed humps (12- and 14-foot humps respectively) (Ewings, 1999).

1 Motorists are more likely to yield to pedestrians when traveling at lower speeds. Lower 85"
percentile speeds have been associated with an increase in the rate of yielding motorists with 75%
of motorists yielding at 20 mph and 40% of motorists yielding at 30 mph (Bertulis and Dulaski,
2014).

1 Motorist speeds decrease 1520 mph when speed humps are installed (NACTO, 2013).

Temporary Removable Pedestrian Refuge Island with Sign (Curb) On Two -Lane Road

1 Definition: Small, painted, raised surface in the center of the roadway, with high-visibility pedestrian
crossing signs.

1 One study demonstrated a reduction in speeds after installation of the treatment (Kamyab et al.
2003).

1 No CRFs available for temporary removable pedestrian refuge islands.

2 This represents the top speed at which 85% of drivers are travelling. Namely, 85% are driving at or below this speed. The85"
percentile speed is used to establish speed limits per the California Vehicle Code.

'- 16

0x






