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EXECUTIVE SUMMARY

This report documents efforts on and findings frBhrase 2 of a cooperative agreement
between the Federal Highway Administration (FHWAdahe University of Nevada,
Las Vegas (UNLV) Transportation Research CenterQ)[Ritled “Pedestrian Safety
Engineering and Intelligent Transportation Systeas®l Countermeasures Program For
Reducing Pedestrian Fatalities, Injuries, Conflice®id Other Surrogate Measures”
(Cooperative Agreement Number DTFH61-01-X-00018, LWNAccount Numbers:
2360-254-49BX, 2330-254-49CA and 2330-254-49CD UNIRC/RR-02-03). Five
state and local agencies in Nevada co-sponsoregrtiggam: City of Las Vegas, Clark
County Department of Public Works, Nevada DepartnmanTransportation, Nevada
Office of Traffic Safety, and the Regional Trangption Commission of Southern
Nevada. Several other local agencies and privai®rserganizations were cooperating
partners: City of North Las Vegas, City of Hender,s0rth Rodgers Inc. etc.

The goals of the program are to deploy and evaleatentermeasures (that were
identified and developed in Phase 1) to help imprpedestrian safety and walkability
(and reduce/minimize risk). The intent of this piaog is to serve as an example of what
would lead to the implementation of successful peten safety countermeasures across
the nation. Some of the countermeasures deployd@hase 2 have been selected in
consultation with Florida (Miami-Dade County) teamd San Francisco team. This is to
permit a comparative evaluation of countermeasatethree different locations in the

country.

A Geographic Information Systems (GIS) based meilogy was used to identify high
pedestrian risk zones and areas in the study Bm#ially 16 high risk zones comprising
of 47 pedestrian high crash sites were identifrethe Phase 1. However, due to limited
financial resources to improve pedestrian safetsllathe identified locations, eighteen
(18) pedestrian high crash sites were identifiethn Las Vegas metropolitan area. Of
these 18 locations, countermeasures were depldyed lacations with the remaining 4
sites as control sites, where none of the countesaores were deployed. Seventeen

Xiv



countermeasures were initially selected to evaluatthis program Based on the risk
associated at each site, multiple countermeasuegs deployed at several sites. The
deployment of these multiple countermeasures wase dm phases to evaluate
effectiveness of each individual countermeasurda@#ere collected before and after
each countermeasure deployment at sites. Statistialyses were performed on the
collected data to determine the significance ofdhanges in measures of effectiveness

before and after deploying the countermeasure.

Although seventeen countermeasures were initiallgcted to evaluate in this program, it
later reduced to fifteen, due to the unavailability vendors to supply two of the
countermeasures, “Enlarged Pedestrian Signal Heama$™Advanced Warning Roving
Eyes for Motorists.” However, a new countermeassigdded to the list and it would be
installed at locations where “Enhancer LED PedastBignals” were supposed to have
been installed. This report documents the resuftsamalyzes based on fifteen
countermeasures excluding the pedestrian enhahttersummary of the effectiveness of

these countermeasures are as follows:

1) “Turning Vehicles Yield to Pedestrians” signs: Sig@ant improvement in
motorists’ yielding behavior, significant reductionpercent of pedestrians trapped

in the middle of the street.

2) Advance yield markings for Motorists: Significanprovement in motorists’

yielding behavior.

3) In roadway knockdown signs: Significant improvement motorists’ yielding

behavior, reduction in percent of pedestrians tedpp the middle of the street.
4) ITS “No-Turn on Red” signs: Significant improvementpedestrians’ compliance.

5) Pedestrian call button that light up: Significambprovement in pedestrians’
compliance, significant reduction in percent of @&dans trapped in the middle of

the street.

6) Warning signs for motorists: No significant improvent in either motorist or

pedestrian MOEs.
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7) High visibility crosswalk treatment: Significant drease in motorists’ yielding

distance, significant improvement in pedestriamsiding behavior.

8) Median refuge: Significant improvement in motorisgiglding behavior, significant
increase in motorists’ yielding distance, signifitamprovement in pedestrians’

yielding behavior.

9) Smart lighting: Significant improvement in motos'syielding behavior, significant
reduction in percent of pedestrians trapped inntiédle of the street, significant
increase in percent of “diverted” pedestrians.

10)ITS automatic pedestrian detection devices: Sigaifi improvement in motorists’
yielding behavior, significant reduction in perceoft pedestrians trapped in the

middle of the street, significant increase in petad “diverted” pedestrians.
11)Portable speed trailer: Significant increase inansts’ yielding distance.

12)Pedestrian activated flashing yellow: Significantrease in motorists’ yielding
distance, significant reduction in percent of drsvblocking crosswalk, significant

improvement in pedestrian yielding behavior.

13)Pedestrian countdown signals with animated eyegnifiant improvement in

pedestrians’ looking for turning vehicles.

14)Danish offset: Significant improvement in motoristelding behavior, significant
increase in motorists’ yielding distance, signifitareduction in percent of
pedestrians trapped in the middle of the stregnifitant increase in percent of

“diverted” pedestrians.

15)Pedestrian channelization: No significant improvetmen either motorists’ or

pedestrians’ MOEs.
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CHAPTER 1
INTRODUCTION

The Study Area

Several cities lie within the boundaries of Clarlu@ty, Nevada, but most of the
population resides in the City of Las Vegas orhia tinincorporated Clark County area.
The physical boundaries between the jurisdictions iavisible, creating a unified
metropolitan area. The study area includes alhif tirban and suburban area. Figure 1
provides an illustration of the Las Vegas metrdpaoliarea or “valley”. This is the

general extent of the study area.
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Figure 1: Cities in the Las Vegas Metropolitan Area

Conditions within the study area are consistenthwiose to be found in many
southwestern states and in communities with a wat,street system. A history of high

incidence of pedestrian crashes has generated raegsren the multiple agencies that



govern the area. The roadways in the study areairager the jurisdiction of City of
Henderson, City of Las Vegas, City of North Las ¥ggClark County, or the Nevada
Department of Transportation (NDOT). The RegionahnBportation Commission of
Southern Nevada (RTC) and the Nevada Office offitr&afety (OTS) are other entities
who have administrative responsibilities for thensportation system and transportation

safety in the study area.

Development Patterns

The original downtown core of Las Vegas has beeitalezed and transformed to a large
casino pedestrian mall with two cross streets. Whth partial exception of government
and law, the gaming industry dominates the comrakeaitivity in this urban core area.

Other economic and civic activities are located yavilmm the urban core. Streets

entering this downtown area were reconstructedatdhe year 2000 to include curb

extensions, some wide sidewalks, and landscapingihe scale favors the motorized
vehicle. Near the new mall, the homeless and tlempioyed congregate near the day

labor office and social services building.

Commerce sprawls out from the center and alongMegas Boulevard, known as the
Strip. The Strip has evolved into one of the mesbgnizable and heavily traveled streets
in the world. Designed as a Day and Night Sceniov@y 14 of the 15 largest hotel
complexes in the world are located along this raadwAn estimated 90,000 people stroll
along the resort corridor every day of the pealsseaThe strip consists of a minimum of
six lanes of through traffic. The sidewalks areenfcrowded with tourists and visitors
with attractions such as mock facades of famousscitom around the world, fountains

set to music, and an erupting volcano competerigedattention.

Old and new residential neighborhoods were buikudsirbs, disconnected from any city
center, commerce, or services. Many peripheral fshisuch as Summerlin and Green
Valley, are exclusive areas connected only by Isigbed arterial streets. Some cater to

senior citizens, while others attract young whiddar workers. New development



continued to proliferate until recently with thedei fast streets that are the indicative of

auto-oriented urbanity and the concern to pedesiniability and safety.

Neighborhood advisory boards and homeowner assmtsabffer some sense of identity
to some residential communities. But there is a t@®vious, unique identity of place for
residents in the City of Las Vegas and County atieas in other cities in the study area,
such as Henderson, or North Las Vegas. These hawasoetter defined central areas and
some geographical distinction at their boundaries.

The assets within the neighborhoods of the stuéw amclude the various boards and
associations representing the interests of the aamtyn They also include a myriad of
organizations such as churches, youth groups, sdistact, health care providers, law
enforcement agencies, emergency responders, armittech businesses that are eager to
improve quality of life for those who live, workna shop within the area. These assets
are tapped and cultivated in an effort to combiagmborhood resources with local and
regional resources to improve pedestrian acceggjbiiobility, and safety.

Population

Clark County, Nevada, which includes Las Vegas, basn the fastest growing
metropolitan area in the country, with more tharp@€cent increase in population during
the last decade. The County is home to 75 perdeNewvada’s 2.495 million residents.
About 40 million people from across the world vitlie Las Vegas valley each year,
creating a tourism industry and economic base fgpsrt businesses that lures an
average of 5,000 new residents to the area eachthm&mtry level hotel/casino

employment positions have been abundant, but nex$tag minimum wage.

The Hispanic population in Clark County has growonf 11.2 percent of the total in
1990 to 26 percent of the total in 2005, with anminested 1,200-1,500 Hispanics
immigrating to the area each month. Seventy fivecgre of the Las Vegas Hispanic
population was born outside of the United Stateggssting a potential language barrier



and related limitations on transportation oppotiesi According to The Latin Chamber
of Commerce, Hispanics represented 55 percenteofvtrkforce in construction industry
in Clark County. Non-white residents, including i&&n Americans and Asians,
represent an additional 17.8 percent of the taipugation.

About 11 percent of the population is over 65 yedrage, and 25 percent of the overall
population is under the age of 18 years. The nurabehildren under 18 years of age in
Hispanic families is significantly higher, represag 36.6 percent of the Hispanic
population. These numbers reflect issues that neebtle studied when developing
treatment programs, particularly education andeaain campaigns. The culture of the
Hispanic community and the needs of senior citizatghem apart from the majority of
the population who often has easier access to metbtransportation.

Transportation

Las Vegas is a new urban area by most standasddeVelopment originated during the
first half of the twentieth century in a vast deseith ample land for urban sprawl. A
majority of the growth in population and the ecorognowth in this area has occurred
over the last 20 years. The low-density templatzlue develop the desert city provided
a traditional street grid pattern with major sudaarterial streets at every mile, and
rights-of-way adequate to provide for six or eitgirtes of traffic that generally travels at
or above the posted speed limit of 45 miles per lioyh). Intersections are wider, often
with striped dual or triple left turn pockets, asidgle or double right turn pockets. A few
streets have raised medians, but those with adequigth are more likely to have
two-way-left-turn lanes in their center. Sidewalkshen present, are generally a
maximum of five feet wide and built at the backanirb, with no buffer between the
sidewalk and the travel lanes for vehicles. In 10eyears between 1990 and 2000, the
number of lane miles in Clark County more than dedpfor a total of 5,849 miles of
lanes. Principal arterial streets and minor artestieeets account for 47 percent of urban
vehicle miles of travel in the Las Vegas valley.pBrsion of the roadway network

continues as the area struggles to serve the ggowimber of vehicles, but the length of



time spent commuting gradually creeps up as coiugesivertakes the new roads. The

Las Vegas valley is a non-attainment area for natiolean air standards.

Citizens Area Transit, the local bus system, besgawing the citizens of Clark County in
December 1992. In just under 10 years, ridershig drawn from 15 million riders in
1993 to 61 million riders in 2006. Special bus gmr\is available for qualified senior
citizens and the disabled. The entire system ctinefs46 routes served by 336 vehicles,
carrying around 180,000 passengers each weekdayeirgreater Las Vegas Valley.

Incidents such as transit system users crossing ‘$ugh speed,” “high volume” and

“high risk” streets to use the transit system isum@ommon in the study area.

The Clark County School District (CCSD) is the Hiftargest in the nation - with an
enrollment of about 308,783 students in year 2@BSD’s policy is that students who
live within two miles of a school are not provideds transportation by CCSD - i.e., they
have to walk, bicycle, get dropped off by a pagumfdian or take public transit. In spite
of this policy, many school children ride busesthool, and it is not uncommon to see
buses stop on seven lane, arterial streets to aloldren to board and depart. Many of
the older suburban schools in the Las Vegas valleyadjacent to multi-lane arterial
streets. As in many areas of the United Statesatslare frequently placed in locations
that require motorized transportation. Elementaygdachildren who cross major streets
at intersections proximate to the schools thainatesignalized are typically assisted by a
crossing guard during school hours, but middle stshgenerally do not provide crossing
guards. School speed zones are aggressively edfat@peeds of 15 mph for elementary
and middle schools, and 25 mph for high school$.d®icer resources limit the number

of school zones that can be policed each day.

Law Enforcement

The City of Las Vegas and Clark County are servedhe Las Vegas Metropolitan
Police Department (LVMPD), a consolidated agenayd&d by both entities. There are
approximately 1,800 officers in the department,ldtd@B0 of who are dedicated to traffic

administration, patrol, and crash investigatione Hgency investigates approximately 51



percent of the crashes that occur in Nevada. Aer-iocal agreement with the Nevada

Highway Patrol assigns traffic on and near thevimesystem to the state troopers.

LVMPD conducts a variety of specialized enforcenyaigrams, including active efforts
to increase motorist compliance at marked crossvalkey conduct regular Selective
Traffic Enforcement Programs (STEPS) under trasffety grants awarded through the
Nevada Office of Traffic Safety (OTS). Pedestriafiesy has become an issue for the
agency and they are committed to helping with pmngject. One commanding officer
shared his viewpoint that motorists are simply usm@wof the dangers a pedestrian

confronts in the street environment.

Pedestrian Crash Problem in Las Vegas Metro Area ahthe Safety Program

The pedestrian fatality rate in the State of Nevaah been among the worst in the nation
over the past decade. Based on pedestrian fatati®g, Nevada has been among the 10
worst states for pedestrian safety since the eB®§0s (NHTSA, 2004). Pedestrian
fatalities per 100,000 population in the State efs&bda and the U.S. from 1994 to 2003
are shown in Table 1. Nevada has been rankedofirétvo occasions during the last 10
years, in 1996 and 1999, as having the worst pedestafety in the United States. Thus,
the pedestrian safety problem (as quantified bal fand injury crashes) in Clark County

warrants immediate attention.



Table 1: Pedestrian Fatalities in Nevada and US fra 1994 to 2003

Year pF;er(ﬁgglggg gtggfﬁa'?igtne Nevaqla’s Pedgstrian Fatalities
Ranking in Nevada
us Nevada
1994 2.11 3.71 4 54
1995 2.12 3.93 5 60
1996 2.05 4.26 1 68
1997 1.99 3.52 4 59
1998 1.93 2.64 6 46
1999 1.81 3.70 1 67
2000 1.69 2.13 10 43
2001 1.72 2.15 7 45
2002 1.68 2.40 6 52
2003 1.63 2.90 3 65

Source: Fatality Analysis Reporting System, Natidtighway Traffic Safety
Administration (2004)

A Geographic Information Systems (GIS) based-amalyscrash data in the Las Vegas
metropolitan area was used to identify locationghwhigh pedestrian crash rates.
Altogether, 19 sites were identified as pedestriiagh crash locations. Based on
conditions and crash characteristics, various ligait transportation systems (ITS) and
other engineering pedestrian safety countermeasuees identified for deployment at

these locations.

Study Objectives

Various strategies to enhance pedestrian safetg baen implemented and evaluated
around the world. Such strategies have seen limdeggoyment and evaluation in the
United States. Such countermeasures were deployedvaluated at high crash locations
identified within the Las Vegas valley. A beforedaafter evaluation strategy was used to
assess the effectiveness of these countermeaSteesuccessful countermeasures can be
considered for similar kinds of traffic volume asitle conditions throughout the United
States. Some deployed novel strategies and thictefon pedestrians’ and drivers’
behavior can also be used in different parts of wWwld. In this research, nine
countermeasures were installed and evaluated. Quthese nine, seven of the

countermeasures were installed at high-risk looatio The remaining two



countermeasures, an in-pavement flashing lightesyseind pedestrian countdown
signals, are installed at other locations. The ctifeness of the implemented
countermeasures was evaluated under prevailing heeatonditions and in the

geographic location of the Las Vegas valley.

Goals

The goals of the Federal Highway Administration Y#A) Pedestrian Safety Program
are to identify, develop, deploy, and evaluate pt@mn safety countermeasures to help
improve pedestrian safety (minimize risk) and waltklity. The intent of this program is
to serve as an example of what would lead to th@amentation of successful pedestrian
safety countermeasures across the nation. The egasvmetropolitan area is the region
targeted for deploying and identifying countermeasu The focus of Phase 2 of the
FHWA Pedestrian Safety Program is to implement reegiing and Intelligent
Transportation System (ITS) based countermeastwesyaluate the effectiveness of
these pedestrian safety countermeasures for vatanget groups and causal (risk)

factors.

Objectives

The objectives of Phase 2 of the program are ttoviolup on the findings and

recommendations of Phase 1. Specifically, thesectibps are to deploy the selected
countermeasures at the sites identified in Phasend,to evaluate their effectiveness.
Some of the countermeasures deployed in Phase€sglacted in consultation with the
Florida, Miami-Dade county team. This was to permitcomparative evaluation of

countermeasures at two different locations in thentry.

Tasks
As presented in the proposal for Phase 2: Impleatient (Volume 1), the work plan to
meet Phase 2 objectives and the Government’s ergaints consist of the following
tasks.

1. Finalize the implementation plan.



3.
4.
5.

Coordinate design and implementation of counteromeaswith local partners and
agencies.

Collect data and analyze existing conditions.

Collect data after deployment of countermeasures.

Conduct statistical analysis and evaluate countasomes.

Disseminate the outcomes, findings, and experiefnoasthe program through topical
avenues.
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CHAPTER 2
COUNTERMEASURE DESCRIPTIONS

A Geographic Information Systems (GIS) based meilugy was used to identify high

pedestrian risk zones and areas in the study buigally 16 high risk zones comprising

of 47 pedestrian high crash sites were identifirethe Phase 1. However, due to limited

financial resources to improve pedestrian safetgllathe identified locations, eighteen

(18) pedestrian high crash sites were identifiedhi@ Las Vegas metropolitan area.

Figure 2 shows the map of Las Vegas metropolitaa aith the selected 18 locations. Of

these 18 locations, countermeasures were depldyed lacations with the remaining 4

sites as control sites, where none of the countsaores were deployed. Seventeen

countermeasures were selected to evaluate in tbigggm. These countermeasures are
summarized in Table 2 and in Appendix A, DWG No0.023123.13.

Table 2:

Summary of Countermeasures Proposed and plyed

Proposed and Deployed Countermeasures

Turning Vehicles Yield to Pedestrian Sign

Advance Yield Markings

In-Roadway Knockdown Signs

ITS No-RTOT Signs

Pedestrian Call Buttons that Light Up

Warning Sign for Motorist

High Visibility Crosswalk Treatment

Median Refuge

Smart Lighting

Advance Warning for Motorists (Roving Eyes

N

ITS Automatic Pedestrian Detection Devices

Portable Speed Trailer

Pedestrian Activated Flashing Yellow

Pedestrian Countdown Signals (Animated Ey

es)

Enlarged Pedestrian Signal Heads

Danish Offset

Pedestrian Channelization

12



Some countermeasures that were proposed in the crgsng treatment report were
changed to match the standard required by the MUPOOB. These countermeasures
are: Turning Vehicle to Pedestrian Sign, Regulatign for Advance Yield Markings,
In-Roadway Knockdown Signs, and Warning Sign for tdists. Further, the
countermeasures that need the request for permissiexperiment to the FHWA are
Smart Lighting, Enhancer LED Flashing Pedestriagn8l, ITS Automatic Pedestrian
Detection Devices, Pedestrian Countdown Signalnfated eyes), and In-Roadway
Knockdown Signs.

Table 3 shows the summary of each countermeasatavite installed and evaluated in
the Phase 2 of FHWA Pedestrian Safety Project. Sanynof the countermeasure
includes countermeasure code, countermeasure r@uatermeasure drawing details
and a short description of the countermeasure.elélpresents the details of the installed
countermeasures for evaluation at each study twtaffable 5 addresses problems
accomplished by the installed countermeasures et study location. Appendix A

presents pictures and drawings of these counteure=sas
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Table 3: Summary of the Potential Countermeasures

per

COUNTERMEASURE DWG No. NOTE
Al 1. Electronic Blank-out sign shall be integrated into exidfiaffic management systems.
(Appendix A) | 2. Housing body and inside framework permanentiglaid to form a single unit designed to withstand 80 poundqparelr
) . . . foot as specified in AASHTO publication entitled standarctijgation for structural support for highway signs, lumieai
Turning vehicles y'eld to ped sign 3. Flat aluminum sign face with fiber optics or LED assgmixbuted on
4. Housings constructed of extruded aluminum with a flat aluminum belcled/into the housing
5. The sign shall be completely blank out when not energikiedphantom words or leged seen under any ambient light
Advance yield markings A2.1 1. See MUTCD Sect.3B.16, Page 3B-33 and 3
( Appendix A)
+ A2.2 1. All components shall be square post, perforated on alsides
( Appendix A) | 2. Attach anchor and sleeve together prior to drivimggrdgund. Leave at least one hole, but no more than two, above]
ground or above sidew:
Sign yield to pedestians 3. For sidewalk installation, drill sidewalk a 3" hole, tle@ter to be 6" from back of sidew
4. Attach post to anchoring system by using at least two 3/8fetiéa. drive rivet:
5. Provide 4" minimum lap between post and the anchor/sleseenbly. One hole, but no more than two, above grourjd or
. idl 1l
| d K Kd . A3.1and A3.2 | 1.123.05 is YIELD for pedestrian at crosswiglk s
n-roadway knockdown signs (Appendix A) [ 2.123.05A is WATCH for pedestrian sign (mid-blockorcrosswalk locations)
A4 1. Electronic blank-out sign shall be integrated into existiaifi¢ management systems.
2. Housing body and inside framework permanently attached to feimgla unit designed to withstand 80 pound per sduare
. foot as specified in AASHTO publication entitled standarc#jgation for structural support for highway signs, lumieaif
ITS no RTOR signs : i L )
3. Flat aluminum sign face with fiber optics or LED assgmibuted on
4. Housings constructed of extruded aluminum with a flat aluminum belcled/into the housing
5. The sign shall be completely blank out when not energikiedphantom words seen under any ambient light conditigns
A5 1. Pedestrian push button shall not be located more thama2d tlie back of walk. If distance from back of walk to push
. button is 20" to 24", the button shall be located at a maximum bight" from the surface of the walk; otherwise,
Ped call buttons that light up, other ADA ( Appendix A) [2. The force required to activate control shall be no gréfade 5 Ib
related Technologies 3. Post shall be HOT-DIP galvanized by manufacturer or ppiagted by manufacturer and finish painted by contracto
specifications and as required by the entity
A6 1. All components shall be square post, perforated on all iibes s
(Appendix A) [ 2. Attach anchor and sleeve together prior to drivimggrdund. Leave at least one hole, but no more than two, above)

Regulatory sign for motorist

ground or above sidew

3. For sidewalk installation, drill sidewalk a 3" hole, tleater to be 6" from back of sidew
4. Attach post to anchoring sstem by using at least two 3/8"etiandrive rivet:

5. Provide 4" minimum lap between post and the anchor/sleseanbly.
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Table 3: Summary of the Potential CountermeasuresJontinued)

COUNTERMEASURE DWG No. NOTE
. o A7 1. Types of crosswalks are selected based orethérement in each jurisdiction
High visibility crosswalk treatment )
(Appendix A )
Median ref he
edlan refuge ( Appendix A) -
A9 1. Metal halide fixtures with reflective floodligs to light the walkways of the pedestrian detercti
Smart lighting 2. When activated, it gives a brilliant white lightt significantly contrast with the golden coadrthe
high pressure sodium bul
( Appendix A)
. . . . All
ITS automatic pedestrian detection devices ) -
(Appendix A)
Portable speed trailers - -
Al13 1. All poles to be HOT-DIP galvanized by mantgaer or prime painted by manufacturer and finish
. . . painted by contractor per specifications and asired by the entit
Pedestrian activated flashlng yeIIow 2. Low bidder must supply shop drawing for desigpraval before contract can be awar:
( Appendix A)
Al4 1. The hand symbol (DON'T WALK) is portland ogenand human symbol (WALK) is lunar white.
Pedestrian countdown signals (animated eyeg)
( Appendix A)
Danish offset A6
anish ofise ( Appendix A) i
Pedestri h lizati AL
edestrian channelization ( Appendix A) -
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Table 4: Countermeasures Installed for Evaluation &Selected Sites

Site # Location Zone Jurisdiction Potential Countermeasures
# D E H J KM |N O | Q R S T Uu |w X Y z
Maryland Parkway (Flamingo Wash - Sierra Vista Drive)
1 |Maryland Parkway / Sierra Vista Drive 1 CcC X X
2 |Maryland Parkway / Dumont Street CcC X X X X X
3 |Maryland Parkway / Twain Avenue CcC
Harmon (Paradise Road - Las Vegas Boulevard)
4 |Harmon Avenue / Paradise Road 2 CcC X X
5 |Harmon Avenue : Paradise Road to Tropicana Wash CC X X X X
Flamingo Road (Paradise Road - Las Vegas Boulevard)
7 |Flamingo Road / Koval Lane 3 NDOT / CC X X X
8 |Flamingo Road / Paradise Road NDOT / CC
Bonanza Road (D Street - H Street)
9 |Bonanza Road / D Street 4 NDOT / CLV X X X
10 |Bonanza Road / F Street NDOT / CLV X X
Twain Avenue (Cambridge Street - Palos Verde Strept
11 | Twain Avenue: Cambridge Street to Swenson Street 5 C C X X
12 | Twain Avenue: Swenson Street to Palos Verde Stree CC X
Lake Mead Boulevard (Pecos Road - Las Vegas Bouleda
13 |Lake Mead Boulevard / Las Vegas Boulevard NDOTYN X X
14 |Lake Mead Boulevard / McDaniel Street 6 NDOT / NLV
15 |Lake Mead Boulevard: Belmont Street to McCarraee NDOT / NLV X X X X X X X X
16 |Lake Mead Boulevard / Pecos Road NDOT / NLVX X
Fremont Street (15th Street - 6th Street)
17 |Fremont Street: 11th Street to 8th Street 7 NDOTLV ¢
18 |Fremont Streer: 8th Street to 6th Street NDOTVY(QL X X X
Charleston Boulevard (Maryland Parkway - Eastern Avenue) 8
19 | Charleston Boulevard/ Spencer Street* CLV X X | X X [ X | X
* New study location COUNTERMEASURES
** Excluded from further consideration
D Turning vehicles yield to Ped Sign Q Smart Lighting
CcC Clark County E Advance Yield Markings R Advance Warning for Mot@sigroving eyes)
NDOT Nevada DOT H In-Roadway Knockdown Signs S ITS Automatic Pedestrian Detection Devices
CLV  City of Las Vegas J ITS No RTOR Signs T Portable Speed Trailers
NLV  City of North Las Vegas K  Ped Call Buttons that Light Up, other U PedestAativated Flashing Yellow
ADA related Technologies W Pedestrian Countdown Sgy@imated eyes)
M  Regulatory Sign for Motorist X Enlarged Pedestr&ignal Heads
N High Visibility Crosswalk Treatment Y Danish Offset
O Median Refuge Z Pedestrian Channelization
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Table 5: Relationships between Existing Problems ahinstalled Countermeasures

Problems / Concerns

Site # Location Countermeasure A
1 2 3 4 5 6 7 8 101 17
. ] . X | x| X ) ’ ’
1 Maryland Parkway / Sierra Vista Drive Enlarged pedestrian countdown signal (animated) €y@s
X | X High visibility crosswalk treatment (N) X
X | X | X Advance yield markings + sign yield to pedestri) X
X X High visibility crosswalk treatment (N)
2 Maryland Parkway / Dumont Street X X | X | X In-roadway knockdown signs (H) X
X X Danish Offset (Y) X
Pedestrian activated flashing yellow (U) X
3 Maryland Parkway / Twain Avenue Control Site
. X Regulatory sign for motorists (M) X
4 Harmon Avenue / Paradise Road X Turning vehicles yield to pedestrian sign (D) X
X X Advance yield markings + sign yield to pedestrig ( X
. ’ : X |1 X High visibility crosswalk treatment (N)
5 Harmon Avenue: Paradise Road to Tropicana Wash X X X X n-roadway knockdown signs (H)
X X Median Refuge (O) X
X X High visibility crosswalk treatment (N)
7 Flamingo Road / Koval Lane X X ITS No RTOR signs (J) X
X Pedestrian countdown signals (animated eyes) (W) X
8 Flamingo Road / Paradise Road Control Site
X 1 X Warning Sign for Motorists (M) X
9 Bonanza Road / D Street X X X Pedestrain channelization (2)
X | X X | X High visibility crosswalk treatment (N) X
X [ X X | X High visibility crosswalk treatment (N
10 |Bonanza Road / F Street X X | X In?roadway)linockdown signs (H) - X
. . . X X X In-roadway knockdown signs (H) X
11 Twain Avenue: Cambridge Street to Swenson Street X X X Portable speed trailers with fine info (T)
Note:
A Countermeasures in the final implementation stage
* New Location
Problem Description:
1 Pedestrians do NOT use the crosswalks 7 Pedestrian failure to yield
2 Inconspicuous crosswalks 8 High speed / high traffic volume
3 Pedestrians trapped in the middle of street 9 Pedestrians do NOT wait for signals/ acceptahs ga
4 High percent of elderly pedestrian involved in bes 10 High pedestrian / Right turning vehicle conflicts
5 Inconspicuous pedestrian signals due to wide street 11 High percentage of night time cras
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Table 5: Relationships between Existing Problems ahinstalled Countermeasures (Continued)

Site # Location Problems / Goncerns Countermeasure A
1 2 3 4 5 6 7 8 9 101 17
12 Twain Avenue: Swenson Streeet to Palos VerdeiStre X X X | X X In-roadway knockdown signs (H)
X | X Enlarged pedestrian signal heads (X)
13 Lake Mead Boulevard / Las Vegas Boulevard X1 x High visibility crosswalk treatment (N) X
14 Lake Mead Boulevard / McDaniel Street Control Site
X [Advance warning for motorists (Roving Eyes) ( R)
X Advance yield markings + sign yield to pedestrigih ( X
X X High visibility crosswalk treatment (N) X
15 Lake Mead Boulevard / Belmont Street to McCaSaeet X X YITS autqmatlc pedestraln Qetectlon devices (S) X
X Pedestrian activated flashing yellow (U) X
X X X [Smart lighting (Q)
X X Median Refuge (O) X
X X Danish Offset (Y) X
X | X X | X Regulatory sign for motorists (M) X
16 Lake Mead Boulevard / Pecos Road X X | X Turning vehicles yield to pedestrian sign (D) X
17 Fremont Street: 11th Street to 8th Street Control Site
X X | X Jin-roadway knockdown signs (H)
18 Fremont Street: 8th Street to 6th Street X g(e;destnan call buttons that light up (ADA relatechnologies X
X X | X Portable speed trailer with fine info (T)
X X High visibility crosswalk treatment (N)
X X Regulatory sign for motorists (M) X
X Advance yield markings + sign yield to pedestriBh X
*
19 Charleston Boulevard/ Spencer Street X X X_|Smart lighting (Q) X
X [Advance warning for motorists (Roving Eyes) ( R)
X X |ITS automatic pedestrain detection devices (S) X
Note:
A Countermeasures in the final implementation stage
* New Location
Problem Description:
1 Pedestrians do NOT use the crosswalks 7 Pedestrian failure to yield
2 Inconspicuous crosswalks 8 High speed / high traffic volun
3 Pedestrians trapped in the middle of street 9 Pedestrians do NOT wait for signals/ acceptalys ga
4 High percent of elderly pedestrian involved in bes 10 High pedestrian / Right turning vehicle confl
5 Inconspicuous pedestrian signals due to wide street 11 High percentage of night time crashes
6 Motorist failure to yield
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SUMMARY OF THE COUNTERMEASURES INSTALLED

Brief discussions for each countermeasure are sksclinext.

Turning vehicles yield to pedestrian sign

This countermeasure is a symbol sign that remindsrtg motorists that they must yield
to pedestrians at traffic signals. This sign wastei at two different positions at each
high crash location; position 1 placed next to ttadfic signal (on the far side of the
intersection) and position 2 placed on a sign fgflefeet ahead of the intersection.
Turning vehicles yield to pedestrian sign is aommended in MUTCD 2003, Section
2B.45 (R10-15) (drawing 123.04 of Appendix A).

Problems addressed

» Pedestrian do NOT wait for signals/acceptable gaps

* High pedestrian/right turning vehicle conflicts

Advance yield markings + Yield here to pedestrianign

Installation of this countermeasure 30 to 50 feeadvance of crosswalks at uncontrolled
locations enhances pedestrian safety. These markprgduce a clear zone for
pedestrians to reduce conflicts and crashes causéte screening effect of vehicles on
multilane roadways. Advance yield markings are esommended in MUTCD 2003,
Section 3B.16. Additionally, sign yield to pedestis is following the stand in MUTCD
2003, Section 2B.11 (R1-5a) (drawing 123.02 of Ampe A).

Problems addressed

* Motorist failure to yield
* Pedestrian failure to yield

» High speed/high traffic volume
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In-roadway knockdown signs

Pedestrian in-roadway knockdown sign or the inestpedestrian crossing sign are used
to remind motorists for pedestrians’ right of wayaacrossing or to warn motorists about
pedestrian traffic at a mid-block. For the sigrcaisswalks, the legend STATE LAW is
shown at the top of the sign if applicable. Theeleds YIELD TO may be used in
conjunction with the appropriate symbol (MUTCD 20Gction 2B.12). This sign is
referred to the sign R1-6 in the MUTCD 2003. Foe 8ign at mid-block, the legend
WATCH FOR with pedestrian pictogram is proposed tluis study. These signs are
expected to be effective in increasing the numbenatorists stopping for pedestrians
and reducing the number of pedestrians, who hadriphesitate, or abort their crossing
(drawing 123.05 and 123.05A of Appendix A).

Problems addressed

» Pedestrian do NOT use the crosswalks

* Pedestrian trapped in the middle of street
* Motorist failure to yield

* Pedestrian failure to yield

» High speed/high traffic volume

ITS No RTOR Signs

This countermeasure is a symbol sign to remind rnstsothat turning vehicles must
come to a full stop and yield to cross-street itadihd pedestrians prior to turning right
on red. Many motorists do not fully comply with thegulations, especially at
intersections with wide turning radii. Motoristseaso intent on looking for traffic
approaching on their left that they may not betai@mpedestrians approaching on their
right. In addition, motorists usually pull up intiee crosswalk to wait for a gap in traffic,
blocking pedestrian crossing movements. In som&mees, motorists simply do not
come to a full stop (Pedestrian and Bicycle InfaioraCenter). This sign is placed next
to the traffic signal. It remains completely blawken not energized. No phantom words

were seen under any ambient light conditions. Ebeat blank-out sign are integrated
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into existing traffic management system. ITS No RI€)gn is following the standard in
MUTCD 2003, Section 2B.45 (R10-11) (drawing 123d0@&\ppendix A).

Problems addressed

* Motorist failure to yield

* High pedestrian/Right turning vehicle conflicts

Pedestrian call buttons that light up/confirm press other ADA related technologies
This countermeasure is one of the accessible peesignals (APS). APS is a device
that communicates information about pedestrianngmin non-visual format such as
audible tones, verbal messages, and/or vibratinfaces (MUTCD 2003, Section
4A.01). The LED light up button which is installedth this countermeasure also gives
information to pedestrians that the sign is actigaafter they push the button (drawing
123.07 of Appendix A).

Problems addressed

» High percent of elderly pedestrian involved in tes

Warning sign for motorist

The objective of this countermeasure is to enhamsibility and minimize inappropriate
perceptions between pedestrians and the motofisessMUTCD recommends the use of
an advance pedestrian crossing sign in advanaecafibns where pedestrians may cross
but may not be expected by the motorist. Warnirgmn gor motorist is based on the
standards set in MUTCD 2003, Section 2C.41 (W1{dBwing 123.03 of Appendix A).

Problems addressed

* Motorist failure to yield
* Pedestrian failure to yield
» Pedestrian do NOT wait for signals/acceptable gaps

* High pedestrian/right turning vehicle conflicts
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High visibility crosswalk treatment

Currently, existing crosswalks at the selected tlooa have inconspicuous conditions.
The objective of this countermeasure is to enhamgibility and minimize inappropriate
perceptions between the pedestrians and the nistofivlis countermeasure is also

expected to encourage greater number of pedestoarse cross crosswalks.

Problems addressed

* Pedestrians do NOT use the crosswalks
* Inconspicuous crosswalks
* Motorist failure to yield

* Pedestrian failure to yield

Median refuge

Median refuges are raised barriers in the centdigmoof the street or roadway that serve
as a place of refuge for pedestrians who crosseatsat mid-block or at an intersection

location. These median, in turn, also helps to cedine speed of vehicles. They also
have benefits for motorist safety when they repleepter turn lanes. Desired turning

movements need to be carefully provided so thatonsts are not forced to travel on

inappropriate routes, such as residential streetsjake unsafe U-turns (Pedestrian and

Bicycle Information Center).

Problems addressed

* Pedestrian trapped in the middle of street

* Motorist failure to yield

Smart lighting

The objective of the smart lighting strategy igrtorease the intensity of illumination at
the crosswalk when a pedestrian is detected inctbeswalk. The sudden increase in
lighting intensity alerts motorists that pedestsiare in crosswalk more so than when

continuous intensity light is used in the crosswalbte that high intensity lighting will
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remain only when pedestrians are present in theseralk (drawing 123.12 of Appendix
A).

Problems addressed

» High percent of elderly pedestrian involved in tes
* Motorist failure to yield

» High percentage of night time crashes

ITS automatic pedestrian detection devices

This countermeasure is a device that is installét awdvance warning for motorists
(roving eyes) or smart lighting. The detection degi use ultrasonic or microwave radar
to detect pedestrians at crossing areas. This eonaasure is aimed at reducing overall

pedestrian/vehicle conflicts and inappropriate sirggs (drawing 123.11 of Appendix A).

Problems addressed

* Pedestrians do NOT wait for signals/acceptable gaps

Portable speed trailers

This mounted radar display trailer is accurateatatut five miles per hour, and easily
read at a glance. Additionally, differences frame use of a traditional portable speed
trailer which only provides feedback on vehicle exhethis speed trailer also informs the
driver of the size of the fine associated with ttsgeed (if they exceed the speed limit).
These fine related information was collected fréwa fbcal police departments.

Problems addressed

* Pedestrian failure to yield

» High speed/high traffic volume

Pedestrian activated flashing yellow
Pedestrian activated flashing yellow is pedestaetivated overhead flashing yellow
lights and downward lighting installed above thesswalk. The flashing yellow lights

could be either activated by a pedestrian pushiogt@n at the curb or activated by “ITS
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automatic pedestrian detection devices.” Thesdiftgslights are timed to stay on long
enough to allow pedestrians to cross the streas dduntermeasure has the objective of
drawing the attention of drivers to the presencea afosswalk ahead, and encouraging
pedestrians in crossing the street (drawing 128t ¥pendix A).

Problems addressed

* Motorist failure to yield

Pedestrian countdown signals (animated eyes)

The animated eyes ITS warning sign is installecetiogr with pedestrian countdown
signal and walk man pictogram. The main purposthef‘animated eyes” is to remind
pedestrian to look left and right for the vehidbefore crossing the street. The sign could
be activated by a pedestrian call button or usiedeptrian detection devices (drawing
123.10 of Appendix A).

Problems addressed

* Pedestrian trapped in the middle of street
» High percent of elderly pedestrian involved in tes

» Pedestrian do NOT wait for signals/acceptable gaps

Danish offset
Danish Offset is the use of an offset at the midaflea multilane crossing to ensure
pedestrians are facing the next half of trafficigecrossed. In addition, it also provides a

median refuge to pedestrians.

Problems addressed

* Pedestrian trapped in the middle of street
* Pedestrian failure to yield

» Pedestrian do NOT wait for acceptable gaps
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Pedestrian Channelization

Pedestrian Channelization is commonly used wheradlfe direction of pedestrian traffic

is required. It is also seen on construction sates$ roadway works. This countermeasure
can also be used as a safety barrier to separhielassand people (drawing 123.08 of
Appendix A).

Problems addressed

» Pedestrian do NOT use the crosswalks
* Pedestrian trapped in the middle of street
* Pedestrian failure to yield
Pedestrian do NOT wait for signals/acceptable gaps
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CHAPTER 3
DATA COLLECTION PARAMETERS AND
MEASURES OF EFFECTIVENESS

27



CHAPTER 3
DATA COLLECTION PARAMETERS AND MEASURES OF EFFECTIV ENESS

Field observations are conducted before and aéplogment of countermeasures at site
to obtain required data to derive the Measures fbéckveness (MOEs). Data are
collected to identify the effectiveness of the stdd countermeasures at each site.
Collected data include information pertaining tag@&trians and motorists. Different data
collection strategies are used for intersectiond muid-block locations. The observed
pedestrian crossing behaviors at intersections @oessing direction, crosswalk usage,
pedestrians trapped in the middle of the streetendrossing, crossing distance from the
crosswalk (if not using crosswalk), waiting timefdre crossing, purpose of the trip, and
yielding behavior. Similarly, the observed pedestrcrossing behaviors at mid-block
locations are: crossing direction, trapped in thieldke of the street while crossing,
distance of crossing from the nearest intersecti@iting time for an acceptable gap, and
yielding behavior. In general, the pedestriansivéets approximately 200 feet on either
side of the intersections are observed. At mid4bltarations, pedestrians’ activities
between intersections are observed. Data collemtechotorists included traffic volume,
vehicle approaching speed, yielding distance, Biata collection at a site depends on the
countermeasures evaluated. Different types of data evaluation of different

countermeasures are listed in the following section

1. Crash Frequency (Pedestrian Crashes/Year)

Crash data are collected from 1996 to 2000 withia Las Vegas metropolitan area.
Based on this primary data, high crash locationthénLas Vegas metropolitan area are
identified. Countermeasures are also selected aséuk high crash locations as well as
the type of crashes. The crash database includiespian and vehicle crashes, excluding

crashes in parking lots.

2. Crash Severity (Distribution of Crashes by Injuryp&/Year)

The severity of crash data and their distributiathiw the Las Vegas metropolitan area

are collected. In general, pedestrian crashes iaréed into two categories: fatal and
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injury. Likewise, vehicle crashes are categorizedalows: fatal, injury, and property
damage only (PDO). Specifically, crash severitiescategorized on a 1 to 5 scale, where
1 is a crash with no injury and 5 is a fatal crashernatively, the severity of crashes is
divided into five categories as follows: fatal injuK), incapacitating injury (A), non-
incapacitating injury (B), no visible injury but emplaint of pain (C), and no injury,

property damage only (O), which is also referrethasK ABCO injury scale.

3. Pedestrian and Vehicle Conflicts

A conflict involves an evasive action by a motoosta pedestrian, where the vehicle and
pedestrian are on a collision course. Evasive magtevidenced by a motorist stopping
abruptly, slamming on the brakes, or swerving oalpedestrian suddenly stepping back,
lunging back, or running forward to avoid beingusk by a vehicle. For a conflict to be
scored, evasive action by either a motorist or depeian need to be observed. At
signalized intersections, only the pedestrians sings between the stop bar and the
intersection (including within the crosswalk) amnsidered for evaluating evasive action.
Any conflicts occurring in a crosswalk at an inemison where countermeasures have
been installed are recorded. At mid-block locatjoai$ conflicts occurring within 300
feet upstream and downstream of the proposed cadls®ountermeasure locations are
recorded for both before and after deployment ef ¢cbuntermeasures. The pedestrian
and vehicle conflict is expressed in terms of viehor pedestrian volume.

4. Percentage of Pedestrians who look for Vehiclesredfeginning to Cross

This MOE is scored if the pedestrians look in tlirection of a potential threat before
stepping off the curb onto the roadway. The dagar@ported as a percentage of the total

pedestrians observed during the study period.

5. Percentage of Pedestrians who look for Vehiclesree€rossing Second Half of the

Street
This MOE is evaluated for the pedestrians who aréhe centerline/center of roadway

and visibly scan for vehicles before continuingtoss the second half of the street. The
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observed data are reported as a percentage obtddepedestrians observed during the

study period.

6. Percentage of Captured Pedestrians

The percentage of captured pedestrians is the mpage of pedestrians who modified

their paths to use a safety countermeasure, butdehmt go out of their way to do so.

7. Percentage of Diverted Pedestrians

The percentage of diverted pedestrians is the ptxge of pedestrians who modified
their paths to use a safety countermeasure, andwghbout of their way to do so. In this
case, unlike “captured” pedestrians, these pedestiwould have to divert from their
shortest path and walk some additional distancestothe safety countermeasure. This

was determined based on observations of “backitrgtknovements by pedestrians.

8. Percentage of Pedestrians Who Pushed the Call Butto

To record this MOE, every signal cycle for a givdata collection period in which a
pedestrian is present is observed as to whethaotthe call button is pushed (cycles
where no pedestrians are present are ignored ipeftentage calculation). This MOE is
recorded separately for each treated crosswalkeaintersection. Pedestrians are scored
if they push the call button and the recorded dataconverted to the percent of the total
pedestrians crossing at a signalized intersechitsw, the percent of cycles where the call

button is pushed is considered.

9. Pedestrian Not Completing Roadway Crossings

The data pertaining to pedestrians on the roadwagrasswalk can be divided into

following categories:

9.1. Pedestrians in the Crosswalk during the FingfDON'T WALK Phase

When crossing at a signalized intersection, pe@d@stin the crosswalk at the end of

the flashing DON'T WALK phase are those who ardl stithe roadway when the
solid hand appears on the pedestrian signal. Thesmonding percentage of total
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pedestrians crossing during the observation pasgochlculated. Data are collected

from field observations.

9.2. Percentage of Pedestrians in the Crosswath@aEnd of All-Red

The number of pedestrians in or near the crosswdik, initiate their crossing before
the solid DON'T WALK pedestrian signal who areIgtil a traffic lane after the cross
street traffic receive the green signal, is counfédtese data are reported in terms of
the percentage of total observed pedestrians.

9.3. Percentage of Pedestrians Trapped in the MiddICrossing

The number of pedestrians who are trapped in thdgllmiof uncontrolled locations
for at least 5 seconds is counted. This is genettadl result of a pedestrian selecting a
gap that is too small for them to completely crtiss road before encountering
approaching traffic. Pedestrians are scored apaédm the middle at the centerline
or between lanes if they have to wait to finishssing. These pedestrians are
converted into the percentage of total observe@stedns.

10.Percentage of Pedestrians who begin their Crosdiming WALK phase

This MOE is scored if a pedestrian steps from the anto the crosswalk when the
WALK signal is displayed on the pedestrian signehdh These data are converted into

the percentage of total observed pedestrians.

11.Pedestrian Signal Violations (Crossing during th@lWT WALK Phase)

A pedestrian is considered to be a signal viol#dttine pedestrian steps in or near the
crosswalk from the curb when the solid DON'T WALKgs is displayed on the
pedestrian signal head. Such violators are rep@agetipercentage of the total pedestrians

observed during the study period.

12.Percentage of Drivers who Yielded to Pedestrians

Drivers’ yielding behavior to pedestrians is rea@dIn particular, the yielding behavior

of a motorist at a crosswalk, right-turning on (Bd'OR), and yielding distance from the
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crosswalk is recorded. Aignalized intersectionshe percent of drivers who stop or slow
to allow pedestrians to cross in front of them befproceeding is observed. Motorists’
yielding behavior is only scored when pedestriasngehthe right of way (i.e., during the
WALK phase or during the flashing DON'T WALK phasgeedestrians started crossing
when the WALK signal is displayedpt mid-block locationsit is the percentage of

through vehicles that yields. Drivers’ yielding lbefor is presented in terms of the
percentage of the total observations. The colledtgd pertaining to motorists’ yielding

behavior will be discussed next.

12.1.Distance Vehicle Yields before the Crosswalk

The distance a driver stops before a crosswalknaintersection is the distance
between the front bumper of the stopped vehicle taedmarked crosswalk. The
distance a turning driver (making a RTOR or a pssme left turn) stops/yields to
pedestrians in the far crosswalks of an intersec(@fter initiating the turn and
crossing the first crosswalk) is the distance betwihe front bumper of the vehicle
and the marked crosswalk. The distance a driveddyat a mid-block crosswalk is
the distance between the vehicle and the crosswhén the driver first begins to
brake in advance of the mid-block crossing. To edbe distance the motorist yield
to a pedestrian, both a vehicle and a crossingspeaie need to be present at the
same time. The yielding distance of the vehiclesracorded in three categories, less
than 10 feet (<10 ft), between 10 to 20 feet (1(0tp0and greater than 20 feet (>20
ft). To help with field observations, reference ksare identified on the curb at these

intervals in advance of the crosswalk.

12.2.Percentage of Vehicles Blocking Crosswalk

The data for the frequency of vehicles blocking ¢hesswalk at the intersections and
mid-block  locations are collected. A vehicle is @ as

"blocking the crosswalk” when it encroaches thesswmlk. These data on the
vehicles that block the crosswalk are converted the percentage of total observed

vehicles during the study period.
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12.3.Percentage of Drivers Turning Right on Red coming Complete Stop

Drivers are scored as coming to a complete sttyeif wheels stopped turning before
they enter the crosswalk. Drivers are scored as RTAGming to rolling stop if the

vehicles slow considerably, but the wheels do mop surning before entering the
crosswalk. If drivers turn without appreciably slog, they are scored as RTOR
without slowing. This MOE is reported in terms betpercentage of total observed

vehicles during the study period.

At uncontrolled locations, a motorist is scoredyadding if he/she stops or slows,
allowing the pedestrian to cross. A motorist isredaas unyielding if he or she passes
in front of a pedestrian but would have been ablstdp when the pedestrian arrive at
the crosswalk. The problem requires calculatingdiséance that a motorist driving
within the posted speed limit can stop for a tcaffignal that changes to red using the
signal-timing formula. This formula takes into aaood driver reaction time, safe
deceleration rate, posted speed limit, and theegadidhe road. The required distance
for motorists to stop their vehicles safely witlpi@rception and break reaction time is
called stopping sight distance (SSD). The SSD ésghm of the distance traveled
during the brake reaction time and the distancebriake the vehicle to stop.
According to American Association of State Highwayd Transportation Officials
(AASHTO), the SSD in meters is given as follows:

d =0.278/t + 0.039 \f/a meters (Equation 1)
Where,
t = brake reaction time, 2.5 sec;
V = design speed, km/h;

a = deceleration rate, 3.4 /s

Equation 1 is used to measure the distance beybrahwa driver can safely stop for a
pedestrian, and a mark can be placed at this distan each side of the sidewalk.
Motorists downstream of this marking after a ped@sthas entered the roadway can
be scored as yielding to pedestrians, but notafiting to yield. Motorists upstream of

the landmark when a pedestrian enter the crossgaaikoe scored as yielding or not
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yielding because they have sufficient distanceafelg stop. When a pedestrian first
starts to cross, only drivers in the first halftbé roadway are scored for yielding.
Once the pedestrian approaches within half a latieeomarked median, the yielding
behavior of motorists in the remaining lanes casdmed.

13.Pedestrian Delay

Pedestrian delay is the time a pedestrian has itdoefre crossing the street at a marked
or unmarked crosswalk. The duration starts wheredegtrian is first oriented to make
the crossing and ends when they begin to crosedi@h delays are measured using a
stopwatch. At a signalized intersection, the stdplvas started at the beginning of the
flashing DON'T WALK phase. Each time a pedestrianvas at a crossing area and
prepares to cross the street, the time on the stigpwis recorded for that pedestrian.
When the WALK signal is displayed, the time appearthe stopwatch is recorded. The
difference in time between the WALK signal dispkayd the time each pedestrian spent
waiting to cross the street is the individual pédas delay. The delay is averaged and
reported based on the total observations. Pededsigmal violators are not scored (i.e.,
pedestrians crossing during the flashing DON'T WAIOK during the solid DON'T
WALK phase).

When pedestrian crosses at a mid-block locatiofshieemay continue walking along the
road/sidewalk (glancing over his/her shoulder) mtiluhe time that a gap in traffic is
detected and the crossing maneuver is initiatethithcase, a zero delay is recorded for
the pedestrian, as the pedestrian continues to nugveintil the time of crossing.
Pedestrian delay begins only when the pedestrians tio initiate the crossing maneuver
and stops walking to wait for a gap in trafficalfpedestrian becomes delayed or trapped
in the roadway after starting the crossing maneuves additional in-roadway delay is
added to the delay the pedestrian experience befossing to get the pedestrian’s total

delay.
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14.Vehicle Speed
Average vehicle speeds are measured using the spsae speed technique. A length of

segment on the upstream of an intersection is medsnd a corresponding time taken
by a vehicle to travel this segment is recordece $ame strategy is used at mid-block
locations. The mean and ®8ercentile speed and standard deviation of speed a

reported.

15.Vehicle Delay at Intersections/Mid-block Crossings

Vehicle delay is defined as an average amountnod t vehicle is stopped waiting at a
traffic signal and/or yielding to a crossing pedest The average vehicle stopped delay
is measured using a delay study. Standard methgiésldor conducting stopped delay
studies at signalized intersections are used. Meeage vehicle stopped delay for an

approach is reported.

16. Other Required Data

In order to quantify the MOESs, data pertainingradfic volume, pedestrian volume, and
crossing locations are collected. The required rmfdion and data collected are

discussed next.

16.1.Vehicle Volume/Counts

The number of vehicles or vehicle counts is donendupeak periods along the sites
where countermeasures are deployed. Data are tenlldaring morning and evening
peak hours, 7:00 to 9:00 AM and 4:00 to 7:00 PNpeetively. Vehicle counts are

obtained from video recording.

16.2.Pedestrian Volume/Counts

Pedestrian movements and pedestrian volume areebtduring peak hours for all
the selected sites. Data are collected during mgrand evening peak periods, 7:00
to 9:00 AM and 4:00 to 7:00 PM, respectively. Atreoof the locations, where the
pedestrians’ peak volume need not be during thechkelpeak period, data was
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collected from 7:00 AM to 7:00 PM Pedestrian voluarel movement information

are obtained from real time field observations.
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CHAPTER 4
DATA COLLECTION AT SITES BEFORE AND AFTER
COUNTERMEASURE INSTALLATION
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CHAPTER 4
DATA COLLECTION AT SITES BEFORE AND AFTER COUNTERME ASURE
INSTALLATION

Data on the number of pedestrians crossing thetsivere collected at each of the 19
locations. Data were collected for five hours ocheday. Of the five hours, two hours
were during the morning and three hours of evempegk hours for vehicle traffic. At
some locations, where the pedestrian sample isdow to the non-similarity of the
vehicle and pedestrian peak volume times, datacetscted for eight to twelve hours.
The data collection days were primarily weekdays @ata collection over the weekends
was minimal. Weekend data collection was mainlyenadied for locations where
pedestrian activities proximate to recreational ahdpping areas are expected to be
greater during the weekends. At other locationghsas the residential and small

commercial locations, more pedestrian activitiesexpected during weekdays.

The pedestrians’ crossing behaviors were observesl @osswalk and approximately
within 200 feet from a crosswalk at all approacbé&san intersection. All pedestrians
were observed at mid-block locations, where digtafrom a crosswalk was not a
deciding factor. The yielding behavior and whetlaepedestrian was trapped or not
trapped in the middle of the street while crossirgge recorded. All observed pedestrian
data were analyzed based on crossing locationd. @dhe crossing behaviors consist of
two options for each observation. The yielding h&bdraconsists of two options, either
“yielding” or “not yielding.” Likewise, the obserti@an on pedestrians trapped in the
middle of the street has two options either “trapp@ “not trapped” while crossing.

After the collection of various elements of theajatata was analyzed to determine the
effectiveness of the countermeasure deployed. Tlaeee multiple countermeasures

deployed at various sites to address multiple grol Analysis of each site includes site
description, aerial photo of the site showing igjand fatal crash locations, problems
identified at that particular location, countermaasproposed to improve the pedestrian

safety at that location, countermeasures implenientaetails, data collection dates and
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analysis of the data collection at the respectbaations. Data was also analyzed based
on the type of countermeasure installed. Most ef phoposed countermeasures were
installed at more than one location. Therefore dach countermeasure, data from
different sites was collected and analyzed to datex the overall effectiveness of the

countermeasure. Analysis of individual sites artivildual countermeasures follows.

Evaluation of Countermeasures

Several statistical tools are used to evaluate dffectiveness of the deployed
countermeasures in enhancing pedestrian safetytyples of statistical tools are based
on the considered measures of effectiveness (M@&skvaluation. The evaluation

strategy and the statistical tools used for sonmtb@tountermeasures are discussed next:

A before and after study strategy was conducteglvtduate the effectiveness of most of
the countermeasures. Data were collected in theninmprand afternoon peak periods.
This was done both prior and after the deploymehttlee above mentioned

countermeasures (“before and after” condition).aDate stratified and analyzed for
morning and evening peak hours based on total wésens. The percentage of motorists

yielding is obtained for both before and after gtadaluation periods.

Z-Test

The z-test for two proportions, a statistical taslused to determine if the proportions
obtained during the two study periods are signifisadifferent.
Let Bs = proportion of vehicles yielding during the “be#d period

Pa = proportion of vehicles yielding during the “aft@eriod
The null hypothesis (5] is that the percentage of motorists yielding dgribefore”
period (RB) and “after” period (R) is the same. The alternative hypothesig) (d the
percentage of motorists yielding during “after’afperiod is greater than the percentage
of motorists yielding during “before” period P They are expressed as follows:

Ho: Ps = Pa

Ha: Ps < Pa
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The one-tail test for proportions is used to tdssé hypotheses at a 95 percent
confidence level.
Let Xg = number of vehicles yielding in the “before” ptj out of a total of ;ivehicles

Xa = number of vehicles yielding in the “after” paticout of a total of g vehicles

The population proportion%‘A and IADB are estimated by the sample proportions:

lE)A =XA/I’1A andle)B=XB/nB

For large sample sizes, the two sample proportemes approximately and normally
distributed, and the z-test for testing the equatit the two proportions vs. the 1-sided

alternative can be used. The test statistic usggl Bnd is defined as follows:

\/f:(l_ﬁIlJ,lJ
Ng Ny
~ Xg+X
Where, P:M

nB+nA

Zo is distributed approximately N (0, 1) whep id true.

The significant probability or P-value for equaligf proportions vs. the 1-sided
alternative is calculated by:
P-value =P(Z< d)

The null hypothesis is rejected if the P-value 85Qfor 95% confidence level).

T-Test

A paired t-test and Welch-Satterthwaite t-test ased to compare if speeds are
statistically different at two evaluation periodsthe 95 percent confidence level. The
Welch-Satterthwaite t-test is used when the assomphat the two populations have
equal variances seems unreasonable. It is usatbtdify the difference between means
of independent samples.

Let ug = population mean during before evaluation period,

ng = number of observations during before evalugpierod,
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Xg = sample mean ofgrobservations,
s3 = sample variance of observations during befordystu

Similarly, pa, na, X5, ands3 are the population mean, number of observaticarspte

mean, and sample variance of after evaluation geraspectively.

The null hypothesis of equal means for “before” &after” periods vs. the 1-sided
alternative is expressed as:

Ho: g —pa =0

Ha ug —pa >0

The test statistic computed from the sample is:

Xg —Xa
2 32
7B+7A
Ng Ny

The distribution of the test statistic wheg id true is a t-distribution with approximate

ty =

degree of freedom given by:

2
[5§+S§J
df =& T

B A
+

n-1 n,-1

The significance probability or P-value for equalif means vs. the 1-sided alternative is
calculated by:
P-value = R > to)

If the obtained P-value is greater than the cliticaalue, i.e., 0.05 at the 95 percent
confidence level, then Hs accepted. Similarly, if the P-value is lessnthiae a-value,

then H is rejected at the 95 percent confidence level.
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CHAPTER 5
ANALYSIS OF INDIVIDUAL SITES
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SITE 1: MARYLAND PARKWAY / SIERRA VISTA DRIVE

1.1 Site description

This is an intersection of a six lane minor artefidaryland Parkway) with a speed limit
30 mph, and a two land local street (Sierra Vistavd) with speed limit of 25 mph. At
this location, the principle comments relate torked to connect crosswalks to sidewalk
ramps. Initially, these crosswalks are not corgettd the ramps at the crossings and end
up at the pork chop island. This location has aeadhixand use of residential and
shopping. Figure 3 presents the aerial photogrdpthis site. Site 1 in Appendix B
presents implementation plan and the conceptualmes this location. Figure 3 shows
an aerial photograph of the site with pedestriasloes super imposed on it for site 1.
This figure shows that the pedestrian crashesiatebdited along Maryland Parkway.

SEVERITY @ Pedestian fatal cossh incstiony
@ Pedesrian pury Crash K0 ahnm

SITE # 1 Maryland Pkwy / Slerra Vista Dr

Figure 3: Aerial Photograph of Maryland Parkway and Sierra Vista Drive
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1.2 Problems ldentified

A field observation is conducted to identify prabke associated with pedestrian safety at
this site. Field observation and crash analysi©geize several contributing factors
associated with pedestrian safety at this site. Magr problems identified for this site
are: pedestrians not using the crosswalks, inconeps crosswalks, pedestrians trapped
in the middle of street, high percent of elderlydggtrian involved in crashes, and

inconspicuous pedestrian signals due to wide street

1.3 Countermeasures Proposed

A “High visibility crosswalk” treatment was propaseat this location in Stage 1
countermeasure deployment, to help reduce the gmoblf inconspicuous crosswalks at
the location. Stage 1 countermeasure deploymentiatduded relocating the existing
pedestrian sign; and install Reflective PavementkMg (RPM) standard line 100 feet
long at the upstream crosswalk. Enlarged PedesHignal Heads are also proposed as
Stage 2 countermeasure deployment. The implementaplan for the proposed

countermeasures at this location is shown in Téble

Table 6: Implementation Plan for Maryland Parkway and Sierra Vista Drive

Treatments Stagel| S

Relocate existing pedestrian sign ©)
Install RPM standard line 100 feet long at the
upstream crosswalk
Redesign of East approach to permit only rightgurn
High visibility crosswalk
High visibility crosswalk from island to sidewalk
Enlarged Pedestrian Signal Heads

O - Installed

X — Cannot be installed due to non-availapili

ge2 Stage3

O|0|0| O

X|O|0|0| O |O|y

®)
o
@)
@)
®)
O

1.4 Countermeasures Installed
As indicated before, various countermeasures dt efihe sites are deployed in different

stages. The descriptions of these deploymentsxqiained as follows:
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Stage 1 Countermeasure Deployment

Countermeasures deployed during this stage arenh “Wigibility crosswalk treatment,
relocating existing pedestrian sign; and installMR&tandard line 100 feet long at the
upstream crosswalk.” These countermeasures wetal@tson October 4-7, 2006. The
after condition data for Stage 1 countermeasurégement was collected on October 31,
2006. Figure 4 and Figure 5 shows the countermesaslaployed at this location.

Figure 4. Reflective Pavement Marking (RPM) standad line at Site 1
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Figure 5: High Visibility Crosswalk Treatment at Site 1

Stage 2 Countermeasure Deployment
Stage 2 countermeasure was stopped due to thevadakality of the vendor to fabricate
and manufacture “Enlarged Pedestrians Signal Heawlitermeasure.

1.5 Safety MOEs

The results of the safety MOEs are summarized inléBa7 and 8. Table 7 shows the
pedestrian MOEs that are percent of the pedestwams look for vehicles before
beginning to cross, percent signal cycles in witiah button has been pushed, frequency
of pedestrian signal violation, percent of pedassiin crosswalk at DON'T WALK, and
percent of pedestrians trapped in the roadway. mb®rist MOES are summarized in
Table 8. These motorist MOEs are percent of driygéetding to pedestrians, yielding
distance, drivers blocking the crosswalk, and dsweaking a complete stop.

1.5.1 Pedestrian MOESs

Table 7 summarizes the data collected for pedesM®Es at Maryland Parkway and
Sierra Vista Drive. It is seen that the “percentltd pedestrians who look for vehicles
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before beginning to cross” and “percent of pedasgitrapped in the roadway” remained
the same (62% and 92% respectively) even aftein$t@allation of the high visibility
crosswalk treatment countermeasure. There is a&dser(from 85% in Baseline to 65%
in Stage 1) in the percent of signal cycles in Wwhgall button has been pushed after the
installation of the high visibility crosswalk trea¢nt. However, frequency of pedestrian
signal violation was decreased to almost half (frlti386 in Baseline to 7.3% in Stage 1)
after the installation of the countermeasure. Terc¢ent of pedestrians in crosswalk at
DON'T WALK was decreased to zero after the instala when compared to 40%

during the baseline conditions.

Table 7: Results of pedestrian MOEs at Maryland Pakway and Sierra Vista Drive

Measures of Effectiveness Baseline Stage 1

(Safety) Sample N Percent| Sample N| Percent

Perpent pedestnansf who look for 198 122 62 261 288 62

vehicles before beginning to cross

Percent signal cycles in which call 169 144 85 261 302 65

button has been pushed

F_reqqency of pedestrian signal 303 40 13 461 34 73

violation

Percent of pedestrians in crosswall

at DON'T WALK 8 3 38 461 0 0

Percent of pedestrians trapped in the 217 > 0.92 261 4 0.93

roadway

1.5.2 Motorist MOEs

Table 8 summarizes the data collected for mot®iSEEs. The collected data for site 1
include percent of drivers yielding to pedestriayig)ding distance, percent of drivers
blocking crosswalk, and percent of drivers makingoaplete stop. It is evident from
Table 8, that the motorists are not influenced gy installation of the high visibility

crosswalk treatment. All the MOEs collected befaral after installation of the high

visibility crosswalk treatment show negative impact
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Table 8: Results of motorist MOEs at Maryland Parkway and Sierra Vista Drive

Measures of Effectiveness Baseline Stage 1
(Safety) Sample| N | Percent| Samplg N| Percent
Percent of drivers yielding to pedestrians 30 9 63 158 60 38
) ) ) <5ft 16 14 88 60 37 62
Elstance driver stopslyields 510 ft 16 5 12 60 22 37
efore crosswalk
>10 ft 16 0 0 60 1 1
Percent of drivers blocking crosswalk 89 il 1 158 96 61
Percent of drivers making a complete stop 89 84 94 158 98 62

1.6 Mobility MOEs

Table 9 summarizes mobility MOEs for site 1. Thgan®dMOEs collected are pedestrian
delay and vehicle delays. From Table 9, it is dbahaverage pedestrian delay decreases
from 60 seconds to 45 seconds per pedestrian tagenstallation of the high visibility
crosswalk treatment. However, on the contrary, ayewvehicle delay increases from 7.5

seconds to 21.8 seconds after the stage 1 courasungeinstallation.

Table 9: Delay at Maryland Parkway and Sierra VistaDrive

Measures of Effectiveness Baseline Stage 1
(Mobility) Sample| Delay Sample Delgy
Average pedestrian delay (sec/ped) 303 60.09 461 .2645
Average vehicle delay (sec/veh) 1954 7.48 1868 1.8

1.7 Statistical Results

Results from previous tables show that there atabht® changes in MOEs associated
with installation of countermeasures. Although thessults could be used to interpret the
effectiveness of these countermeasures, it is itapbrto perform statistical tests to

validate the results. The results from the siatibtest are explained as follows.

1.7.1 Safety MOEs

The statistical results of the safety MOEs for Mang Parkway and Sierra Vista Drive
are shown in Table 10. As discussed earlier inahalysis, even though there was a
decrease in the “percent signal cycles in which lmatton was pushed,” statistically it is

not considered significant. Similar is the casehwercent of pedestrians who look for
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vehicles before beginning to cross” before andrdfte installation of the high visibility
crosswalk treatment. Even though there is a deer@ashe “percent of the drivers
yielding to pedestrians,” the decrease is not Sttedlly significant. However on the
flipside, it can be stated that the change in tbercent of the pedestrian signal
violations” and “percent of pedestrians in crossnalDON'T WALK” in the before and
after scenario, is statistically significant ineaftonditions when compared to the before

conditions.

Table 10: Statistical test results of safety MOEstaMaryland Parkway and Sierra
Vista Drive

Baseline vs. Stage 1

Measures of Effectiveness
(Safety) Ps—P P-value H

MOEs below are tested forgHPyetore= Paster VS. Hii Patter™ Poetore

Percent pedestrians who look for vehicles before
beginning to cross

Percent signal cycles in which call button has begn

-0.002 >0.05 Do not Reject

0.19 >0.05 Do not Reject
pushed
Percent of drivers yielding to pedestrians 0.25 050. | Do not Reject
. . . <5ft 0.25 <0.05 Reject
(I:Drlsir\;\(lzjkdrlver stopslyields before 5101 024 20.05 Reject
>10 ft -0.016 >0.05 Do not Reject
Percent of drivers making a complete stop 0.3p 50.0 Do not Reject

MOEs below are tested forgHPyeiore Paster VS Hi Patte< Poefore

Percent of pedestrians trapped in the roadway 6.000 >0.05 Do not Reject
Frequency of pedestrian signal violation 0.058 50.0 Reject
Percent of pedestrians in crosswalk at DON'T .
WALK 0.375 <0.05 Reject
Percent of drivers blocking crosswalk -0.59 >0.05 o ridt Reject

1.8 Summary

The data collected before and after the instalatd the High Visibility Crosswalk
Treatment at this location indicates that thera istatistically significant improvement
observed in the “percent of the pedestrian sigrahtrons” and “percent of pedestrians
in crosswalk at DON'T WALK” MOEs. However, the caenmeasure deployment didn’t
impact the motorist behavior to a notable exterstpar the initial problems identified, it

can be stated that the countermeasure addresspbtfiems of pedestrians not using the
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crosswalks and inconspicuous crosswalks. The gitadrlems identified at this location
such as “high percent of elderly pedestrian involwe crashes,” and “inconspicuous
pedestrian signals due to wide streets” would Haeen addressed by installation of
Enlarge Pedestrians Signal Heads. Vendor non-éayahampered the process of

installation of this countermeasure.
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SITE 2: MARYLAND PARKWAY / DUMONT STREET

2.1 Site description

The intersection of Maryland Parkway/Dumont Streemes under the jurisdiction of
Clark County. Land use around this site is prinyadommercial with shopping
complexes and a shopping mall (Boulevard mall). Wéard Parkway is classified as a
major arterial in the north-south direction. It leaposted speed limit of 30 mph. Dumont
Street is a minor arterial with a posted speedt|ohi25 mph. The average daily traffic
(ADT) on Maryland Parkway near the intersectiorMaryland Parkway/Dumont Street
is 43,000 in the year 2006. The traffic on the leasbd direction of the Dumont Street
leads to the Boulevard mall. Figure 6 presents dkeaal photograph of the site.
Implementation plan and conceptual designs ofditésare presented in Site 2A, Site 2B
and Site 2C in Appendix B.

L L i
SEVERITY @ Pedestrian fatal crash locations

SITE#2 Maryland Pkwy / Dumont St

@  Pedestrian injury crash locations

Figure 6: Aerial Photograph of Maryland Parkway and Dumont Street
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2.2 Problems Identified

The problems identified at Maryland Parkway/Dum8treet from field observation and

from crash data include pedestrians not waitingafmreptable gaps before crossing the
streets, drivers failing to yield, pedestrians pegh in the middle of the roadway, and
conflicts between vehicles and pedestrians. Siheeshfety issues are result of both
pedestrian and driver behaviors, the selected eomeiasures are aimed at altering those.

2.3 Countermeasures Proposed

The proposed countermeasures to address thesemhre “Danish offset,” “Median
refuge,” “High visibility crosswalk,” “Advance yiedl markings,” and “Pedestrian
activated flashing yellow.” The implementation plan the proposed countermeasures at

this location is shown in Table 11.

Table 11:Implementation Plan for Maryland Parkway / Dumont Street

Treatments Stage 1| Stage2 Stage|3

Install RPM standard line 100 feet long at the 0 o o
upstream crosswalk

Redesign of East approach to permit only rightgurr ©) 0 0]
Danish Offset O ®) 0]
Median Refuge on East approach ®) 0] ®)
High visibility crosswalk ©) 0] O]
Advance yield markings + warning sign for motorisfs 0 0]
Pedestrian actuated flashing beacons ®)

O - Installed

2.4 Countermeasures Installed
As table 11 indicates, the countermeasures aralledgtin three different stages. Their

description is as follows.

Stage 1 Countermeasure Deployment
Countermeasures deployed during this stage areisSbaffset, Median refuge, and High
visibility crosswalk treatment.” These countermeastare installed on October 12, 2006.

The after condition data for stage 1 countermeademoyment are collected between
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October 26 and November 2, 2006. Figure 7 showscthmtermeasures deployed in
stage 1 at this location.

Figure 7: High Visibility Crosswalk Treatment, Median Refuge and Danish Offset

Stage 2 Countermeasure Deployment

Countermeasure deployed during this stage is “AdednYield Markings.” This
countermeasure is installed on November 06, 2086. after condition data for stage 2
countermeasure deployment is collected between iNbege 30 and December 1, 2006.
Figure 8 shows the countermeasures deployed ie &ag

Figure 8: Advance Yield Markings and “Yield Here to Pedestrians” Sign
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Stage 3 Countermeasure Deployment

Countermeasures deployed during this stage aree'$dah Activated Flashing Yellow.”
This countermeasure was installed on March 7, 206&.after condition data for Stage 3
countermeasure deployment was collected on March 2@ril 6, 2007. Figure 9 shows
the countermeasure deployed in Stage 3 at thisidmca

Figure 9: Pedestrian Activated Flashing Yellow

The MOEs presented in Tables 12 and 13 repredemtsafety MOEs for pedestrians and
motorists respectively. Table 14 presents the niplMIOEs for both pedestrians and
motorists. The statistical test results obtainéerahe comparison are shown in Tables 15
and 16.

2.5 Safety MOEs

2.5.1 Pedestrian MOEs

Table 12 summarizes the data collected for pedestMOEs at the Maryland Parkway
and Dumont Street site. It is observed that alldhserved pedestrians look for vehicles
before beginning to cross and before crossing ¢eersd half of street. Pedestrians who
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divert their path to utilize the facility are naiund during baseline period. Data shows
that a small proportion of the observed (0.12) patns are trapped in the roadway.
Data obtained for stage 1, stage 2 and stage shawven in Table 12.

The implementation of stage 1 and stage 2 countsures show decrease in the
proportion of pedestrians who look for vehiclesdoefbeginning to cross and before
crossing the second half of street when compardxhseline. However, in stage 3, there
is a notable improvement in pedestrian behavior pared to stages 1 and 2. The
proportion of diverted pedestrian has shown a ooaotis increase at all stages. On the
other hand, the proportion of trapped pedestridresaeh stage, as well as proportion of

diverted pedestrians shows a decreasing trend.

2.5.2 Motorist MOEs

Table 13 summarizes the data collected for motdMiGEs at site 2. The data indicates
that the percent of drivers yielding to pedestriaimsreases in stages 1 and 2, but
decreases in stage 3. As anticipated, the propoofiarivers yielding to pedestrians at a
distance less than 10 ft decreases, whereas tpergoms of drivers yielding at a higher

distance increases at all three stages. Note thaeé ghe crossing is absent during
baseline data collection period, baseline dataifimers yielding distance is not collected.

Proportion of drivers blocking the crosswalk al¢mws decreasing values in various

stages.
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Table 12: Results for pedestrian MOEs at Maryland Rrkway and Dumont Street

Measures of Effectiveness Baseline Stage 1 Stage 2 Stage 3
(Safety) Sample =631| Sample = 26 Sample =198 Sample =452
y Ng Percent N | Percent| N | Percent| N | Percent
Percent pedestrians who look for 1 g5, | 100 | 255 96 | 185| 93 |452| 100
vehicles before beginning to cross
Percent pedestrians who look for
vehicles before crossing®half of street 631 100 25h 94 180 91 452 100
Percent of captured pedestrians 631 100 24191 177 89 381 84
Percent of diverted pedestrians 0 0 25 9 21 11 71 6 1
Percent of pedestrians trapped in the 73 12 17 6 7 4 9 5
roadway
Table 13: Results for motorist MOEs at Maryland Pakway and Dumont Street
. Baseline Stage 1 Stage 2 Stage 3
Meas“re(ssg]‘:e'fﬁ;ec“"e”ess Sample = 432 Sample = 370 Sample = 246 Sample 3 163
y Ng Percent N Percent N Percent N Percent
Percent of drivers yielding to pedestriar 138 32 70 1 46 188 76 227 14
Sample = 138 Sample = 170 Sample = 188 Sample = 227
Distance driver stops/yields— o - - 109 64 85 45 34 15
boforo crosommle 0T 10-20 ft - - 36 21 87 46 154 68
>20 ft - - 25 15 16 9 39 17
Sample = 432 Sample = 370 Sample = 24§ Sample 3 1683
Percent of drivers blocking crosswalk - - 12| 3 8| 3 6 | 04
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2.6 Mobility MOEs

2.6.1 Pedestrian Delay

The average pedestrian and vehicle delay measttad docation for different stages is
shown in Table 14. The average pedestrian deldasgline conditions is 3.8 sec/ped.
The installation of the countermeasures shows reifiieeffects on the average pedestrian
delay. The deployment of advance yield markings“giedd here to pedestrians” signs in
stage 2 and pedestrian activated flashing yellovstage 3 shows a higher average
pedestrian delay than that experienced during inespériod.

2.6.2 Vehicle Delay
Table 14 shows that the average vehicle delay mootisly reduced after the deployment
of countermeasures in all three stages. Since i@ \dare collected for the baseline

period, similar comparison could not be done.

Table 14: Delays at Maryland Parkway and Dumont Steet

Measures of Baseline Stage 1 Stage 2 Stage 3
Effectiveness (Mobility) | Sample| Delayy Sample Deldy Sample Delay Sample Delay

Average pedestrian delay J
(sec/ped) 631 3.82 266 21.08 198 7.46 452 13.57

Average vehicle delay 4
(sec/veh) - - 370 5.78 246 3.81 1633 0.84

2.7 Statistical Results

2.7.1 Safety MOEs

The statistical results of the safety MOEs for kharyland Parkway and Dumont Street
are shown in Tables 15 and 16. Table 15 showst#iistgcal results when the data for
baseline are compared with other stages. Thesdtsasdicate that no significant
increase is seen in the proportion of pedestriams Mok for vehicles before beginning
to cross, before crossing second half of street,the proportion of captured pedestrians
(P>0.05). A significant increase in the proportioh diverted pedestrian is found
(P<0.001) in later stages compared to the basdita. The decrease in proportion of
pedestrians trapped in roadway is found to bessiadily significant. Table 16 shows
statistical results obtained when stages 1 andn@,séage 2 and 3 are compared. A
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comparison of stage 1 and stage 2 shows no signifimcrease in the proportion of
pedestrians who look for vehicles before beginnngross, before crossing second half
of street, and, percent of captured and divertedegteians (P>0.05). However, the
proportion of pedestrians who look for vehicles dvef beginning to cross, before
crossing second half of street, and the propoudifaiverted pedestrians in stages 2 and 3

shows a significant increase (P<0.05).

A significant increase in the proportion of drivefielding to pedestrians is found when
stages 1 and 2 are compared with baseline data.Q®KQ however no significant

increase is found in stage 3. The significant iaseein the proportion of drivers yielding
to pedestrians at a distance greater than 10 fousd when stages 1, 2, and 3 are
compared.

2.7.2 Mobility MOEs

Tables 17 and 18, show the results of the statisticalyses of the mobility MOEs for the

Maryland Parkway and Dumont Street site. The stegisanalyses show no significant

change in the pedestrian delay when baseline datacanpared with stages 1, 2 and 3
(P>0.05). A significant decrease in stage 2 imtbwhen compared to stage 1.

The reduction in average vehicle delay from stage stage 2 is not significant (P>0.05),

but the reduction from stage 2 to stage 3 is s$iEdiyy significant (P<0.001).
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Table 15: Statistical test results of safety MOEstaMaryland Parkway and Dumont Street

Measures of Effectiveness Baseline vs. Stage 1 Baseline vs. Stage 2 Basdirfstage 3
(Safety) P:—PR | P-value H Ps - PR | P-value H P:— PR | P-value H
MOEs below are tested forgHPefore Paster VS Hy: Patter™ Phetore
Percent pe_degtrlans who look for vehicles 0.04 >0.05 Do_ not 0.07 >0.05 Do_ not 0.00 i i
before beginning to cross reject reject
Percent pedgstrlans who look for vehicles 0.06 >0.05 Do' not 0.09 >0.05 Do. not 0.00 ) i
before crossing™ half of street reject reject
Percent of captured pedestrians 0.09 >O.Z)!P O not 0.11 >0.05 DO. not 0.16 >0.05 DO. not
reject reject reject
Percent of diverted pedestrians -0.09 <0.001 RejecD.11 <0.001| Reject -0.16 <0.001 Reje
Percent of drivers yielding to pedestrians -0.14 .080 | Reject| -0.44 <0.001 Reject 0.18 >0.( 5?;Q§t
MOE below is tested for §dPoefore Patter VS. Hy Patter< Phoefore
Percent of pedestrians trapped in the roadway =~ 0J05<0.05 | Reject| 0.08] <0.001 Reject 0.10 <0.0p1 Re
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Table 16: Statistical test results of safety MOEsdiween stages at Maryland Parkway and Dumont Street

Measures of Effectiveness Stage 1 vs. Stage 2 Stage 2 vs. Stage 3
(Safety) P.— P | P-value] H P,— PR | P-value| H

MOEs below are tested forgHPyefor= Paster VS. Hi: Pafter™ Poefore

Percent pe.destrlans who look for vehicles 0.02 >0.05 | Do not rejec
before beginning to cross

—+

-0.07 <0.001 Reject

Percent pedestrians who look for vehicles

before crossing™ half of street 0.03 >0.05 | Do not rejeq

—+

-0.09 <0.001 Reject

Percent of captured pedestrians 0.01 >0/05 Doegpetty 0.05 >0.05 | Do not reject
Percent of diverted pedestrians -0.01 >0.05 Daejett| -0.05 <0.05 Reject
Percent of drivers yielding to pedestrians -0.30 .060 Reject 0.63 >0.05/ Do not reject
Distance driver stopsl/yields 10-20 ft -0.25 | <0.001 Reject -0.22 <0.001 Reject
before crosswalk >20 ft 0.06 <0.05 Reject -0.09 <0.0% Reject

MOES beIOW al’e teSted forol_Pbefore: Pafter VS l-la Pafter< pbefore

Distance driver stopsfyields | _, 4 0.19 | <0.001  Reject 0.30  <0.001 Reject
before crosswalk

Percent of drivers blocking crosswalk 0.00 >0.05 ridoreject| 0.03 <0.05 Reject

~+

Percent of pedestrians trapped in the roadway  0/03>0.05 | Do not reject 0.02 >0.05 | Do not reje
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Table 17: Statistical test results of mobility MOEat Maryland Parkway and Dumont Street

. Baseline vs. Stage 1 Baseline vs. Stage 2 Basdirgtage 3
Measures of Effectiveness—: - -
(Mobility) Difference P-value H Difference P-value H Difference P-value H
Y in Mean in Mean in Mean
MOE beIOW |S tested fOf d_| Pbeforg: Pafte| VS l-la Pafte|< Pbefor(
Average pedestrian delay 1721 >0.05 Do.not 364 >0.05 Do.not 9.75 >0.05 Do.not
(sec/ped) reject reject reject

Table 18: Statistical test results of mobility MOEsbetween stages at Maryland Parkway and Dumont Stet

Measures of Effectiveness _ Stage 1 vs. Stage 2 _ Stage 2 vs. Stage 3
(Mobility) Dlﬁerence P-value H Dlﬁerence P-value H
in Mean in Mean
MOESs below are tested forgHPetore Paster VS. Hi Paster< Poetore
Average pedestrian delay (sec/ped) 13.57 <0.,001 ecRej -6.11 >0.05| Do not rejeqt
Average vehicle delay (sec/veh) 1.97 >0.05 Do a@at 2.97 <0.001 Reject
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2.8 Summary

The results indicate that the installation of tleirtermeasures has a positive effect in
reducing the number of pedestrians trapped indhdway and increasing the proportion
of drivers yielding to pedestrians, thereby incregghe safety of the pedestrians. The
countermeasures also results in an increase inndmeber of pedestrians using the
crosswalk (increase in number of diverted pedestjiaThe countermeasures have a
positive effect in reducing the vehicle delay at tbcation of Maryland Parkway and
Dumont Street.
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SITE 3: MARYLAND PARKWAY / TWAIN AVENUE

SEVERITY @ Pedestrian fatal crash locations

@  Pedestrian injury crash locations

Figure 10: Aerial Photograph of Maryland Parkway / Twain Avenue (Control Site)

63



SITE 4: HARMON AVENUE / PARADISE ROAD

4.1 Site description

A mixed land use pattern is observed around thesattion of Harmon Avenue/Paradise
Road. This site is within the jurisdiction of Cla®ounty. The land use includes
residential, commercial, and recreational (hoteld aasinos). Harmon Avenue spans
east-west and is classified as a minor arteriah &ifposted speed limit of 35 mph. The
intersection of Harmon Avenue and Paradise Roachhdsa total of 12 crashes during
the period January 1996 to December 2000. Fiftitepgrcent of the crashes occurred
during daytime. The ADT along this segment of Hannfvenue for the year 2006 is

17,100. Figure 11 presents the aerial photograptmefsite. Implementation plans and
conceptual designs of this site are illustrate8ite 4 in Appendix B.

Eé' TH ';'.'a:,:'ii“ig' l!
7 S R ) O DT O

] ) - ; SEVERITY @ Pedestrian fatal crash locations
SITE #4 Harmon ave / Paradise Rd

@ Pedestrian injury crash locations

Figure 11: Aerial Photograph of Harmon Avenue and Rradise Road
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4.2 Problems ldentified

Analyzing crash data and by performing a field aatibn, the problems identified at this
location are pedestrians do NOT wait for signalptable gaps and high

pedestrian/right turning vehicle conflicts.

4.3 Countermeasures Proposed

The countermeasures suggested for this locatioftam@ng vehicles yield to pedestrian

sign.” Installing this sign would alert the righirhing traffic to yield for the pedestrian.

As the right turn vehicle volumes are high at fbisation, Clark County Public Works-

Traffic Division requested the study team not tetatl “No-Turn on Red” since this

would hamper the volume of right turn vehicles.is addition to the “turning vehicles

yield to pedestrian sign” countermeasure, “warrsigm for motorists” are also installed
at the location to caution the drivers about/or {mesence of pedestrians. The
implementation plan for the proposed countermeasair¢his location is shown in Table
19.

Table 19: Implementation Plan for Harmon Road and Rradise Road

Treatments Stage 1
Warning Sign for Motorist 0]
Turning Vehicles Yield to Pedestrians 0]

O - Installed

4.4 Countermeasures Installed

Stage 1 Countermeasure Deployment

Countermeasures deployed during this stage are fW@arSigns for Motorists” and
“Turning Vehicles Yield to Pedestrians.” These deumeasures are installed between
June 13 and 17, 2005. The after condition datesstage 1 countermeasure deployment
are collected on July 14, 2005. Figure 7 showxthatermeasure deployed in stage 1 at

this location.
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TURNING
TRAFFIC

MUST

YIELD TO
PEDESTRIANS

Figure 12: Turning Vehicles Yield to Pedestrians $in

4.5 Safety MOEs

Analysis of collected data shows that the averagjgicle delay increases from 66.8
seconds/vehicle before the installation to 75.@®sds/vehicle after the installation of the
sign. The proportion of motorists yielding also remsed so that more vehicles in the
gueue yield for pedestrians. Consequently, thecleldelay also increases. Pedestrian
delay increases from 44 seconds/pedestrian befdre installation to 61
seconds/pedestrian after the installation of tiya.sThe motorists’ yielding is increased
after the sign is installed. This could be becanfsenore turning motorists yielded to
pedestrians either on red or green phase of thealsigcven though the pedestrians’
arrival is considered as random, some pedestriagisthave to wait longer and others
might have to wait less. Some pedestrians arrivbeabeginning of the WALK signal,
(i.e., no waiting time), others arrive during thashing DON'T WALK phase, and they
have to wait for a cycle length typically 120 to0lgeconds. The weighted average of all
pedestrians in that range might be a very rougmagt of delay. The field observations
show that a vehicle interacts with pedestrians evhilrning either on red or on green.
Motorists’ yielding percentage increased indicatihgt pedestrians do not have to wait
longer for turning traffic. Therefore, pedestriaelayy should have been reduced. It is
unclear why pedestrian delay has increased afteiintallation of the sign, “Turning
traffic must yield to pedestrians.”
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4.6 Statistical Results

The before-and-after study results show that te&llation of the “Turning traffic must
yield to pedestrians” sign has increased the ptapoof motorists yielding at RTOR
from 0.61 to 0.73 percent (P=0.156). Similarly, fireportion of motorists yielding at
right turn on green increases from 0.74 to 0.770(Pt5) during the after-study period.
The installation of the sign, “Turning traffic mugeld to pedestrians,” shows an increase
in motorists yielding while turning either on red green even though these differences
are not statistically significant at 95 percentfadence level.

Before the installation of the sign, “Turning tiafimust yield to pedestrians,” a notable
proportion of (0.11) of vehicles blocks the crostkwaefore turning; after the sign is
installed, the proportion of motorists blocking tresswalk is reduced to zero (P<0.001).
The observed stopping behavior of motorists bef®&E€OR was installed; this
proportional value increases to about 0.97 (P<Q.@@#r the sign is installed. The values
of MOEs during before and after study periods, rthaifference, and statistical
significance are shown in Table 20.

The sign, “Turning traffic must yield to pedestisahis intended for motorists. However,
the before-and-after study result indicates somsitige influence on pedestrians’
crossing behavior. The proportion of pedestriarnskileg for turning vehicles at the
beginning of the WALK signal increased from 0.540083 (P<0.001) before and after
the installation of the sign respectively. As thetanists’ yielding increases, motorists
might stop upstream of the crosswalk. Thereforerenfedestrians watch for turning
vehicles before crossing. Marginal differences afeserved in the proportion of
pedestrians who are in the crosswalk during thshitegy DON'T WALK phase and

during the all red phase before and after the liasitan of the sign. The proportion values
of pedestrians who are in the crosswalk duringflaehing DON'T WALK phase and at

the all-red time are decreased by small propositer the installation of the sign.
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Table 20: Statistical test results of MOEs at Harmn Avenue and Paradise Road

s Before After (Bef Null
. . efore - u
No. Measures of Effectiveness Sample Value Sample Value | Aften P-value hypothesis
size size
1 |Motorists' yielding at right turn on red (i 31 61.29 30| 73.33] -12.04 0.156
. Do not
the presence of pedestrian at turn or .
reject
approach), %
2 |Motorists' yielding at right turn on green| 102 73.53 90| 76.67 -3.14 0.61% Do ng
(in the presence of pedestrians), % reject
3 |Percentage vehicles blocking crosswall 1p9 10|85 $35.00 § 10.85 0.000 Reject
4 |Percentage of drivers executing right tufn 129 | 74.42 235| 97.45 -23.03 0.00p Reiect
on red coming to complete stop )
5 |Pedestrian delay (sec/ped) 556 44 87 35 6109 -16.730000, Reject
6 |[Vehicle delay at intersection (sec/veh) 1,35666.83 1,275| 75.64 -8.81 N/A N/A
7 |Percentage of pedestrians who looked at 542 | 53.69 370| 93.24 -39.5% 0.00
start of the WALK phase for turning Reject
vehicles
8 |Percentage of pedestrians who were injthe 639 45.07 390| 43.33 1.74 0.58
. . \ Do not
crosswalk during the flashing DON'T reiect
WALK phase )
9 |Percentage of pedestrians who were in|the 639 2.66 390 2.05 0.61] 0.52% Do not
crosswalk at the end of all-red reject
10 |Percentage of pedestrians who were 618 5.50 373 3.75 1.75 0.194 Do no
trapped in the middle of crossing reject
11 |Percentage of pedestrian/vehicle eva 609 0.82 349 7.74 -6.92 1.00 Do not
actions, change course/slow to avoid .
. reject
motorist:
Note:a = 0.05

The proportion of pedestrians who were trappedénniddle of the road while crossing

decreases during the after-study from 0.06 to (F32D.194). Pedestrians do not have to

wait in the middle of the road if they have an gtable gap for crossing. The motorists’

yielding behavior while turning improved. Therefoneotorists turning on permitted left-

turn also yielded to pedestrians. As a result,pitogportion of pedestrians trapped in the

middle is reduced after installation of the sign.

The proportions of evasive actions are 0.008 af@Mbefore and after condition data

collection period, respectively. The difference thie proportion of evasive action

between before and after period is significantlyfedent (P<0.001) at 95 percent

confidence level, which is unexpected.
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4.7 Summary

Statistical analysis of the data collected at kbéstion before and after the installation of
the “Yield to Pedestrian in Crosswalk” shows betsefihat improved overall pedestrian
safety at this location. The parameters that aneroned after the installation of the

countermeasure are reduction in the percent ofvitecles blocking the crosswalk,

improvement in percent of drivers coming to complgbp those are turning right turn on

red, and decrease of pedestrian delay.
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SITE 5: HARMON AVENUE: PARADISE ROAD TO TROPICANA W ASH

5.1 Site description

A mixed land use pattern is observed around thersattion of Harmon Avenue/Paradise
Road. This site is within the jurisdiction of Cla®ounty. The land use includes
residential, commercial, and recreational (hoteld aasinos). Harmon Avenue spans
east-west and is classified as a minor arterigh aiposted speed limit of 35 mph. The
intersection of Harmon Avenue and Paradise Roadahtedal of 12 crashes during the
period January 1996 to December 2000. About 58ep¢iaf the crashes occurred at non-
intersection location. Fifty eight percent of theashes occurred during daytime. The
ADT along this segment of Harmon Avenue for thery2@06 is 17,100. Figure 13
presents the aerial photograph of the site. Impteati®n plans and conceptual designs
of this site are illustrated in Site 5A, Site 5SBdeSite 5C in Appendix B.

SEVERITY M Ceestrion fatal craeh location

Figure 13: Aerial Photograph of Harmon Avenue: Paralise Road to Tropicana
Wash
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5.2 Problems Identified

The problems identified at this site include pedass not waiting for signals or
acceptable gaps before crossing the street, driaéirsg to yield, and conflicts between
vehicles and pedestrians. Being a mid-block locatiaod since most pedestrian related
safety issues are results of motorist driving bérathe countermeasures are selected

primarily to focus on motorists.

5.3 Countermeasures Proposed

The proposed countermeasures are “Median refugejgh‘ visibility crosswalk,”
“Advance vyield markings,” and “In-roadway knockdowsigns.” The proposed
countermeasures are expected to alert motorigtsegfresence of pedestrians at the site,
and to provide pedestrians a refuge in the midtike® street. The implementation plan

for the proposed countermeasures at this locasishown in Table 21.

Table 21: Implementation Plan for Harmon Avenue: Paadise Road to Tropicana

Wash
Treatments Stage 1| Stage 2| Stage 3
Median Refuge O] O]
High visibility crosswalk ®) 0]
Advance yield markings + warning sign for motorists 0]

In-roadway knockdown sign
Install RPM standard line 100 feet long at the
upstream crosswalk

O - Installed

O |0|0|0|0

5.4 Countermeasures Installed
The location of Harmon Avenue from Paradise Roadirtgpicana Wash is a mid-block
location. The countermeasures are installed inethstages at this location. The

countermeasures deployments in various stagesdod@ws:
Stage 1 Countermeasure Deployment

Countermeasures deployed during this stage are iaviecfuge” and “High visibility
crosswalk treatment.” These countermeasures atallets on February 21, 2007. After
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condition data for stage 1 countermeasure deploy@encollected on March 8 and 9,
2007. Figure 14 shows the countermeasures deploystdge 1 at this location.

Figure 14: High Visibility Crosswalk and Median Refuge installed at Site 5

Stage 2 Countermeasure Deployment

Countermeasures deployed during this stage are dAckd Yield Markings.” These

countermeasures are installed on March 9 to 117.200e after condition data for stage
2 countermeasure deployment were collected on Ma@2007. Figure 15 shows the

countermeasures deployed in stage 2.

Figure 15: Yield Here to Pedestrians Sign installedt Site 5
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Stage 3 Countermeasure Deployment
Countermeasure deployed during this stage is “laeR@y Knockdown Signs.” This
countermeasure is installed on March 31, 2007. dfter condition data for stage 3

countermeasure deployment are collected on Aprjl 2(07. Figure 16 shows the
countermeasure deployed in stage 3 at this location

f=aaT

Figure 16: In-roadway Knockdown Signs installed aSSite 5

Tables 22 through 24 represent the various pedasamd motorist MOEs for safety and
mobility. The results of the statistical tests fbe safety MOEs comparing the baseline
conditions with each stage, and between the stageshown in Tables 25 and Table 26,
respectively. Tables 27 and Table 28 show the aralyf statistical results for the

mobility MOEs for pedestrians and motorists. Thessults and the effectiveness of the
various countermeasures implemented are discusséd n
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5.5 Safety MOEs

5.5.1 Pedestrian MOEs

From Table 22, for baseline, the proportion of @#dens who look for vehicles before
beginning to cross and before crossing second dialhe roadway are 0.77 and 0.86
respectively. About 0.18 proportion of the pedesisiare diverted and 0.03 proportion of
pedestrians are trapped in the roadway for thelibasg@eriod. The installation of
countermeasures in stage 1 increases the propaftipedestrians who look for vehicles
before beginning to cross and before crossing skdwmif of the street to 1.00. The
proportion of diverted pedestrians increases t® @fler stage 1. The proportion of
pedestrians trapped in the roadway increases t®. 0.Be proportion of pedestrians
looking for vehicles before beginning to cross dredore crossing second half of the
street remains at 1.00 percent at stages 2 antieé8e Tare no pedestrians trapped in the

roadway after the installation of countermeasumnestages 2 and 3.

5.5.2 Motorist MOEs

In Table 23, the baseline data indicate that obb#ierved drivers, about 0.22 of drivers
yield to pedestrians. Since, it is a mid-block loma, there are no baseline data available
for the distance the driver stop/yield before cwek and proportion of drivers blocking
crosswalk. After stage 1, the proportion of drivgislding to pedestrians increases to
0.46. Half of the drivers observed yield at a distaless than 10 feet, 0.45 proportion
yield between 10 feet to 20 feet, and the remai@ifdp proportion at distance greater
than 20 feet. About 2 percent of the drivers blockiee crosswalk after stage 1. The
installation of advance yield markings and yieldrenéo pedestrians increases the
proportion of drivers yielding to pedestrians t63).The proportion of drivers stopping at
a distance greater than 10 feet increased to 8fafye 3 data indicate that the proportion
of drivers yielding to pedestrians is 0.22, comgdare0.53 in stage 2. The proportion of
driver stopsl/yields before the crosswalk at a distaof 10 to 20 feet is 0.69 in stage 3.
The proportion of drivers blocking the crosswalkneens relatively the same throughout

all stages.
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5.6 Mobility MOEs

5.6.1 Pedestrian Delay

Table 24 shows the average pedestrian and vehitésy @t the various stages. For the
baseline conditions, the average pedestrian dela9.8 sec/ped. After the installation of
the countermeasures in stage 1, the average padeséiay decreases to approximately
7.0 sec/ped. The deployment of advance yield mgskand “Yield here to pedestrians”
signs reduce the delay to 6.1 sec/ped. The impl&tien of in-roadway knockdown
signs decreases the delay to 8.7 sec/ped. Thigleci@asing delay from baseline data,

but comparing with stages 1 and 2, there is areas® in delay.

5.6.2 Vehicle Delay

The baseline data are not available for this locatThe vehicle delay at stage 1 is 2.5
sec/veh, stage 2 is 2.5 sec/veh and stage 3 sei/@eh. As the numbers suggest, there is
no change in vehicle delay at stage 2 when comparsthge 1. At stage 3, the vehicle

delay is reduced compared to stages 1 and 2. Badgare presented in Table 24.
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Table 22: Results of pedestrian MOEs at Harmon Avame: Paradise Road to Tropicana Wash

Measures of Effectiveness Baseline Stage 1 Stage 2 Stage 3
(Safety) Sample = 1951 Sample = 388 Sample = 293 Samplg = P9

Ng Percent N Percent N Percent N Percent

Percent peple;tnans who look for vehicles 1510 77 288 100 293 100 29h 100

before beginning to cross

Percent ped_estrlans who look for vehicles 1680 86 388 100 293 100 297 100

before crossing" half of street

Percent of captured pedestrians 1%92 82 309 79 24784 268 90

Percent of diverted pedestrians 359 18 79 20 46 16 29 10

Percent of pedestrians trapped in the roadyay |62 3 37 9 0 0 0 0

Table 23: Results of motorist MOEs at Harmon AvenueParadise Road to Tropicana Wash

Measures of Effectiveness Baseline Stage 1 Stage 2 Stage 3
(Safety) Sample = 77 Sample = 284 Sample = 158 Sample = 400
Ng | Percent N Percent| N Percent N Percent
Percent of drivers yielding to pedestrians L7 22 213 46 84 53 89 22
Sample = 17 Sample = 132 Sample = 84 Sample =89
Distance driver stops/yields < 10 ft N/A 66 S0 19 23 25 28
before crosswalk 10-20 ft N/A 59 45 60 71 61 69
>20 ft N/A 7 5 5 6 3 3
Sample = 77 Sample = 284 Sample = 158 Sample = 400
Percent of drivers blocking crosswalk N/A 6 2 5 3] 11 3

76



Table 24: Delays at Harmon Avenue: Paradise Road fbropicana Wash

Measures of Baseline Stage 1 Stage 2 Stage 3
Effectiveness (Mobility)| Sample| Delay] Sample Deldy Sample Delay Sample Delay
Average pedestrian
delay (sec/ped) 1951 | 19.27 388 6.98 293 6.05 297 8.71
Average vehicle delay
(sec/veh)

- - 284 2.45 158 2.48 400 1.3

5.7 Statistical Results

5.7.1 Safety MOEs

Table 25 and Table 26 show the results of stadistests for the safety MOEs. Table 25
shows that the increase in the percent of pedestrlaoking for vehicles before
beginning to cross and before crossing seconddfdlfe street is statistically significant
(P<0.001). There is no statistical validation forcrease in captured and diverted
pedestrians for stage 1 (P<0.05). However, theeas® in percent of diverted pedestrians
in stage 2 and captured pedestrians in stage Zigngficant compared to baseline
conditions (P<0.001). The installation of counteaswges in stage 1 does not reduce
significantly the percent of pedestrians trappedhie roadway compared to baseline
(P>0.05). However, stages 2 and 3 show a positifeetein reducing the percent of
pedestrians trapped in the roadway compared tbdkeline (P<0.001). The installation
of in-roadway knockdown signs significantly redudles percent of pedestrians trapped
in the roadway (P<0.001).

Analyzing driver behavior, there is a significantrease in the proportion of drivers
yielding to pedestrians in stages 1 and 2 comptardde baseline (P<0.001). Not enough
statistical evidence exists to support the increiaseercent of drivers yielding to
pedestrians in stage 2 compared to stage 1. T&kh@ws that there is no significant
decrease in the percent of drivers who block tlksswalk compared between any stages
(P>0.05).
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5.7.2 Mobility MOEs

Significant decreases in the average pedestriaay dgk observed in stages 1, 2 and 3,
compared with the baseline period as shown in T2blg°<0.001). There is no sufficient
evidence to prove that there is a significant deseein the pedestrian delay between the
stages (Table 28). The average decrease in valetdy in stage 2 compared to stage 1 is

statistically significant (P<0.001).
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Table 25: Statistical test results of safety MOEsta&Harmon Avenue: Paradise Road to Tropicana Wash

Measures of Effectiveness

Baseline vs. Stage 1

Baseline vs. Stage 2

Basdirfetage 3

(Safety) Ps—P | Pvalue] H P.—P | Pvalue] H P.—P | P-value| H

MOEs below are tested forgHPyefore= Patter VS. Ha: Paster™> Phetore

Percent pedestrians who look for vehicles | - 5 55 | (5001 | Rejec] -0.22] <0001 Reject -0.22  <D.00Reject

before beginning to cross

Percent pedestrians who look for vehicles |~ 5 153 | 9 001| Rejecif -0.13 <0.00L Reject -0.13  <D.00Reject

before crossing™ half of street

Percent of captured pedestrians 0.019 >0.0§ 0 not -0.027 >0.05 DO. not -0.08 | <0.001| Rejec
reject reject

Percent of diverted pedestrians 0019 500522 008 | 0001 | Reject| 008 >0.05 20Nt
reject reject

Percent of drivers yielding to pedestrians -0.24 .080 | Reject -0.31 <0.001 Reject -0.001  >0. )ggjgg

MOE below is tested for §dPoefore Patter VS. Hy Paster< Poefore

Percent of pedestrians trapped in the roadway -0/06>0.05 Drgjgg,: 0.03 <0.001 Reject 0.03 <0.001 Reje

2Ct

79



Table 26: Statistical test results of safety MOEsdiween stages at Harmon Avenue: Paradise Road todpicana Wash

Measures of Effectiveness Stage 1 vs. Stage 2 Stage 2 vs. Stage 3
(Safety) P,—-B | P-value H P,— PR | P-value H

MOEs below are tested forgHPyefore= Patter VS. Hy: Paster™ Poefore

Percent pegle;tnans who look for vehicles 0.00 0.00

before beginning to cross

Percent pedestrians who look for vehicles

before crossing" half of street 0.00 0.00

Percent of captured pedestrians -0.04 0.057 D&ajgct -0.05 <0.05 Reject

Percent of diverted pedestrians 0.04 >0.05 Do egdR 0.05 <0.05 Reject

Percent of drivers yielding to pedestrians -0.06 .050| Do not Reject 0.30 >0.05 Do not Reject

Distance driver stops/vields <10 ft 0.27 >0.05 Do not Rejeqt -0.0% >0.05 Do Reject

before crosswalk psly 10-20ft | -0.26 <0.001 Reject 0.02 >0.0% Do not Reje
>20 ft -0.006 >0.05 Do not Rejeqt 0.07 >0.0p Do Reject

MOEs below are tested foroHPsetore Phatter VS- Hi Pagter< Phefore

Percent of drivers blocking crosswalk -0.01 >0.05 oridt Reject| 0.004 >0.05 Do not Reject

Percent of pedestrians trapped in the 0.09 <0.001 Reject 0.00

roadway

Table 27: Statistical test results of mobility MOEat Harmon Avenue: Paradise Road to Tropicana Wash

. Baseline vs. Stage 1 Baseline vs. Stage 2 Basdlirfstage 3
Measures of Effectiveness— - .
(Mobility) Difference P-value H Difference P-value H Difference P-value H
in Mean in Mean in Mean

MOE below is tested for §dPoetore Paser VS. Hi Pasier< Phetore

(As‘éir/?)%z)pedes"'a” delay 1559 | <0.001| Rejedt 13.22| <0.001 Reject 1056  <0.00Reject
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Table 28: Statistical test results of mobility MOEshetween stages at Harmon
Avenue: Paradise Road to Tropicana Wash

Measures of Effectiveness— Stage 1 vs. Stage 2 . Stage 2 vs. Stage 3
(Mobility) Difference| o yaye | 1y | Differencel o aie|  h
in Mean in Mean

MOESs below are tested forgHPyetore Phaster VS. Hi Pasier< Poetore

Average pedestrian delay 0.93 >0.05 Do_ not 266 >0.05 Do_ not
(sec/ped) _ reject reject
Average vehicle delay 003 | 005 |PoOMOtI 118 | <0001| Reject
(sec/veh) reject

5.8 Summary

The installation of Median refuge, high visibiligrosswalk, advance yield markings,
“Yield here to pedestrians” signs, and in-roadwanodkdown signs have significant
impact in increasing the percent of pedestrians Wbk for vehicles before beginning to
cross, before crossing second half of the street,diverted pedestrians. This indicates
that the countermeasures create awareness in padgesio look for potential threats
before they step on to the road. Reducing the nurobeedestrians trapped in the
roadway makes the roadway much safer, and forasecgt usage of the crosswalk instead

of jaywalking.

Decreasing the pedestrian delay is a key compasfeshhancing pedestrian safety. By
doing so, the pedestrian do not get frustratedimgafior an acceptable gap to cross the
street. The increase in the proportion of drivaetdyng to pedestrians, and yielding at a

distance greater than 10 feet improves the safetyfort zone) for pedestrians.
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SITE 7: FLAMINGO ROAD / KOVAL LANE

7.1 Site description

This site is within the jurisdiction of Clark CoyntThe land use pattern is a mixed type

with shopping complexes and apartments. FlamingadR® classified as a major arterial

and Koval Lane as a minor arterial. Crash data shdetal of 29 crashes from January

1996 to December 2000 with 76 percent of them gouyiat the intersection. Forty one

percent of the total crashes are due to the mtgbfilure to yield. The 2006 traffic

count show the estimated ADT on Flamingo Road Keamal Lane to be 40,500. Figure

17 presents the aerial photograph of the site. dmphtation plans and conceptual

designs of this site are illustrated in Site 7 ppandix B.
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Figure 17: Aerial Photograph of Flamingo Road and Kval Lane
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7.2 Problems Identified

Some of the observed problems at this site are mstgofailure to yield and a significant
number of nighttime crashes inconspicuous crossyaigh percent of elderly pedestrian
involved in crashes, motorist failure to vyield, psttians do NOT wait for

signals/acceptable gaps and high pedestrian/ughinig vehicle conflicts.

7.3 Countermeasures Proposed

Based on the field observation and analysis ofrcdada, the following countermeasures
are selected. These countermeasures aim at adhdydssth pedestrians and drivers
behavior to improve safety. By implementing “Higlsibility crosswalk,” a driver's
attention could be attracted towards pedestriamgallation of “Pedestrian countdown
signal” would help pedestrians to judge if they dnaanough time to cross the street.
Similarly, “Pedestrian Countdown Timer with AnimdteEyes” would alert the
pedestrians to look for the oncoming traffic oming traffic before they start crossing
the road. Installing ITS No RTOR Signs would mitggghe pedestrian and right turning
vehicles conflicts. The implementation plan for fh@posed countermeasures at this

location is shown in Table 29.

Table 29: Implementation Plan for Flamingo Road andKoval Lane

Treatments Stage 1| Stage 2| Stage 3
High visibility crosswalk ®) @) @)
Pedestrian countdown signal (animated eyes) O] ®)
ITS No-RTOR signs ®)

O - Installed

7.4 Countermeasures Installed

The various countermeasures proposed are installddo stages at this signalized
intersection location are as follows:

Stage 1 Countermeasure Deployment

Countermeasure deployed during this stage is “Wigibility crosswalk treatment.” This

countermeasure is installed on December 19 to @85.2The after condition data for
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Stage 1 countermeasure deployment are collectéebruary 14, 2006. Figure 18 shows
the countermeasures deployed in stage 1 at thasidoc

Figure 18: High Visibility Crosswalk Treatment installed at Site 7

Stage 2 Countermeasure Deployment

Countermeasure deployed during this stage is “Realescountdown signs with

animated eyes.” This countermeasure is installedJume 9 to 11, 2007. The after
condition data for stage 2 countermeasure deploynsecollected on July 12 and 13,
2007. Figure 19 shows the countermeasures depinysdge 2.

Figure 19: Pedestrian Countdown Timers with Animatel Eyes
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Stage 3 Countermeasure Deployment

Countermeasure deployed during this stage is “IT&TNrn on Red Signs.” This
countermeasure is installed on November 26, 206@. afiter condition data for stage 3
countermeasure deployment is collected on Decefiband 19, 2007. Figure 20 shows

the countermeasure deployed in stage 3 at thisidoca

0

Figure 20: ITS No-Turn On Red — Activated

For the intersection of Flamingo Road and Kovald,atata collected for the pedestrian
and motorist MOEs are summarized in Tables 30 dn&tatistical tests were performed
for the safety MOEs for both pedestrians and mst®comparing the baseline conditions
with each stage and comparing the individual stafj@s95 percent confidence level. The
results are shown in Tables 32 and 33. The effexcéss of the installed countermeasures

is discussed below.

7.5 Safety MOEs

7.5.1 Pedestrian MOEs

From Table 30, the percent of captured and divepedestrians is 100 and O,
respectively for both baseline condition and stagd@he installation of high visibility
crosswalk in stage 1 does not show any effect enegsing the percent signal cycles in

85



which the call button was pushed, and the percepedestrians beginning their crossing
during WALK phase. On the other hand, it resultaddecreasing the frequency of
pedestrian signal violation, percent of pedestrimnsrosswalk at the end of flashing
DON'T WALK phase. However, the percent of pedesisiavho look for vehicles before
beginning to cross, and percent of pedestriangdrctosswalk at the end of all-red phase
shows an increase after installation of stage Intmvmeasures. The deployment of
pedestrian countdown with animated eyes in stagbd®s an increase in the percent
signal cycles in which the call button has beermpds pedestrians who look for vehicles
before beginning to cross, pedestrians beginnieg trossing during the WALK phase,
and a decrease in the percent of pedestrians iortisswalk at the end of all-red phase.
Stage 3 results show further increase in the pésignal cycles in which the call button
has been pushed. After installation of stage 3 myureasures, the percent of pedestrians
who look for vehicles before beginning cross was @@ cent, which is significant
increase from the 86 percent observed after stageudtermeasure deployment. The
above results suggest that the high visibility sveelk and pedestrian countdown signal
with animated eyes together have produced a pestifect in increasing the pedestrian
safety at the intersection of Flamingo Road andd{&ane. Also installing ITS No-Turn
On Red also improved the overall pedestrian sdfgtincreasing the awareness among

pedestrians.

7.5.2. Motorist MOEs

According to the results of field observationsTaple 31), installation of a high visibility
crosswalk does not help increasing percent of dsiyeelding to pedestrians, and percent
of drivers making a right turn on red (RTOR) whareoto a complete stop. On the other
hand, the percent of drivers blocking the crosswslikeduced by 18 percent in stage 1
from baseline condition. However, after the insidin of ITS No Turn On Red Sign,
there is a slight increase in the percent valuagést3 - 48 percent from stage 2 - 36
percent) of the drivers making RTOR who come to jglete stop before making their

turn.
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Table 30: Results of safety MOEs for pedestrians d&lamingo Road and Koval Lane

Measures of Effectiveness Baseline Stage 1 Stage 2 Stage 3
(Safety) Sample| N | Percent| Sample] N | Percent Sample| N | Percent Sample| N | Percent
Percent of captured pedestrians 44p 442 100 4585 455100 - -
Percent of diverted pedestrians 447 D 0 455 0 0 - -
Percent signal cycles in which call button o
has been pushed 438 207 47 307 145| 47 235 188 80 202 172 85
E’er(':en't pedestrians who look for vehicles befofe 419 299 53 380 240 63 235 208 86 203 194 94
eginning to cross
Frequency of pedestrian signal violation 447 242 5 033 17 5 235 11 5 202 22 10
Percent of pedestrians beginning their )
crossings during the WALK phase 439 232 52 455 234 51 544 436 80
Percent of pedestrians in crosswalk at the
end of flashing DON'T WALK 430 127 30 455 140 31 544 269 50 -
Percent of pedestrians in crosswalk at the
end of All-Red 430 39 9 455 14 3 544 29 5 -
Table 31: Results of safety MOEs for motorists at lBmingo Road and Koval Lane
Measures of Effectiveness Baseline Stage 1 Stage Stage 3
(Safety) Sample N | Percent| Sampld &N | Percent Samplel N | Percent
Percent of drivers yielding to pedestrians 164 146 89 278 19 7 - -
<5ft 139 112 80 19 18 95 - -
Distance driver stopslyields before crosswalk 5-10 ft 139 27 20 19 - -
>10 ft 139 0 0 19 0 - -
Percent of drivers blocking crosswalk 105 2p 21 84 3 3 - -
Percent of drivers making RTOR who come to a coted®op 104 87 83 88 32 36 276 182 48
Percent of drivers violating the no RTOR (when psédken 276 88 32
present)
Eg;:::tt)of drivers violating the no RTOR (when stdien not 276 188 68
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7.6 Statistical Results

7.6.1 Safety MOEs

The statistical tests show that the installationhajh visibility crosswalk does not
improve significantly the proportion of signal cgslin which a call button is pushed.
However, the installation of pedestrian countdovigns with animated eyes shows
significant effect in increasing the proportionsiafnal cycles in which the call button is
pushed, both when compared with the baseline dsawealith stage 1. A similar effect is
seen in the percent of pedestrians beginning thressing during the WALK phase. A
significant increase in the percent of pedestri@he look for vehicles before beginning
to cross is found in stage 1 as well as in stagasd®23, when compared to the baseline
data (Table 32). Also when Stage 1 data are cordpaite stage 2 and stage 2 compared
to stage 3 (Table 33). When compared to the baselata, the data collected after
installations of stages 1 and 3 do not show sicguifi improvement in percent of drivers
yielding to pedestrians, and in percent of driveeking RTOR who come to a complete
stop when compared to baseline. No significant ghaim the proportion of drivers
stopping at distances greater than 10 ft is obgemestage 1 in comparison to the
baseline data. A comparison of stages 1 and 2 smowsignificant difference in the
frequency of pedestrian signal violation and pera#gnpedestrians in crosswalk at the
end of flashing DON'T WALK and the percent of padess in crosswalk at the end of
All-Red.
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Table 32: Statistical test results of safety MOEstdlamingo Road and Koval Lane (Baseline vs. Stages

. Baseline vs. Stage 1 Baseline vs. Stage 2 Basaingtage 3
Measures of Effectiveness
(Safety) Ps—PR P-value H P —-PR | P-value H Ps—P | P-value H
MOEs below are tested forgHPoefore= Patter VS- Hy Pafter™ Poetore
Percent of captured pedestrians No Chahge - -
Percent of diverted pedestrians No Change - -
Percent signal cycles in which call button has hmeshed 0.0003 >0.05 gzjgg: -0.32 <0.001 Reject -0.37 <0.001 Rejg
Er%fse”t pedestrians who look for vehicles befogarimng to |, 41, <0.05 Reject| -0.33| <0001 Reje¢t -043  <0.00Reject
Percent of pedestrians beginning their crossingsglthe 0.01 >0.05 Do_not 0.27 <0.001 Reject )
WALK phase Reject
. N . Do not
Percent of drivers yielding to pedestrians 0.8 050. Reject - -
<5ft -0.14 <0.05 Reject - -
Distance driver stopsl/yields before crosswalk  5-10 ft 0.14 >0.05 g(;jz(é: - -
>10 ft No Change - -
Percent of drivers making RTOR who come to a cotetop 0.47 >0.05 DO. not - 0.35 >0.05 Do_not
reject Reject
MOEs below are tested forgHPyetore= Pater VS. Hi Pafter< Phoetore
: : A Do not Do not Do not
Frequency of pedestrian signal violation -0.0( 050. Reject 0.002 >0.05 Reject -0.05 >0.05 Reject
Percent of pedestrians in crosswalk at the entashiing Do not Do not
DON'T WALK -0.01 >0.05 Reject -0.19 >0.05 reject -
Percent of pedestrians in crosswalk at the endlgRéd 0.06 <0.001 Reject 0.03 <0.04 Reject -
Percent of drivers blocking crosswalk 0.17 <0.001 ejet - -
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Table 33: Statistical test results of safety MOEsor pedestrians between stages at
Flamingo Road and Koval Lane

. Stage 1 vs. Stage 2 Stage 2 vs. Stage 3
Measures of Effectiveness
(Safety) P,-PR | P-value H P,— PR | P-value H

MOEs below are tested forgHPyetore= Pater VS- Hi Patter™ Poefore
Percent signal cycles in which call button has haeshed -0.32 <0.001 Rejeqt -0.05 >O.05[F);éj22:
Pergeqt pedestrians who look for vehicles before 023 <0.001 Reject -0.09 <0.001 Reje
beginning to cross
Percent of pedestrians beginning their crossingsiglthe 028 <0.001 Reject i
WALK phase
MOEs below are tested forgHPyeiore Pater VS. Hy Pagier< Poefore

. . S Do not Do not
Frequency of pedestrian signal violation 0.099 50 Reject -0.06 >0.05 Reject
Percent of pedestrians in crosswalk at the enthsiiihg 018 >0.05 Do not i
DON'T WALK ) ) Reject
Percent of pedestrians in crosswalk at the endleRéd -0.02 >0.05 [F)z(éjgg;[ -

7.7 Summary

The increment in percent of pedestrians who pustied call button, percent of

pedestrians who look for vehicles before beginningcross the roadway, percent of

pedestrians beginning their crossing during the \WAhhase during after the study

shows an indication of improving crossing behavibhe decrease in the percent of

pedestrians in the crosswalk at the end of alliseah indication of increased safety for

pedestrians. The decrease in the percent of driviecsking crosswalk indicates that

motorists are stopping/yielding far away from trezl@strians, thus increasing safety for

pedestrians. There is a significant increase inpgreent of drivers coming to complete
stop before making a right turn on red (RTOR) afier installation of the ITS No-Turn

On Red Sign.
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SITE 8: FLAMINGO ROAD / PARADISE ROAD

= : £ H>

SITE#B Flamingo Rd / Paradise Rd

i _ o
SEVERITY @ Fedestrian fatal crash locations

@  Pedestrian injury crash locations

Figure 21: Aerial Photograph of Flamingo Road and Bradise Road (Control Site)
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SITE 9 AND 10: BONANZA ROAD: D STREET AND F STREET

9.1 Site description

The land use pattern along Bonanza Road betweemeBt&nd F Street site is classified
as commercial. The location is within the jurisdiot of the City of Las Vegas and the
Nevada Department of Transportation (NDOT). BondRaad, D Street, and F Street are
classified as minor arterials. The posted speed Along Bonanza Road is 35 mph. D
Street and F Street have a posted speed limitd ohfzh. Bonanza Road/D Street is a
three-legged (T intersection), and Bonanza RoadrEeSis a four-legged signalized
intersections. D Street has only the southboundoagh at the intersection. Bonanza
Road/D Street had 6 crashes between January 19PBesember 2000. All the crashes
had occurred at non-intersection location. BonaRoad/F Street had a total of 12
crashes in the same period with about 60 percenhefcrashes occurring at non-
intersections. As per the 2006 traffic count stas the estimated ADT along Bonanza
Road at this site is 20,100. Figures 22 and 23eptabe aerial photographs of the Site 9
and Site 10 respectively. Implementation plans emceptual designs of this site are
illustrated in Site 9 and Site 10 in Appendix B.

SITE#9 Bonanza Rd /i D St

Figure 22: Aerial Photograph of Bonanza Road and [treet
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SEVERITY @ Pedestrian fatal crash locations

SITE#10 Bonanza Rd / F St

@ Pedestrian injury crash locations

Figure 23: Aerial Photograph of Bonanza Road and Street

9.2 Problems Identified

Some of the problems observed at Bonanza Road é2tSdnd F Street are pedestrians
not using the crosswalks, inconspicuous crosswakkdestrians trapped in the middle of
the street while crossing, motorists failing to lgiepedestrians failing to yield, and
pedestrians not waiting for signals or acceptahfesg

9.3 Countermeasures Proposed

The installation of “In-roadway knockdown signs” wd inform motorists about
pedestrian activities in the vicinity, and it wowdtso remind them of the State law that
motorists must yield to pedestrians in the croskwBleployment of “High visibility
crosswalk” and “In-roadway knockdown signs” is ecieel to increase motorists’
yielding behavior to pedestrians, and more crodswsérs. The implementation plan for
the proposed countermeasures at this locatiorisrsim Table 34.
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Table 34: Implementation Plan for Bonanza Rd: D Sto F St

Treatments Stage 1| Stage 2| Stage 3
In-roadway knockdown sign O @) ©)
High visibility crosswalk 0] ®)
Pedestrian channelization )
Warning sign for motorists

O - Installed

9.4 Countermeasures Installed

Stage 1 Countermeasure Deployment

Countermeasure deployed during this stage is “ladR@y Knockdown Signs.” This
countermeasure is installed between August 22 &n@@5. The after condition data for
stage 1 countermeasure deployment are collectedkbat September 12 and 16, 2005.

Figure 24 shows the countermeasures deployed ge 3tat this location.

Figure 24: In-roadway Knockdown Signs installed aSite 9/10
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Stage 2 Countermeasure Deployment

Countermeasures deployed during this stage aren“Migibility Crosswalk Treatment”
and “Warning Signs for Motorists.” These counterswgas are installed on August 4-7,
2006. The after condition data for Stage 2 countasure deployment are collected on
August 21 to 24, 2006. Figure 25 shows the higlbiity crosswalk treatment installed
at Site 9/10. Warning signs for motorists instabdhe site are shown in Figure 26.

Figure 26: Warning Signs for Motorists installed atSite 9/10
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Stage 3 Countermeasure Deployment

Countermeasure deployed during this stage was ‘Y&ale Channelization.” This
countermeasure is installed on October 29 to Noweerdpb2007. The after condition data
for Stage 3 countermeasure deployment are collemte®ecember 20 and 21, 2007.

Figure 27 shows the countermeasure deployed ireStaq this location.

Figure 27: Pedestrian Channelization installed at & 9/10

9.5 Safety MOEs

9.5.1 Pedestrian MOEs

The baseline data indicate that 100 percent obbserved pedestrians look for vehicles
before beginning to cross the roadway and befayesang the second half of the street.
The installation of in-roadway knockdown signs itage 1, high visibility crosswalk in
Stage 2 and pedestrian Channelization in Staged@rahintain the “pedestrians look for
vehicles behavior before beginning to cross thelwasy and before crossing the second
half of the street” MOE at 100 percent as showiiable 35. An increase in the percent
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of captured pedestrians is observed after theliasten of the in-roadway knockdown
signs in the Stage 1. Thus the proportion of dedrpedestrians reduced. Different
effects are seen in Stage 2 and Stage 3, with aseren the percent of captured
pedestrians and increase in the percent of divergéelgstrians as shown in Table 35. A
slight increase is observed in the proportion afgstrians trapped in the roadway during
stage 1. However, after the installation of thenhigsibility crosswalk, the proportion of
pedestrians trapped in the roadway is reduced ito aed is maintained at a similar
percentage even after the installation of pedestiaannelization in Stage 3.

Table 35: Results of pedestrian MOEs at Bonanza RdaD Street to F Street

Baseline Stage 1 Stage 2 Stage 3
Sample = 197 Sample = 333 Sample = 1|8 Sample = 100
Ng Percent N Percent N Percent N Percent

Measures of Effectiveness
(Safety)

Percent pe_destrlans who look for vehicl BS) 97 100 333 100 18 100 1do 100
before beginning to cross

Percent pedgstrlans who look for vehicl S 100 333 100 18 100 1do 100
before crossing™ half of street

Percent of captured pedestrians 146 74 289 8y 11 6178 78

Percent of diverted pedestrians 5L 26 44 13 7 39 22 22

Percent of pedestrians trapped in the 9 5 32 9 0 0 9 9
roadway

9.5.2 Motorist MOEs

The data collected under the MOEs related to msitorare shown in Table 36. The
proportion of drivers yielding to pedestrians sh@wsontinuous reduction of 0.74 in the
baseline to 0.47 in Stage 1 to 0.00 in Stage Zhasdmaintained at a lower proportion of
0.01 in stage 3. The data indicate that the iratta of countermeasure in Stage 1
resulted in a greater proportion of drivers yietdat a distance greater than 10 ft. Also,
the percent of drivers blocking the crosswalk shawsduction in Stage 1 compared to
baseline period. Data from stages 2 and 3 count=une installation do not show

notable effect on the motorist behavior.
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Table 36: Results of motorist MOEs at Bonanza Roadd Street to F Street

M ¢ Effect Baseline Stage 1 Stage 2 Stage 3
easure(ssgfety)ec IVenes Sample = 89 Sample = 106 Sample = 25 Sample =170

Ng | Percent| N | Percent N | Percent| N | Percent
Percent_ of drivers yielding to 66 74 50 a7 0 0 1 06
pedestrians

Sample = 66 Sample = 5( Sample =0 Sample 3 1
Distance driver | <10ft | 46 70 20 40 - -
stops/yields 10-20ft| 10 15 15 30 - 1 100
before crosswalk | >20 ft 10 15 15 30 B

Sample = 77 Sample = 28 Sample =0 Sample 3 0
Percent of drivers blocking 5 7 3 6 i
crosswalk

9.6 Mobility MOEs
9.6.1 Pedestrian Delay

The average pedestrian delay measured at thisdodatshown in Table 37. An increase

in pedestrian delay is observed during stage 1;elew it is reduced in stage 2 and

further reduced in stage 3 after the installatibthe pedestrian channelization.

Table 37: Delay at Bonanza Road: D Street to F Ste¢

Measures of Effectiveness Baseline Stage 1 Stage 2 Stage 3
(Mobility) Sample | Delay Sample Delgdy Sample Delay Sample Delay

Average pedestrian delay L

(sec/ped) 197 8.06 333 | 1256 18 6.29 113 0.87

9.7 Statistical Results
9.7.1 Safety MOEs

Since the proportions of pedestrians who look feimigles before beginning to cross and

before crossing“ﬁ half of the street are 1.00, statistically, thdl hypothesis cannot be

accepted proving no significant changes in the ltesifhe statistical test indicate a
significant increase in the percent of capturedegtrthns during stage 1 when compared

to the baseline data (P<0.001). The increase istadistically significant when stage 2

results are compared with baseline as well as siagata (P>0.05). The percent of
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pedestrians trapped in the roadway significanttjuoed in stage 2 compared to baseline
as well as with stage 1 data (P=0.001). The reautshown in Tables 38 and 39.

The results show no significant increase in percémlrivers yielding to pedestrians and

no significant decrease in percent of drivers bioglkcrosswalk (P<0.05). The increase in

the proportion of drivers stopping/yielding at atdnce greater than 10 ft is statistically
significant (P<0.05).
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Table 38: Statistical test results of safety MOEstdBonanza Road: D Street to F Street

Measures of Effectiveness Baseline vs. Stage 1 Baseline vs. Stage 2 Basdirngtage 3
(Safety) Ps—P | P-value H Ps—PR | P-value H Ps— B | P-value H
MOEs below are tested forgHPyetore= Phaster VS. Hii Patter™ Poetore
Percent pedestnans who look for vehicles No Change No Change No Change
before beginning to cross
Percent pedestrians who look for vehicles
before crossing™ half of street No Change No Change No Change
Percent of captured pedestrians -0.12 <0.001 Reject 0.13 >0.05 Do not Reject -0.03 >0.05 gcéjggt
Percent of diverted pedestrians 0.12 >0.05 Do efgd -0.13 >0.05 Do not Reject 0.03 >0.05 gcéjggt
Percent of drivers yielding to pedestrians 0.2b 050.| Do not Reject 0.74 >0.05 Do not Reject 0.78 50.0 gzjgg:
. . . <10 ft 0.29 >0.05 Do not Rejeat -
(I:D:gir\:\(/:;kdnver stopslyields befor 10-20 ft 2026 2005 Reject -
>20 ft -0.006 <0.05 Reject - -
MOEs below are tested forgHPyeiore= Paster VS Hi Patte< Poefore
Percent of drivers blocking crosswalk 0.01 >0.05 Moo Reject -
Percent of pedestrians trapped in the roadway -0/05>0.05 Do not Reject 0.04 0.001 Reject -0.04 >0. Jsgzjz(é:
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Table 39: Statistical test results of safety MOEsdiween stages at Bonanza Road:
D Street to F Street

Measures of Effectiveness Stage 1 vs. Stage 2 Stage 2 vs. Stage 3
(Safety) P.— PR, | P-value H P,— R | P-value H
MOEs below are tested forgHPyeore= Patter VS- Hi: Patter™ Poefore
Percent pedestrians who look for vehicles
P No change No change
before beginning to cross
Percent pedestrians who look for vehicles No chanae No change
before crossing™ half of street 9 9
: 0 not Do not
. >0. . -0. >0. .
Percent of captured pedestrians 0.2b 0.0 eject 0.16 0.05 Reject
. . Do not
Percent of diverted pedestrians -0.2p <0.05 Relect0.16 >0.05 .
Reject
. N . Do not Do not
Percent of drivers yielding to pedestriar|s 0.4y 050 Reject 0.005 0.05 Reject
MOE below is tested for §1Poetore Patter VS- H Paster< Poefore
Percent of pedestrians trapped in the 0.09 <0.001| Reject 20.13| >005 Do_not
roadway Reject

9.7.2 Mobility MOEs

There is no significant reduction in the averagelgsérian delay in stages 1 and 2

compared to the baseline as shown in Table 40 (B»0But a significant decrease is

observed in stage 2 when compared to stage 1 asrs@able 41 (P<0.05).

Table 40: Statistical test results of mobility MOEat Bonanza Road: D Street to F

Street
Measures of Baseline vs. Stage 1 Baseline vs. Stage 2 Basdingtage 3
Effectiveness Difference P-value H Difference P-value H Difference P-value H
(Mobility) in Mean in Mean in Mean
MOE below is tested for §1Poetore Patter VS- H Patter< Poefore
Average pedestrian _; 5 >0.05 | Ponoti 4 77 >0.05 | POMOt | 249 | <0.001| Rejec
delay (sec/ped) Reject Reject

Table 41: Statistical test results of mobility MOEstages 1 and 2 at Bonanza Road:
D Street to F Street

Measures of.Effectiveness Diﬁereﬁf:?ege 1vs. Stage 2 Differenc?etage 2Vs. Stage 3
(Mobility) in Mean P-value H in Mean P-value H
MOE below is tested for §1Poetore Patter VS- H Patter< Poefore
Average pedestrian delay (sec/ped) 6.27 | <0.p)5 Rejec 522 | <0.05 | Rejec
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9.8 Summary

The installation of in-roadway knockdown signs aadhigh visibility crosswalk is
effective for reducing the proportion of pedestsiarapped in the roadway and increasing
the proportion of pedestrians using the crosswalgross the street. The increase in the
proportion of drivers yielding at a greater distaenhances safety to pedestrians crossing
the roadway. The decrease in the average pedesdilag in stage 2 indicates that the

high visibility crosswalk provides improved mobylit
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SITE 11: TWAIN AVENUE: CAMBRIDGE STREET TO SWENSON STREET
AND SITE 12: TWAIN AVENUE: SWENSON STREET TO PALOS VERDE
STREET

11.1 Site description

Twain Avenue is classified as a minor arterial vatposted speed limit of 35 mph along
the corridor between Cambridge Street and Palode/8treet. Twain Avenue runs in the
east-west direction. The location is within theigdiction of Clark County. Land use
along the corridor is mixed type with some shoppegters and residential apartments.
ADT along the corridor for the year 2006 was apprately 21,400. Figures 28 and 29
present the aerial photographs of the Site 11 ated12 respectively. Implementation
plans and conceptual designs for these siteslastrdted in Appendix B.

0 B25 125 250 375 500
_— e =

QI

SITE#11 Twain Ave: Cambridge St to Swenson St .
@  Pedestrian injury crash locations

Figure 28: Aerial Photograph of Site 11
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5 E

SEVERITY @ Pedestrian fatal crash locations

SITE#12 Twain Ave: Swenson to Palos Verde St

@ Pedestrian injury crash locations

Figure 29: Aerial Photograph of Site 12

11.2 Problems Identified

The problems identified along the corridor includecessive speeding, drivers not
yielding to pedestrians, pedestrians trapped in ritedway, and conflicts between

vehicles and pedestrians.

11.3 Countermeasures Proposed

The countermeasures deployed at this site incliilecadway knockdown signs” and
“Portable speed trailer.” The implementation plémsthe proposed countermeasures at

the above mentioned locations are shown in Talieandl 43.

Table 42: Implementation Plan for Twain Avenue: Canbridge Street to Swenson

Street
Treatment Stage 1
In-roadway knockdown signs 0

O - Installed
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Table 43:Implementation Plan for Twain Avenue: Swenson Strago Palos Verde

Street
Treatments Stage 1| Stage 2
In-roadway knockdown signs O ©)
Portable speed trailers 0]

O - Installed

11.4 Countermeasures Installed
The finalized countermeasures were installed es dif. and 12 in 2 stages.

Stage 1 Countermeasure Deployment

The countermeasures deployed during stage 1 arRoéamdway Knockdown Signs.”
These signs were installed between October 10 4ndaD5. The after condition data for
stage 1 countermeasure deployment were collectedebe November 1 and 4, 2005.
Figure 30 and Figure 31 show the countermeasueyda in Stage 1 at this location.

Figure 30: In-Roadway Knockdown Signs installed aSites 11 and 12
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Figure 31: Close-up view of “In-Roadway Knockdown 8ns” installed at Sites 11
and 12

Stage 2 Countermeasure Deployment

The countermeasure deployed during stage 2 is dPlert Speed Trailer.” This
countermeasure was installed between August 1 apde®ber 30, 2006. The after
condition data for Stage 2 countermeasure deploymere collected on October 18 and
19, 2006. Figure 32 shows the countermeasure deglioyStage 2 at this location.

Eastbound Westbound

43
/

Figure 32: Installation location of Speed-trailer m Twain Avenue
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Data were collected for various pedestrian and nsitdOEs and the summarized

results are shown in Tables 44 to 47.

11.5 Safety MOEs
The safety MOEs identifies includes some relateghedestrians and others related to

motorists.

11.5.1 Pedestrian MOEs

Table 44 shows that the proportion of pedestriang Wwok for vehicles before beginning
to cross and before crossing the second half ofdadway increased from 0.80 to 1.00
and from 0.85 to 1.00 respectively. This indicatest the in-roadway knockdown signs
have positive impacts with respect to these MOES. ddange in the proportion of
captured or diverted pedestrians is observed. Téygoption of pedestrians trapped in the
roadway reduced from 0.41 in baseline to 0.34agestl, and to 0.37 in stage 2. This also

suggests improved safety for pedestrians.

11.5.2 Motorist MOEs

Table 45 shows the percent of drivers yielding éalgstrians in different stages as a
measure of motorist MOE. The baseline data indicatg a small proportion (0.07) of
drivers yield to pedestrians. After the installatmf in-roadway knockdown in the second
stage, this proportion increased to 0.35. After tise of speed trailer in stage 2, the
proportion of drivers yielding to pedestrian slighdecreased to 0.29. Since the location
is a mid-block, the distance of drivers stoppingiing before crosswalk and the percent

of drivers blocking the crosswalk are not applieabl
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Table 44: Results of pedestrian MOEs at Twain Avener Palos Verde Street to
Swenson Street

Measures of Effectiveness Baseline Stage 1 Stage 2
(Safety) Sample = 165 Sample = 4f Sample = 156
y Ng Percent| N | Percent M Percent
Percent pe_de:;trlans who look for vehicl 2S) 35 80 47 100 156 100
before beginning to cross
Percent pedestrians who look for vehicles
before crossing™ half of the street 141 85 47 100 158 100
Percent of captured pedestrians 165 100 47 100 15600
Percent of diverted pedestrians 0 0 0 0 0 0
Percent of pedestrians trapped in the 68 a1 16 34 58 37
roadway
Table 45: Results of motorist safety MOE at Twain Aenue: Palos Verde Street to
Swenson Street
. Baseline Stage 1 Stage 2
Measure(ssg;elifgectlveness Sample = 141 Sample=79  Sample = 119
y Ng | Percent| N | Percent| N | Percent
Percent of drivers yielding to pedestrians 10 7 28 35 35 29

11.6 Mobility MOEs
11.6.1 Pedestrian Delay
The average pedestrian and vehicle delay measttbis éocation are shown in Table 46

for the various deployment stages. The averagespriaie delay increased in stages 1 and

2 compared to the baseline data.

11.6.2 Vehicle Delay
Table 46 shows that compared to the baseline dataage vehicle delays increased in

stages 1 and 2.

11.6.3 Vehicle Speed

Table 47 shows the mean vehicle speeds for th@wsartountermeasure deployment
stages. The existing condition mean speeds in dstheund and westbound directions
are 40 mph and 35 mph, respectively. The instahatf in-roadway knockdown signs
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reduced the speeds to 34.5 mph and 28.5 mph, ine#ils¢bound and westbound
directions, respectively. The difference of the mespeeds between the existing
condition and after stage 1 is approximately 6 nfpimilar trends are observed in the
westbound direction. The deployment of speed trdileher reduced the speed in the
eastbound direction to 31.9 mph. The mean speéteinvestbound direction is reduced
to 31.3 mph from 35 mph in the baseline period,thistwas greater than the mean speed

observed after stage 1.

Table 46: Delays at Twain Avenue: Palos Verde Stre® Swenson Street

Measures of Effectiveness Baseline Stage 1 Stage 2
(Mobility) Sample| Delay| Sample DelaySample| Delay
Average pedestrian delay (sec/ped) 164 0.81 47  912.1156 14.72
Average vehicle delay (sec/veh) 141 0.18 79 3i23 9 11 2.49

Table 47: Vehicle speeds at Twain Avenue: Palos \We Street to Swenson Street

Measures of Baseline Stage 1 Stage 2
Effectiveness Samole Mean speeg Samole Mean speed Samole Mean speed

(Mobility) b (mph) b (mph) P (mph)
Eastbound 150 40.0 100 34.5 250 31.9
Westbound 200 35.0 100 28.5 250 31.3

11.7 Statistical Results

The results of the statistical tests for the saftQEs for site 12 (Twain Avenue:
Swenson Street to Palos Verde Street) comparinakeline conditions with each stage,
and between stages are shown in Tables 48 andedPedtively. The analyses of

statistical results for the mobility MOEs are shawables 50 and 51.

11.7.1 Safety MOEs

The results of the statistical tests for safety MGite shown in Tables 48 and 49. The
results, when the baseline data and stage 1 dateoarpared, show that the increase in
the percentage of pedestrian who look for vehiblefere beginning to cross and before
crossing 2 half of the street are significant at a 95 peroemfidence level. These
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results indicate that the deployment of the couméaisures results in improvements in
pedestrian safety. The proportion of diverted pedes and captured pedestrians do not
change between the various stages. The increageviers yielding to pedestrians is
found to be significant in both cases as shown abld 50. The results were not
statistically significant at a 95 percent confiderevel when the percent of pedestrians
trapped in the roadway in stage 1 and stage 2cem@ared with the baseline data.
Comparing the data for stage 1 and stage 2, nogehanthe proportions of pedestrians
who look for vehicles before crossing and beforessing the %' half of the street,
captured and diverted pedestrians is seen. Howé&abie 51 shows that the percent of
drivers yielding to pedestrians and the percemtenfestrians trapped in roadways are not

significantly different statistically at a 95 penteonfidence level.

110



Table 48: Statistical test results at Twain AvenuePalos Verde Street to Swenson Street

Measures of Effectiveness Baseline vs. Stage 1 Baseline vs. Stage 2
(Safety) Ps—P | Pvalue | H P.—PR | Pvalue | H

MOEs below are tested forgHPyefore Patter VS. Hi Paster< Poefore
Percent pedestrians who look for vehicles befogenioéng to cross -0.20 <0.001 Rejec No change
Percent pedestrians who look for vehicles befanesing 2 half of street -0.14 <0.001 Reject No change
Percent of captured pedestrians No change No change
Percent of diverted pedestrians No change No change
Percent of drivers yielding to pedestrians -0.28 .0e0 Reject -0.22 <0.001 Rejec
MOE below is tested for 1 Poeore Patter VS Hy Patter< Phefore

. . Do not Do not
Percent of pedestrians trapped in the roadway 0,07 >0.05 Reject 0.04 >0.05 Reject

Table 49: Statistical test results between stages Bwain Avenue: Palos Verde Street to Swenson Stree

Measures of Effectiveness Stage 1 vs. Stage 2
(Safety) P-P | P-value | H
MOESs below are tested forgHPyetore Paster VS. Hi Paser< Poetore
Percent pedestrians who look for vehicles befoggnming to cross 0.00 No change
Percent pedestrians who look for vehicles befonesing 2° half of street 0.00 No change
Percent of captured pedestrians 0.00 No change
Percent of diverted pedestrians 0.00 No change
Percent of drivers yielding to pedestrians 0.0 050. | Do not Reject
MOE below is tested for §dPoetore Paser VS. Hi Pasier< Phetore
Percent of pedestrians trapped in the roadway | -0j03 >0.05 | Do not Reject
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11.7.2 Mobility MOEs

The results of statistical tests for the significaiof the mobility MOE is shown in Tables
50 and 51. Statistical tests revealed no signifiadifierence in results obtained for
average pedestrian delay and average vehicle délsy.decrease in eastbound mean
speed is found to be significant for all three saas seen in Tables 52 and 53. The
decrease in the westbound mean speed, when badataé compared with stage 1 and
stage 2 is found to be significantly different. Hower, difference obtained when the
westbound mean speed for stage 1 and stage 2 {gacedhis not statistically significant

as seen in Table 53.

Table 50: Statistical test results of mobility MOEsat Twain Avenue: Palos Verde
Street to Swenson Street

Measures of Baseline vs. Stage 1 Baseline vs. Stage 2
Effectiveness Difference P-value H Difference P-value H
(Mobility) in Mean in Mean
MOEs below are tested foroHPyetor= Phatter VS. Hi Patier< Phefore
Average pedestrian i Do not i Do not
delay (sec/ped) 11.38 >0.05 Reject 13.91 >0.05 Reject
Average vehicle delay 3.05 >0.05 Do_not 231 >0.05 Do_not
(sec/veh) Reject Reject

Table 51: Statistical test results of mobility MOEsbhetween stages at Twain Avenue:
Palos Verde Street to Swenson Street

Measures of Effectiveness Stage 1 vs. Stage 2
(Mobility) Difference in Mean| P-value H
MOESs below are tested forgHPyetore Phaster VS. Hi Pasier< Poetore
Average pedestrian delay (sec/ped) -2.53 >0.05 d@&Reject
Average vehicle delay (sec/veh) 0.74 >0.05 Do et

Table 52: Statistical test results of speed at TwaiAvenue: Palos Verde Street to
Swenson Street

Measures of Baseline vs. Stage 1 Baseline vs. Stage 2
Effectiveness | Difference in P-value H Difference in P-value H
(Mobility) Mean Speed Mean Speed
MOESs below are tested forgHPyetore Phaster VS. Hi Pasier< Poetore
Eastbound (mph) 5.50 <0.00l Reject 8.10 <0.001 dReje
Westbound (mph) 6.50 <0.001 Reject 3.70 <0.001 dReje
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Table 53: Comparison of speed between stages at Tiw&venue: Palos Verde Street
to Swenson Street

Measures of Effectivenegs Stage 1 vs. Stage 2
(Mobility) Difference in Mean| P-value oH
MOESs below are tested forgHPyetore Paster VS. Hi Paier< Poetore
Eastbound (mph) 2.60 <0.001 Reject
Westbound (mph) -2.80 >0.05 Do not Reject

11.8 Summary
The installation of in-roadway knockdown signs guuditable speed trailer has improved

the yielding behavior of drivers to pedestrians.isTmakes roadway safer for the
pedestrians crossing the street. The decreasbg wehicle travel speeds at this location

suggest that these countermeasures are very effesttiategy wherever speeding is an

issue.
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SITE 13: LAKE MEAD BOULEVARD / LAS VEGAS BOULEVARD

13.1 Site description

The land use at this location is mainly a mixture@mmercial and residential. This site
is an intersection of a six lane minor arterialkédlead Boulevard) with two left turning
lanes and with a speed limit 35 mph, and a foue lamnor arterial (Las Vegas
Boulevard) with a left turning lane and with spdexit of 35 mph. This site is in the
jurisdiction of City of North Las Vegas. It is omé the 4 selected sites along the Lake
Mead Boulevard corridor between Las Vegas Boulewend Pecos Road. There were a
total of 8 crashes recorded at the intersectioth @il of them reported as injury crashes.
Almost 75 percent of the total crashes occurrethatintersection locations. Figure 33
presents the aerial photograph of this site. StenJAppendix B presents implementation

plan and the conceptual design of this location.

SITE#13 Lake Mead Blvd / Las Vegas Blvd

SEVERITY @ Pedestrian fatal crash locations

@ Pedestrian injury crash locations

Figure 33: Aerial Photograph of Lake Mead Boulevardand Las Vegas Boulevard
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13.2 Problems Identified
Some of the problems identified at this locatior gedestrians do NOT use the
crosswalks, inconspicuous crosswalks, high peroérglderly pedestrian involved in

crashes, and inconspicuous pedestrian signaloduilé streets

13.3 Countermeasures Proposed

A “High visibility crosswalk” treatment is proposeat this location to help reduce the
problem of inconspicuous crosswalks at the locatiemarged Pedestrian Signal Heads
are also proposed as a countermeasure deploymieatiniplementation plan for the

proposed countermeasures at this location is showWwable 54.

Table 54: Implementation Plan for Lake Mead Boulevad and Lake Mead
Boulevard

Treatments Stagel| S
High visibility crosswalk ®)
High visibility crosswalk from island to sidewalk O]
Enlarged Pedestrian Signal Heads

O - Installed
X - Not installed due to non-availability

X|O|0|x

13.4 Countermeasures Installed

Stage 1 Countermeasure Deployment

Countermeasure deployed during this stage is “higibility crosswalk treatment.” This
countermeasure is installed between October 3 a2005. The after condition data for
stage 1 countermeasure deployment are collectétbwamber 7, 2005. Figure 34 shows

the countermeasures deployed at this location.
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Figure 34: High Visibility Crosswalk Treatment installed at Lake Mead Boulevard
and Las Vegas Boulevard

Implementation of stage 2 countermeasure is catalle to the non-availability of
vendors to fabricate and manufacture “Enlarged $&tddes Signal Head”

countermeasure.

13.5 Safety MOEs

The results of the safety MOEs are summarized bi€gab5 and 56. Table 55 shows the
pedestrian MOEs that are percent of the pedestwams look for vehicles before
beginning to cross, percent signal cycles in witiah button has been pushed, frequency
of pedestrian signal violation, percent of pedassiin crosswalk at DON'T WALK, and
percent of pedestrians trapped in the roadway. mb®rist MOES are summarized in
Table 56. These motorist MOEs are percent of dsiwgelding to pedestrians, yielding
distance, drivers blocking the crosswalk, and dsweaking a complete stop.
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13.5.1 Pedestrian MOEs

Table 55 summarizes the data collected for peadesilOEs at Lake Mead Boulevard
and Las Vegas Boulevard. It can be seen that theeént of the pedestrians who look for
vehicles before beginning to cross” increased #iigfrom 38% to 43% after the
installation of Stage 1 countermeasure. Percestgofal cycles in which call button has
been pushed remained almost the same (58% and B4pectively) even after the
installation of the high visibility crosswalk treaént countermeasure. However,
frequency of pedestrian signal violation was insegafrom 4% in Baseline to 12% in
Stage 1 after the installation of the countermeasidihe impact of countermeasure
installation on “percent of pedestrians in croséwatl DON'T WALK” and on “percent
of pedestrians trapped in the roadway” remainedsirthe same in the baseline and the
stage 1 conditions.

Table 55: Results of pedestrian MOEs at Lake Mead @ilevard and Las Vegas

Boulevard
Measures of Effectiveness Baseline Stage 1
(Safety) Sample| N | Percent] Sample N| Percent
Percent pe_degtrlans who look for vehicles 411 159 38 377 169 43
before beginning to cross
Percent signal cycles in which call button has 411 237 58 377 205 54
been pushed
Frequency of pedestrian signal violation 411 19 4 77 3| 48 12
Percent of pedestrians in crosswalk at
DON'T WALK 411 11 2 377 17 5
Percent of pedestrians trapped in the roadway 411 6 |1 3 377 8 2

13.5.2 Motorist MOEs
It is evident from Table 56, that there is not f@siimpact on the motorists as a result of
the installation of the high visibility crosswalieatment. All the MOEs collected before

and after installation of the high visibility cregalk treatment showed negative impact.
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Table 56: Results of motorist MOEs at Lake Mead Bolevard and Las Vegas

Boulevard
Measures of Effectiveness Baseline Stage 1
(Safety) Sample| N | Percent| Sample N| Percent
Percent of drivers yielding to pedestrians 64 P4 35 247 67 27
. ) . <5ft 24 11 46 67 20 30
Distance driver stopsl/yields 510 ft >4 9 38 67 37 55
before crosswalk
>10 ft 24 4 16 67 10 15
Percent of drivers blocking crosswalk 68 14 21 24747 19
Percent of drivers making a complete stap 67 50 75 247 82 33

13.6 Mobility MOEs

From Table 57, it is seen that average pedestmdany dncreased from 36.6 seconds to
41.3 seconds per pedestrian after the installabbrthe high visibility crosswalk
treatment. However, on the contrary, vehicle deligmreased slightly from 26.7 seconds

to 20.8 seconds after the stage 1 countermeassiediation.

Table 57: Delay at Lake Mead Boulevard and Las VegaBoulevard

Measures of Effectiveness Baseline Stage 1
(Mobility) Sample| Delay Sample Delgy
Average pedestrian delay (sec/ped) 4111 36.64 377 .3141
Average vehicle delay (sec/veh) 774 26169 864 20.76

13.7 Statistical Results

13.7.1 Safety MOEs

The statistical results of the safety MOEs for Ldakead Boulevard and Las Vegas
Boulevard are shown in Table 58. It is evident frdime results table; none of the
parameters (either pedestrian related or motoglatad) showed statistically significant
improvement after the installation of the high bikty crosswalk treatment at Lake Mead
Boulevard and Las Vegas Boulevard.
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Table 58: Statistical test results of safety MOEstd_ake Mead Boulevard and Las
Vegas Boulevard

Measures of Effectiveness Baseline vs. Stage 1
(Safety) Ps—P | P-value H

MOEs below are tested forgHPyetore= Paster VS. Hii Patter™ Poetore

Percent pedestrians who look for vehicles

before beginning to cross

tIjercent signal cycles in which call button has 0.03 >0.05 Do not Reject
een pushed

Percent of drivers yielding to pedestrians 0.08 050.| Do not Reject
<5 ft 0.15 >0.05 Do not Reject

5-10 ft -0.17 >0.05 Do not Rejeq
>10 ft 0.01 >0.05 Do not Rejec

Percent of drivers making a complete stop 0.41 50.0 Do not Reject

MOESs below are tested forgHPoetore Patter VS. Hy: Paster< Poefore
Percent of pedestrians trapped in the roadway  0.0170.05 Do not Reject

-0.04 >0.05 Do not Reject

Distance driver stops/yields
before crosswalk

—

—

Frequency of pedestrian signal violation -0.08 50.0 Do not Reject
Percent of pedestrians in crosswalk at .
DON'T WALK -0.018 >0.05 Do not Reject
Percent of drivers blocking crosswalk 0.01 >0.05 ridbReject

13.8 Summary

The data collected before and after the instatatd the High Visibility Crosswalk
Treatment at this location does not show significamprovement in safety for
pedestrians as anticipated. The other problemdiigehat this location such as “high
percent of elderly pedestrian involved in crashasd “inconspicuous pedestrian signals
due to wide streets” would have been addresseddigliation of Enlarge Pedestrians
Signal Heads. However, vendor unavailability haredehe process of installation of this

countermeasure.
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SITE 14: LAKE MEAD BOULEVARD / MCDANIEL STREET

SITE#14 Lake Mead Blvd f McDaniel St

@ Pedestrian injury crash locations

Figure 35: Aerial Photograph of Lake Mead Boulevardand McDaniel Street
(Control Site)
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SITE 15: LAKE MEAD BOULEVARD: BELMONT STREET TO MCC ARRAN
STREET

15.1 Site description

The location is within the jurisdiction of the Cif North Las Vegas. Land use is
primarily residential. Lake Mead Boulevard is a anagrterial with a posted speed limit
of 45 mph. As per 2006 traffic count statisticsg thADT on Lake Mead Boulevard
between Belmont Street and McCarran Street is 84,B@yure 36 presents the aerial
photograph of the site. Implementation plans andceptual designs of this site are
illustrated in Site 15A and Site 15B in Appendix B.

@ Pedestrian injury crash locations

Figure 36: Aerial Photograph of Lake Mead Boulevard Belmont Street to
McCarran Street
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15.2 Problems Identified
Some of the identified problems are high percentafeslderly pedestrian crashes,
motorists failing to yield, pedestrians not waitifay signals/acceptable gaps, and high

proportions of nighttime crashes.

15.3 Countermeasures Proposed

The proposed countermeasures to address thesemhre “Danish offset,” “Median
refuge,” “High visibility crosswalk,” “Advance yiel markings,” “Yield here to
pedestrians signs,” “ITS Automatic Detection DegiééSmart Lighting” and “Enhancer
Pedestrians LED Signal.” The implementation plantfe proposed countermeasures at

this location is shown in Table 59.

Table 59 Implementation Plan for Lake Mead Boulevard: Belmort Street to
McCarran Street

()]

X|X|O|0|0|0|0|>
Q
o
()]

Treatments Stage 1 tage |3
Relocated bus stop locations and crosswalks
High visibility crosswalk

@)
)
Median refuge ®)
@)
@)

Danish offsets
Advance yield markings + sign yield to pedestrians
Smart Lighting

ITS automatic pedestrian detection devices
Enhancer Pedestrian LED signal

O - Installed

X - Not Installed

X|X|X|O|0|0|0|0

15.4 Countermeasures Installed
The Lake Mead Boulevard site from Belmont StreemMimCarran Street is a mid-block

location. Multiple countermeasures were installed single stage at this location

Stage 1 Countermeasure Deployment

Countermeasures deployed during this stage aresbasffset, Median refuge, High

visibility crosswalk, Advance yield markings andi€¥d Here to Pedestrian” signs. These
countermeasures are installed between January @9Fabruary 2, 2007. The after

condition data for Stage 1 countermeasure deployarencollected between February 26
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and March 2, 2007. Figure 37 and Figure 38 shovwcthmtermeasures deployed in stage
1 at this location.

Figure 38: Advanced Yield Markings installed at Lake Mead Boulevard: Belmont
Street to McCarran Street
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The various pedestrian and motorist MOEs and thensarized results are shown in
Tables 60 and 61 respectively. The mobility MOEs sltown in Table 62. The results of
the statistical tests for the safety and mobilitpPEs comparing the baseline conditions
with stage 1 are shown in Table 63 and 64, respayti

15.5 Safety MOEs

15.5.1 Pedestrian MOEs

From Table 60, it is clear that the percent of g&tEns who look for vehicles before

beginning to cross and before crossing seconddfdle street increased from 0.96 and
0.92 to 1.00, and 1.00, respectively. The percéwaptured pedestrians decreased from
100 percent to 84 percent, but the percent of thdepedestrians increased from zero to
16 percent. There is drastic a decrease in theopiiop of pedestrians trapped in the

roadway from 0.62 to 0.05 after stage 1.

Table 60: Results of pedestrian MOEs at Lake Mead &ilevard: Belmont Street to
McCarran Street

. Baseline Stage 1
Measure(sS g;eliff)ectlveness Sample = 61 Sample = 123
y Ng Percent N Percent

Percent pe_degtrlans who look for vehicles 59 96 123 100
before beginning to cross
Percent ped(_astrlans who look for vehicles 56 92 123 100
before crossing™ half of street
Percent of captured pedestrians 61 100 103 84
Percent of diverted pedestrians 0 0 20 16
Percent of pedestrians trapped in the roadway 38 62 7 5

15.5.2 Motorist MOEs

Table 61 shows that proportion of drivers yieldiogpedestrians from baseline to stage 1
increase from 0.03 to 0.40. There is an increaseth& proportion of drivers
stopping/yielding at a distance less than 10 fAaatominal increase is also observed in
the percent of drivers blocking the crosswalk agst1 compared to baseline period.

124



Table 61: Results of motorist MOEs at Lake Mead Bolevard: Belmont Street to
McCarran Street

Measures of Effectiveness Baseline Stage 1
(Safety) Sample = 296] Sample = 117
Ng | Percent| N | Percent
Percent of drivers yielding to pedestrians 8 03 46 40
Sample =8 Sample = 46
. . . <10 ft 2 25 15 39
e et s P e 00k |6 |75 | 22 s
>20 ft 0 0 9 19
Sample = 296| Sample =117
Percent of drivers blocking crosswalk - B 6

15.6 Mobility MOEs

15.6.1 Pedestrian Delay

The baseline data indicates that the average pegestelay is 21.43 sec/ped. The
average pedestrian delay is reduced by 11.90 skfpa baseline conditions to stage 1.

15.6.2 Vehicle Delay
The average vehicle delay in the baseline peridil2d sec/veh and in stage 1, the delay

is 2.16 sec/veh. Table 62 shows the comparisorverfage vehicle delay at stage 1 and

baseline.

Table 62: Delays at Lake Mead Boulevard: Belmont $et to McCarran Street

Measures of Effectiveness Baseline Stage 1
(Mobility) Sample| Delay| Sample Delay
Average pedestrian delay (sec/ped) 61 21143 84 9.53
Average vehicle delay (sec/veh) 296 0.24 11y 216

15.7 Statistical Results

15.7.1 Safety MOEs

There is no significant increase in the percemexfestrians who look for vehicles before
beginning to cross and percent of captured pedestin stage 1 compared with baseline
data (P>0.05). The MOEs that have significant ¢ffeclude the following: increase in
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the percent of pedestrians who look for vehicldergecrossing second half of the street,
and the percent of diverted pedestrians in stagemipared with baseline (P<0.05). The
reduction in the percent of pedestrians trappedhm roadway in stage 1 is also
statistically significant (P<0.001).

The results provide evidence that there is a soamf increase in the percent of drivers
yielding to pedestrians in stage 1 compared taotseline period (P<0.001). There is a
significant increase in the number of drivers stogfyielding at a distance greater than
20 feet after the installation of countermeasuresntioned in stage 1 (P<0.001). The
complete results of the statistical analyses atga¥lOEs for pedestrians and drivers are

shown in Table 63.

15.7.2 Mobility MOEs

Table 64 provides the summary of the tests forissieal significance of the results
obtained for pedestrian and vehicle delays. Thidetahows that there is a significant
decrease in the average pedestrian delay in stag@mpared to baseline (P=0.001).
There is no statistical evidence that the decr@aswerage vehicle delay is significant
(P>0.05).

Table 63: Statistical test results of safety MOEstd_.ake Mead Boulevard: Belmont
Street to McCarran Street

Measures of Effectiveness Baseline vs. Stage 1
(Safety) Ps—P | P-value H
MOEs below are tested forgHPeore= Patter VS. Hy Paster™> Poefore
Percent pedestrlans who look for vehicles .0.03 >0.05 Do not Reject
before beginning to cross
Percent ped(_astrlans who look for vehicles -0.08 <0.05 Reject
before crossing" half of street
Percent of captured pedestrians 0.16 >0.05 D& ajct
Percent of diverted pedestrians -0.16 <0.001 Reject
Percent of drivers yielding to pedestrians -0.36 .080 Reject
Distance driver stopsl/yields <10t 0.07 >0.05 Do not Rejedt
boforo arosommlk psly 10-20 ft 0.27 | >0.05| Do not Rejedt
>20 ft -0.19 <0.001 Reject
MOE below is tested for §dPoetore Paster VS. Hi: Pasier< Phetore
Percent of pedestrians trapped in the roadjvay ~ 0/56<0.001 | Reject
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Table 64: Statistical test results of mobility MOEsat Lake Mead Boulevard:
Belmont Street to McCarran Street

Measures of Effectiveness Baseline vs. Stage 1
(Mobility) Ps—P | P-value | H
MOEs below are tested forgHPoetore Paster VS. Hi Pasier™ Poefore
Average pedestrian delay (sec/ped) 11.90 0.001 cReje
Average vehicle delay (sec/veh) -1.92 >0.05 DoRweject

15.8 Summary

The results clearly show the impact of the deplogedntermeasures in reducing the
waiting time of the pedestrians before beginningrtss and the time spent in the middle
of the roadway. Maryland Parkway and Dumont Strgeta location with similar
countermeasures installed without advance vyield kings and “Yield Here to
Pedestrian” signs in stage 1. The results at bdth sites indicate that the
countermeasures are effective in increasing trefysaf the pedestrians by decreasing the

percent of trapped pedestrians in roadway andasang the drivers yielding behavior.

127



SITE 16: LAKE MEAD BOULEVARD / PECOS ROAD

16.1 Site description

The land use at this location is mainly residenii&lis site is an intersection of a six lane
minor arterial (Lake Mead Boulevard) with two l&firning lanes and with a speed limit
45 mph, and a six lane minor arterial (Pecos Ruwaith) speed limit of 45 mph. This site
is within the jurisdiction of City of North Las Veg. There are a total of 9 crashes
recorded at this intersection from 1996-2000. Ad trashes that occurred at this location
were injury crashes. The percentage of the motrfailure to yield (67 percent) is
double the percentage of the pedestrian’s failargigld (33 percent). Day time crashes
account for 78 percent of the crashes. Figure 89gmts the aerial photograph of the site.
Implementation plans and conceptual designs of shies are illustrated in Site 16 in

Appendix B.

-
SEVERITY @ Fedestrian fatal crash locations

SITE#16 Lake Mead Blvd / Pecos Rd o

Figure 39: Aerial Photograph of Lake Mead Boulevardand Pecos Road
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16.2 Problems Identified

After analyzing crash data and field observatiotadaome of the problems identified at
this location include: motorist failure to yieldegestrian failure to yield, pedestrians do
NOT wait for signals/acceptable gaps, and high geei@da/right turning vehicle conflicts.

16.3 Countermeasures Proposed
Countermeasures proposed at this location areiftynrehicles yield for pedestrian sign”
and “warning sign for motorists.” The implementatioplan for the proposed

countermeasures at this location is shown in Téble

Table 65: Implementation Plan for Lake Mead Boulevad and Pecos Road

Treatment Stage 1
Warning sign for motorists ®)
Turning Vehicles Yield to Pedestrians ®)

O - Installed

16.4 Countermeasures Installed

Stage 1 Countermeasure Deployment:

Countermeasures deployed during this stage are rivarSigns for Motorists” and
“Turning Vehicles Yield to Pedestrians.” These deumeasures were installed between
May 16 and 20, 2005. The after condition data fizag® 1 countermeasure deployment
was collected from June 6 to 10, 2005. Figure 4wshthe countermeasure deployed in

Stage 1 at this location.
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Boulevard and Pecos Road

16.5 Safety MOEs

The average vehicle delay increased marginally fr@®4 seconds/vehicle to 26.1
seconds/vehicle, before and after the installadibthe sign, respectively. Similar trends
were observed both morning and evening peak haunagiboth of the study periods.
The percentage of motorists yielding also increaseghat more vehicles yielded to
pedestrians. Consequently, the vehicle delay alsceases. Pedestrian delay increased
from 42 seconds/pedestrian to 45 seconds/pedestefmne and after the installation of

the sign respectively.

16.6 Statistical Results

The before-and-after study results show that te&ikation of the “Turning traffic must
yield to pedestrians” sign has increased the ptapoiof motorists yielding at RTOR
from 0.51 to 0.92 (P<0.001). On the contrary, thegprtion of motorists yielding at right
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turn on green decreased marginally from 0.82 t® @/B=0.566) during the after-study
period. However, this difference is not statisticalifferent at the 95 percent confidence
level. The installation of the sign “Turning traffmust yield to pedestrians” shows an
increase in motorists yielding while turning on .ré@de values of MOEs during before

and after study periods, their difference and siatl significance are shown in Table 66.

Before the installation of the sign, “Turning tiafiust yield to pedestrians,” proportion
of vehicles which block the crosswalk while turningcreases from 0.39 before
installation to 0.82 after installation (P<0.00Ihe observed stopping behavior of
motorists before RTOR indicates that the proportadrnmotorists completely stopped
before the sign is installed decreases from 0.76rbédo 0.58 (P<0.001) after the sign is

installed.

The proportion of pedestrians looking for turnirghicles at the beginning of the WALK
signal decreases from 0.88 to 0.58 (P<0.001) befodeafter the installation of the sign
respectively. The proportion of pedestrians who stk in the crosswalk during the
flashing DON'T WALK phase and at the end of all tede decreased from 0.62 to 0.21
(P<0.001) and 0.031 to 0.027 (P=0.393) respegtidreting after study period.
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Table 66: Statistical Test Results at Lake Mead Bdevard/Pecos Road

s Before After (Bef Null

. . efore - u

No. Measures of Effectiveness Sa_mple Value Sa_mple Value | After) P-value hypothesis
size size

1 [Motorists' yielding at right turn on red

(in the presence of pedestrian at turj or 76 | 51.32 55| 90.91| -39.5d <0.001 Rejec
approach), %

2 [Motorists' yielding at right turn on

green (in the presence of pedestriang), 73 | 81.94 64| 79.69 2.26 0.564 DO. not
% reject
3 [Percentage vehicles blocked the Do not
crosswalk, % 267 | 39.33 198| 82.32[ -43.0d 1.00p reject
4 |Percentage of drivers executing righ ) Do not
turn on red coming to complete stop| % 268 | 75.37 200| 58.00) 17.3 1.00p reject
5 [Pedestrian delay (sec/ped)
362 |4208| 388| 4531 329 o001k DONO
reject
6 |[Vehicle delay at intersection (sec/veh)
AM 812 18.60 1,243 19.82 N/A N/A
PM 1,642(28.77 1,384 31.78 N/A N/A
Total 2,454 25.40 2,627 26.12 N/A N/A
7 |Percentage of pedestrians who looked
at start of the WALK phase for turning 331 | 87.61 2412| 5825 2934 100b P° n(f[t
rejec

vehicles, %

8 [Percentage of pedestrians who werg in

the crosswalk during the flashing 354 | 61.86 432| 20.60| 41.2¢ <0.00[ Rejeqt

DON'T WALK phase, %

9 |Percentage of pedestrians who werg in Do not
the crosswalk at the end of all-red, ¢ 354 | 311 432 2.78 0.33 0.39 reject

10 |Percentage of pedestrians who were
trapped in the middle of crossing, %
11 |Percentage of pedestrian/vehicle

evasive actions, change course/slowto 345 | 1.74 432 0.23 1.51 0.021 Rejec
avoid motorists, %

12 |vehicle speed (mph)

338 | 5.33 432 2.78 2.55 0.04 Rejec

Eastbound 75| 33.68 99 3614 -246  0.9p3 DO Mot

reject

Westbound 50 | 40.53 75| 29.66 10.87 <0.001 Reje(;t

Northbound 50 |37.72 60| 26.96| 10.79 <0.00] Reject

Southbound 50 |35.94 60| 31.16| 478 <0.00] Reject
Note:a = 0.05

The proportion of pedestrians trapped in the miadlthe road while crossing decreases
significantly during the after-condition from 0.6 0.03 (P=0.040). The motorists’
yielding behavior while turning also shows an imgment. As a result, the percentage

of pedestrians trapped in the middle decreasesiaft@llation of the sign.
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The proportion of evasive actions decreases frd@r70to 0.002 for the before and after
study periods respectively. The difference of thepprtion of evasive action between
before and after period is significantly differ§f=0.021) at the 95 percent confidence
level. The average vehicle speeds decreases (P3Gi@dificantly during the after study

period in the northbound, southbound, and westbdalirettions. On the other hand, the

average vehicle speeds shows an increase in ttimand direction.

16.7 Summary

Statistical analysis of the data collected at kbéstion before and after the installation of
the “Yield to Pedestrian in Crosswalk” shows sigraint benefits that improved overall
pedestrian safety at this location. The paramebatswere improved after the installation
of the countermeasure include, increase in the eumbvehicles yielding to pedestrians
in crosswalk, reduction in the percent of the vigsicblocking the crosswalk, and

decrease of pedestrian delay.
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SITE 17: FREMONT STREET: 11™ STREET AND 8™ STREET

0 55 110 220 330 440

SITE#17 Fremont St: 11th St to 8th St

&

TY @ Pedestrian fatal crash locations

@ Pedestrian injury crash locations

Figure 41: Aerial Photograph of Fremont Street: 11" Street to 8" Street (Control
Site)
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SITE 18: FREMONT STREET: 6" STREET AND 8™ STREET

18.1 Site description

Land use adjacent to the corridor includes hotelsinos and other commercial activities.
The location is within the jurisdiction of the Ciyf Las Vegas. Fremont Street is
classified as a minor arterial and the posted sfiegtlis 25 mph. As per 2006 traffic
count statistics, the ADT at Fremont Street is @8,&long this corridor. Figure 42
presents the aerial photograph of the site. Impteati®n plan and conceptual designs of

this site are presented in Site 18 in Appendix B.

'l. ! ¢
y il £ A 4 ! : A
) ) SEVERITY @ Pedestrian fatal crash locations
SITE#18 Fremont St: 8th St to 6th St - R

Figure 42: Aerial Photograph of Fremont Street: §' Street to 6" Street
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18.2 Problems Identified

Some of the problems identified at Fremont Streemf 8" Street to B Street are
pedestrians not using the crosswalks, a high ptagerof elderly pedestrians involved in
crashes, and pedestrians failing to yield. Speedng key observed problem at this

corridor.

18.3 Countermeasures Proposed

A “Portable speed trailer” is proposed for thisdtian. The installation of portable speed
trailers is expected to make motorists aware ofpbgted speed limit and their current
speed. The speed trailers are intended to helprisistdo reduce their speed. The other
countermeasures at this site include “In-roadwayckdown signs” and “Pedestrian call
button that confirm press.” The implementation pi@nthe proposed countermeasures at

this location is shown in Table 67.

Table 67: Implementation Plan for Fremont Street: 8h Street to 6th Street

Treatments Stage 1| Stage 2 Stage[3
Portable speed trailers 0] X X
In-roadway knockdown signs @) ®)
Pedestrian call buttons that light u ®)
O - Installed

X - Countermeasure removed

18.4 Countermeasures Installed
Various countermeasures are deployed in threestagg data are collected on weekdays

at Fremont Street betweeli Street and '8 Street.

Stage 1 Countermeasure Deployment

Countermeasure deployed during this stage is “Plertaspeed trailer.” This
countermeasure is installed between January 1 @nad®6. The after condition data for
stage 1 countermeasure deployment is collectedebnury 16, 2006. Figure 43 shows

the countermeasures deployed in stage 1 at thasiéoc
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Figure 43: Portable Speed Trailer on Fremont Street

Stage 2 Countermeasure Deployment

Countermeasures deployed during this stage areoddway knockdown signs.” This
countermeasure is installed on April 25, 2006. Hifier condition data for stage 2
countermeasure deployment are collected on May 2086. Figure 44 shows the

countermeasures deployed in stage 2 at this latatio

G WITHIN
B CROSSWALE =

Figure 44: In-Roadway Knockdown Signs
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Stage 3 Countermeasure Deployment

Countermeasures deployed during this stage aree¥@mh button that confirm press.”
This countermeasure is installed between Septethand 29, 2006. The after condition
data for stage 3 countermeasure deployment isatetleon December 19, 2006. Figure

45 shows the countermeasures deployed in Stagths dbcation.

Figure 45: Pedestrian Push Button that Confirm Pres

The results of the pedestrian and motorist MOEssaramarized in Tables 68, and 69
respectively. The average pedestrian delay asttador each stage is shown in Table 70.
The statistical significance of the results obtdif@ all the stages is shown in Tables 71
and 72.

18.5 Safety MOEs

18.5.1 Pedestrian MOEs

Table 68 shows that all of the observed pedesti@isfor vehicles before beginning to
cross the roadway during all the stages includinagebne period. No pedestrians are
observed as trapped in the roadway in the baseglered. The proportion of the
pedestrians violated the signal in the baselinalitimm is about 0.17. The proportion of

pedestrians who begin their crossing during WALKagéd during the baseline period is

138



almost negligible. The deployment of portable sptader increases the proportion of
pedestrians trapped very slightly. The proportidnpedestrians violating the signal
reduced to 0.15 percent in stage 1 compared tdbéiseline. The installation of in-
roadway knockdown signs in stage 2 increases thpoption of pedestrians who begin
their crossing during WALK phase to 0.79. Howewstgge 1 data are not available for
this MOE to compare the incremental effect frongsta to stage 2. Proportion of signal
cycles in which the call button has been pushe@d.i8 in stage 2. The installation of
pedestrian push button that confirm press increésegroportion of signal cycles in
which call button has been pushed to 0.39 perddrd. proportion of pedestrian signal
violation decreases to 0.09 in stage 3 comparedher stages. Proportion of pedestrians

are trapped in the roadway in stage 3 is negligsohgall.

18.5.2 Motorist MOEs

From Table 69, the proportion of drivers yieldimgpedestrians is 0.67 during baseline
period. About 0.06 proportions of the observed esvblocks the crosswalk during the

same period. Proportion of the drivers stopl/yielgpédestrians away from the stop bar is
about 0.20. The installation of the speed traibestage 1 eliminates all the drivers from

blocking the crosswalk. The proportion of driveiglging to pedestrians decreased to
0.43 in stage 1. In stage 2, almost all of theatgwield to pedestrians, and only 0. 16

proportions of the drivers block the crosswalk. fEhare no pedestrians observed to have

trapped in the roadway in stage 3.
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Table 68: Results of safety MOEs for pedestrians &remont Street: 6" Street to 8" Street

Measures of Effectiveness Baseline Stage 1 Stage 2 Stage 3

(Safety) Sample| N | Percent| Sample @N| Percent| Sample @ | Percent| Sample @ | Percent
Percent of pedestrians trapped in the 716 0 0 517 5 1 437 9 2 575 1 0.4
roadway
Percent of pedestrians who look for | 2,4 | 215/ 109 517 | 517 100 437 437 100 275 275 1
vehicles before beginning to cross
Frequency of pedestrian signal 716 | 125 17 517 | 78 15 437 6 14 276 24 9
violation
Perce_nt of p_edestrlans who begin their 1013 11 1 i i i 202 159 79 248 116 71
crossing during WALK phase
Percent signal cycles in which call ) i i i ) i 202 36 18 174 67 39
button has been pushed

Table 69: Results of safety MOEs for motorist at Femont Street: 8 Street to 8" Street
Measures of Effectiveness Baseline Stage 1 Stage 2 Stage 3

(Safety) Sample| N | Percent| Sample @ | Percent| Sample ©N| Percent| Sample N | Percent
Percent of drivers yielding to 9% | 64| 67 28 | 12| 43 26 | 2 96 2| 18 82
pedestrians

at crosswalk 64 41 64 12 q 0 25 13 52 18 9 5(
Distanqe driver | between crosswall 64 10 16 12 11 92 o5 7 o8 18 B o8
stopslyields and stop bar
before crosswalk
ad from stop | g4 | 13| 20 12 1 8 25 5 20 18 4 22

Percent of drivers blocking crosswalk 161 10 6 12 0 O 25 4 16 22 0 0
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18.6 Mobility MOEs

18.6.1 Pedestrian Delay

Table 70 shows the results and a comparison ofatlegage pedestrian delay at this

location for various stages. The average pedediietay at baseline period is 9.8 sec/ped.
There is a reduction in average pedestrian delajaige 1 compared to baseline data. The
installation of in-roadway knockdown signs in std&yecreased the pedestrian delay to

56.3 sec/ped. A reduction in this MOE is observedtage 3 compared to stage 2, but

increased compared to baseline and stage 1 data.

Table 70: Delay at Fremont Street: § Street to 8" Street

Measures of Baseline Stage 1 Stage 2 Stage 3
Effectiveness
(Mobility) Sample| Delay SampleDelay| Sample| Delay Sample| Delay

Average Pedestrian

716 9.79 517 7.29 437 56.25 27% 1162
Delay (sec/ped)

18.7 Statistical Results

18.7.1 Safety MOEs

The results of the statistical analyses are sunz@@in Table 71. They show that there is
no significant change in the proportion of pedasisi who look for vehicles before
beginning to cross in stage 1 compared to baselareod. There is no significant
decrease in the proportion of pedestrians trappethé roadway and frequency of
pedestrian signal violation in stages 1 and 2 coetpto the baseline results (P>0.05).
The implementation of “pedestrian push button tbafirm press” in stage 3 has a
significant impact in increasing the percent of gmdans who begin their crossing
during WALK phase (P<0.001). This in turn resulteddecreasing the frequency of
pedestrian signal violation (P<0.001) comparedht® lhaseline data. It is also observed
that there is a significant increase in the peroérsignal cycles in which the call button
has been pushed from stage 2 to stage 3 as sholhabia 73 (P<0.001). The percent of
signal cycles in which call button has been pusimedeased significantly in stage 3
compared to stage 2. There is a significant deergathe percent of pedestrians trapped

in the roadway and pedestrian signal violationtage 3 compared to stage 2.
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From Table 73, it is clear that there is no sigaifit increase in the proportion of drivers
yielding to pedestrians in stage 1 compared to lives¢P>0.05). However, there is a
significant decrease in the proportion of driver®cking crosswalk (P=0.001).

Installation of in-roadway knockdown signs in st&ggignificantly increases the yielding

behavior of drivers to pedestrians (P<0.001). Thenmot sufficient evidence to suggest
the decrease in the percent of drivers stoppinigiyig at crosswalk, and between
crosswalk and stop bar in stage 2 compared toihassnditions. However, the decrease
in the percent of drivers stopping/yielding betwesrnsswalk and stop bar in stage 2

compared to stage 1 is significant as shown in@@bl(P<0.001).
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Table 71: Statistical test results of safety MOEsof pedestrians at Fremont Street: & Street to 8" Street

ct

Measures of Effectiveness Baseline vs. Stage 1 Baseline vs. Stage 2 Basdirgtage 3
(Safety) Ps— P | P-value H P: — P | P-value H Pz — P | P-value H
MOEs below are tested forgHPyeiore Paster VS Hi Patter™ Poefore
Percent of pedestrians who look for No No No
vehicles before beginning to cross change change Change
Percent of pedestrians who begin their . .
crossing during WALK phase - - - -0.77 <0.001 Reject -0.69 <0.001 Reje
MOESs below are tested forgHPhetors Paster VS. Hi Paster< Poefore
Percent of pedestrians trapped in the -0.009 >0.05 Do_not 0.02 >0.05 Do_not -0.003 >0.05 Do_not
roadway Reject Reject Reject
Frequency of pedestrian signal violation 0.02 >0.( ?o_not 0.03 >0.05 Do_not 0.08 <0.001| Reject
Reject Reject

Table 72: Statistical test results of safety MOEsof pedestrian between stages at Fremont Street"6Street to 8" Street

Measures of Effectiveness

Stage 1 vs. Stage 2

Stage 2 vs. Stage 3

(Safety) P,—P | P-value | H P,—P | Pvalue| H
MOEs below are tested forgHPyetore= Phaster VS. Hii Patter™ Poetore
Percent of pedestrians who look for vehicles before No No
beginning to cross Change Change
Percent of pedestrians who begin their crossinmgdur Do not
WALK phage X 0 ) ) i 0.07 >0.05 Reject
Percent signal cycles in which call button has hmeshed - - - -0.20 <0.001 Reject
MOEs below are tested forgHPyeiore Paster VS Hi Pate< Poefore
Percent of pedestrians trapped in the roadway -0{01>0.05 | Do not Reject 0.01 <0.05 Reject
Frequency of pedestrian signal violation 0.006 50.0 Do not Reject 0.05 <0.05 Rejec
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Table 73: Statistical test results of safety MOEsof motorists at Fremont Street: 8" Street to 8" Street

Measures of Effectiveness Baseline vs. Stage 1 Baseline vs. Stage 2 Basdirgtage 3
(Safety) Ps— P | P-value H P:—PB | P-value H Pz — B | P-value H
MOEs below are tested forgHPyeiore= Paster VS Hi Patter™ Poefore
Percent of drivers yielding to pedestrians 0.283 050) Do not Reject -0.29 <0.001 Reject -0.15 >0.05 nbDbReject
Distance driver Awav from sto
stopslyields before bar y Pl o011 >0.05 Do not Reject 0.004 >0.05 Do not Reject0.01 >0.05 | Do not Rejeat
crosswalk
MOEs below are tested forgHPoefore= Paster VS- Hy Pafter< Phefore
. . at crosswalk 0.64 <0.001 Reject 0.12 >0.05 Do rgjedt 0.14 >0.05| Do not Reject
Distance driver Between
tops/yields bef . . .
irgzzv)\::ﬁk s belore crosswalk and -0.76 >0.05 Do not Reject -0.12 >0.05 Do not Reject0.12 >0.05 | Do not Rejeqt
stop bar
Percent of drivers blocking crosswalk 0.06 0.0¢ jeBe -0.09 >0.05 Do not Rejeqt 0.06 0.001 Reject

Table 74: Statistical significance of safety MOEsof motorist between stages at Fremont Street:"6Street to 8" Street

Measures of Effectiveness Stage 1 vs. Stage 2 Stage 2 vs. Stage 3
(Safety) P,—P | P-value| H P,—P | P-value | H

MOEs below are tested forgHPyetore= Phaster VS. Hii Patter™ Poefore

Percent of drivers yielding to pedestrians -0.53 .0e0 Reject 0.14 >0.05 Do not Reje
Elstance driver stops/yields away from stop bar -0.11 >0.05 Do not Reject -0.02 >0.05 Do not Reject

efore crosswalk

MOEs below are tested forgHPyeore= Paster VS Hi Pater< Poefore

Distance driver stops/yields | at crosswalk -0.52 >0.05 Do not Reject 0.0p >0.05 o nbt Reject
before crosswalk Between crosswalk and stop bar 0.63 <0.001 Reject .0020| >0.05 Do not Rejec
Percent of drivers blocking crosswalk -0.16 >0.05 o ridt Reject 0.16 <0.05 Reject
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18.7.2 Mobility MOEs

Results from Table 75 indicates that there is aic@ant decrease in the average
pedestrian delay in stage 1 compared to baselitee(B&0.001). There is no significant
reduction in pedestrian delay in any other stageapared with baseline as well as

comparison between stages (Tables 75 and 76).

18.8 Summary

Installation of the countermeasures mentioned iat ldtation has significant effect in

improving some of the pedestrian safety MOEs. iAsgallation of the portable speed
trailer, in-roadway knockdown signs and pedestpash button that confirm press has
significant impacts in increasing drivers’ yieldibbghavior to pedestrians and reducing
the drivers blocking the crosswalk in one or theeotstages at this location.
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Table 75: Statistical test results of mobility MOEat Fremont Street: 6" Street to 8" Street

Baseline vs. Stage 1 Baseline vs. Stage 2 Basdirngtage 3

Measures of Effectiveness
(Mobility) Ps—P | P-value H Ps — PR | P-value H Ps — R | P-value H

MOEs below are tested forgHPyetore= Pater VS. Hi Pafter< Phoetore

25 | <0.001| Reject -465| >0.08 20N | g3 | 5005 | DO MOt
Reject Reject

Average Pedestrian Delay
(sec/ped)

Table 76: Statistical test results of mobility MOEbetween stages at Fremont Street"6Street to 8" Street

_ 3 Stage 1 vs. Stage 2 Stage 2 vs. Stage 3
Measures of Effectiveness (Mobility) P.—P | P-value H P,— P | P-value H
MOEs below are tested forgHPyefore Patter VS. Hy Patter< Poefore
Average Pedestrian Delay (sec/ped] -49.0 >0[05 dd®Reject| 44.60] >0.05 Do not Rejegt
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SITE 19: CHARLESTON BOULEVARD: SPENCER STREET TO 17™ STREET

19.1 Site description

Land use classification along Charleston Boulevardidor includes office complexes,
several small commercial activity units, restawsargnd apartments. The location is
within the jurisdiction of the City of Las Vegas darthe Nevada Department of
Transportation (NDOT). Charleston Boulevard betwSpencer Street and " Btreet is

a mid-block location. The posted speed limit is@ph. The ADT along Charleston
Boulevard in the study area is estimated to be(®YiH the year 2006. Figure 46 presents
the aerial photograph of the site.

[re——

Faiier =
SEVERITY @ Pedestrian fatal crash locations

SITE#19 Charleston Boulevard: Spencer Street/ 17th Street

@  Pedestrian injury crash locations

Figure 46: Aerial Photograph of Charleston Boulevad: Spencer Street to 1% Street
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19.2 Problems Identified

Some of the problems identified are pedestrians umihg the crosswalks, high
proportions of elderly pedestrian crashes, motorfsiling to yield, pedestrians not
waiting for signals/acceptable gaps, and high proges of nighttime crashes. This mid-
block site does not have a crosswalk present. Tdrerepedestrians are expected to use
crosswalks located at nearby intersections. Howesrash data show several pedestrian

crashes occurring away from the intersections.

19.3 Countermeasures Proposed

A “High visibility crosswalk” treatment is proposeat this location to help reduce
jaywalking in the vicinity. “Advance yield markingsipstream of the crosswalk alert
motorists to yield for pedestrians. “Automatic psitian detection devices” and “Smart
lighting” help to detect the presence of a pedastand brighten up the crosswalk with
high intensity lights. These countermeasures aended to address a significant number
of nighttime crashes at this site. Because of titeraatic pedestrian detection system,
pedestrians are expected to be detected evenyifdihenot press the button to activate
smart lighting. The implementation plan for the gwesed countermeasures at this

location is shown in Table 77.

Table 77: Implementation Plan for Charleston Bouleard/Spencer Street

Treatments Stage 1| Stage 2
Warning signs for motorists ®) ®)
High visibility crosswalk 0] O]
Advance yield markings + sign yield to pedestrians O O]
ITS automatic pedestrian detection devices @)
Smart Lighting O]

O - Installed

19.4 Countermeasures Installed

The study site of Charleston Boulevard from Spef&tezet to 17 Street is a mid-block
location. Countermeasures are installed in twoestaq this location.

Stage 1 Countermeasure Deployment
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Countermeasures deployed during this stage are kighility crosswalk treatment,
Advance yield markings and Warning signs for matisti These countermeasures are
installed between August 22 and 26, 2005. The afmmdition data for stage 1
countermeasures deployment are collected on Septet2band 16, 2005. Figure 47 and

Figure 48 show the countermeasures deployed i dtaq this location.

Figure 47: High Visibility Crosswalk Treatment at Charleston Boulevard and 17
Street
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Figure 48: “Advanced Yield Markings” installed at Site 19

Stage 2 Countermeasure Deployment

Countermeasures deployed during this stage are Pdd&strian detection device, Smart
lighting.” These countermeasures are installed betwJanuary 16 and 19, 2007. The
after condition data for Stage 2 countermeasurégepent are collected on February 22
and 26, 2007. Figure 49 and Figure 50 show theteomeasures deployed in stage 2.
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Figure 49: Smart Lighting

Figure 50: Automatic Pedestrian Detection

The results of the safety MOEs are summarized inieka78 and 79. At this location,
innovative ITS pedestrian detection device with griighting is installed to address the
high proportion of nighttime crashes. Results @ statistical tests for the safety MOEs
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comparing the baseline conditions with each stag® lzetween stages are shown in
Tables 82 and 83 respectively. The overall sumraag/results of statistical analyses of
delays and vehicle speed are shown in Tables 80 8&ndand Tables 84 to 85,
respectively.

19.5 Safety MOEs

19.5.1 Pedestrian MOEs

During all the data collection periods, such assebae, and stages 1 and 2, all the
observed pedestrians look for vehicles before ginto cross and before crossing
second half of the roadway as shown in Table 78 Bhow that the countermeasures
installed in stage 2 results in increase in the lmemof diverted pedestrians. In addition,
the proportion of pedestrians trapped in the rogdweduces for each stage of the

installation of the countermeasures.

19.5.2 Motorist MOEs

Data collected for the evaluation of motorist MO&s summarized in Table 79. The
deployment of countermeasures in stages 1 and reases the proportion of drivers

yielding to pedestrians compared to the baselineoghe Also, an increase in the

proportion of drivers who stop/yield to pedestriaisa distance greater than 20 feet is
observed in stage 2. However, a notable propontibdrivers blocked the crosswalk

during stage 2 data collection.

152



Table 78: Results of pedestrian MOEs at CharlestoBoulevard: Spencer Street to 1% Street

Measures of Effectiveness Baseline Stage 1 Stage 2
(Safety) Sample = 24| Sample = 44 Sample = 84
Ng | Percent| N | Percent| N | Percent
Percent peplegtrlans who look for vehicles 24 100 44 100 84 100
before beginning to cross
Percent pedgstrlans who look for vehicles 24 100 44 100 84 100
before crossing™ half of street
Percent of captured pedestrians 24 100 44 100 70 83
Percent of diverted pedestrians 0 0 0 0 14 17
Percent of pedestrians trapped in the roadway | 9 3813 30 12 14

Table 79: Results of motorist MOEs at Charleston Balevard: Spencer Street to 1% Street

Measures of Effectiveness Baseline Stage 1 Stage 2
(Safety) Sample =50 Sample =91 Sample = 116
Ng Percent| N | Percent| N | Percent
Percent of drivers yielding to pedestrians 3 6 20 2 2| 41 35
Sample =3 Sample = 20 Sample =41
Distance driver stopsl/yields < 10 ft 2 67 8 40 16 39
before crosswalk 10-20 ft 0 0 10 S0 16 39
>20 ft 1 33 2 10 9 22
Sample = N/A| Sample = 2( Sample =41
Percent of drivers blocking crosswalk N/A  N/A 0 0 5 12
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19.6 Mobility MOEs

The average pedestrian and vehicle delay measutad docation is shown in Table 80

for different stages. The average travel speeti@f/ehicle is shown in Table 81.

19.6.1 Pedestrian Delay
The average pedestrian delay for the baseline tondiis 15.42 sec/ped. After the
installation of the countermeasure in stage 1,alerage pedestrian delay decreased to

7.52 sec/ped. The average pedestrian delay fultd@ease to 3.82 sec/ped in stage 2.

19.6.2 Vehicle Delay
Average vehicle delay increased in stage 1 as agelh stage 2. The increase in vehicle

delay is greater in stage 2.

19.6.3 Vehicle Speed
The mean of the observed speeds on eastbound atidowed direction, at the baseline
conditions is 32.2 mph and 24.9 mph, respectivAly.increase in the mean speed is

observed in both directions during stage 1 whenpaoed to baseline.

Table 80: Delays at Charleston Boulevard: Spencert®et to 17" Street

Measures of Effectiveness Baseline Stage 1 Stage 2
(Mobility) Sample| Delay] Sample Delay Sample Delay
Average pedestrian delay (sec/ped) 24 15|42 44 7.52 84 3.82
Average vehicle delay (sec/veh) 50 0.34 91 0.74 1162.16

Table 81: Speeds at Charleston Boulevard: Spencetrget to 17" Street

Measures of Effectiveness Baseline Stage 1
(Mobility) Sample| Meanspeed Sample Mean speed
Eastbound (mph) 266 32.2 172 33.4
Westbound (mph) 250 24.9 223 30.7
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19.7 Statistical Results
19.7.1 Safety MOEs

The increase in the percent of captured pedeggiatatistically significant when stage 2

is compared with baseline. The percent of incraasthe diverted pedestrians from

baseline to stage 2, and stage 1 to stage 2 ististaty significant (P<0.001). There is a

significant decrease in the proportion of pedessrirapped in the roadway in stage 2

from baseline condition and 15 percent in stage&fstage 1 (P<0.05).

From Tables 82 and 83, it can be seen that thexeignificant increase in the proportion

of drivers yielding to pedestrians from the baselio stage 1 (P<0.05), the baseline to

stage 2 (P<0.001), and stage 1 to stage 2 (P<(@Bjefore, there is sufficient evidence

to reject the null hypothesis at a 95 percent clamice level. The increase in the

proportion of drivers yielding distance (10 feet 20 feet) in stage 1 and stage 2,

respectively from the baseline are statisticallgngicant (P<0.001). There is no

significant increase in the proportion of drivetedking the crosswalk from stage 1 to

stage 2 at this location as shown in Table 83 (@5)0.

Table 82: Statistical test results of safety MOEstaCharleston Boulevard: Spencer
Street to 17" Street

Measures of Effectiveness

Baseline vs. Stage 1

Baseline vs. Stage 2

(Safety) P; — P, | P-value H Ps— P P-value H
MOEs below are tested forgHPseiore= Paster VS. Hii Patter™ Poctore
Percent pedestrians who look for No No
vehicles before beginning to cross Change Change
Percent pedestrians who look for No No
vehicles before crossing®half of street Change Change
. No Do not
Percent of captured pedestrians Change 0.16 >0.05 Reject
Percent of diverted pedestrians No -0.16 <0.001 Reject
Change
Percent of drivers yielding to pedestrians  -0.15 .050| Reject -0.29 <0.001] Rejeq
<10ft | 027 | >005|BPOMOtl o8 | 005 | DOnot
Distance driver stopsl/yield Reject Reject
psly 10-20ft | -0.50 | <0.001] Reject  -0.39] <0.001  Reje
before crosswalk Do not Do 1ot
>20 ft 0.23 >0.05 . 0.11 >0.05 .
Reject Reject
MOE below is tested for ¢4 Poetore= Patter VS Hi Pagter< Poefore
Percent of pedestrians trapped in the 0.07 >0.05 Do_not 0.23 <0.05 Reject
roadway Reject
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Table 83: Statistical test results of safety MOEsdiween stages at Charleston
Boulevard: Spencer Street to 17 Street

Measures of Effectiveness Stage 1 vs. Stage 2
(Safety) P.— B ‘ P-value | H

MOEs below are tested forgHPseiore= Paster VS. Hii Patter™ Poctore

Percent pedestrians who look for vehicles
before beginning to cross No Change
9 9

Percent pedestrians who look for vehicles No Change

before crossing™ half of street 9

Percent of captured pedestrians 0.16 >0.05 Do e@dR

Percent of diverted pedestrians -0.1p <0.001 Reject

Percent of drivers yielding to pedestrians -0.13 .080 Reject

Distance driver stops/yields <10t 0.01 >0.05 Do not Rej_ect

before crosswalk 10-20 ft 0.11 >0.05 Do nofc Rejeqt
>20 ft -0.12 <0.05 Reject

MOEs below are tested forgHPyeiore Paster VS Hi Patte< Poefore

Percent of pedestrians trapped in the roadway 0.15 <0.05 Reject

Percent of drivers blocking crosswalk -0.12 >0.05| o ridt Reject

19.7.2 Mobility MOEs

Even though there is a reduction in pedestrianyd&tam stage 1 to stage 2, it is not
statistically significant (P>0.05). There is norsfggcant change in the average vehicle
delay in baseline, stage 1 and stage 2 as showalles 84 and 85 (P>0.05). Therefore,
the effectiveness of the countermeasures instatiélois location has no significant effect
in reducing the average vehicle delay. The stasiktsignificance of change in the

average speed of the vehicle in stage 1 to basslsteown in Table 86.

Table 84: Statistical test results of mobility MOEsat Charleston Boulevard:
Spencer Street to 1% Street

. Baseline vs. Stage 1 Baseline vs. Stage 2
Measures of Effectivenesg—: -
(Mobility) Difference | b \ae | 1 | DIereNCe) bae | H
in Mean in Mean
MOEs below are tested forgHPyeior= Phater VS. Hy: Patter< Phefore
Average pedestrian delay 790 >0.05 Dolnot 11.60 <0.05 Reject
(sec/ped) Reject
Average vehicle delay -0.40 >0.05 Do_not 182 >0.05 Do_not
(sec/veh) Reject Reject
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Table 85: Statistical test results of mobility MOEshetween stages at Charleston
Boulevard: Spencer Street to 17 Street

Measures of Effectiveness Stage 1 vs. Stage 2
(Mobility) Difference in Mean| P-valud H
MOEs below are tested forgHPetore= Patier VS. Hi: Pattei< Poefore
Average pedestrian delay (sec/peg) 3.70 >0.05 D&Rect
Average vehicle delay (sec/veh) -1.42 >0.05 DoRwgject

Table 86: Statistical test results of vehicle speeat Charleston Boulevard: Spencer
Street to 17" Street

N Baseline vs. Stage 1
~ Difference in
Mean Speed
MOESs below are tested forgHPyetore Paster VS. Hi Paier< Poetore

Eastbound (mph) -1.20 >0.05 Do not Reject
Westbound (mph) -5.80 >0.05 Do not Reject

Measures of Effectivenes

(Mobility) P-value H

19.8 Summary
It is clear that implementation of ITS pedestriatedtion device and smart lighting has a

significant effect in increasing the proportiond¥erted pedestrians and decreasing the
proportion of pedestrians trapped in the roadwagrdby increasing the pedestrian
safety. The installation of warning signs for magts, high visibility crosswalk, and

advance yield markings do not show significant @ffe reducing the vehicles speed at

this location.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

This report summarizes the results of fifteen cetmeasures installed at fourteen sites
across the Las Vegas metropolitan to evaluate #ffsctiveness in enhancing pedestrian
safety. Some the countermeasures were aimed agicgamotorists’ behavior whereas

the others were aimed at improving pedestriansssing behavior. The summary of the

effectiveness of various countermeasures are thescas follows.

Initially seventeen countermeasures are selectevdtuate in this study. However, due
to the unavailability of vendors to manufacturetons make countermeasures, it is later
reduced to fifteen. The summary of the effectivenetthese countermeasures are as

follows:

1. “Turning Vehicles Yield to Pedestrians” signs: Sigant improvement in
motorists’ yielding behavior, significant reductian percent of pedestrians

trapped in the middle of the street.

2. Advance yield markings for Motorists: Significamhprovement in motorists’

yielding behavior.

3. In roadway knockdown signs: Significant improvemémtmotorists’ yielding

behavior, reduction in percent of pedestrians tedpp the middle of the street.

4. ITS “No-Turn on Red” signs: Significant improvement pedestrians’

compliance.

5. Pedestrian call button that light up: Significamiprovement in pedestrians’
compliance, significant reduction in percent of @gdans trapped in the middle
of the street.

6. Warning signs for motorists: No significant improvent in either motorist or

pedestrian MOEs.

7. High visibility crosswalk treatment: Significantarease in yielding distance by
motorists, significant improvement in pedestriayisiding behavior.
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8. Median refuge: Significant improvement in motoristgelding behavior,
significant increase in motorists’ yielding distancsignificant improvement in

pedestrians’ yielding behavior.

9. Smart lighting: Significant improvement in motosstyielding behavior,
significant reduction in percent of pedestrianpped in the middle of the street,

significant increase in percent of “diverted” pettiess.

10.ITS automatic pedestrian detection devices: Sigaifi improvement in
motorists’ yielding behavior, significant reductian percent of pedestrians
trapped in the middle of the street, significardr@ase in percent of “diverted”

pedestrians.
11.Portable speed trailer: Significant increase inarsts’ yielding distance.

12.Pedestrian activated flashing yellow: Significantrease in motorists’ yielding
distance, significant reduction in percent of dréveblocking crosswalk,

significant improvement in pedestrian yielding béba

13.Pedestrian countdown signals with animated eyegnif@iant improvement in
pedestrians’ looking for turning vehicles.

14.Danish offset: Significant improvement in motoristgielding behavior,
significant increase in motorists’ yielding distancsignificant reduction in
percent of pedestrians trapped in the middle ofstheet, significant increase in
percent of “diverted” pedestrians.

15.Pedestrian channelization: No significant improvemim either motorists’ or

pedestrians’ MOEs

These results indicate that while most of the cewméasures helped to enhance the
safety, some others were not that effective in owjrg safety. In this study, several
countermeasures were implemented together durimge sstage. Even though they
showed significant safety improvements, since tiveye implemented as a group, the
effects of individual countermeasures could noebeluated. However, several of these
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countermeasures in the combination are relativedxpensive. Therefore, if these were

to be deployed at any other locations, it woul&ebenomically feasible.
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CHAPTER 7
APPENDIX: LITERATURE REVIEW

A summarized review of the literature on differgetdestrian safety countermeasures is
presented in this chapter. It focuses primarilydoonumentation related to the various and
their effectiveness.

Advance Yield Markings, and Yield Here to Pedestria Signs

Van Houten and Malenfant (1992) evaluated the @ffecess of signs reading “STOP
HERE FOR PEDESTRIANS” alone 50 feet upstream oksnalk and in conjunction
with advance stop lines at multilane crosswalk$yiedestrian activated amber flashing
lights [1]. The type of motor vehicle conflicts stince the motorists stopped upstream of
the crosswalk when yielding to pedestrians, andpgreentage of motorists yielding to
pedestrians are determined from field observatidtesults indicated that signs alone
increased the distance that motorists stoppedeagstof the crosswalk when yielding to
pedestrians and also decreased the percentagetof vedicle-pedestrian conflicts. The
addition of advance stop lines produced a furtherease in the distance that motorists
stopped upstream of the crosswalk and further tezhg in the percentage of motor-
vehicle conflicts. These results are observed undeditions when pedestrians activated
and did not activate the amber flashing crosswaghktl It is also observed that the
percentage of pedestrians activating the light geketa be a function of the amount of
traffic on the street.

Van Houten, Malenfant and McCusker (2001) studied problems; the difference
between the ‘yield’ and ‘stop’ situation while ugithe advance stop lines, and the use of
text rather than symbol sign to support the markify. The advance yield markings and
signs are placed at different distances in advaridbe crosswalks to determine their
effectiveness. Motorist and pedestrian behaviorasmesd included the occurrence of
motor vehicle/pedestrian conflicts such as evaant®n, the distance motorists stopped
before the crosswalk when yielding to pedestriaars] the percentage of motorists
yielding to pedestrians. It is found that placihg tadvance yield markings and signs as
close as 10 m upstream the crosswalk and as farasat5 m or even 25 m in advance of
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the crosswalk is effective. Although not all vebglstopped at or near the yield lines,
many motorists stopped 9 m or more upstream theswralk. It is noted that motorists
tended to stop closer to the crosswalk during tkatment condition when traffic is
heavy and vehicles are traveling slowly. Much of improved vyielding is likely the
result of improved visibility of pedestrians crassiin front of vehicles stopped in
advance of the crosswalk.

Van Houten (1998) studied the effect of specifignsi and stop line bars designed to
influence motorists to stop further upstream frdra trosswalk when yielding right of
way to pedestrians [3]. Results indicated that sackimple, inexpensive prompting
intervention could reduce conflicts between motsrend pedestrians. The introduction
of the prompt and stop line reduced motor-vehiddgstrian conflicts by almost 80%.
Abdulsattar, Tarawneh, McCoy, and Kachman (199@juated the effectiveness of the
“turning traffic must yield to pedestrians” signuéh signs are installed at 12 marked
crosswalks and data are collected before and #iterinstallation of the signs. The
measure of effectiveness considered is vehiclegiede conflicts. The results showed
that the sign is effective in reducing left-turmélects by 20 to 65 percent, and right-turn
conflicts by 15 to 30 percent. Both reductions stegistically significant at the 0.05 level
[4].

Abdulsattar and McCoy (1999) conducted drivers’ poshension of a “turning traffic
must yield to pedestrians” sign among different ggeups during turning maneuvers.
For the left-turn situation, younger drivers (unéér years) paid more attention to the
sign than older drivers. During right-turn movensmdrivers and pedestrians always are
in interaction, unless exclusive right-turn phasenovided. However, this research lacks
info on other measures of effectiveness such asmsts’ yielding behaviors, pedestrian
and vehicle delay, and vehicle speed [5].

Huybers, Van Houten and Malenfant (2004) studiedetfects of a symbolic “yield here
to pedestrians” sign and advance yield pavemenkimgs on pedestrian/motor vehicle
conflicts, motorists’ yielding behavior, and thestdince motorists’ yield in advance of
crosswalks at multilane crosswalks at uncontrollethtersections [6]. When the sign
symbolic is used alone, there is a reduction inep&thn/motor vehicle conflicts and

increased motorist yielding distance. The use wfriéscent yellow-green sheeting as the
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background of the sign did not increase the effeatss of the sign. Further reductions
in pedestrian/motor vehicle conflicts and furthecreases in yielding distance are
associated with the addition of advance yield paammmarkings. Advance yield
pavement markings, when used alone, are as efeativreducing pedestrian/motor
vehicle conflicts and increasing yielding distaraethe sign combined with pavement
markings.

Retting, Van Houten, Malenfant, Van Houten and Farnf1996) discussed an
experiment in which special signs and pavement mgskare used to prompt pedestrians
to look for turning vehicles [7]. Three signalizedersections are chosen, two in Nova
Scotia, Canada, and one in Clearwater, Floridaherstudy. All sites are studied before,
immediately after, and approximately one year afiermpts are introduced. At Nova
Scotia, signs which says “Pedestrians: LOOK FOR NIWNG VEHICLES” are installed

at one site and painted prompts that read “WATCHRNING VEHICLES” are installed
at the second site. After observations are reconuidted prompts are added to the signs
and vice versa. At Clearwater, signs and paintempts are installed together. The
introduction of either sign or painted prompts @&omcreased the percentage of
pedestrians looking for turning vehicles. With timeroduction of second prompt, a
further improvement in the percentage of pededriaoking for vehicles is observed.
Introduction of both prompts together led to a ¢argcrease in the percentage of
pedestrians looking for vehicles. It is also ndteat the conflicts are nearly eliminated by
the prompting interventions.

Van Houten, Malenfant, Van Houten, and Retting {)98valuated auditory pedestrian
signals and their effect in reducing vehicle andgstrian conflicts [8]. The percentage of
pedestrians not looking for potential threats arahflcts are reduced after the
implementation of an auditory signal.

Turner, Fitzpatrick, Brewer and Park (2006) evadatngineering treatments that can be
used to improve the safety of pedestrians crossimgarked crosswalks on busy arterials
[9]. They also discussed the analysis of streetteaffic characteristics that influenced
motorist yielding at un-signalized intersectionbeTdevices that showed red indication to
the motorist had a more significant compliance thta the devices that did not show a

red indication. The measured motorist yielding ahse for many crossing treatments
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varied considerably among sites. A statistical wsial did not find any significant
differences between many of the crossing treatmemen though the difference in
average compliance rates appeared to be practisghificant. The number of lanes
crossed by the pedestrians and the posted speikdhéichan effect on the performance of
treatments.

Huang, Zegeer, and Nassi (2000) studied a beh&woeuation of three devices at a
eleven locations under different conditions [10¢dPstrian safety cones in New York
and an overhead crosswalk sign in Seattle appearkd promising tools for enhancing
pedestrian safety at mid-block crosswalks on loeesptwo-lane roads. The pedestrian-
activated signs in Tucson are not as effectiveangasing compliance with other devices
as they are installed on four and six-lane highedparterials. None of the treatments had
a clear effect on whether people crossed in thesevalk. The devices by themselves did
not ensure that motorists will slow down and yitlgedestrians.

Hakkert, Gitelman, and Ben-Shabat (2002) conduetestudy on crosswalk warning
systems. Vehicle speeds about 30 m upstream afrdsswalk and near the crosswalk
are measured. Drivers’ yielding behavior to pedassris considered in three situations:
when a pedestrian is on the sidewalk; when a pedess on the road at the beginning of
crosswalk on crossing maneuver; and when a pedessriin the middle of crosswalk on
a crossing maneuver. Pedestrians crossing withtim 30 m of crosswalk are counted.
Conflict rates of vehicles and pedestrians areaedsignificantly to less than 1 percent.
A reduction to 10 percent in the proportion of pgdans crossing outside the crosswalk
is observed [11].

Nasar (2003) conducted a study to evaluate thetefémess of written signs with social
assistance to increase the proportion of drivasppshg for pedestrians in crosswalks.
The written signs with social assistance are “Thgmk for stopping” “Please stop next
time.” If the driver stopped, the pedestrian crodseld up a green “Thank you for
stopping” signs to drivers. If the driver did nodg, a confederate held up a pink “Please
stop next time.” In weeks 1 and 3, baseline datéherproportion of drivers stopping for
pedestrians at two sites are obtained. In weeke stopping behavior of motorists is
observed with social assistance signs. An ABA realedesign is used to evaluate the

effectiveness of strategies. The analysis showesigaificant increase in stopping
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behavior of drivers during the treatment conditi®@®.9 percent) from the baseline

conditions (46 percent and 37.3 percent) [12].

Pedestrian Countdown Signals

Eccles, Tao, and Mangum (2004) evaluated the pealestountdown signals in
Montgomery County, Maryland [13]. A “Before and exft study technique is used to
evaluate motorists’ and pedestrians’ behavior agliicle speed. The results revealed a
significant positive effect on pedestrian behawod did not have any negative effect on
motorist behavior. No effect on vehicle approackeshis observed due to the presence of
countdown signals while vehicles entered intersestduring clearance intervals [13].
The presence of pedestrian countdown signals caosmé pedestrians to enter the
crosswalk during the flashing DON'T WALK phase. &der proportion of pedestrians
completed crossing on the flashing DON'T WALK. This turn, reduces the chance of
more pedestrians completing the crossing maneusfardd DON'T WALK [14]. The
pre- and post-installation research showed thaaddition informational, a numerical
descending countdown timer during the flashing DDNVALK clearance interval, is
intuitively understood and used successfully bygséians. Pedestrians of over the age
of 16 well understood countdown pedestrian indcatand used the information
appropriately [15].

Van Houten, Retting, Van Houten, Farmer, and Maenf(1999) evaluated a LED
pedestrian signal head with animated eyes that §oan side to side at the start of the
WALK indication. The study was conducted at twonsilized intersections in downtown
Clearwater, Florida, U.S.A. The results demonstrateat the experimental signal
decreased the percentage of pedestrians not lodemgurning vehicles and vehicle-
pedestrian conflicts; similar results were obtairtkaing a follow up study after six

months.

Van Houten, Van Houten, Malenfant, and Andrus (398shducted a study to evaluate
the effectiveness of animated eyes on drivers’ Wieha Observers scored data on
whether motorist looked right and left before chogsthe sidewalk and vehicle-
pedestrian conflict. They found a significant retiturc in vehicle-pedestrian conflict and

an increase in percentage of pedestrians and matsteautionary for particular threats.
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Van Houten and Malenfant (2001) conducted a studymw ITS animated LED signal
designed to alert drivers to the presence of padastcrossing in front of them at the
exit to an indoor parking garage and a mid-bloasswalk location. Data are collected
on each of 25 drivers per daily session at the ipgrgarage exit and two sets of 20
pedestrians and at least as many drivers durinlg @ity session of the experiment. The
study demonstrated that the introduction of the $igdis are associated with an increase
in the percentage of motorists yielding to pedastiat both the garage exit and mid-
block crosswalk locations, and the eyes producsgjrficantly larger increase than the
flashing beacon at the mid-block crossing. Althowgimflicts are lower when the ITS
signal is in place, the number of conflicts ocaugrduring the baseline condition are not
significantly high enough to detect an effect. A¢ tmid-block site, both the ITS signal
and the yellow beacon are associated with a remluati the percentage of pedestrians
stranded in the center of the road, and the nurabeonflicts. The ITS ‘eyes’ display
produced a significantly larger increase in thecpstage of drivers yielding to
pedestrians than the flashing beacon even thougin d@vices only operated when a
pedestrian is crossing the street. Specificallg,gadestrian icon showed the direction of
the pedestrian who is crossing the street, andséfaeching ‘eyes’ display provided a
specific request of the drivers to look for the gstdan. Analysis of the data revealed that
the ITS eyes display is inherently understood biyets and produced a significant
increase in yielding behavior and a reduction inflects [16].

Van Houten, Malenfant, Van Houten and Andrus (1989&luated the effectiveness of
animated eyes display as a possible countermeasareindoor parking garage exit. The
analysis of the study indicated an increase inrthmber of motorists who look for
pedestrians in either direction leaving the garegje The increase is maintained three
months after the animated eyes are introduced. uB®e of large electronic displays
offered several advantages over incandescent ligbltiding low power requirements
and low cost. The use of animated EYES displaysctid at drivers might prove a
helpful tool in reducing the crashes. The study alestrated that animated eyes also can
increase motorist observing behavior [17].

Carsten, Sherborne, and Rothengatter (1998) eealuahovative pedestrian signalized

crossings as a part of DRIVE Il project VRU-TOO (Werable Road User Traffic
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Observation and Optimization). Signals are designadake timings more responsive to
pedestrian needs, i.e., to affect signal timings. & part of innovative signalized
pedestrian crossings, microwave detectors are radumn traffic signals to register the
approach of pedestrians. Microwave detection caappdied to replace the normal push-
button on signalized pedestrian crossings, prosidearlier activation of the pedestrian
phase, provide an extension of the pedestrian ploadate arrivals, and provide longer
pedestrian phases when there are large numbeeslespians. These signals are installed
in three European countries. The site one is irdkgEngland, and flows are up to 6,000
pedestrians an hour. The other two sites, one mu@al and the other in Greece, had
comparatively lower pedestrian flows. Some of thigeda used for evaluation are
pedestrian-to-vehicle conflicts, percentage of patns arriving on red who violated the
red light (especially the percentage violating vdten motorists had green), pedestrian
comfort, and the number of encounters between prales and vehicles (an encounter is
defined as an interaction between a pedestriaraarghicle where one needs to change
course or speed due to others behavior). They foladpedestrian-to-vehicle conflicts
are reduced in the after studies in most of tressitiowever, the reduction in conflict in
all of the sites is not statistically significart site two in Leeds, conflicts are also
analyzed in relation to pedestrian flow. The canfto flow ratio decreased from 1:2,034
in the before study to 1:2,300 in the after stubyere is a reduction in the proportion of
pedestrians who experienced long waiting times (380onds). Mean queue length
decreased at all three sites in Leeds. Howeverjrmaw queue lengths went up at two
sites [18].

ITS-No Turn on Red Signs

Retting, Nitzburg, Farmer, and Knoblauch (2002)orégd finding from a field evaluation
of two methods for restricting right turn on redl@R) to promote pedestrian safety. The
implementation of signs prohibiting RTOR during siffied hours yields better results
than signs giving drivers discretion to determirteetiher pedestrians are present [19].
Van Houten and Malenfant (2001) analyzed the dffeness of an ITS LED at parking
garage exit and mid-block locations. The main psepof the study was to assess the

effectiveness of an ITS signal that included anedatyes and pedestrian symbols at a
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garage exit with limited visibility. The result die study showed that the introduction of
ITS signs increased the percentage of motoristdigigg to pedestrians at the garage exit
and mid-block crosswalk location. The ITS eyes goduced a significantly larger
increase in driver’'s yielding behavior than a fiaghbeacon at the mid-block crossing.

High Visibility Crosswalk Treatment, Refuge Islandsand Danish Offsets

Nitzburg and Knoblauch (2001) conducted a studgMaluate high-visibility ladder style
crosswalk with illuminated overhead crosswalk siggatment in low volume and low
speed un-signalized intersections in Clearwatesyidd. Traffic volumes, traffic gaps,
and drivers’ and pedestrians’ behavior at contritéssand experimental sites are
observed. Yielding behavior of drivers in daytimtefiest half, second half, and both
halves of crossing are found is statistically betteexperimental sites as compared to
comparison sites [20].

Huang and Cynecki (2000) evaluated the effectivenek various traffic calming
treatments on pedestrian and motorist behaviorifegrent locations. The treatments
included bulb-outs, raised intersection, and Refigiend. Before and after data are
collected and analyzed for their statistical sigaiice. It is found that the raised
intersections and refuge islands are likely to dimaore pedestrians to cross within the
crosswalk. At most other sites, traffic calming ideg did not appear to have significant
effects on pedestrians. The bulb-outs in Seatdeagsociated with increased wait times
and a lower percentage of those who crossed irrtteswalk, both undesirable effects
from a pedestrian standpoint. These devices bysbkms neither ensured that motorists
will slow down and yield to pedestrians, nor thpseestrians will cross in the crosswalk.
Sometimes these treatments hindered the activéiesh as street cleaning and
snowplowing, impeding emergency vehicle access, amght affect drainage. In
addition, the noise of vehicles going over speethiim) raised crosswalks, or raised
intersections might disturb nearby residents [21].

Lalani (2001) discussed comprehensive informatibau& the effectiveness of various
treatments for pedestrian safety. The informatisngathered from different sources
including experts, internet surveys and referertbesughout the world. Based on the

information reviewed, it is found that marked cmealks at uncontrolled locations on
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higher-volume, multilane facilities using traditedrireatments leads to higher pedestrian-
related collision rates than at unmarked crosswattksimilar facilities. Installing marked
crosswalks, especially at uncontrolled locationsstiping two lines across the roadway
and posting a single sign in advance of and afctbesing did not improve pedestrian
safety. A variety of low-cost signing and stripiteghniques are currently being used to
improve the safety. A number of higher-cost geoimedesign features, such as curb
extensions and pedestrian refuge islands are usdthfrove the safety of marked
crosswalks. Some studies indicated that removirgpmtnolled marked crosswalks from
higher-volume, multilane facilities at some locasoshowed reductions in the rate of
pedestrian related collisions. It is also suggested different intelligent transportation
systems based techniques could be employed foowimy pedestrian safety [22].

The literature includes documents on the effecegsnof crossing refuge islands as
relatively inexpensive devices to protect pedesstiaPedestrian refuges or crossing
islands are raised islands in the center of roadyajowing pedestrians to cross one half
of the street, with a safe place to stop beforesing to the other side of the street. They
are typically constructed at marked crosswalk$)eeitat a mid-block location or at an
intersection. The crossing islands are best emgloyleen traffic volumes result in few
gaps for pedestrians to safely cross the entireetstat one shot. Also, they can be
deployed when there is little demand to make lafig, and the roadway is particularly
wide. A series of studies on the effect of traffedming measures in six German cities
concluded that, “the modification of streets hasvpn to be more effective than reducing
the speed limit. The weaker road users childredegieians, and cyclists benefited more
from the measures [23].”

Pedestrian refuge islands are particularly suitédrevide two-way streets with four or
more lanes of moving traffic traveling at higheesgs. They are particularly useful to
persons with mobility disabilities, very old or yeyoung pedestrians who walk at slower
speeds, and persons who are in wheelchairs. Wiaseleters need adequate width and
level areas for waiting on the refuge. Split Ped®stCross-Overs or Danish Offsets are
laid out in a staggered configuration at uncongeblbr signalized intersections, requiring
pedestrians to walk toward traffic to reach theoseichalf of the crosswalk. These are

useful at skewed intersections. It enables pe@@strio focus on crossing each direction
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of traffic separately and provides a “refuge” iretmiddle of the street. By requiring
pedestrians to walk facing oncoming traffic, thuge provides them a better view of
oncoming traffic and allows drivers to clearly spedestrians. Previous studies on
pedestrian refuge islands found significance eftd@cthis countermeasure on motorist
and pedestrian behavior [21, 22, 24]. The liteedprovide evidence that the drivers are
more likely to yield at high-visibility crosswalland advance yield marking locations.
Bergman, Gray, Moffat, Simpson, and Rivara (200#)ducted a study on inducing city
authorities to apply for state funds for creatingnadel pedestrian refuge in their
communities. Ten demonstration sites are fundedersef them are built or are under
construction. There is no guarantee, however, ttmatpresence of the model refuges
would lead to community-wide application of thes¢ety enhancements. First, progress
in pedestrian safety occurred in small steps. lathdnd realistic goals had to be set. The
work group is able to meet all the goals estabtishiethe outset of the project. Second,
the importance of bringing decision makers into pinecess early and providing them
with regular updates is reinforced. Third, mediaverage is critical to raising the
awareness of public officials. An emotional linkdeeated between the public and the
families of trauma victims. Centering kick-off ohet events surrounding the death of a
child gave the campaign vital energy. The knowledgd energy mobilized by these
individuals are needed to continue working with tlbeal engineering staff as the
pedestrian safety measures are designed for cotistr|24].

Speed Trailers

Speeding is attributed to thousands of crashes ark veones each year leading to
numerous fatalities and injuries. Sizeable portbthese crashes due to excessive speed
emphasizes the need to motivate drivers to comly speed limits especially in work
zones. Studies have shown that most drivers delaatdown in response to the standard
regulatory or advisory speed signs that are cugibmased to regulate speeds at
temporary traffic control zones (work zones) [2BJesearch conducted to determine
effectiveness of speed trailer to motivate and erage drivers to observe posted speed
limits in work zones indicated that devices witke #ility to display drivers' speeds have

considerable potential for reducing speeds andompg compliance [25-29]. A study in
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Netherlands showed that local automatic speed warai an urban intersection reduced
the mean speed by 5 km/hr [3#Iso, on a two-lane rural road, the percentage of
speeders decreased from 40 to 10 percent. Theniotaber of crashes is reduced by 35
percent. This effect is almost the same three yafses concluding the experiment [30].
One case study showed that the efficacy of usidgrras a speed reduction strategy is a
function of congestion and radar detector densiith the strategy being most effective
for volumes levels between 200 and 1,400 vehickeshpur per lane [31]. However, one
of the researchers found that speed trailer didimfbtence the speed of the fastest 15
percent of the speeding vehicles. Also, it didafédct the heavy vehicle speeds [32].
Even though it is observed by some of the invetiigathat increasing the speed limit
reduces the crash rate [33-38], the severity of esleptrian-related-vehicle-crash
dramatically increases with the increase in sp&8d 40]. Newton's laws dictate that a
doubling in vehicle speed results in a stoppingatise four times as long and four times
as much kinetic energy absorbed during an impaighét driver response times further
increase stopping distances. As a result, a smakase in roadway traffic speeds results
in a disproportionately large increase in pedestigalities.

According to the studies conducted by two differagencies, the probability of a
pedestrian fatality increases at an alarming rate from 5 percent to 40 percent when
the speed at impact with a pedestrian increases #0 to 30 mph and to about 85
percent for a speed of 40 mph [41, 42]. These dhtaved that the likelihood of a
pedestrian fatality increases in a nonlinear fashimuch faster than the percentage
increase in vehicle speed. Hence, speed contrgs @a important role in the improving
pedestrian safety of a region. Traffic calming ugesmetric changes to influence travel
speed and to perhaps cause drivers to select anotle for travel. It is intended to
restore local streets to their intended functibnstproviding a more livable environment
for residents. In most cases, problems on loca&etdrare caused by through traffic,
speeding, and/or noise. Speed management goep &destend traffic calming by also
looking at higher speed facilities, including collers and arterials. Many of the typical
traffic calming techniques used in residential angacontrol volume and speed would be

difficult to implement on these roadways. Howevether techniques need only
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modifications or a different approach to be effexti The most frequently used
techniques on collectors and arterials are:

* Increased enforcement

* Flashing beacons

» Speed limit signing

» Speed trailers, and

*  Rumble strips
Speed or radar trailers are mobile roadside deviwdsuse radar to measure the speed of
approaching vehicles and display the speed to mpasHivers in an effort to decrease
speed [43]. The portable units show the posteddsii@ét of the roadway and display the
current speed of the approaching vehicle. Speetlersahave been used as an
enforcement tool in some areas when police offiemferce the speeds. However, they
are mainly used as a public relations measureféonmmotorists of their speeds with the
assumption that the speeding motorists would valilgt reduce their speed. Speed
trailers are also used for automated enforcemeatf@w states, where speeds and license
plate numbers are recorded by hidden cameras #aitbos are issued by the local law
enforcement agency. Equipment to collect traffitumtes may also be used within the
speed trailer.
A study conducted by Brown (1992) on concentratelice enforcement had shown to
positively influence driver behavior, but is diffit to apply to rural contexts. Signs of
police enforcement in high crash-risk areas areealan two rural locations in South
Australia. The effects of these signs on vehicleesipare evaluated by conducting radar
surveys of mean speeds on the approaches to, @sdfrexn, the sign locations before
and after their erection. A minor speed reductiontlee exit from one of the signs is
observed, but this is not observed in the speedlsedfastest 15 percent of vehicles. This
suggested that the highest risk group of speedensti affected by the signs. The signs
did not affect heavy vehicle speeds. It is not aered likely that the signs had a

substantial effect on road safety in rural are&$.[3
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Automated Pedestrian Detection device

In the United Kingdom, Puffin (Pedestrian User-Rdly Intelligent) crossings respond
to pedestrian demand and do not delay traffic uessarily when no pedestrians are
present [44]. Pedestrian presence is sensed éyh#se of a pressure-sensitive mat or by
an infrared detector mounted above the crossingtilmt. Pressure on the mat is used
both for initial detection as well as to confirmatithe pedestrian has not departed the
crossing zone before the Walk signal appears elfpgdestrian departs the crossing zone
prior to the appearance of the Walk signal, théewedll be canceled.

Puffin crossings may also utilize an additionalsserto detect the continued presence of
pedestrians in the crosswalk, thereby allowingdigmal phase to be extended for those
requiring additional time to cross. The conversmia standard signal to a Puffin
crossing in Victoria, Australia, reduced by 10 mercthe number of pedestrians who
started to cross before the pedestrian Walk signptesented [45]. Similar results are
reported in Vaxjo, Sweden [46]. The Swedish resals® showed that the number of
vehicle-pedestrian conflicts decreased after treowniave detectors are in place.

The Dutch PUSSYCATS (Pedestrian Urban Safety Systaewh Comfort At Traffic
Signals) system consists of a pressure-sensitiveatietect pedestrians waiting to cross,
infrared sensors to detect pedestrians within tlossing, and a near-side pedestrian
display [47]. Although pedestrians perceived PUSBYS to be at least as safe as the
old system, many pedestrians reported that theyndidunderstand the function of the
mat. As many as half of all pedestrians refusesthe system. Similar applications are

being used in the United Kingdom and France [48].

Summary

Various research efforts have reported on the atialu of the pedestrian safety
countermeasures. Literature related to countermessevaluation includes “smart
lighting,” “pedestrian countdown signals,” “portaldpeed trailers,” “turning traffic must
yield to pedestrians signs,” “in-roadway knockdoswgns,” “high visibility crosswalks,”

“warning signs for motorists,” “regulatory signsrfonotorists,” and “advance Yyield
markings.” However, the literature review identifi@ need to improve on systematic

evaluation of the countermeasures. Identifying pieé MOEs for safety
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countermeasures and evaluating the effectiveneksyofountermeasures in a systematic

way is the main focus of this research.
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