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ABSTRACT

The wrong way driving (WWD) crash differs significantly from all other crashésrms
of severiy. Despitemuchvaluableresearch on WWD crash seveyitiiere is no robust study on
developing a WWD crash severity distribution table that could be used for crash predictive
methods by the Highway Safety Manual (HSM). HSM has severity distribution tables for all
crashes thareused in quantitative safetyalyseslJsing the same tables for quantitative WWD
crash analysis may produce inaccurate results since WWD crash severity is significantly different.
Current severity distribution tables in the HSM have been prepared using Highway Safety
Information Syste (HSIS) crash database. Unfortunatalstructuredyuideline that could extract
true WWD crashes from the HSIS database is still abSaateforethecurrent study attempts to
extract true WWD crash from HSIS crash database. And using the extracteccvastiRlatabase,
thestudyproposeslifferentWWD crash severity distribution tables foeeway facilites Finally,
the study showspracticalapplications of extracted WWD crash database and proposed WWD
crash severity distribution tables. These appbeat are expected to help future researsioér

WWD crashes, safety analgsind transportation policymakers.
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CHAPTER 1

INTRODUCTION

Reducingfatal and severe crashes is the focal requirement for achieving the Vision Zero
plan This strategic movaims to bring road death to zero while increasing equitable and healthy
mobility (1). Transportation agencies are working relentlessly to reducesaiste severity through
numerous studies on various crash categories (2). One of the significant crash categories that has
drawn researchers' attention is the wravayy driving(WWD) crashes due to their higher fatality

ratethan other crash typ€3s,4,5,67).

1.10VERVIEW OF WRONG -WAY DRIVING CRASH

WWD crashes happen when a driver, inadvertently or deliberately, drives against the main
direction of traffic flow on a controlledccess highway (3)n general WWD crash isaheadon
or oppositedirection sideswipeollision athigh speedsesultingin fatalitiesand/or severe injuries.
According tothe Fatality Analysis Reporting System crash datab&sen 2004 to 2011, an
average of 269 WWD fatal crashes resulted in 359 fatalities annudily WnitedStates (7)Even
thoughtotal fatalities declinedWWWD fatalities remaiad constanbver the past years, as shown

in Figurel.

Past studies have identified many reasons that contribtiie WéWD crash phenomenon.
One of the prime reasons for WWitash occurrence is driving under the influence or intoxication.
In fact, 60% or above WWD crash occurs due to driving under the influence of alcohol or drugs

(7). WWD crash irurban area is higher tham rural area. Time of the day is also assential



contributing factoin WWD crash analysis. WWD crash more frequently osbetween 12 AM
to 6AM (7,8).
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Figurel: U.S. overall fatalities and WWD fatalities (Barati@&morghi et al., 2014a)

Male drivers are overrepresented in WWD cesslcompared with their female
counterparts. Most WWD crashiegppened over weekends at nighttime with poor light conditions
(7,8). Zhou et al. (2012) report thatrongway crashes are more frequent during -daglight
hours 0). Young and older drivers are also found to be more susceptible to WWE2<i@se
study in France bitemel (2015khows that ifiriversareover 650r under 25then the probability

of being involved im WWD crash is 15 times higher than other driver grqips



1.2 BACKGROUND OF CURRENT RESEARCH

This study is based on the NCHRP-I& Project;, WrongWay Driving Solutions,
Policy, and GuidanceThe project ains to develop a handbook for practitioners implementing
traditional and advanced safety countermeasurssdiecewrongway driving (WWD) incidents

and crashes on roadway$e poject has in total of nine taskiSigure 2).

Task 1 Literature Review

[Task 2 Conduct National Survey to Identify Current Best Practi%es

Crash
Seevrit

Task 5 Evaluate Geometric Design Elements

Task 6 & 7 Identify TCDs, Advanced TCDs and ITS Technologie
and Develop a Guideline

.

Task 8 Prepare Investigation Checklist

Task 9 Prepare Draft Handbook

Figure2 Background of developing WWD crash severity distribution table

The current study focuses on tasks 3 and Task 4. WWD crash is infrequent in number.
Therefore, task 3 attempts to collect WWD crashes from the different crash databases. Based on

the collected data, task 4 aims to evaluate WWD epastenting countermeass through
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economic appraisal, safety effectiveness evaluation and CMF development. One of the prime
requirements of countermeasure assessment is the severity distribution table presented in the

Highway Safety Manual.

1.3 SEVERITY DISTRIBUTION TABLEIN HSM & I Td6S USE
Traffic crash severity level is defined as the distribution of injury sustained by an
individual. In the Highway Safety Manu@HSM), injury severity is defined in KABCO injury

scale where the meaning of KABCO is as follows:
K1 Fatal
AT Incapacitating Injury
B 1 Non-Incapacitating Injury
Ci Possible Injury

O'1 Property Damage Only

The Highway Safety Manual has severity distribution table for various facility types. First
edition of HSM has severity distribution table for Rural Thane, Rwal Multi-Lane &
UrbanSuburbamoadway facilities. Additionally, Highway Safety Manual Supplemental (NCHRP
Project 1745) providesseveritydistribution table for Freeways and Interchanges. These tables are
subdivided into different variables: collisioypes, land use types, number of vehicles involved in

the crash. An example of a severity distribution table is shown in figure 3.



Table 18-6. Default Distribution of Multiple-Vehicle Crashes by Crash Type for Freeway Segments

Area Type Crash Type Category Proportion of Crashes by Severity
Fatal and Injury Property Damage Only
Rural Head-on 0.018 0.004
Right-angle 0.056 0.030
Rear-end 0.630 0.508
Sideswipe 0.237 0380
Other multiple-vehicle crashes 0.059 0.078
Urban Head-on 0.008 0.002
Right-angle 0.031 0.013
Rear-end 0.750 0.690
Stdeswipe 0.180 0.266
Other multiple-vehicle crashes 0.031 0.024

Figure3 Example of severity distribution table (Source: HSM Supplemental)

The HSM is divided into four parts. In part A, the user is provided with an introduction to
the HSM, knowledge about human factors and the fundamentals of highway safety. Part B covers
the roadway safety management process. In Part C, predictive methods are introduced for different
facility types. And, last but not least, Part D provides Crash Modific&@mtors (CMFs) for use

with Part B

Part B has two chapters: Econondippraisal& Prioritization and Safety Effectiveness
Evaluation. These chapters describe the quantitative method for selecting and evaluating a
countermeasure for a project. Two major requirements for these evaluation methods are crash unit

cost for crash severityVel and crash severity distribution table.



Part C of HSM deals with the predictive method. Safety performance functions (SPFs) are
used to quantify expected crashes for a particular facility type. SPFs are developed for base
conditions: for a specific crash type and severity Ielieérefore conditions other thathe base
condition requiradjustment of thbaseSPFausingseverity distribution tables. Figure 4 describes

the use of the severity distribution table in the Highway Safety Manual.

Severity | Comprehensive Crash Unit
Cost (2016 dollars)

K $ 11,295,400
A $655,000
l B $198,000
Part B: Safety Management C $125,600
» Economic Appraisal 0 $11,900

& Prioritization
» Safety Effectiveness
Evaluation

Severity

Distribution
Table

Part C: Predictive Method
» SPF

Figure4 Use of severity distribution tabie HSM

1.4 SEVERITY DISTRIBUTION TABLE FOR WRONG -WAY DRIVING CRASH

In the Highway Safety Manual, several crash severity distribution tables are available for
all crashes. Those tables are developed using Highway Safety Information System crash database.
According to past researciVWD crash severity differs significantly from all other crashes.

Therefore, if the same severity distribution table is used for WWD crash analysis, it would produce
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aninaccurataesult.Despite ample research, there is still a gap in develaplrage VWD crash
severity distributiontable that could be usetb quantify safety benefitd herefore the current

study attempts to generate severity distribution tables for quantitative WWD crash analysis. For
similarity, the current study also attempts to useHB4S crash database. However, HSIS does
not have a separate WWD crash database. So, this study finds appropriate filtering criteria to

extract WWD crasessfrom HSIS crash database.

HSIS crash data and handboekrecollected for California, lllinois, Minnesota, Maine,
North Carolina, and WashingtoA.manual proceswas followedto find the variables that would
best extract WWD crashes from the HSIS crash database. Atafilsbrough review of the
handbookwvas cownlucted toselect initial filtering criteriaFinally, &ter comparing the WWD fatal
crashes from HSIS with the WWD fatal crashes from Fa¢al Analysis Reporting System

(FARS) true WWD crash filtering criterizweregeneratedor the HSIS crashdatdase

Based orthe extracted WWD crash ddtam HSIS crashseverity distribution tables are
proposed for freeways. Established WWD crash distribution tables include (i) a general table for
freeways, (ii) a multiple vehicle freeway segment table, and (iiqruriultiple vehicle freeway
ramps and a O road tableWhile developing these tables, land use, manner of collision, and the
number of vehicles involved are also consideFadally, the application ofthe extracted WWD
crash database and tkeverity disribution tablesare explained The indings of this thesis are
expected to help future researchers, transportation planners and policy mafjeastitative

analysis othe WWD crash.



1.5 RESEARCH OBJECTIVE

The aash severity distribution tabfer all crashegresented in HSMvould producean
inaccurate result when used for analyzing severe WWD esaslthe severity of this crash type
is significantly higher than all other crash typAgain,the Highway Safety Information System
crash databadacksa robust guideline for extracting true WWD cresiTherefore, hie objective

of this studyareto:

1 Identify filtering criteria to extract true WWD crash from HSIS
1 Develop WWD crash severity distribati table using theextracted WWD
crashes

1 Show application of the severity distribution table in WWD crash analysis.

1.6 THESIS STRUCTURE

The rest of the report is structured in several chapters. Chapter two elaborately describes
the literature review and theesearch gapln chapter threefiltering criteria for extracting true
WWD crash fromthe highway Safety information system (HSIS) shiadatabases developed
WWD crash severity distribution is presented in chapter fohapter ive shows the application
of theproposed WWD crastiatabasand severity distribution tables. Chaptersummarizes the

objectives and study resulisd provides recommendatiarior future studes



CHAPTER 2

LITERATURE REVIEW

This chapter starts with a brief overview of current and past research on WWD crash
analysis and preventive measurBisen thechapteroutlines the researa@n WWD crash severity

andseverity distribution tabld=inally, the chapterstates theesearch gap.

2.1 OVERVIEW OF PREVIOUS RESEARCH ON WWD CRASH

Researchers have been working relentlessly to combat the WWD phenomenon since the
1950s, when the firdegments of thanterstate highway systemere built (5). Major research
areas related to WWD crashes are mainly tio&k finding (i) crashprone locations, (ii) crash

contributing factors, and (iii) effective countermeasures.

Many studies have been conducted based on contamieess highways (e.g., interstate
highways, freeways, and expressways) because the exit ramp of these locations has been found as
the main entry point of the WW([3,6). Studies on no@access control higtays are also available
since a certain percentage of WWD movements occur when a driver takesredd the mainline
(5). Additionally, previous research has shown that the percentage of WWD crashes in an urban

area is higher than in rural ar@s9), while 76 % of highway miles are rural, according to FHWA

(7).

Numerous methods are applied to find crash contributing factors: descriptive statistics,
logistic regression, multiple correspondence analysis (MCA), machine learning, and data mining
approachesrinally, a significant amount of effort is given to develop traditional countermeasures

and introduce new technologies. Lowered and enhanced signs, reflective pavement marking,



additional signs, LED attached 8N rong Way sign borders, rectangular flasg beacon (RFB)
equipped signs, rectangular rapid flash beacon (RRFB), two RFB WW signs are the most recently

proposed WWD countermeasures to mitigate the phenon{énd+14).

Reviewed studies provide valuable insighto WWD crashprone locations, ash
contributing factors, preventive countermeasures, and analysis méthede resourceful studies
have helped comba?vVWD crashesuccessfully in the past terms of finding appropriate WWD
crash preventive geometric design criteria and countermeakio@sveronly a small number of

research focus on WWD crash severity.

2.2 PREVIOUS WORK ON WWD CRASH SEVERITY

Although very fewrecent studiesddress the WWDeverity issueseparately in their
studiesPourRouholamindid a study on driving injury severity of WWD crash on a limiéedess
highway. In that study impact of various confounding factors on drivers' injury severity was
investigated. The study used various crash severity levels as the response variabteldgedie
three different statistical modelsrdered logit or proportional odds.(®), generalized ordered
logit (GOL), and partial proportional odds (PPO) mettedo the analysis.he major contributing
factors were time of the day, type of craghyer's age, driver's condition (i.e., DUI or NDiJI),
airbag deployment, seatbelt use, type of setting, and surface conb#éi@everity of a WWD
crash. Additionally, model validation ressidtorroborate thahe PPO model outperforms the other
two models regardingrash severity modeling. Finally, according to the findings, they have
proposed various countermeasures at the 3E's [Eveldudy also pointed small sample size and

human error as a limitatiq(®).
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Ponnaluri in 2016 evaluatade WWD crash and fatality in terms of crash contributing
factors usinghe binomial regression model. Dependent variables used in the studylrivenés
age,gender, licensing state, physical defect, BAC, vehicle use, seatbelt compliance, day and time
of the crash, roadway lighting, facility type, weather conditions, road geometrics, and traffic
volumes.The gudy result was presented with respect to the odds ratio. According to the odds ratio
result drivers age, gender, BAC, driving license statproxy totheresidencephysical defect,
seatbelt use, theurpose for which vehicle was used, facility type, roadiigiyting, area othe
crash, day and time dhe crash, traffic volume and other geometric characterigiage a

significantinfluence on WWD crashes and fatalit{@s).

In 2018, Jalayer conductedsamilar study onWWD crash severity, however using a
randomparameters ordered probit analysis to capture the unobserved heterogeneity related to
vehicle, crash, roadway, dexs and environment characteristics. Ag#ie, prime focus othis
research was to evaluate the impact of WWD crash contributing factors on various WWD crash

severity (L6).

Studies mentioned above were conducted on contraltedss highways. Since a e@nt
percentage of WWD crashes occurtbaarterial corridor and result in severe injuries, in 2021,
Kedaha conducted a WWD crash severity analysis on arterials in Florid®ayksian partial
proportional oddsnethodwas usedo find the relationship be&teenWWD crash severity and

various crash contributing factors (edyiyver, temporal, and roadway characteriski¢sr).

WWD study on crash severity provides valuable insight on how different crash severity
levels vary according to different crash contributing factors. Also, these studies suggest various

effective countermeasure that is beneficial in reducing WWD crashityeudowever, most

11



WWD crash studies did not specifically focus ondrsgribution of WWD crash severityn terms
of KABCO (K = fatal injury, A = incapacitating injury, B = nancapacitating injury, C = possible
injury, and O = propertgamageonly) scale In other word, to the authots knowledgethere is
no robust study on developing a WWD crash severity distribution table that could lherusadh

predictive methods by thdighway Safety Manual (HSM)

2.3 SEVERITY DISTRIBUTION TABLE IN HSM

Since there has been no study on developing the WWD crash severity distribution table in
the past,the current studydelved into the Highway Safety ManuaddSM provides severity
distributiontablesfor all crashes imuantitative safety analysés rural twolane higwway, rural
multi-lane highway and urban & sulyban facility types. Aew chapte(Currently NCHRP report
17-45)in the second edition of HSMill have severity distribution tables established for freeways
and interchangesl®). These severity distributio tables are extensively used in road safety
management process (e.g., network screening, diagnosis & countermeasure evaluation etc.),
developing predictive modgland CMF developmentl®). While manual hasrash severity
distribution tabls for all crases, it does not include any separate severity distributiorstiile

WWD crasles

A 1973 study determined that WWD crash fatality and injury are much higher than the
other types of crasheg&(). A recent study also ascertained that the fatality ratéef\WWD
crashes (1.34) is higher than all other fatal crashes (1.10). This rate translates to 24 more fatalities
per 100 fatal crashes for WWD crashes than for fatal crashes in g@yePalssengers and drivers
both from the wrong way and right way aféected by this notorious crash. Accordinggeearch
in New Mexico, 46 wrongvay and 33 rightvay drivers were killed due to the WWD crash

between 1990 and 20021). Few other studies also show that WWD crash severity/fatality is
12



substantially highethan all other crash types (©,15,16. According to the FHWA, 30@00

people die in the L.every year due to fatal WWD crash@g)(

These statistics and associated safety issues certainly corroborate the need for a separate
study on WWD crash sevéyi Using severity distribution tables for all crashiesm HSM for
guantitative WWD crash analysis may prodaneaccurate resulfherefore, developing a robust
and consistent WWD crash severity distribution table is a prime need for quantitative safety
analysis of WWD crash projecté&gain a comprehensive and resourceful crash database is
requiredfor such table developmés HSM uses the Highway Safety Information System (HSIS)
crash database for developing severity distribution sdoleall crashesTherefore,this study

intended to use HSIS crash database for devedag@verity distribution talbddor WWD crasles

Highway Safety Information System (HSIBas been used rigorously by researchers for
safety analysis for its comprehensive crash information. H8§Saccommodatextash data for
several states for many ysaHoweverpnly afew studies used the HSIS crash dataset to study
WWD crashes because of the absence of a robust guideline that could extract true WWD crashes.

True wrong way driving crash is difficult to extract becausthepresence of cross median crash

From an investigative standpoint, it is often challenging to distinguish between true WWD
and crossnedian crashes. Therefore, in magces of researchlVWD crashesre often analyzed
in conjunction with median crossover crashes8).(ZHowever, accordimp to the National
Transportation Safety Board (NTSB) definition, the cross median crash is substantially different
from the WWD crash iterms ofpreventive countermeasures, locations, and contributing factors
(23). Therefore,the current studyattempts to develop fédring criteria to extractrue WWD

crasles,excluding cross median crashesngthe HSIS crash database.

13



24 RESEARCH GAP

Crash severity distribution table is one of the prime needs for quantitative safety analysis.
Highway SafetyManual provides severity distribution tables for all cessAll these tables have
beengeneratedusing Highway Safety Information System (HSIS) crash dataliase.to its
substantiafatal nature, WWD crag@srequire a separate crash severity distrdoutiable foran

accurate result. Therefore, twesearch gapareidentified through the literature review:

1 A consistent and statistically significant WWD crash sevetisgribution tables

unavailable

1 Proper filtering criteriaare absent that would epect true WWD crasés from

Highway Safety Information System crash database.
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CHAPTER 3

EXTRACTION OF WWD CRASH ESFROM HSIS CRASH DATABASE

At first, the chapteoutlines theintroduction tothe Highway Safety InformationSystem
(HSIS) crash database and data collection method. Then the chapter describgsactineed
manualmethodology for extracting filtering criteri&inally, WWD crash iftering criteriaare

developed sequentially for California, Maine, Washington and lllinois.

3.1 DATA COLLECTION

HSIS is a collaborative venture sponsored by the FHWA. Various participating states
voluntarily providecrashdatg includinglL, MN, UT, ME, MI, CA, NC, WA, andOH. According
to the HSIS website, data is available for research intended for general public interest and

publication.

To collect the crash data, at firdtSIS representativavas contactedOnce the
representative wasonvincedwith the research objectivéhey senta link containing the crash

data.Based orthe responsdata for L, MN, ME, CA, NC, and V& were available for analysis.

For validation and accuracy checking of proposed filtering criterthdeveloping WWD
crash severity table, this study incorporates reference WWD crash databases: FA#RSrash
data andllinois Department of TransportatiofL(DOT) interstate WWD crash database. WWD
crash data from FARS was separated from all othashes by following the methodology

proposed in the previous studg).(
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1 Filtering Urban Principal Arterial Interstate, Urban Other Principal Arterial, Urban
Principal Arterial Other Freeways or Expressways, Rural Principal Arterial Other, and

Rural Princpal Arterial Interstate from columns of roadway functional class fields

1 Sorting out TweWay Divided Unprotected Median, Tw&ay Divided Positive Median,

OneWay Trafficway, and Entrance/Exit Ramp attributes from the tréthe field.

1 Including Sequencef Events, DriveiRelated Factors, and Violations Charged. Here, the

sequence of events excludes Centerline crashes.

91 Driver-related factors include codes for Driving Wrong Way on @ag Traffic and

Driving on the Wrong Side of Road (Intentional or Ueintional).

1 Violationscharged includattributecodes for Driving Wrong Way on Osveay Road and

Driving onLeftd Wrong Side of Road

WWD crash data from FARS was available from 2004 to 20lirfois WWD crash data
wereavailable for the years 2009 to 20¥8WD crashes weralready known fothelL DOT crash

da&. The HSIS representative provided the most recent available data of a particular state.

3.2 INITIAL SELECTION OF WWD CRASH -RELATED ATTRIBUTES

HSIS representatives provided both handbooks and crash databasesalgsis
Handbooks arstatespecificanddescribe variouattributesn detail. Though landboolklist many
variables, not all of them are available in the crash databasmdysisHSISwebsite provides a
tableof variableghat areavailable for researck24). Four data files wereeceivedfor each state:
Accident, Vehicle, Occupant, and Roadlbythe beginning,dr extracting true WWD crasbnly

accident and vacle file was usedRoadlog files were uset determine roadwafacility types
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while developing crash severity distribution taM/WD crashfiltering criteria weredeveloped
in several stepgt first aliterature review was conducteddelineate betweetnue WWD crasles

and cross median crash

According toNTSB, "A wrong-way driving crash is defined as one in which a vehgle
traveling in a direction opposing the legal flow of traffic dngh-speel divided highway or access
ramp collides with a vehicle traveling on the same roadway in the proper direction.” This definition
excludes cross median/cross centerline @®s{3). NTSB believes the majority of
countermeasures for median crossovers sigmflg vary from those that prevent WWD crash
For thisreasonNTSB suggestseparating these two types of crasfiesn each otherFor the

same reason, NTSB does not inclWd@/D crashe®n twolane roadsn their analysig23).

Thehandbook of IL., MN, ME, CA, NC, and W from HSIS werghoroughlyreviewed
This rigorous study helped to filter out all teespectedVWD crashrelated variablesin this
process,variables related to crossmadicrosscenterline crashes were alsentified. For
Minnesotaand North Carolingappropriate variables that would represent the WWD cr&sh

absentThereforethese two statesereexcluded from the studst theinitial stage

A detailed description of wrorggay and cross median relatedriables are presented in
Tablel. Notably, few states have more than wadableto represemivrongway relateccrashes.
Also, differenttypes ofvariables are presadfor cross median crashésspecific field is selected

through a methodologat approach to extract true WWD crashes from all crashes in the next step
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Tablel Summaryof initially selected WWD crashelated variables

lllinois Driver and WWD Driver's action of this vehicle DRV_ACTN WrongWay or side 6
related Contribution factor of the crast CAUSE1/2 Driving on Wrong Side/Wrong Way 5
Vehicle Maneuver code of thiss VEH_MNAU Driving Wrong Way 12
vehicle
Crossmedian/ - - - -
Centerline
California Driver and WWD Collision factor category of the CAUSHPCT Wrong Side of Road' 5
related crash
Movement of this vehicle MISCACT1 Traveling Wrong Way Q
preceding therash
Category of violation for the VIOL Wrong Side of Road 27
vehicle
Crossmedian/ Movement of this vehicle MISCACT1 Traveling Wrong Way N
Centerline preceding the crash
Washington | Driver and WWD Action of the vehicle prior to DRV_ACTN Going wrong way on divided 16
related the crash Highway
Going wrong way on Ramp 17
Going wrong way oifdneway Street 18
or Rd
Crossmedian/ Violation or factor contributing CONTRIB1/2 OverCenter Line 8
Centerline to the crash
Movements of the vehicles V1EVENT1/2 Making U-Turn D
prior to the crash
Maine Driver and WWD Driver Actions at the Time of DRV_ACTN1/2 | WrongWay 13
related Crash
Action prior to when the crash MISCACT1 Wrongway intoopposing traffic 2
occurred
Cross median Description of each eventinth EVENT1/2/3/4 | Cross Median 10
crash sequence for this vehicle Cross Centerline 11
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3.3 SELECTION OF ONE SPECIFIC VARIABLE SEPARATING CROSS MEDIAN

CRASH

This section aims to identifyne most meticuloug/WD crash filtering criterigdexcludng
the cross median crashefor four different statesCalifornia (20132017), Washington(2014
2018),Maine(20152016)and lIllinois (2010xrash databasethe sudy was conducted usirige
most recently available crash data. For example, recent data for California was from the year 2013

to 2017.

3.3.1 Developmentof WWD Crash Filtering Criteria for California

The California crash database includes thragabledor representingvrong-way driving
crastes The study useatwo-step approactvhen representative WWD crash variables are more
than two In step 1, a crossbulation method is used for initial screenifiglfle 2). Then, in step
2, the final selection imadewith a manual matching procgdsable3). In both stepdrARS WWD
fatal crash database is used as a refere®ieps forextracting WWD crash whemore than two

variables are availabkre describebtelow:

Step 1 At first, suspectedatal WWD crashedrom HSISare extractedTable 2,Col 2)
usingtheinitially selectedvariables(Col 1). Only fatal crashes are considered since the reference
dataset is from FARSComparison betwee@ol 2 andCol 6 shows, number of fatal crashes
captured by Traveling Wrong Way (MISCACTZ2)and"Wrong Side of Road (VIOL)variable
is the closest to FARS WWD crastWhereas'Wrong Side of Road (CAUSHPCT)ariable
provides WWD crash number 74% more than FARS &gt was suspected that "Wrong Side

of Road (CAUSHPCT)" would not represerntrae WWD crash.
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Then, a cosscomparisoramong variables made to check the efficacy of one particular
variable if a particular variablean represent WWD crash alone or have to be comhiiteather
variablesfor accurate resultéCol 3, Col 4, andCol 5). For examplecrastes captured bythe
"Wrong Side of Road (CAUSHPCTYariablerepresents onl21.2% and 1.6% dhe WWD crash
captured by Traveling Wrong Way (MISCACT1)and"Wrong Side of Road (VIOL)variables
respectivelyFrom crosscomparisonit is noted thatheWWD crashcapturing capacity d\Wrong
Side of Road (CAUSHPCT)s much lower than the oth&vo variables.Thereforejt is concluded
that"Wrong Side of Road (CAUSHPCT)" cannot exttheWWD crash from the HSIS database.
So,selection should be made between the other two varidlaés extracted byTraveling Wrong
Way (MISCACTL1) is muchcloser to theFARS datathan "Wrong Side of Road (VIOL)
However, froma crosscomparison point of view, both the variabbes capture the WWD crashes

that were captured by other variables

Table2 Crosstabulation forinitial screening of WWD crastelated variables (California)

Wrong Side of
Road 245 - 52 (21.2 %) 4 (1.6%)
(CAUSHPCT)
Traveling

Wrong Way 144 52 (36%) i 83 (57.6%) | 141
(MISCACT1)

Wrong Side of . ]
Road (VIOL) 162 4 (2.5%) 56 (34.6%) -

Step 2:In step2, the comparison is made betwéd@maveling Wrong Way (MISCACTY)

and"Wrong Side of Road (VIOL)"where FARS WW£[iatal crash and HSIS all crash database
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is usedConfirmed atal WWD crashes from FARS are identified manually from the HSIS all crash
databasd€Table 3 Col 2) and termedascommon crasés. The case number of FARS and HSIS
databases is different. Sa indirect approaclwas usedo match WWD crashes of FARS with

HSIS, where variables like crash dated hour, driver age, county number, vehicle year, and
vehicletype are used. At first, a filtém the excel filas made based on crash date and hour. Then

the driver's age from FARS data is used to match the exact case and, finally, is checked with county

number, vehicle year, and type.

Furtheranalysis is madeotfind what percentages @lommon crashes are captured by
"Traveling Wrong Way (MISCACTZI)and"Wrong Side of Road (VIOL)individually. It is
evident fromTable3 (Col 3)that "Traveling Wrong Way (MISCACT1)" is capable of capturing

95% FARS fatal crasbutperformingthe "Wrong Side of Road (VIOL)variable.

For more accuracy, an attempt is made to sbe Wrong Side of Road (VIOL)variable
alone (ithout "Traveling Wrong Way (MISCACTZY) is required. HoweverCol 6 (Table 3)
clarifies that "Wrong Side of Road (VIOLkaptures less than 1%8one Therefore, the study
concludes thdtTraveling Wrong Way (MISCACT1)" variablealone can extract WWD crashes
from the HSIS crash databa3eue WWD crasltan be captureby deducting mss median crash

from extracted WWD crash.
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Table3 Comparisorof FARS and HSIS to select the final attribute (California)

Col 2 Col 3 Col4 Col 5 Col 6 Col 7
Number Traveling Wrong Side Traveling Wrong Number of Crossed
of Wrong Way of Road Wrong Way Side of into Opposing Lane
common (MISCACT1) (VIOL) (MISCACT1) Road: crash when
crashes (No/Per) + Wrong Side of excluding Traveling Wrong
Road (VIOL) Traveling Way (MISCACT1) is
Wrong used
Way
2017 27 26 (96%) 18 (67%) 17 (63%) 1 (4%) 0
2016 19 19 (100%) 13 (68%) 13(68%) 0 0
2015 25 24 (96%) 15 (56%) 15 (56%) 0 0
2014 21 20 (95 %) 12 (57%) 12 (57%) 0 0
2013 18 16 (88%) 11 (61%) 9 (50%) 0 0
20132017 110 105 (95%) 69 (63%) 66(60%) 1(0.9%) 0

There was no direct field that could be considered as cross mediasaenterline crash.
The closest suspected variable W@sossednto Opposing Larfe(Table3). Notably, none of the
captured commounrashedas thevariable"Crossed intdpposing Lanewhen captured bthe
Traveling Wrong Way (MISCACTL1) variable indicating the"Crossed into Opposing Lahe
attribute can be considered a replacement for cross median/centerlires cilaghvariable was
finally excluded fromextractedHSIS WWD crash databaster further validation or accuracy

check.

3.3.2 Developmentof WWD Crash Filtering Criteria for Maine

Maine has two WWD crastelated variablesherefore Step 2 approach discussed earlier
could be used in this cagdoweverthe same procedure could mat usedecause of the absence
of a reference crash databaSer Maine, 2015 and 2016rash datérom HSISwere availabléor
analysis In that period, there wa® WWD crashfatal crasHistedin the FARS databas8o, the

comparison could not be made between HSIS all crash and FARS WWD crash data like California.
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To fill this gap, this study usdgerature as a surrogate measure of the reference crash database.
MaineDOT Highway Crash @tistics data from 2018 is usetthis study(25). Table4 represents
the data analysis result of extracted WWD créshMaine. Maine hasa direct field for cross

median/centerline craseh (Table 1jsed in the filtering method

"Wrong way into opposing traffic (MISCACT1yariableprovidesmore than four times
WWD crashthanmentioned in the MainBOT Highway Crash Statistics. The scenatrio is the same
whether crossmedi&rosscenterline crash isrefidered or not. On the other hand, the "Wrong
Way (DRV_ACTNY)' variable shows accurate WWD crashdsencompared with Main®OT
crash datal herefore;'Wrong-Way" variableis suggestetb extract WWD crashdsom the HSIS
crash databas&urprisingly, theproposed filtering criterishow less accuracyhen the cross
median craslis excludedTable4, Col 3. In spite ofthat, this study proposesxcluding cross
median crashes to get true WWD crashes as it was not clear from Maine DOT Highway Crash

Statistics whethethey have considered cross median crashes @bt

Table4 Comparison of MDOT crash statistics and HSIS to select the final attribute (Maine)

(ofe] 4 Col 3 Col 4

HSIS all HSIS all WWD crashes 2018 MDOT

Variable Description WWD crashes (2015-2016) excluding Highway Crash

(2015- 2016) the cross median Statistics (7)
WrongWa
T 98 84
(DRV_ACTN)
Wrongway into opposin 103
.g / PPOSING 629 498
traffic (MISCACT1)
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3.3.3 Developmentof WWD Crash Filtering Criteria for Washington

Handbook of Washington contains only one varighlih three sukcategoriesjo detect
WWD crasles requiring no further variable filtering able 1) However,there is no specific
variable forseparatingcrossmedian crashesAfter carefully reviewing theéhandbook,it was
decidedto combin€'over centerlineVariables as a surrogate measuréghefcrossmedian crash.
Despite one WWD related variablen approach similar tstep 2is usedfor justification due to

theunsure cross median field.

Table5 presents the summary of the analysis evident from the table thatfew crashes
areonly captured in FARSanda feware captureanly in the HSE databaséAfter accounting
for the proposed crossedian crash, thecauracy of th&VWD crashrelated variable 191%.This
percentage is calculated based on the common WWD crashes of the FARS and HSIS crash
database. Becaudteis intuitive thatif the crash is not present in the HSIS crash database, then

proposed filteringriteriawill fail to capture that.

Table5 Comparison of FARS and HSIS to select final attribute (Washington)

FARS' crash captured

Number of In In
by the proposed method
Year FARS HSIS common FARS
(based on common
crashes only only

crash)
2017 7 10 7 0 3 6 (85%)
2016 4 6 4 0 2 4 (100%)
2015 6 11 6 0 5 5 (83%)
2014 5 7 5 0 2 5 (100%)
20142017 22 34 22 0 12 20 (91%)
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3.3.4 Developmentof WWD Crash Filtering Criteria for lllinois

Three variables related to the WWD crash were available for ll|isoisilar to theCalifornia
crash database. However, for the following reagomas difficult to usea similar procedure as

California.

1 For lllinois, the main barrier in extracting WWD crash data from HSIS wees
unavailability ofavariable related toross median crashledian/Cross centerline data has
been discontinued since 2004.

1 There are onlyhreefatal crashes in the FARS database. So, itahadiengingto figure

out the filtering process using FARS data only.

To solve the problemavailable IllinoisDOT interstae WWD crash data is used. For
analysis HSIS data from the ye2@09 and 2010 were available. But interstate data was available
only for the year 2010. So, the whole WWD crash filtration was conducted based on the year 2010.
ILDOT WWD crash data include®¢/WD crasles with all severity leved, unlike FARS crash

database

At first, an attempt is made to match WWD crash data using lllinois DOT WWD crash and
HSIS all crash dat&ll three driver and WWD related attributes are used and analyzed to find the
bestpossible filtering proces€ounty, accident date, accident hour, and drivenvegye used for
matching Based on the variables related to common crasiires combinations are proposed for

extracting WWD crash data from the HSIS database for lllinois.
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Combination One

1 Include: DRV_ACTN:6 + either of CAUSE1:5 and CAUSE2:5
1 Exclude: F_INVLOC:2; which is suspected as a cross median/centerline crash because
none of the matched crashes has this F_INVLOC attribute. thisojariable is used when

crash taks place offpavement and on the left side from the definition
Combination Two

1 Include: VEH_MNAU:12 + either of CAUSE1:5 and CAUSE2:5

1 Exclude: DRV_ACTN:6 + F_INVLOC:2
Combination Three

1 Include: VEH_MNAU:01 + either of CAUSEL1:5 and CAUSE2:5

1 Exclude: DRV_AQN:6 + F_INVLOC:2

To check the accuracy of the proposed criteri@omparison is made among fatal crashes
of FARS, LDOT and HSIS WWD crash data. Three fatal crash is listed in FARS.of them
arecaptured in IDOTTwo arecaptured by the proposed meth&o, both IDOT and the proposed
HSIS method capture almost 67% of the fatal crash of the FARS database. Again, a comparison
between IDOT and HSIS WWD crashis conducted (Tabl€). Among 24 WWD crashes of
IDOT, 5 were not at all in HSIS. So, captured common 17 craamtedfsom 19 crashes. This

translates proposed method can capture 90 percent WWD crash data.
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Table6 Comparison of IDOT and HSIli&terstate WWD cras(illinois)

Fatal Incapacitating o - Possible PDO Total
Incapacitating
IDOT 2 4 5 1 12 24
HSIS 2 5 4 1 13 25
Common 1 3 4 1 8 17

3.3.5 Summary ofProposed WWD Crash Filtering Criteria

Table7 outlines the summary of the proposed WWD crash extracting criteria for the HSIS
crash databas&/WD crash dat&xtracted from the HSIS databassng thesgroposed filtering
criteria is further justified through literature revielihe etracion method poposed for lllinois is
based on only one year. Aldbjs database is ten years old, so it might not provide a valid.result

Thereforejt wasnot includel in theproposed list

Table7 Summary of proposed filteringyiteria

Variable Crash captured
Proposed WWD number by the proposed

State Year crashrelated SAS name in the method from

variable the reference

field

source

Traveling Wrong

California | 20132017
Way

MISCACT1 Q 105 (95%)

Maine 20152016 Wrongway DRV_ACTN1/2 13 98 (95%)

Going wrong way on
divided highway
Going wrong way on
ramp
Going wrong way on
Oneway Streebr Rd

Washington 20142017 DRV_ACTN 16,17,18 19 (90%)
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34 IMPORTANT WWD CRASH NOTES

The development of WWD crash filtering criteria for HSIS involves using the FARS crash
database as a referendéus filtering criteria establishment process has generated sotical

notes, which are outlined below:

1 Some WWD crashes are nmptured by HSIS but are present in FARSI viceversa
For California the number of extracted WWD crashes for the study period from FARS
and HSIS arel41 and 144, respectively. Among these vagid10 WWD crashes are
common.So, ifextracted WWD crashdsom HSIS areombinedwith FARS it increase
24% WWD fatal crash datdor one state WWD crashes are infrequent in numbers;
increased data are expected to help in WWD crash analysis.

1 In Maine, the total number of WWD crashes has dropped drastically5f¢im 2015)to
27(in 2016, which isamore than 50% reduction crasles.These statistics ask for further
investigation orwhethertherehas beerany WWD policy change in this state for these
years This kind of analysis is difficult using WWD fatal crash database for states having

fewer crashes.

3.5 JUSTIFICATION OF EXTRACTED HSIS WWD CRASH DATA THROUGH

LITERATURE REVIEW

After the final selection of ongpecificvariablefor the WWD crashan attempt is made to

checkthevalidity of the extractedraskesthrough a literature review.

1 A 2016 study of Caltrans shows WWD crash severity distribution between 1987 and 2013

for freeways and expressways (Figaj€26). For comparisorextractedive years (2013
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Total Number of Crashes

2017) WWD crash data from HSI& freeways and expresswsgre utilized Comparison
of WWD crash severity distribution f&013 showghat proposed filtering criteria can

successfully capture WWD crashes for Califorfiegure5 and Figures).

WWD crash severity distribution using HSIS
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Figure5 WWD crash severity distribution for California using HSIS WWD crash data

Wrong Way Collisions on Freeways
and Expressways

150 W 1587 Tatal: 204 W 2013 Total: 187

100

Property Damage Injury Fatal
Only

Figure6 WWD crash severity distribution data by Caltrép6)

29



1 TheWWD crash extraction method for Maine waleeadydeveloped usingast literature
(MaineDOT crash statistigsApart from thaturrentstudy couldnot find anyotherWwD
crash severity distribution table for Maine for further justification. Similar is far
Washingtorfiltered WWD crashdatabaseThere is no total WWD crash statistics from the
past literature or any crash severity distribution other than fatal crash numbers from FARS

for comparison

3.6 CHECKING IF WWD CRASH SEVERITY DISTRIBUTION TABLE IS

WARRANTED

The prime objective of this study is to develop a base WWD crash severity distribution
table that could be used in the various quantitative methotie 6fSM while analyzing WWD
related crashes. Before establishing any WWédle severity distribution table, the current study
intends to investigat@hether aifferentWWD crash severity distribution is warranted, using the
KABCO scale.ExtractedWWD crash data for CalifornjaVashingtonandMaine are used for

this analyss.
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(b)

Maine
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Figure7 Crash severity analysis using HSIS crash data (Califoi@shingtorand Maing

A comparison of crash severity distribution between WWD crashes and all crashes shows
a notable difference~{gure7). WWD fatal crash percentage is almost eight times higher than all
fatal crashes for botGalifornia and Washingtofor Maine fatality is three timghigher than the
all-crash. Inhecase of Maingonly two years of datareused. That mightethe reasothefatality

rateis lowercompared to California and Washington.

There is a substantial difference in the percentages of injury crashes (ABC total) between
these two crash groups. Again, WWD fatal and injury crash (KAB&)tes also significantly
higher (around 65%) than all other crash types (around 35%). These statistics prove that the
severity distribution table present in the HSM for all crash are not appropriate for WWD crash

analysisThus,WWD crash warrants a sejpé#e severity distribution table.
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CHAPTER 4

DEVELOPMENT OF WWD CRASH SEVERITY DISTRIBUTION TABLE USING HSIS

WWD CRASH DATABASE

In the first edition of the HSMhe severity digribution tableis developedor rural two
lane tweway roadway, rural multilane highwayg, and urban/suburban arteriadgiditionally, in
the HSM First Edition Supplement 20(MCHRP Project 1-45), severity distribution tabkefor
freeways and interchanges are included, which will be added in the second edition c24SM (
This information is helpful in terms of selecting facility type for WWD crash severity distribution

table.

4.1 SELECTION OF FACILITY TYPE AND CRASH DATA FOR DEVELOPING

SEVERITY DISTRIBUTION TABLE

The proportion of WWD crashesssallcompared to all crashéeBhis study finds thathe
WWD crash is less than one percéat0.00) of all crashes for California, Washingtoand
Maine This finding aligns withthe past stdies (13,15). So, the distribution of WWD crassin
terms of facility type would be differefitom all craskes According topaststudes, the primary
origin of the WWD crash is the exit ramp of the controletess highway (such as freeveand
interstaté (5,6). Another WWD approach is making aturn on the mainline aurningthrough

the median when an exit ramp is missgd (

One lllinois study showed that 93.5% of 217 confirmed WWD crasheppened from
drivers entry through exit ramgerminal, while 6.5% occurred due to mainlingwn (13). Most

of the studies outlined in the literature review focus on the contrattedss highwaywhile
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analyzing WWD crasbs. Therefore,this study attempts to prepare a WWD crash severity

distribution table forcontrolledaccess highways (e.dreeways interstate freeways).

As a firststep a thorough review of NCHRP Project-43 is made to learn in detail about
the structure of the severity distribution table currently present for fregWakte8). According
to theNCHRPreport crash severity distribution is subdivided into road segeemiramp and
C-D roads.Further division of severity distribution made regarding collision type, ruiatban
area, and singienultiple vehiclesData from California, Washington, and Masre usedor these

developments.

Table8 Severity distribution tables for freeways and interchanges (NCHRP Projd&) 17

Table 186 Multiple-vehicle crashes b California(20032007)
crash type for freeway segmen B MTEE (200
Maine (20022006)
Table 1810 RampEntranceRelated Crashe
by Crash type
Table 196 Multiple-vehicle crashes b
crash type for Ramp and-C
road
Table 199 Singlevehicle crashes by cras
type for Ramp and © road
Table 1916 Signal  -Controlled Ramg
Terminal Crashes by Crash Ty
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As mentioned earliethe data sample for Maine is too small and available for only two

years.Thereforethe current studytilizes California and WashingtoWWD crash data extracted

from HSISin thefollowing steps Figure8 illustrates a data distributioof extracted dataData

flow showsthat both the selected states have more than 50% (for Califolft feeeway WWD

crashescompared with norAfreeway crashes. Moreovanonfreeway crashes include local and

collector roaccrashes in the databa3dis information supports the selection of freeways for the

table developmentWhen freeway crash dataas furthersubdivided into urbdrural and

singldmultiple vehiclecategoriesthe number foWWD crash data for Washingtoroigsmallet

Based on these statistiabis study focusd on California WWD crash data for developing a

severity distribution table.

CA Urban
Freeway = 924
WA Urban
Freeway = 228
([ Total CA Y
WWD Freeway
Crashes 1064
CA=1737 | WA
reeway
WA =542 277
- 7 CA Rural
Freeway = 140
WA Rural
Freeway = 49

Figure8 Data flow for California and Washington
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42 STATISTICAL ANALYSIS FOR CHECKING THE  SIGNIFICANCE AND

CONSISTENCY OF SEVERITY DISTRIBUTION

Before proposing any WWD crash severity distribution table for HSM, echeckedif
there isany significant difference between crash severity and other variables (e.g., facility type,
land use, manner of collision, atite number of vehiclgs Chi-Square Test of Independengas
conductedto evaluatethe significant association betweerash severity and otheategorical

variables.

Chi-squardest of independends used to identify a relationship between two categorical
variablesWhile usingthe chi-square test of independengeis essentiato make sure tworitical
assumptions associated with the test procear@dequately mdf data does not passebetwo

assumptiongt is recommended not to use this tégsumptions areutlined below:

1 Assumption 1: Variables in interestalid be ordinal or nominal (i.e., categorical type)
1 Assumption 2: Two variables need to have two or more categorical and independent
groups. For example: ender is a categorical variable and it has two groups: male and

female.

Hypothesis testing for clgquare test of independence is similathidANOVA test. Test
statisticsare calculated and compared with a critical valadich is determined by the level of
significance and degrees of freedom. Nulp)(Eind alternative (I hypothess areexpressed as

follows:

Ho = There is an association between dependent and independent gariable
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Hi: = There is at least one level among dependent and independent gghabldo not have

association: * (for at least on level)

The test statitc for the ChiSquare Test of Independence is denatgghnd is computed as:

€ Q
Q

Where,

Oj is the observed cell count in tHerow andj™" column of the table

g is the expected cell count in tHerow andj" column of the table, computed as

I €@ ¢ 0zduaE™@ £ 0 D a

Ql WO OO WA

The quantity @ - ;) is sometimes referred to as tlesidualof cell (, j), denoted;;

The calculated Zalue is then compared the critical value from the Zlistribution table
with degrees of freedowif = (R - 1)(C - 1) and chosen confidence level. If the calculaeialue

> critical G Zalue, then we reject the null hypothesis.

In this study the chisquarandependence test is conducted between various crash severity
levels (e.g., Fatal, PDO, etc.) and roadway facility type, freeway location, crash type, land use
type, number of vehicleand crash yeaf.hese variables are selecfetlowing variables useth

the highway safety manual/ NCHRP reptwt all crashes
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WWD crash is fatal in natur€igure9 shows that certain types of collisions are associated
with fatal WWD crashesTherefore, a change is made in selectivesub-categories of a variable.

Table9 shows the change that is made in terms of variable selection.

Freeway chapter ¢iiSM supplementalivides crash severity into Injury and PDO crashes;
however, due to the fatal nature of the WWD crash, severity is divateéatal, Injury, and PDO
crashesWWD crashes occur when a vehicle moves in the opposite direction. Therefore, collision

type liketherare ends less likely to occur.

Also, it is found that a minimum percentage of collisions accounts forpaatestrian ad
overturned. So,dsed on the data distributiche WWD crash type is divided into four categories

(Table9).

WWD Crash Severity vs Crash Type
90%
80%
70%
60%
50%
40%

30%
20% I I
10%
oo . Be ol RO ON. EN_fa_ I_
K A B C PDO

B Head on m Sideswipe ®Rear end ® Roadside mHit object m Overturned

Figure9 WWD Crash severity distribution in terms of various crash/collisype
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Table9 Changen Variables Sulzategoryfor WWD Crash

Crash severity 1 Injury (Fatal + Incapacitating { Fatal
Injury + NortIncapacitating Injury 1 Injury (Incapacitating Injury +
+ Possible Injury) Nor+Iincapacitating Injury +
1 Property Damage Only Possible Injury)
1 Property Damage Only
Crash type I Headon 1 Headon
1 Sideswipe 1 Sideswipe
1 Rearend 1 Hit roadside object
9 Roadside i Others
9 Hit Object
1 Overturned
9 Auto-pedestrian
9 Others

After carefully selecting variables and their stdiegories intended cbouare test is
conducted. In the testrash severity distribution isonsideredas thecategorical dependent
variablefor comparing with otheiindependentariables Details ofcategoricavariables andChi-

Squaredest result is outlined imable10.

39



Table10 Chi-squared teskesult

Dependent

variable
(Col 1)

Crash
severity
(Fatal,
Injury,
PDO)

Independ- Sub-
ent category of
variables Ind.
(Col 2) variables
Roadway | Freeway,
Facility Non-
Type Freeway
Freeway Freeway
Location segment,
Ramp and
C-D road
crash type | Headon,
Sideswipe,
Hit
roadside
object,
Others
Land use | Rural,
Type Urban
Number of | Single,
vehicles Multiple
Year 2013,2014,
2015,2016,
2017

Test Name

Pearson

Chi-Square

Null
Hypothesis

There isan
association
between
Col 1 and
Col 2

P-value Any sig.
difference
between
Collé&
Col 2?
0.00 YES
0.00 YES
0.00 YES
0.005 YES
0.00 YES
0.80 NO
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According to the chsquare testfreeway and norfreeway WWD crashes vary
significantly concerningWWWD crash severityfevels Similar istrue for freeway segment and
ramp/GD road crash type, land use attie number ofvehicles Again, acording to the result, a
subdivision of WWD crash severity distribution is warranted in terms of freeway segment and

ramp/GD road, land usgype, crash type, and the number of vehicles

The proposed distribution table need$éconsisent Thereforea chisquared test ialso
conducted to evaluate a significant difference between different years anitlyseéggribution
(Table10: Bottom Row). According to the comparison test resalgsh severity distributiohas
remainedthe same over the years. Figui@ providesa graphical representation obnsistent

WWD crash severity distribution for 2013 to 2017 in terms of various crash sdeegaty.

Severity Distribution VS Crash Year (Freeway)

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%
2013 2014 2015 2016 2017

m Fatal mInjury mPDO

Figure10 Graphical representation of consistency of crash severity distribution over the period
20132017
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4.3 PROPOSED WWD CRASH SEVERITY DISTRIBUTION TABLE

Finally, after satisfactory significance and consistency tieiststudy proposefour types
of WWD crash severity distribution table that can be UsedVWD crashrelated quantitative
analysis (i) a generalseverity distributiontable (ii) freeway segment multiple vehicle crash
severity distributios and (iii) urban freeway ramp and@@road multiple vehicle crash severity
distributiors and (iv)WWD crash severity distribution table for night time lighted and unlighted

condition

4.3.1 GeneralSeverity Distribution Tablefor Freeway

A general table for freeways igrepared considering all KABCO severity levéor
freeway, noAreeway and all roadways (Table 11). According to table 11, severity is much higher
for thefreeway than the nefreeway Fromfigure 11, it canbeinterpreedthat seerity distribution
is almost the same for California (used for proposed distribution) and Washington (used as a
reference chegkDevelopedVWD crash distribution table wilielpresearchers @policymakers
when a general assessmenheeded fofreeway facility types without considerirggher factors

(e.g.,landuse type and crash type)

Tablel1 General seventdistribution table for freeway

Freeway 10.6 12.4 22.5 20.0 34.5

Non- 4.8 11.6 25.0 30.0 20.0
Freeway

All Roadway 8.3 12.3 23.6 23.5 324
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California vs Washington
120.00%

100.00%
80.00%
60.00%
40.00%

20.00%

Freeways Interstate

0.00%

CA

m Fatal mIncapacitating Injury m Non-Incapacitating Injury m Possible Injury m PDO

Figure1ll Comparison oafreeway and interstate WWD crash severity distribution between

Californiaand Washington

4.3.2 WWD Crash Severity Distribution Table for Freeway Segment and Freeway Ramp &

C-D Road

Freeway chapters dfiSM provide separate distribution tablor freeway segmest
interchange ramps, and ramp termsnAVWD crashes occur when a driver crosses the ramp
terminal and enters the exit ramp. Therefore, Tablel5l4All-Way Stop Controlled ramp
terminal), Table @-16 (Signal Controlled ramp terminal), Table2® (OneWay StopControlled
ramp terminal), and Table 48) (Entrance relatedijrom Highway Safety Manual (24)is
consideredinrelatedo WWD crashThereforejn this studythe WWD crash severity distriiah
tables for freeway segmer(fTable12) and freeway ramp and-B road(Table13) is developed

following Table 186 (freeway segmentJable19-6, and 199 (ramp and €D road of the freeway
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chapters of HSM25). For Table12, only urbammultiple-vehicle is considered because total rural

and urban singleehicle craston-ramp and €D roadwere 4 and 8 respectively out of 232.

Table12 WWD crash severity distribution table for freeway segment

Land Use Type Freeway Segment (Multiple Vehicle)

Crash Type Fatal(%) Injury (%) PDO (%)
HeadOn 100 57.4 26.5

Rural Sideswipe 0.0 25.9 52.9
Hit Roadside Objec 0.0 11.1 11.8
Other 0.0 5.6 8.8
HeadOn 87.3 61.7 37.6

Urban Sideswipe 6.3 13.9 35.8
Hit Roadside Objec 5.1 13.2 19.3
Other 1.3 11.2 7.3

Table13WWD crash severity distribution table for Freeway Ramp ai2iGad (UrbarMultiple

Vehicle)
Crash Type Fatal (%) Injury (%) PDO (%)
Head-On 0 9.1 16.3
Hit Road Object 0 42.2 44.2
Sideswipe 0 3.4 30.2
Other 100 45.14 9.3
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4.3.3 WWD Crash Severity Distribution Table for Nighttime Condition

Table10-20 and 123 of HSM hasa severity distribution table for unlighted nighttime
conditiors. It is well known that one of the significant WWD crash contributing factors is
nighttime. Notably, the darkutnotlighted situation is more critical fothe WWD crash.
Therefore, a WWD crash severity distribution table is generated for nighttime oosdftable
14).

Table14 WWD crash severity distribution table for nighttime lighted and unlighted condition

Dark-Street Lights Dark-street Total

Components : : :
_ light crash that nighttime
of freeway Fatal Injury PDO :
occurs at night crash

Ramp and O 0% 34 62.9% | 20 37.0% |54 |885% |61 |263% 232
CD
Segment 40 | 132% | 146 | 48.0% | 118 38.8% | 304 | 49.1% |619 | 74.4% | 832

Dark-No Street Lights Dark- No light Total
Components -
_ crash that nighttime
of freeway Fatal Injury _
occurs at night crash
Ramp and O 0% 5 71.4% | 2 286% |7 115% |61 |263% 232
CD

Segment 56 |178% | 152 | 483% | 107 33.9% | 315 | 509% |619 | 74.4% | 832
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CHAPTER 5

APPLICATION OF PROPOSED WWD CRASH DATABASE AND SEVERITY

DISTRIBUTION TABLE

The chapter is divided into two parts (i) application of HSIS WWD crash database (ii)

application of proposed WWD crash severity distribution tables.
5.1 APPLICATION OF FILTERED HSIS WWD CRASH DATABASE

5.1.1 Development ofGeneral WWD Crash Prediction Model from a Crash Database

This study develops filtering criteria for extracting WWD cesfrom HSIS crash
database for California, Washington, Maine aftiohdis. These filtering criteria successfully
captureWWD crasles from all other crashes taking into account the cross median crashes.
However, different states have differergriablesfor describing wrongvay driving and cross
median crashedAlso, identification of fitering criteria using statgpecific manual are time

consuming and require manpowBeveloped WWD crash database can helhis ¢ontext.

1 A general WWD crash identifying algorithm would be beneficial in the future to
extract WWD crasésfrom any crash databas&.general flow diagram basexh
themanual method used in this study is shown in Figdre

1 Moreover, extracted WWD crash database be used tprepare a statistical or
machine learning predictivenodel that would be able to extta®WD crasles

from any crash database.
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Figurel2 General flow diagram of filtering process of true WWD crash from HSIS
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5.1.2 Identification of Focus Crash and Facility Types and WWD Crash-Contributing

Factors

Systematic safety improvemerdse a proactive approach that helps reduce crashes by
improving at locations with high risks. Accordinp a Nowember2020 FHWA publication,
research has been conducted to idenfitfgus crash and facility types (FCFTs) and crash
contributing factors using FARS and HSIS crash datab@beés study is a part of systetitasafety
improvements. In this studifCFTs have been selected and ranked using fatal crashes from FARS
and fatal and injury crashes from HSIS. After selecting FCFT, a machine learning technique:
random forestis used to identify crash contributing facs. Finally low-cost crash preventive
countermeasures have been proposed based on the FCFTs and crash contributin@#actors
WWD crash data extracted from HSIS thwe current study can be used similar method to
identify highrisk crash locatins and crash contributing factorsselect WWDcrash preventive

countermeasurgwoactively

5.1.3. Identification of Coordinates (atitude and longitude) of Crash L ocation

Unlike FARS data, HSIS does not habe latitude and longitude of the crakication.
However, using the California crash database and manual amdrnSdtostmile Query tagt is
possible to identify the coordinates of crash locations. Caltrans Postmile Query Tool is an online
web portal that provides gecoordinates using coty) route and postmile. HSIS crash database
provides postmile value for every crash. County and route number are available within the attribute
"cnty_rte" Figurel3 showsthe details otheattribute used irdentifying county and route number
of crash leations And Figurel4 illustrates an example of how suggested attributes can locate the

coordinates.
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Variable name in Manua|
/ (left) and Excel file

County Route (right) SAS Name: CNTY _RTE
Definition: Crash location information used in linkage to other files X
Additional Information: Linkage element, consisting of cnty_rte
DISTRICT-RTE_NBRIRTE_SUF:COUNTY:PS ILPRFs#iwy Gep, | 07210 19RD
07605 19RD

Figurel3 Description of attributes required for finding latitude and longituden CA HSIS

manualandCrash file received from HSIS
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Figure14 HSIS WWD crash database and Caltrans Postmile Query Tool used to find

Coordinates
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5.1.3.1Probable Entry Point

Coordinates determined through this prodesp determinghe entry point of the WWD
crash by going upstream of the roadway facility. Howeopeg, problem with this system is that
coordinate is located in the middle of the road. To get rid of this prolaleather attribute in the
crash datas called"sde_swy' According to the manuathe meaning of this attribute iside of

travel of the higlwvay wherethe crash occurred

5.1.3.2Exact Entry Point

Finding an entry point of the WWD movement is one of the major challsiog&/wWD
crash analysis. As mentioned abothes first and second probable entry point can be assumed if
the coordinate is knownHowever, i can be called a known entry point if the determined
coordinate is located on the exit ramp termirattracted WWD crash data attte California

manual provide information that can be used to find the WWD crashes thed ondine ramp.

According to the manual,The ramp accidents (INT_RMP'E, '2', '3, '4") can be linked
to the ramp file bCNTY_RTE and MILEPOST of the accidents and CNTYRTE and MILEPOST
of the ramps. Eacbf the ramp accidents will have the same nuktas the ramp. (As described
above, thismilepost actually represents the nose of the ramp, but all accidents occurring on the
ramp will be given that same milepost.) The nplesting of all accidents is based on the
investigating officer's locatierelaedinformation and on his/her narrative and skeSh.filtering

thecrash database witlmt_rmp" will provide uswith anexact entry point fothe WWD crash.
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Figurel5 Example of known WWD crash entry point

Figure 15 shows an exact entry point ¥¥WD crash The crash location i®catedat the
starting of the exit ramp. According tite discussion above, the WWD driver has entered through
the exit ramp from a crossroad and a ci@asturred on the exit ramp. By this methodhshes with
a known entry pointcan be detectedOncethe entry point is knowngeometric design and

countermeasres that are susceptible to WWD crestan be found

5.1.4 Application in Network Screening andDiagnosis & CountermeasureSelection

Part Bof theHighway SafetyManualdeals withtheroadway safety management praces
with 6 chapters (4 through qJigure 16 b). The third step in @twork screening is to select

performance measwgé€Figure17). In that stepthe task is to select one or several performance
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measures to evaluatiee potential to reduce the number of crashes or crash severity. &gain,
countermeasurgelection chapter gfart B involves calculating crashes by their types and severity.
Extracted WWD from HSIS hathe crash type and crash severity field for Catliia, Maine,
Washington and llhois. Theréore, extracted WWD crash database can be usédeinetwork
screening and countermeasure selecfiootess as a part t¢fie roadwaysafety management

process.

Part A Part D

Network Screening

Introduction I

- Crash Modification
Human Factors Factors (CMFs)
Fundamentals

Diagnosis &
Countermeasure Selecti

HSM

Highway Safety Manual

AAAAA

Part B

Roadway Safety Part C
Management Predictive Method
Process

() (b)

Figurel6 (a) Various parts of the highway safety manual (b) Chapters of Phlti&ork

Screening and Diagnosis & Countermeasures Selection

Part B contains 6 chapters (4 through 9) that describe the road safety management process
(Figure16 b). The third step in @twork screening is to select performance meagtigurel7).
In that stepthe task is to select one or several performance measures to etf@yatdéential to
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reduce the number of crashes or crash severity. Ag@mountermeasurselection chapter of

part B involves calculating crashes by their types and severity. Extracted WWD from HSIS has
thecrash type and crash severity field for Catifi@, Maine, Washington and Hiois. Theréore,
extracted WWD crash database can be usetbimetwork screening and countermeasure selection

process as a part tiferoadwaysafety management process.

* Splact
Performance

Mea%

Ed * Screen

¢ Select and
Sreening Fualuate
Methods Results

¢ Establish b

Focus ¢ |dentify

o ReferenFe

Populations

Figurel7 Different steps bnetwork screening
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5.2APPLICATION OF PROPOSEDWWD CRASH SEVERITY DISTRIBUTION TABLE

5.2.1 Application in Economic Appraisal & Prioritization and Safety Effectiveness

Evaluation

Highway Safety Manugbrovides quantitative information in terms@hsh severity and
frequency for safetyelated decisiommaking.This national guidebook has humerous applications.
Identifying locations with higher potential for reduction of crash severity and safety, prioritizing
projects through economic appraisaalyzing crash reductioncapability of various
countermeasurespstbenefit analysis adlesign alternativesrea few of the essential applications

of HSM. Crash severity distribution plays a prime rolalithese applications.

e [Estimated change in crashes by severity
Network Screening

A

— : * e Service life & cost of countermeasure
Diagnosis & Countermeasure >
Selection

L

e Monetary value of crashes by severity

¢ Discount rate

D e A % reduction in crashes

e A shift in the proportions of crashes by
collision type and/or severity level

| ¢ A CMF for a treatment

e A comparison of the safety benefits
achieved to the cost of a project or
treatment

Performance
Measure

Figure18 Chapters of Part B: Network Screening and Diagnosis & Countermeasures Selection

The kst two sections of Part B in the HSive Economic Appraisal & Prioritization and
Safety Effectiveness Evaluation (Figul8). Site economic gmaisals are conducted once the
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highway network is screened, the selected sites are diagnosed, and potential countermeasures for
reducingthe crash frequency or severiyeselectedln an economic appraisal, project costs are
addressed in monetary ternisvo types ofeconomic appraisdl benefitcost analysis and cest
effectivenesanalysis addresproject benefits in different ways. Both types begin quantifying the
benefits of a proposed project, expressed as the estimated change in crash farcgersarity of
crashesresulting fromimplementing a countermeasure. In berefist analysis, the expected
change in average crash frequency or severity is converted to monetary values, summed, and
compared to the cost of implementing the countermeasureosteffectiveness analysis, the
change in crash frequency is compared directly to the cost of implementing the countermeasure.

Data needs in economic appraisal are:

1 Estimated change in crashes by sevefity

1 Monetary value of crashes byseverity

1 Service life & cost of countermeasure
9 Discount rate
Once economically justified countermeasures have been identified using an economic

appraisal, the next step in the roadway safety management procgssastine countermeasure
implementation projectdhis is thefinal step of the roadway safety management process, safety
effectiveness evaluation. Safety effectiveness evaluation measures how well a treatment, project,
or group of projects reduced crastverity or frequencyOne of the stepin safety effectiveness
evaluationis the"performance measutewvhich involves:

T A % reduction in crashes

1 A shift in the proportions of crashes by collision type or severity leve
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1 A CMF for a treatment
1 A comparison of the safety benefits achieved to the cost of a project or treatment.
It is evident fom thediscussiorthat crash severity distribution is one of the prime seed
in both economic appraisal and safety effectiveness evaluation. Therefotbe fdfWD crash

project, the proposed severity distribution would benediisportation planners and agencies.

5.2.2 Future Use in Safety Performance Function (SPF)

Currently HSM provides SafetiPerformancd-unction(SPF)for predictingacrash for all
crash typesThe severity distribution table for all crash types is frequently used along with those
equations to predict crashes for different vehicle types and collision catedtoigsver, SPB
for the WWD crash has not yet been develop@dly there areafew crash modification factors
(CMF) available for specific countermeasures. In the future, like all esastnce SPF's is
developed for WWD crash, tigoposed WWD crash in this study can be helpful. Tableelow
shows howthe proposedVWD crash severity distribution table can be used in the future.

Table15 Proposed WWD crash severity distribution table for future SPFs

Equation 1815 SPFs for mltiple- Value from Table 18 is Tablel2
vehicle crashes on multiplied by equation
freeway segment 18-15 to estimate the
prediced average
multiple-vehicle crash
frequency by crash type

category
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Equation 19-20 SPFs for miltiple- Value from Table 1% is Table B
vehicle crashes on multiplied by equatior
ramp segment 1920 to estimate thi
predicted averag
multiple-vehicle  crash
frequency by crash typ
category

5.2.3 Case Studes

The pime use ofthe WWD crash severity distribution tabie many folds. One othe
essentiahpplicatiors is in the analysis of countermeasure evaluation and economic appraisal. In
the following section, two case studies dhestrated using the proposed WWD crasdverity

distribution table.

5.2.3.1 Case Studyi: Lighted Road and WWD Crash Prevention

WWD crash severity distribution can help evaluate the effectiveness of a specific WWD
crash preventive countermeasure or proposed roadway improvement. Becausastalthgon
of a countermeasure, a change in proportions of crash severity might occur. The study provides
one practical example using roadway lighting conditions. Dark not lighted has been found one of
the prominent reasons for WWD crash in the nighte Bludy shows a comparison between
dark_lighted and darkot lighted conditions of the freeway in terms of change in crash severity
(Table 14.

According to Table 14 nifreeway, nightime WWD crash(63.926) is much higher than
daytime crashes. Among freeway crashes, substantial percentages of crashes occur in the freeway

segment. Although WWD crash in ramp andCoad is small, there is a notable difference in the
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crash severity distribution between ligimid nonlight conditions at night. Injury severity is 9%
higher for ramp and © road without lighting than lighted conditiort=or freeway segments, the
fatal crash is 6% higher in the nighttime when there is no light. This information can help
policymakes understand hownstalling road lightson ramps and vulnerable freeway segments
can reduce fatal and injury crash®®reover,they can performa costbenefit analysis for light

installmentusing the proposeskeverity distribution table

5.2.3.2Case Study2: National WWD Crash Cost Analysis

Highway costbenefit estimation is an essential component in the overall safety
improvement of roadways. Various safety improvement programs often justify the economic
benefit of a proposed project. To evaluate the economic benefit of a project/improvesiheyt
analysts often use crash cost as a measure. Tilltheve is a gap in estimating crash costs related
to wrongway driving due to a robust severity distribution table. Therefore, current research uses
the proposed WWD crash severity distributiorestimate the whole nation's WWD crash cost per
year. The primary assumption in this calculation is that all states have similar severity distribution
as proposed in this study using the California database.

At first, fatal crash data mollected from the FARS WWD crash databasetietatest five
yearsfor all the states of the U.Fhen using the proposed crash severity distribution, total crashes
and crashes with respect to severitge calculatedrinally, using National KABCO crash unit
costs (2016 dollars}28), the total WWD crash cost is calculated for all roadway facilities,
interstate, and freewaysldble 16). Additionally, a separate map is created to show the
vulnerabilityof various states in terms of WWD crash cégjire19). Notably, Texas, California,

Florida, Missouri and Georgia ¥athe highest WWD crash cost.
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This national coast analysis whlenefitstate DOT®y (i) providingan ideaon WWD crash
in terms of monetary valugnd (ii) helpng decide safety improvement projeelatedto WWD

crasles.
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Table16 WWD crash cost for All Roadway, Freeway and Interstate

Col 1 Col 2 Col 3 Col 4 ‘ Col 5 ‘ Col 6 Col 7 Cost (Severity) in Million US Dollar
Fatal
crash Fatal=To Injury = PDO=To
ti o tal* Total* tal
roporti al*pro otal*pr  tal*pro
Facility e Col .p - 'p .p - Fatal Injury
on ortion of = oportion ortion of
2/Col3 _
(Table fatal of Injury PDO
11)
All 356.6 0.0829 4301 356 2552 1391 4027.9 673.9 165 4718.4
Roadway
Interstate| 157.8 0.1115 1415 157 775 481 1782.4 2186 5.7 2006.7
Freeway | 214.8 0.1062 2022 214 1108 697 2426.2 3053 8.3 2739.9
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Figure19 WWD crash cost distribution of the USA
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATION S

6.1 CONCLUSIONS

The objective of this study was to develop filtering criteria to identify true WWD crash
from the HSIS crash database and develop a base WWD crash distribution table. Crash data was
requested from HSI&presentativeBoth handbooks and crash data were received for California,
Maine, Washington, Minnesota, North Carolina, and lllinois for different years. Initially, crash
data from CaliforniayvashingtonMaineand lllinois wasselected for true WWD crash extraction
process. Later, California and Washington's data was used to develop the WWD crash severity
distribution table. The final table was proposed based on Califdf® crash dathase

At first, WWD crashrelated attributes were identified by carefully reviegvapecific state
handbooks and crash narratives outlined in the database. Extracting true WWD crash from HSIS
was found challenging for two reasons, (i) the presence of various WWDretatdd attributes,
(i) the lack of robust guidelines for the crasgdian crashA manual data sorting techniqueas
usedto find a robust filtering criterion to overcome these challenges. After successful analysis and
accuracy checking, i study proposed filtering criteria for extracting WWD crashes from the
HSIS crashdatabaseFurther,extracted WWD crashesereusedto develop a base WWD crash
severity distribution table that can be used in HSM

The authors made a thorough review of the Highway Safety Manual and 'NCHRP Project
17-45' (future chapter of HSM) beforegparing the base WWD crash severity distribution table.
A severity distribution table was available in these manuals for rurdlameotweway roadway,

rural multirlane highway, and urban/suburban arterials and freeways. However, due to the different
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natue of WWD crashes than all other crashes, a severity distribution table was prepared for
freeway WWD crashes. The accuracy and consistency of WWD crash severity distribution were
checked through statistical tests guadtliterature.

Severity distributionwas subdivided in terms of collision type, ruoaban area, and single
multiple vehicles, according to the tables presented in HSM and NCHRP report. Eventually, four
different WWD crash severity distribution table was proposed for freeways: (i) a gixdedior
freeway crash (ii) freeway segment (subdivision: both land use, crash type, and multiple vehicles)
crash and (iii) freeway ramp andlTroad (subdivision: urban, crash type and multy@aicle)
crash and (iv) WWD crash severity distributionléafior nighttime lighted and unlighted condition.

Proposed WWD crash filtering criteria for the HSIS crash database is expected to create a
new window for traffic analysts interested in WWD crash anal@@isated WWD crash database
can be trained usingavious statistical and machine learning method to predict WWD crash from
all crash database. With the help of extracted WWD crash database, study also outlines a method
for locating probable and exact WWD entry point. Entry point is essential in detegriAD
crash prone geometric design and preventive countermeasures. Moreover, extracted crash database
would be useful in the network screening and diagnosis & countermeasure selection process in the
roadwaysafety management process related to WWD cragbqtr

On the other hand, the proposed base WWD crash severity distribution table can be used
in severityrelated quantitative methods of HSM for analysis associated with wragglriving
crashes.Specifically, developed tables are expected to helghe&economic appraisal &
prioritization and safety effectiveness evaluationWWD crash preventive countermeasure
addition,theproposed WWD crash severity distribution tadie@ws that propensity of injury crash

is 9% higher when there is ight on the ramp. Finallythestudyconducts a national WWD crash
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cost analysis using the proposed WWD crash severity distribution talbieh will help state

DOTsin deciding on projects related to WWD crashes.

6.2 RECOMMENDATION SFOR FUTURE STUDY

1 This study generated/WD crash filtering criteria for HSIS through atime-consuming
manual procesdn the futureusing thedeveloped WWD crash data statistical model
can be developed to extract true WWD crashes from othshdatabases

1 For analysisthisstudy had crash data for six states. HSIS has crash database for another
three states. Sa@,similar method can be applied tcethras data of those states to find
true WWD crashes.

1 The arrent study proposes WWD crash severity distribution table using California WWD
crash datanly. In the future, crash data froother states can be used and compared for
more validity. For exampléVWD prone crash locations like Florida and Texas can be
used

1 National WWD crash cost is calculated without considering other parameters (e.g., VMT).
And certain states are found to be more prone to WWD crash in terms of monetary value.
In the future, fomormalization, different parameters can be used for national crash cost

analysis.
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APPENDIX

Different WWD Crash Distribution Tablef®r NonFreeway,

Rural, Urban Crashes
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Table A1 WWD crash distribution table fazalifornia @oth Rural+ Urban)

Freeway (%) Non-Freeway Non-Freeway
(Multilane) % (Two-Lane) %
PDO-Property 34.49% 25.26% 35.41%
Damage Only
Fatal 10.62% 4.34% 5.45%
Severe Injury 12.41% 8.42% 16.34%
Other Visible Injury 22.46% 26.02% 23.35%
Complaint of Pain 20.02% 35.97% 19.46%

Table A2 WWD crash distribution table faZalifornia Both Rural+ Urban)in terms of all
collision types and single and multiple vehicle crashes.

PDO- Fatal (%) Severe Other Complaint  Total (%)

Property Injury Visible of Pain (%)

Damage (%) Injury

Only (%) (%)

SINGLE VEHICLE

Hit Object 15.15% 6.25% 7.51% 7.84% 3.48% 9.03%
Overturned 1.07% 0.69% 0.47% 1.47% 0.25% 0.87%
Other 0.71% 0.00% 0.47% 0.74% 0.00% 0.46%

Total single 16.93% 6.94% 8.45% 10.05% 3.73% 10.36%
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MULTIPLE VEHICLE

Head-On 25.49% 82.64% 64.79% 32.35% 28.61% 37.44%
Sideswipe 32.80% 3.47% 7.51% 12.25% 10.70% 17.25%
Rear End 2.85% 0.00% 0.47% 0.25% 1.74% 1.45%
Roadside 11.76% 1.39% 8.45% 21.32% 31.84% 17.42%
Hit Object 6.95% 2.08% 3.29% 3.43% 1.49% 3.99%
Overturned 0.36% 0.69% 0.47% 0.49% 0.50% 0.46%
Auto- 0.18% 0.00% 0.47% 1.72% 2.99% 1.22%
Pedestrian

Other 2.67% 2.78% 6.10% 18.14% 18.41% 10.42%
Total 83.07% | 93.06% | 91.55% | 89.95% 96.27% 89.64%
multiple

Total 100.00% | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

PDO-Property Fatal and Injury Total (%)

Damage Only (%) (%)

SINGLE VEHICLE

Hit Object 15.15% 6.08% 9.03%
Overturned 1.07% 0.77% 0.87%
Other 0.71% 0.34% 0.46%
Total single 16.93% 7.20% 10.36%
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MULTIPLE VEHICLE

Head-On 25.49% 43.19% 37.44%
Sideswipe 32.80% 9.77% 17.25%
Rear End 2.85% 0.77% 1.45%
Roadside 11.76% 20.14% 17.42%
Hit Object 6.95% 2.57% 3.99%
Overturned 0.36% 0.51% 0.46%
Auto-Pedestrian 0.18% 1.71% 1.22%
Other 2.67% 14.14% 10.42%
Total multiple 83.07% 92.80% 89.64%
Total 100.00% 100.00% 100.00%

Table A3: WWD crash distribution table f@alifornia Rural only)

Freeway Non-freeway Two-Lane

Complaint of Pain 12% 13% 17% 14%
Fatal 17% 13% 8% 13%
Other Visible Injury 20% 16% 20% 19%
PDO - Property 35% 46% 36% 37%
Damage Only

Severelnjury 17% 12% 20% 17%
Grand Total 100% 100% 100% 100%
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Table A4 WWD crash distribution table f@alifornia (Rural)in terms of all collision types and

single and multiple vehicle crashes.

Freeway Non-Freeway Non-Freeway (Two

(Multilane) Lane)

Fatal and PDO Fatal and PDO Fatal and

Injury

MULTIPLE VEHICLE

Head-On 58% 22% 68% 16% 59% 32%
Hit Object 3% 8% 5% 6% 2% 2%
Other 2% 2% 0% 0% 1% 2%
Overturned 1% 0% 3% 0% 3% 2%
Rear End 1% 4% 0% 3% 1% 2%
Roadside 4% 0% 16% 19% 7% 9%
Sideswipe 15% 37% 5% 32% 24% 48%
Multiple Total 86% 73% 97% 77% 97% 96%

SINGLE VEHICLE

Hit Object 10% 22% 0% 19% 2% 4%
Other 1% 0% 0% 0% 0% 0%
Overturned 3% 2% 3% 3% 1% 0%
Single Total 14% 27% 3% 23% 3% 4%
Total 1 100% 100% 100% 100% 100%
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Table A5: WWD crash distribution table f@alifornia Urban only

Freeway Non-Freeway Non-Freeway
(Multilane) (Two-Lane)

21% 41% 24% 26%
Fatal 10% 2% 1% %
Other Visible 23% 28% 29% 25%
Injury
PDO - Property 34% 21% 35% 31%
Damage Only
Severe Injury 12% 8% 11% 11%
Grand Total 100% 100% 100% 100%
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Table A6: WWD crash distribution table f@alifornia Urban) in terms of all collision types and

single and multiple vehicle crashes.

Freeway Non-Freeway (Multilane) Non-Freeway (Two
Lane)

Fatal and PDO - | Fatal and PDO - | Fatal PDO -
Injury Property | Injury Property | and Property
Damage Damage | Injury Damage
Only Only Only
MULTIPLE VEHICLE
Auto- 2% 0% 2% 0% 2% 0%
Pedestrian
Head-On 45% 28% 25% 19% 32% 14%
Hit Object 3% 9% 1% 3% 2% 6%
Other 16% 2% 24% 6% 17% 9%
Overturned 0% 0% 0% 0% 0% 0%
Rear End 1% 3% 1% 0% 0% 3%
Roadside 16% 10% 37% 24% 29% 17%
Sideswipe 9% 29% 5% 28% 12% 49%
Multiple 92% 82% 93% 79% 94% 97%
Total

SINGLE VEHICLE

Hit Object 7% 17% 6% 15% 0% 3%
Other 0% 0% 0% 3% 3% 0%
Overturned 0% 1% 0% 3% 3% 0%
Single Total 8% 18% 7% 21% 6% 3%
Total 100% 100% 100% 100% 100% 100%
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