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FORWARD 

The Run-Off-Road Collision Avoidance USmg IVHS Countermeasures program is to address 
the single vehicle crash problem through application of technology to prevent, and/or reduce the 
severity of, these crashes. The prime contractor for this effort is Carnegie Mellon University (CMU) 
operating under Contract No. DTNH22-93-C-07023. Members of the project team include Battelle 
Memorial Institute, Calspan Corporation, and the University of Iowa. 

The program consists of a sequence of nine related tasks to be completed in three distinct 
program phases. Phase I of this effort is currently fully funded and is comprised of the first four 
program tasks. Primary task completion responsibility has been assigned to individual team members 
with Calspan conducting Tasks 1 and 2, CMU conducting Task 3, and Battelle conducting Task 4. 
As prime contractor, CMU provides guidance and oversight to all subcontractor effort. 

This report describes and documents the analysis sequence completed for Task 1. The 
sequence included three distinctive analysis types which may be summarized as follows: 

l Statistical Analyses - Mass databases were examined to provide an updated estimate of 
problem size and to establish characteristics of the national crash population. 

l Clinical Analyses - Hard copy case reports were evaluated to determine crash causation 
factors and to establish the circumstances in which these crashes occurred. 

l Engineering Analyses - Hard copy case reports were examined to establish the dynamic 
scenarios associated with each crash contained in the clinical sample. These scenarios 
were represented as situation trees which delineated the specific combination of driver, 
vehicle, and environmental factors in each crash and driver responses to critical events. 

One of the findings of this effort is that it is essential to conduct all three of the analyses, as 
described above, to fully explore and document the crash problem. Technical results from the 
analysis sequence will be utilized in subsequent tasks to develop functional goals for potential 
countermeasure technologies (Task 2), to develop test plans for existing countermeasure technologies 
(Task 3), and to develop computer simulation models to determine countermeasure effectiveness 
(Task 4). In addition, it is anticipated that this volume and other support volumes will function as 
a resource reference for Phase II and II tasks. 
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1.0 Introduction 

Single vehicle run-off-road crashes represent the most serious crash problem within the 
national crash population. Preliminary estimates by the National Highway Traffic Safety 
Administration (NHTSA) indicate that approximately 1.27 million police-reported crashes of this 
type occur each year. This number represents approximately 20.8 percent of all police-reported 
crashes that occur. In addition, in 1991 there were 15,553 fatalities associated with this crash type. 
This number represents approximately 37.4 percent of the total crash fatalities for that year (Source: 
Knipling and Wang, 1993). Obviously, this crash type is overrepresented in terms of crash 
frequency and crash severity. 

The Run-Off-Road Collision Avoidance Using IVHS Countermeasures program has been 
developed to address this crash problem through application of technology to prevent, or reduce the 
severity of; these crashes. Advances in sensor design and data transmission/processing capabilities 
over the past decade allow the collection and processing of extensive data sets obtained from the 
vehicle’s operating environment. In addition, support technologies such as the Global Positioning 
System (GPS) permit the positions of vehicles to be determined with an increasing degree of 
accuracy. Application of these technologies and other emerging technologies is an integral part of 
a program intended to dramatically improve automobile safety. This program, broadly titled 
Intelligent Vehicle Highway Systems (IVHS), will address the run-off-road problem and a fairly 
broad spectrum of other crash types. 

The current program consists of a sequence of nine related tasks to be completed in three 
distinct program phases. Phase I of this effort is fully funded and is comprised of the four tasks 
summarized below. 

. Task 1: Thoroughly Analyze the Crash Problem 

. Task 2: Establish Functional Goals 

. Task 3: Conduct Hardware Testing of Existing Technologies 

. Task 4: Develop Preliminary Performance Specifications Based on Critical 
Factors and Models of Crash Scenarios 

The Phase I work flow is linear in nature in that the output of one task is utilized as an input 
to the next successive task and to subsequent tasks. In Task 1, for example, data analyses are 
conducted to determine the circumstances associated with run-off-road collisions and the causal 
factors or reasons why these crashes occur. Engineering evaluations are also completed to establish 
the dynamic states of involved vehicles and the specific scenarios that are associated with these 
crashes. Results of this analysis sequence are used in Task 2 to determine changes in the dynamic 
states/crash circumstances which would prevent the crash. These results are also utilized in Task 
3 to develop appropriate test plans. Task 2 results are used in Task 3 to develop test evaluation 
criteria and are used in Task 4 to conceptualize countermeasure system(s). The conceptualized 
systems are then evaluated via mathematical modeling to determine the probable effectiveness of 
each concept in terms of eliminating or reducing the severity of run-off-road crashes. These results, 
in turn, are utilized in the subsequent effort to develop preliminary performance specifications for 
run-off-road countermeasure systems. 



Subsequent phases of this program will continue the development sequence. For example, 
in Phase II the contract team is to perform state-of-the-art technology reviews and design test bed 
systems. The test bed systems are then evaluated in Phase III and the preliminary performance 
specifications, initially developed in Task 4, are modified as appropriate. 

The analysis sequence conducted for Task 1 has been completed. The focus of this report 
is to describe and document the analysis sequence and analysis results. Specific design implications 
of these results will also be addressed. The report format and section content are as follows: 

Section 2.0 Approach 

This section describes the methodology applied to the run-off-road crash problem in terms 
of data sources, analysis techniques, and potential uses of analysis results in Task 1 and 
subsequent tasks. Potential design implications of these results are also addressed, 

Section 3.0 Problem Size Definition 

The General Estimates System (GES) database for the 1992 data collection year and the 
Fatal Accident Reporting System (FARS) database for the 1992 data collection year are 
utilized to establish the magnitude of the run-off-road collision problem. Particular emphasis 
is given to identification of crash subtypes which comprise the crash population since the 
clinical sample composition will parallel national population characteristics. 

Section 4.0 Definition of Dynamic Scenarios 

An essential part of the development sequence for run-off-road countermeasures involves 
specification of the dynamic scenarios associated with these crashes. The scenarios 
incorporate existing environmental conditions, driver state, vehicle state, and actions 
initiated by the driver prior to and following roadway departure. For this effort, dynamic 
scenarios are represented as situation trees. Each element of the situation tree is defined in 
this section. 

Situation trees were generated for each case contained in the clinical sample. Trees with 
similar branches will be grouped and further analyzed in Section 5.0. Results of this analysis 
will be utilized during the system design phase to closely evaluate opportunities for 
intervention through countermeasure application. 

Section 5.0 Analysis of Run-Off-Road Collision Problem 

The magnitude or size of the run-off-road collision problem was established in Section 3.0. 
This section examines the characteristics and circumstances associated with the national 
crash population (statistical analysis), examines these same factors within the clinical case 
sample (clinical analysis), and establishes the dynamic scenarios associated with the clinical 
sample (engineering analysis). In effect, the statistical and clinical analyses set the stage and 
feed the engineering analysis. This analysis sequence is documented as follows: 
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5.1 Statistical Analyses 

The 1992 GES database is accessed to establish major characteristics of the national 
crash population. Characteristics of interest include the nature of the crash environment 
(e.g., urban/rural, divided/nondivided, etc.), roadway characteristics (e.g., number of 
travel lanes, straight/curve, level/grade, wet/dry, etc.), weather conditions, time of day, 
and pre-crash vehicle movement. Analysis results are presented as a distinct series of 
univariate, bivariate, and trivariate displays and tabulations. The emphasis here is to 
establish a detailed profile which can be compared to the profile established for the 
clinical sample. 

5.2 Clinical Analyses 

A characteristics profile is established for the clinical database and then compared to the 
statistical profile to verify that the clinical sample is reasonably representative of the run- 
off-road crash population. Results of the causal factor analysis and the cluster variable 
analysis are also presented and discussed in detail. The presentation sequence parallels 
the univariate, bivariate, and trivariate sequence generated for statistical analyses. 
Design implications of these findings are addressed. 

5.3 Engineering Analysis 

In this section scenarios with similar situation trees are grouped and analyzed to establish 
common patterns which can be addressed through countermeasure intervention. 
Differences between these groups are also discussed in terms of specific countermeasure 
design implications. 

Section 6.0 Comparison of VNTSC OMNI and Run-Off-Road Analysis Results 

The VNTSC-sponsored OMNI program also examined the single vehicle roadway departure 
crash type. Results of that causal factor analysis are compared to results from the current 
program. The OMNI program used data from the 1991 NASS CDS file and the clinical 
sample for the current program was selected from the 1993 NASS CDS file. Comparison 
of causal factor determinations between these programs provides an assessment of the 
stability of these determinations over time. 

This section also provides a comparison of the dynamic scenarios evaluated in these two 
programs. This comparison is limited since the OMNI program did not focus on dynamic 
scenarios or the description of these scenarios. 

Section 7.0 Definition of Benefit Analysis Sample 

Countermeasures developed for the run-off-road program may prevent other crash types with 
dynamics similar to roadway departure crashes. Examples of dynamically similar crashes 
are the head-on and sideswipe/angle (lateral move) crash types. This section describes all 
relevant crash types amenable to application of countermeasures developed for the current 
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effort. The resulting grouping of crash types is defined as the benefit analysis sample, This 
sample will be used in conjunction with the models developed in Task 4 to derive the 
potential benefit of run-off-road crash avoidance countermeasure concepts. 

Section 8.0 Summary and Conclusion 

A summary of the Task 1 effort is provided with particular emphasis placed on the groups 
of similar dynamic scenarios identified in Section 5.4. Conclusions with respect to the 
design implications of these scenarios and associated causal factors are also provided. 

Volume II of this report is a companion volume which provides hard copies of the 
situation trees developed for each case in the clinical sample. The reader may find these coding 
sheets very useful in that, where appropriate, additional supplementary notes have been recorded 
directly on the forms. Hard copies of the coded data variables contained in the clinical database are 
also provided in this volume. 
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2.0 Approach 

Successful development of run-off-road countermeasures requires a thorough analysis of 
these crashes. The analysis determines the types of run-off-road crashes that occur (crash subtypes), 
the circumstances in which these crashes occur, how these crashes occur (dynamic scenarios), and 
why these crashes occur (causal factors). With this base of information, it becomes feasible to 
determine specific intervention points at which countermeasure application is likely to be successful, 
the intervention type (i.e., audio warning, visual warning, assume automated control, etc.) that is 
likely to be successful, and the technologies which are most appropriate/consistent with respect to 
achieving these goals. 

This section describes the methodology that was applied to the Task 1 analysis sequence. 
Data sources for various task analyses are identified, individual analyses and the goals of these 
analyses are described, and the role of each specific analysis type is defined. A discussion of the 
Task 1 output and how these results will be used in subsequent tasks is also provided. 

Figure 2-l summarizes the Task 1 methodological sequence. As indicated in the figure, the 
first step involved identification of problem parameters including development of a problem size 
estimate and specification of crash configurations which comprised the target crash population. 
Statistical examination of mass databases was used to satisfy both objectives. In this case, the 
project team selected the GES and FARS databases for the 1992 data collection year to determine 
the problem size and associated crash configurations. The intent here was to be consistent, in terms 
of data sources, with earlier problem size estimates generated by NHTSA. During the course of 
developing the problem size estimate, it was necessary to define the target crash population and 
crash types which comprised this population. Again, to be consistent with earlier NHTSA work, 
applicable crash type designations were accepted as defined in the Knipling and Wang (1993) report. 

Early statistical tabulations were used to develop case selection criteria for assembling the 
clinical case sample. These criteria were then forwarded to personnel in NHTSA’s Office of Crash 
Avoidance Research (OCAR) who provided a listing of applicable cases contained in the 1993 
NASS Crashworthiness Data System (CDS) file. The final 201 case sample was selected from this 
listing. 

Prior to conducting the clinical analyses, the project team defined the elements/variables that 
would be examined during the engineering analysis to establish dynamic scenarios for run-off-road 
crashes. This action was completed at this point to ensure that these variables/elements were 
available in the electronic database that was being assembled for this effort. The process was 
iterative in nature and required several cycles to complete. In general, increasing levels of detail 
were added with each iteration. 

The clinical analysis sequence was completed in three distinct stages. In the first stage, data 
reduction formats were developed, tested, and validated using applicable cases available through 
Calspan’s NASS Zone Center operation. In the second stage, all remaining cases in the sample were 
analyzed at the NASS data storage contractor located in Washington, D.C. In the third stage, a 
repeat visit was made to the storage contractor to record additional variables that were determined 
to be essential and to reanalyze a number of cases where coding inconsistencies were detected. 

5 



Run-Off-Road 
Crash Problem 

,i lde;;$Fm [ 

Problem Size 
(Crash Configurations) 

Define Dynamic Scenario 
Elements 

-f 

c 
1 

Parameters Clinical Analysis 
For W of 

Case Selection 201 NASS CDS cases 

L 

- Causal Factors 

1 
Compare 

1 

Descriptive Statistics b Descriptive Statistics 

Fatal Accident Reporting System 

General Estimates System (G ES) 

Existing Conditions 

Vehicle Kinematics 

Attempted Avoidance Maneuvers 

1 

I 
N Engineering Analysis 

to 
Establish Dynamic Scenarios 

(Characteristics/Circumstances) (Characteristics/Circumstances) 

(FARS) 

Task 2 
- Determine Opportunities for Intervention 

- Develop Functional Goals 

Figure 2 - 1 Task 1 - Analysis Plan 



All clinical analyses completed for this effort were conducted by highly experienced accident 
investigation/reconstruction personnel. In addition to recording variables designated for inclusion 
in the dynamic scenario analysis, analysts also recorded crash characteristics/circumstances intended 
for use in construction of a detailed profile of the clinical sample. These analysts also conducted 
a detailed causal factor analysis to determine the reason(s) why each crash occurred (see Section 
5.2.3). 

While the clinical analysis was being completed, additional statistical analyses of the GES 
database were undertaken to establish a profile of characteristics/circumstances for the national run- 
off-road crash population. This profile consisted of a distinct series of univariate, bivariate, and 
trivariate distributions. The profile established for the clinical sample, which contained the same 
series of analysis distributions, was then compared to this statistical profile to verify that the clinical 
sample was reasonably representative of the national crash population. 

The descriptive profiles derived from the statistical and clinical analyses, the causal factor 
analysis, and other elements available as a result of the clinical analysis effort (e.g., corrected scaled 
schematics depicting additional roadside features) provided additional support data to the 
engineering analysis conducted to establish dynamic scenarios. An expanded overview of this 
sequence is provided in Figure 2-2. The project staff elected to represent individual case dynamic 
scenarios as situation trees, These trees delineate existing conditions related to crash occurrence, 

‘driver/vehicle actions or events, driver corrective actions initiated to avoid the crash, and vehicle 
responses to these corrective actions. A more detailed description of these data reduction formats 
is provided in Section 4.1. Engineering analysis results are presented in Section 5.4. 

As a result of the Task 1 effort, a comprehensive electronic database has been assembled. 
This database documents characteristics of run-off-road crashes, documents the circumstances in 
which these crashes occur, describes the crash types contained within this target population, 
documents the reasons why these crashes occur, and documents the dynamic scenario associated 
with each crash. This information will be used in Task 2 to formulate functional goals for run-off- 
road countermeasures, in Task 3 to establish viable hardware test and evaluation plans, and in Task 
4 to develop effective computer modeling simulations. The database will also fimction as a 
reference resource in subsequent program phases. For example, this file could be used to determine 
the likely effect of countermeasure design modifications to accommodate emerging technologies. 

The Task 1 database is, of course, only one of a number of data sources that will be 
developed during Phase I and does not contain a number of critical data elements. For example, to 
produce a final set of performance specifications, the man-machine interface must also be 
considered. This area will be addressed further is subsequent program tasks. It may be feasible to 
incorporate these types of inputs into the database at that point, however, it is more likely that man- 
machine interface inputs will be incorporated directly into the modelling effort scheduled for Task 
4. 
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3.0 Problem Size Definition 

Mass databases, reflecting national crash population characteristics, were accessed to define 
the scope of the single vehicle, run-off-road crash problem. Specifically, the 1992 GES and FARS 
files were utilized for this effort. The GES file consists of over forty-six thousand police reported 
accidents selected from statistically representative areas of the United States. The FARS file is a 
census of fatal crashes and contains sufficient detail to determine the conditions/circumstances in 
which these crashes occurred. 

3.1 Examination of Run-Off-Road Crash Problem 

The GES database classifies crashes by vehicle actions prior the crash event. These vehicle 
actions are defined as crash or accident types. The specific GES accident types relevant to the single 
vehicle crash problem are shown in Figure 3-l. This figure also provides the data retrieval 
specification used to access the database. 

Tabulation results are provided in Table 3-l. The N/A designation in cells under the On 
Roadway column indicates that these cells are considered to be not applicable since the cell 
references are logically contradictory (e.g., Right Roadway Departure, Impact @cur-red on 
Roadway). In reality, the GES database does contain a small number of cases in these cells. The 
latter cases represent aberrations (e.g., vehicle departs right edge of roadway, subsequently returns 
to the roadway, and then rolls over or is involved in an impact on the roadway). To be consistent 
with earlier NHTSA analyses, the N/A designation is retained and these cells are eliminated from 
consideration for the run-off-road crash problem. 

Of the crashes which occurred off the roadway, the most dominant crash types were Drive 
Off Road (left/right departure), Control/Traction Loss (left/right departure), Avoid Collision With 
Veh, PedKyclist, Animal (left/right departure), and Forward Impact to Parked Vehicle. I 
Events/circumstances typically involved in these crash types may be summarized as follows: 

l Drive Off Road - The subject vehicle is in a tracking attitude at the point of roadway 
departure. Steering control has been maintained and it is possible to alter the vehicle’s 
trajectory. The most common off-road impact configuration involves contact with the 
vehicle’s frontal plane. If the length of pre-impact off-road travel is extensive, however, 
vehicle control and the associated vehicle trajectory may deteriorate such that side 
impacts/rollovers occurs. A typical pattern for this crash type, selected from the clinical 
database, is shown in Figure 3-2. 

l Control/Traction Loss - This crash type is often associated with adverse weather/surface 
conditions (e.g., wet, snow, ice). Due to the control/traction loss, steering control has 
not been maintained. At the point of roadway departure, the subject vehicle is typically 
in a longitudinal skid or in a yaw pattern. The most common off-road impact 
configurations involve the vehicle’s side planes or angular strikes to the frontal plane. 
Non-collision events such’as rollovers are also common. A typical pattern for this crash 
type, selected from the clinical database, is shown in Figure 3-3. 
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Table 3-l 
Relation to Roadway by Crash Type 

Single Vehicle Crashes* 

Relation To Roadway 
I I 

Right Roadway 
Departure 

Left Roadway 
Departure 

Forward Impact 

Backing Backing Vehicle 2,000 76,000 1,000 

Crash Type 
On 

I 
Off Roadway 

I 
Other 

Roadway Shoulder &Unknown 

Control/Traction Loss 

Avoid Collision With Veh, 
PedKyclist, Animal 

Other or Unknown Specifies 

Foward Impact to Parked Vehicle 

N/A 174,000 0 

N/A 32,000 0 

N/A 5,000 1,000 

0 308,000 5,000 

Forward Impact to Statiomuy Object I 22,000 

Forward Impact to 
Pedestrian/Animal 

Forward Impact, End Departure 0 29,000 0 

Other or Unknown Specifies I 7,000 1 5,000 I 1,000 

Total 1 387,000 1 1390,000 I 14,000 

* All crash statistics are rounded to the nearest 1,000. 
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l Avoid Collision With Veh, PedKycIist, Animal - In this crash type, the subject driver 
initiates an evasive maneuver to avoid a vehicle, pedestrian/cyclist, or animal that is in 
the roadway. Vehicle attitude at the point of roadway departure is dependent on the 
intensity of pre-departure steering and braking input and will, therefore range from a 
tracking attitude to very pronounced yaw patterns. The range of impact types, in turn, 
is also broad and many rollover events are noted. A typical pattern, involving a large 
pre-departure steering input, is shown in Figure 3-4. 

l Forward Impact to Parked Vehicle - This crash type closely resembles the Drive Off 
Road crash type with the exception that the off-road impact involves a parked and 
unoccupied motor vehicle. The most common vehicle attitude at the point of roadway 
departure is tracking and the most frequent impact configuration involves contact with 
the subject vehicle’s frontal plane. A typical pattern, selected from the clinical database, 
is shown in Figure 3-5. 

Collectively, these four crash types account for approximately 90 percent (1,160,OOO) of the 
1,291,OOO single vehicle crashes that occur off the roadway. It will, therefore, be important to 
further examine and understand the specific circumstances in which these crashes occur. 

As a final observation with respect to crash types, it is important to note that these 
categorizations provide a convenient mechanism for grouping crashes within the NASS GES and 
CDS databases. The project staff will utilize this mechanism to examine groups of crashes in the 
statistical and clinical analyses, particularly with respect to verifying that the clinical sample is 
representative of the larger target crash population. It is unlikely, however, that these designations 
will be utilized in the engineering analysis conducted to establish groups of similar dynamic 
scenarios since there is a broad range of crash circumstances contained within each defined crash 
type. Specifically, the engineering analysis will focus on developing smaller groups of crashes with 
well-defined and similar crash circumstances/conditions. 

3.2 Identification of Single Vehicle Run-Off-Road Target Crash Population 

The siigle vehicle crash population was delineated in Table 3-l. The target crash population 
that is the focus of this program is a subset of the single vehicle crash population. Specifically, this 
program is to address that subset of single vehicle crashes where the subject vehicle departs the 
roadway and is involved in a collision/non-collision event off the roadway. In effect, the target 
crash population is the center column (Off Roadway/Shoulder) of Table 3-1. 

There are, however, additional factors which must be taken into consideration before 
specifying the population of interest. NHTSA is currently sponsoring a total of four Performance 
Specification programs (i.e., Rear-End, Lane Change/Merge, Intersection Collision, and Run-Off- 
Road). The backing vehicle cell in the center column of Table 3-l is currently part of the target 
crash population for the Lane Change/Merge Performance Specification program. The Forward 
Impact to Pedestrian/Animal cell is being reserved for a future near object detection countermeasure 
program. The single vehicle run-off-road target crash population is, therefore, defined as the center 
column of Table 3-l minus these two cells. The composition of the target crash population is shown 
in Table 3-2 where cells derived from applicable crash types and applicable crash locations have 
been shaded. 
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Table 3-2 
Single Vehicle Run-Off-Road Crashes 
Relation to Roadway by Crash Type 

I Relation To Roadway I 

Right Roadway 
Departure 

Left Roadway 
Departure 

Forward Impact 

Backing 

I On 1 OffRc 
Crash Type 

Drive Off Road 

Roadway She: 
::::;::::::....“:.:::::‘ii::<li: :~:t.:.::.::::::::.:.:.:.:.:.:.:.:.:. .:.:.:.:.::::.:.:.:.:.~:~:~~:~:~:~:~: 

N,* ~~~~ 
.A... . . . . . . . . . . . . . . . . ..A.. . . ..v. 

Control/Traction Loss 

Avoid Collision With Veh, 
Ped/cycIist, Animal 

Specifies I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Other or Unknown 

N,A F”‘:i:;“‘“““““*““’ 
::::i:~~:~~~~liiii(iiiiQi)i .;:::;:;:;:~:::::::::::::>>+:+:. 

Drive Off Road I 
N,* ~ ,:~ltaldXiiiiBi::::ii .:::::::::::::::::::::::,:::::,:.:.:.:. 

Control/Traction Loss 

Avoid Collision With Veh, 
Pedlcyclist, Animal 

Forward Impact to Parked Vehicle I 

I 
~.7..A......i.. 

Foxward Impact to Stationw Object 22,000 ~~ 

Badway/ 
Ilder* 

Other & 
Unknown 

Forward Impact to Pedestrian/Animal 

Forward Impact, End Departure 

Other or Unknown Specifies 

Backing Vehicle 

Total 387,000 1J90,000 14,000 

* Single Vehicle Run-Off-Road crashes (shaded) = 1,206,OOO (71.3%) 
Single Vehicle crashes/Not Run-Off-Road = 485,000 (28.7%) 
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Table 3-2 is firther summarized in Table 3-3 which tabulates the target crash population by 
crash type irrespective of the direction of roadway departure. The four most dominant crash types 
constitute approximately 96 percent of the population. The other two crash types contained in this 
population (e.g., Forward Impact, End Departure - 2.4 percent and Forward Impact to Stationary 
Object - 0.2 percent) are relatively minor contributors. The Forward Impact, End Departure crash 
type typically involves the circumstances where a subject driver is approaching a T-intersection, 
traveling along the stem of the T. The subject driver fails to stop for the intersection, crosses the 
intersecting roadway, and then departs the roadway at the opposite side of the intersecting roadway 
(end departure). The most frequent impact configuration involves contact between a stationary 
object and the frontal plane of the subject vehicle. Rollovers are also a frequent event. The Forward 
Impact to Stationary Object crash type is again similar to the Drive Off Road crash type. In the 
forward impact scenario, however, the object is usually located at or very close to the edge of the 
roadway. 

Table 3-3 
Single Vehicle Run-Off-Road Crashes 

Summary of Crash Types 

Crash Type 

Relation To Roadway 

Off Roadway/Shoulder % Cum % 

I Drive Off Road I 374,000 1 31.0 1 

Control/Traction Loss 398,000 33.0 64.1 

Avoid Collision With Veh, 
PedKyclist, Animal 79,000 6.5 70.6 

Forward Impact To Parked Vehicle 308,000 25.5 96.1 

Forward Impact, End Departure I 29,000 1 2.4 1 98.5 

Forward Impact To Stationary Object 2,000 0.2 98.7 

Other or Unknown Specifics 

Total 

16,000 1.3 100.0 

1,206,OOO 100.00 

3.3 Rudimentary Characteristics of Target Crash Population 

At this stage, it is informative to examine a few key characteristics of the target crash 
population. Table 3-4 provides the crash and injury/fatality distributions by vehicle type within the 
population, Note that the run-off-road crash is primarily a passenger vehicle problem in that this 
vehicle type (which includes light trucks, vans, and sport/utility vehicles) comprises approximately 
86 percent of the target crash population. 
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Run-off-road target crashes comprise approximately 20.1 percent of the GES file crashes. 
As indicated in Table 3-4, more than 520,000 vehicle occupants are injured in run-off-road target 
crashes each year. This level of injury represents approximately 36.8 percent of the injured 
occupants in the GES file. Thus, in terms of injury frequency, the run-off-road target crash 
population is over-represented. In a similar manner, the 14,03 1 fatalities sustained in run-off-road 
crashes (FARS data) represent approximately 41.5 percent of 33,846 in-vehicle fatalities that 
occurred in 1992. Thus, in terms of injury severity, the run-off-road target crash population is again 
over-represented. 

Table 3-4 
Single Vehicle Run-Off-Road Crashes* 

Crash and Injury/Fatality Distributions by Vehicle Type 

Annual # PR Crashes (GES) 

All Passenger 
Vehicles Vehicles 

Total: 1,206,OOO I,03 9,000 

Injury: 414,000 388,000 

Annual # Fatalities (FARS) 

Annual # Non-Fatal PR Injuries (GES) 

PDO: 792,000 65 1,000 

14,03 1 12,637 

Total: 523,000 495,000 

A: 108,000 100,000 

I B: 1 227,000 1 213,000 

I c: 188,000 I 182,000 

2,000 1 2,000 1 8,000 1 

* All crash statistics are rounded to the nearest 1,000 

Legend: 

C.U.T. Combination Unit Truck C Possible Injuries 
S.U.T. Single Unit Truck PDO Property Damage Only 
A Incapacitating Injuries PR Police Reported 
B Nonincapacitating Injuries 

Tables 3-5 and 3-6 examine roadway alignment and roadway sutiace condition for fatal vs. 
all run-off-road crashes, respectively. In Table 3-5, the proportion of fatal crashes occurring on 
curves (42.4 percent) is significantly higher than the proportion of all run-off-road crashes occurring 
on curves (24.4 percent). In Table 3-6, the proportion of fatal crashes occurring on dry surfaces 
(81.4 percent) is again higher than the proportion of all run-off-road crashes (63.6 percent). As will 
be demonstrated in Section 5.0, there is a reason for this dry/curve bias in more severe crashes. 
Specifically, this bias is associated with excessive vehicle speed and alcohol consumption factors 
that are associated with more severe crashes, 
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Table 3-5 
Roadway Alignment 

Fatal Vs. All Run-Off-Road Crashes 

Roadway 
Alignment 

Fatal Crashes 

FARS 

% of Fatal Crashes All Crashes 

GES 

%. of All Crashes 

straigllt 7,653 57.3 857,296 71.1 

Curve 5,665 42.4 294,721 24.4 

unknown 29 0.2 53,816 4.5 

1,205,833 I 

Table 3-6 
Roadway Surface Condition 

Fatal Vs. All Run-Off-Road Crashes 

Roadway Surface 
Condition 

FARS GES 

Fatal Crashes % of Fatal Crashes All Crashes %. of All Crashes 

10,867 81.4 766,444 63.6 

Wet I 1,964 I 14.7 I 272,855 ~~ I~ ~ I 22.6 

Snow/Slush 145 1.1 31,344 2.6 

Ice 245 1.8 98,77 1 8.2 

Sand/Dirt/Oil 17 0.1 5,004 0.4 

Other 

I 

I 32 0.2 7,432 0.6 

unknown 77 0.6 23,981 2.0 

Total 13347 99.9 lJO&831 100.0 

A more detailed statistical profile will be constructed for the GES database in Section 5.0. 
This profile will then be compared to the profile constructed for the clinical database in that same 
section to ensure that the clinical database is reasonably representative of the national crash 
population. Some of the biases noted here, with respect to severe crashes, will again be evident in 
that comparison since the NASS CDS database oversamples more severe crashes. 
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4.0 Definition Of Dynamic Scenarios 

Section 3.0 established the siie of the single vehicle run-off-road target crash population and 
the specific crash types which comprise this population. This section establishes the analysis format 
that will be used to determine dynamic scenarios for all cases in the clinical sample and to 
subsequently compare groups of similar scenarios. The dynamic scenarios for individual cases 
involve specification of vehicle status during the immediate pre-crash sequence. The project staff 
believes that for this program, complete specification of the dynamic scenario for each case must 
include vehicle status both on-and off-road. This issue wilI be addressed fkther in the subsection 
which follows. 

4.1 Dynamic Situation Trees 

Dynamic scenario descriptions delineate existing conditions related to crash occurrence 
(driver state, vehicle state, environmental conditions), driver/vehicle actions or events, driver 
corrective actions initiated to avoid the crash, and vehicle responses to these corrective actions. In 
the ideal circumstance, many of the elements which would comprise a given dynamic scenario are 
available as analytical parameters. For example, the vehicle state is expressed in terms of steady 
state velocity units and subsequent accelerations and driver actions are expressed as precise units 
of steering (degrees of steering change) and braking (achieved braking effkiency) inputs. 
Availability of parameters of this type allows the crash sequence to be expressed in equation form. 
The advantages of this format with respect to evaluating various intervention opportunities/change 
mechanisms are rather obvious. 

Unfortunately, the NASS CDS file and supporting hard copy case reports do not contain 
sufficient detail to allow parameters to be expressed with this degree of precision. This observation, 
is not intended as a criticism since the NASS data collection protocol was never intended to support 
evaluation efforts of this type. If less precise surrogate variables are used to indicate status/state for 
these scenarios, the NASS cases are a valuable and useful data source. The project staff selected 
the latter approach and designed a scenario documentation format which was descriptive, as opposed 
to analytical, in nature. The staff also elected to represent the dynamic scenarios as situation trees. 
The data entry/reduction format is shown in Figure 4-l. 

Early versions of the format shown in Figure 4-l did not include provision for documenting 
the off-road dynamic state in individual cases. Coding tests performed with those formats indicated 
that virtually all cases were contained within three major groups and there were very small 
distinctions between the groups. To obtain stronger differences between cases and groups of cases, 
description of the off-road dynamic state was added. In addition to improving the degree of the 
differentiation between cases, this element allowed the project staff to evaluate the driver’s response 
to roadway departure. Specific response patterns are discussed in Section 5.4. 

It is important to note that the final format incorporates unintended driver actions. During 
preliminary case evaluations it was noted that drivers, on occasion, imparted steering input that was 
not associated with attempted avoidance maneuvers. For example, in cases where the driver 
relinquished steering control, the vehicle might depart the roadway at a departure angle that was 
larger than angles typically associated with vehicle drift trajectories. In these cases, it was obvious 
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that the driver had initiated an unintended or inadvertent steering input. If there is no on-road 
avoidance maneuver, the inadvertent steering input is noted to indicate that the departure trajectory 
differs from drift trajectories and to indicate the source of this variance. 

The causal factor designation in this figure represents the subset of pre-existing 
events/conditions which directly contribute to crash occurrence. These pre-existing 
events/conditions may or may not reflect the critical event which triggers crash occurrence. For 
example, in a case where the causal factor is relinquishing steering control, the causal factor and the 
critical event are synonymous. However, in a case where the causal factor is excessive vehicle 
speed, there is usually a separate critical event (e.g., passing the point where the driver can safely 
decelerate to the design speed of the curve). 

The engineering analysis conducted to determine dynamic scenarios is described in the 
subsection which follows. That discussion is followed by a discussion of how analysis results and 
this specZic analysis sequence will be incorporated in Task 2. 

4.2 Application of Dynamic Situation Trees 

Dynamic situation trees were developed for each case contained in the clinical 
database. Primary information sources for the analysis included the coded data variables recorded 
for each case, the case description/summary prepared for each case, and the scaled accident 
schematic prepared for each case. The case summary and scaled accident schematic for a typical 
case (Case No. 13-16X) have been abstracted from the clinical database. The case summary is 
presented below and the scaled schematic is provided in Figure 4-2. 

Case No. 13-l 6SC 
Case Summary 

This crash occurred on a four lane, dry asphalt, divided interstate. Yhe four lanes were 
divided into two, two lane, one-way limited access roadways and were separated by a tree lined 
median. The road was level and in good condition with a solid yellow left road edge line, white 
broken lane lines and a solid white right edge line. All pavement markings were in new condition. 
Reflective delineators were only present on the right side. The weather was clear wifh no adverse 
@light conditions. The driver apparently fell asleep while driving in the left lane at a speed of 
105-113 kph (65-70 mph) based on calculations using the radius of sideslip curvature formula. The 
vehicle exited the left side of the roadway crossed the I.2 m (4 fg paved shoulder and traveled on 
the grass area adjacent to the shoul&r. At some point along this travel path (approximately 50 m) 
the driver steered to the right which started the vehicle into a clockwise rotation and reversed the 
travel path back onto the roadway. N traveled across the roadway and departed the right side 
where it began a right over left rollover sequence after the left side tiresfirrowed into the ground. 
The vehicle then contacted two trees with its left side after one complete rollover. The final rest 
position of the vehicle was against three trees which were approximately I2 m (403) from the road 
edge line. The causal factor was relinquished steering control, fell asleep. 
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In this example case, the driver fell asleep relinquishing steering control. The subject driver 
apparently woke as the vehicle traversed a grassy area adjacent to the shoulder and initiated a sharp 
steering correction to the right in an attempt to regain the roadway. This steering correction induced 
a clockwise yaw as the subject vehicle reentered the roadway. Steering control was lost at the point 
of yaw initiation and the vehicle is considered to be non-recoverable (in terms of steering control) 
Corn this point through final rest position. 

The completed situation tree for this example case is provided in Figure 4-3. Specific 
variable selections on this format are self-explanatory. The most interesting aspect of this particular 
case is the driver’s response to roadway departure (steering correction) and the subsequent vehicle 
response (yaw). As will be discussed in Section 5.4, the circumstance where drivers initiate steering 
corrections (as avoidance actions) which result in or induce vehicle yaw responses is fairly common. 
This tendency, in turn, has negative design implications with respect to countermeasure/concepts 
that require or assume that the driver will respond appropriately to simple warnings. These design 
implications which are addressed in Section 5.4.4, are not considered to be a detriment to successful 
design concepts nor will they seriously impede countermeasure effectiveness. The project team, 
however, must be aware of the implications and avoid overly simplistic approaches. 

Situation trees were completed for the entire 201 case clinical sample. These trees were 
recorded in the electronic database and subsequently grouped and analyzed. Analysis results are 
reported in section 5.4. These results include distribution frequencies for all blocks of variables 
shown in Figure 4- 1. 

4.3 Extension of Analysis Sequence 

The situation trees developed in Task 1 will be carried forward to Task 2 to carefully 
evaluate opportunities for intervention through countermeasure application. Figure 4-4 illustrates 
one potential set of intervention opportunities where the attendant intensity of action ranges from 
informing the driver of poor roadway conditions to assuming control of the vehicle to prevent 
roadway departure/recover from roadway departure. Figure 4-4 represents only one potential set 
of actions. Other intervention opportunities, depending on the specific combination of elements 
within the situation tree, could be selected. For example, the countermeasure may sense appropriate 
indicators in the driver’s state or the vehicle’s state and issue advisories as appropriate. Similarly, 
the system may sense the off-road dynamic situation and respond accordingly. 

In Task 2, similar situation trees will again be grouped and analyzed to determine the most 
suitable opportunities for intervention within each similar group. An integral part of this effort will 
involve preparation of timeline histories for the crash event sequences contained in the clinical 
database. At the present time, it appears that there is sufficient information in the case files to 
reconstruct timelines for a substantial portion of the clinical sample (i.e., 84 of the 201 cases in the 
sample contain sufficient detail to provide reasonably accurate time histories). This information and 
associated analytical parameters (e.g., velocity and achieved braking efficiencies) will be used in 
conjunction with the dynamic scenario trees to identity viable functional goals. The analytical 
parameters associated with the timeline histories will establish a quantitative basis for the functional 
goal development process. 
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The functional goals developed in Task 2 will be appropriately matched with specific 
intervention opportunities identified within groups of similar situation trees. In the early stages of 
this development sequence, functional goals will be expressed as logical statements or sets of logical 
statements. As common sets of goals are identified, these sets will be merged. All sets remaining 
at the end of this process will, to the extent possible, be converted to mathematical expressions. 

The situation trees and summaries of the characteristics of similar groups of situation trees, 
developed in Task 1, will also be useful to scheduled Task 3 and Task 4 activities. Specifically, this 
information source will be used to develop evaluation scenarios in Task 3. These scenarios will be 
used in a simulator environment to evaluate performance characteristics and the potential 
effectiveness of existing countermeasure systems/prototypes. In Task 4, this same data will be used 
to develop computer models. These models, in turn, will be used to evaluate the potential 
effectiveness levels of countermeasure concepts. 
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5.0 Analysis Of Run-Off-Road Crash Problem 

The magnitude or size of the run-off-road crash problem was established in Section 3 .O. This 
section examines the characteristics and circumstances associated with the national crash population 
(statistical analysis), examines these same factors within the clinical case sample (clinical analysis), 
establishes causal factors within the clinical case sample (clinical analysis), and establishes the dynamic 
scenarios associated with the clinical sample (engineering analysis). As noted in Section 2, the 
statistical and clinical analyses set the stage and feed the engineering analysis. The objectives of each 
component of the analysis sequence and of the overall analysis sequence are presented in Section 5.1 
which follows. The results of these analyses are presented in subsequent subsections. 

5.1 Objectives of Analysis Sequence 

The overall objective of this sequence is to analyze the crash problem with sufficient depth 
to ensure that the project team and the sponsor understand the nature of the problem, the specific 
parameters/circumstances/characteristics associated with the probIem, and the points in these crash 
sequences where countermeasure application is most likely to succeed. Unfortunately, there is no 
single analysis type/form which provides the required depth of understanding and clarity of insight 
to this crash problem or to any of the other crash problems under consideration in the current round 
of performance specification programs. To satisfy the overall analysis objective, individual analysis 
types and results must be combined in a logical format. The project team has selected a combination 
of statistical, clinical, and engineering analysis sequences to provide the required depth of 
understandiig and clarity of insight for the run-off-road crash problem. Each of these analysis types, 
in turn has its own objectives and provides a differing perspective of the overall crash problem. The 
outputs of the analyses also differ. Specific objectives and anticipated output of the selected analysis 
types are described below: 

5.1.1 Statistical Analysis 

l Objectives 
+ Establish circumstances in which these crashes occur and characteristics of these 

crashes for the national population of run-off-road crashes. 

f Determine if there are relationships between variables or groups of variables 
describing crash circumstances/characteristics. 

l Anticipated Output 
+ Profile of characteristics/circumstances associated with the national population of 

run-off-road crashes. 

+ Delineation of the relationships between key variables contained in the GES 
database for this crash type (e.g., series of bivariate and trivariate analyses). 
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0 Discussion 

The profile of characteristics/circumstances is used in a dual capacity. This 
information provides insight to the nature of run-off-road crashes and, therefore, 
increases the knowledge base with respect to these crashes. In addition, this same 
profile functions as a comparison standard to determine if the clinical sample 
examined in this sequence is representative for the national crash population. 

Delineation of the relationships between variables in mass databases, such as the GES 
file, is particularly important with respect to providing insight to the nature of the 
crash problem. A rudimentary example of this type of analysis was provided in 
Section 3.0 where the relationship between crash severity (injury level), horizontal 
roadway alignment, and roadway surface condition was examined. In that analysis, 
it was noted that fatal crashes were over-represented in terms of occurring on curves 
where the road surface was dry. There are two points which should be made with 
respect to this finding. First, the analysis sequence in Section 3.0 could have been 
completed with a single trivariate analysis rather than the series of analyses that were 
used. These more complex analyses will be completed and examined in this section. 
Secondly, the finding is relatively important since it indicates that weather is not a 
major factor in more severe crashes. As will be demonstrated in this section, the more 
severe crashes tend to be related to driver factors such as excessive speed and alcohol 
consumption. Findings of this type are clearly required to develop an in-depth 
understanding of the crash problem. 

5.1.2 Clinical Analysis 

l Objective 
+ Establish circumstances in which these crashes occur and characteristics of these 

crashes for the selected clinical sample. 

+ Establish causal factors for cases contained in the clinical sample. 

+ Examine crash circumstances to determine ifthere are similarities between crashes 
which allow identification of crash subtypes. 

l Anticipated Output 
+ Profile of crash circumstances/characteristics associated with the clinical sample 

of run-off-road crashes. 

+ Causal factors for each case contained in the clinical sample. 

l Discussion 

The profile of crash circumstances/characteristics established for the clinical sample 
is compared to the previously established statistical profile to verify that the clinical 
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sample is reasonably representative of the national crash population. Differences 
between the profiles must be explained. The process of accounting for differences 
and determining if specific levels of over - or underrepresentation are acceptable 
provides additional insight to the nature of the data sources and the crash problem. 

There is insufficient detail available in mass databases to establish causal factors. 
These factors are established through clinical evaluation of hard copy case reports. 
The process involves use of most of the major case components, however, heavy 
emphasis is placed on a number of critical elements such as police accident reports, 
scaled schematics, driver and witness interview statements, and case slides 
documenting vehicle damage patterns and physical evidence patterns. The analysis 
sequence is described in more detail in Section 5.3.3. 

The evaluation sequence used to identify possible crash subtypes within run-off-road 
crashes is very top level at this point. The primary intent is to determine if there are 
a few key descriptors which allow the cases to be grouped in a logical fashion. There 
is no defined output for this effort since final determination of crash subtypes is 
reserved for the engineering analysis effort. Preliminary observations in this area are 
noted and incorporated into the engineering analysis. 

5.1.3 Engineering Analysis 

l Objectives 
f Establish dynamic scenarios for all cases contained in the clinical sample. 

+ Establish crash subtypes by grouping similar dynamic scenarios. 

+ Establish parameters within subtypes and between subtypes which are similar and 
identify major differences. 

l Anticipated Output 
+ Dynamic scenarios expressed as situation trees for all cases in the clinical sample. 

+ Identification of crash subtypes as derived from groupings of similar dynamic 
scenarios. 

+ Identification of trends in key parameters (velocity, acceleration, steering inputs, 
braking inputs) associated with groups of similar dynamic scenarios. 

l Discussion 

Situation trees are generated for each case contained in the clinical sample and similar 
trees are grouped to identify crash subtypes. Two types of general evaluations are 
then conducted. First, parameters within groups are compared to establish 
characteristics/trends within each group. Subsequently, these same parameters are 
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compared across groups to identify similarities and differences. Similarities between 
groups may allow common countermeasure concept application and major differences 
between groups are likely to result in development of separate countermeasure 
concepts. Specific implications of findings are addressed within these evaluation 
efforts. 

The project staff will complete a top-level evaluation of analytical parameter 
characteristics associated with groups of similar trees as part of the engineering 
analysis. The parameters of interest include subject vehicle velocity, driver steer 
input, and driver brake input. The assessments provided will be qualitative in nature 
rather than quantitative. A more detailed evaluation of these parameters will be 
completed a part of the Task 2 effort where timeline histories will be generated. 
These timelines will provide a quantitative basis for parameter descriptions in that 
task. 

The next three subsections present findings associated with the analysis sequence discussed 
here. The presentation order of these discussions parallels the order in which the analysis sequence 
is described (e.g., statistical, clinical, and engineering). 

5.2 Statistical Analysis 

The 1992 GES database was accessed to establish the circumstances in which run-off-road 
crashes occur, to establish characteristics of these crashes, and to examine the strength of 
relationships between variables contained in the database. Three types of outputs were produced 
as a result of the analysis (e.g., univariate, bivariate, and trivariate distributions). Findings associated 
with each of these outputs are summarized below. A separate interpretation subsection is provided 
with each set of outputs to ensure that the findings are not contaminated by the project staffs 
evaluation of these findings. 

5.2.1 Summary of Univariate Distributions 

Univariate distributions produced as part of this analysis effort have been converted to 
graphical displays. These displays are provided as Figures 5-l to 5-9. Major points indicated by 
these displays may be summarized as follows: 

l Most run-off-road crashes (approximately 75 percent) occur in suburban (43.4 percent) 
or rural (3 1.8 percent) environments (Figure 5-l). 

l Most of these crashes occur on trafficways that are not divided (55.0 percent) and that 
are comprised of two travel lanes (57.3 percent). Crashes occurring on divided roadways 
(15.8 percent) do not appear to be a major factor, in terms of frequency, within this crash 
type (Figure 5-2). Ifthe unknown values in these two charts are eliminated or distributed 
in the same portion as known values, the relative proportions noted here will increase 
significantly. 

l Most run-off-road crashes occur on straight roadway segments (56.5 percent). Similarly, 
a predominant proportion of these crashes (6 1.1 percent) occur on segments having either 
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a positive or negative grade (Figure 5-3). The observation with respect to unknown 
values in Figure 5-2 also applies here. 

l The predominant proportion of run-off-road crashes occur in conditions where the road 
surface is dry (61.7 percent). Wet road surfaces (23.7 percent), however, also account 
for a significant portion of the crashes. Less than 12 percent of the crashes involve snow 
or ice covered surfaces (Figure 5-4). 

l Weather conditions at the time of these crashes are predominantly clear (no adverse 
conditions - 73.0 percent). Rainy conditions (16.8 percent) and snow conditions (5.0 
percent) contribute to a less significant degree (Figure 5-5). 

l In terms of time of day, run-off-road crashes are distributed over the entire 24-hour time 
frame. There is, however, a distinctive pattern associated with these crashes. Crash 
frequency peaks in the 4 PM - 8 PM time block (20.5 percent), declines slightly in the 
next two blocks (8 PM - 12 AM: 19.7 percent, l2 AM - 4 AM : 17.8 percent), bottoms 
out in the 4 AM - 8 AM time block (11.5 percent), and then rises again in the next two 
time blocks (8 AM - 12 PM: 12.7 percent, 12 PM - 4 PM: 16.8 percent) as the peak 
time is once again approached (Figure 5-6). 

l Light conditions at the time of the crash are approximately evenly distributed between 
daylight (45.9 percent) and night crashes (48.0 percent). Slightly less than half of those 
crashes occurring during the hours of darkness occur on roadway segments that are 
lighted (Figure 5-7). 

l Most drivers involved in run-off-road crashes do not attempt a pre-roadway departure 
corrective action (69.3 percent). When corrective actions are attempted, braking (9.7 
percent) and steering left or right (11.3 percent) are the primary actions initiated (Figure 
5-8). 

l Most run-off-road crashes do not result in citations being issued to the involved drivers 
(56.8 percent). In those crashes where citations are issued, drivers tend to be cited for 
alcohol/drug ingestion (8.3 percent), speeding (6.6 percent), combinations of these factors 
(1 .O percent), reckless driving (3.5 percent), and failure to yield (3.0 percent). Other 
citations types issued in these crashes are typically not related to crash causation (e.g., 
suspended/revoked license, hit and run - Figure 5-9). 

5.2.2 Interpretation of Univariate Resulti 

There are indications in this data set that run-off-road crashes are likely to be associated with 
severe injury consequences. First, these crashes tend to occur in suburban and rural settings as 
opposed to urban environments. Speed limits, particularly in rural environments, are significantly 
higher than those found in urban areas. Secondly, these crashes tend to occur on dry road surfaces 
with no adverse weather conditions. Therefore, drivers are more likely to be traveling at or above 
posted speed limits. Finally, citations issued in these crashes tend to be associated with alcohol/drug 
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Land Use Distribution of Run-Off-Road Crashes 
Weighted Percentages 

Rural 

Suburban 
43.4% 

1,039,007 vehicles 
Based on 1992 GES weighted data Figure 5-l 



Roadway Characteristics of Run-Off-Road Crashes 
Weighted Percentages 

Type of Trafficway No. of Travel Lanes 

Not Divided- 
OnefiTknown -- 26.4% 

es--- Six or more -- 0.7% 

Divided -- 15.8% Unknown -- 26.5% 

1,039,007 vehicles 
Based on 1992 GES weighted data Figure 5-2 



Roadway Alignment in Run-Off-Road Crashes 
Weighted Percentages 

Horizontal Alignment Vertical Alignment 

Straiaht -- 56.5% - 

Curve - 16.2% Unknown -- 27.2% 

1,039,007 vehicles 
Based on 1992 GES weighted data 

Grade -- 61.1% 

Level -- 2.6% 

Hillcrest -- 8.2% 
Other/Unknown -- 28.1% 

Figure 5-3 



Surface Condition in Run-Off-Road Crashes 
Weighted Percentages 

Dry -- 61.7% 

Other/Unknown -- 2.8% 

Snow/Slush -- 2.9% 

1,039,007 vehicles 
Based on 1992 GES weighted data 

Wet -- ’ 23.7% 

Figure 5-4 



Weather Condition in Run-Off-Road Crashes 
Weighted Percentages 

No Adverse -- 73.0% 

Fog -- I .I %. \ 
Rain -- 16.8% 

1,039,007 vehicles 
Based on 1992 GES weighted data 

Figure 5-5 



Time Distribution of Run-Off-Road Crashes 
Weighted Percentages 

4pm-8pm 
20.5% 

12pm-4pm 
16.8% 

4am-8am 
11.5% 

1,039,007 vehicles 
Based on 1992 GES weighted data 

Figure 5-6 



Lighting Condition in Run-Off-Road Crashes 
Weighted Percentages 

Daylight -- 45.9% 
I 

1,039,007 vehicles 
Based on 1992 GES weighted data 

Unknown -= 2. -4% 

--Dusk -- 2.1% 
&Dawn -- 1.6% 

‘Dark but lighted -- 22.1% 

Figure 5-7 



Attempted Corrective Action in Run-Off-Road Crashes 
Weighted Percentages 

Corrective Action 

No Corrective Action 

Braked/Slowed 

Steered to Left/Right 

Accelerated 

Braked & Steered 
Left/Right 

Accel. & Steered 
Left/Right 

Steered Both Direct. 

Other/Unknown 

e 

0 

c 

( 

c 

0.0 20.0 40.0 60.0 

Weighted Percentages 

80.0 100.0 

1,039,007 vehicles 
Based on 1992 GES weighted data 

Figure 5-8 



Violations Charged in Run-Off-Road Crashes 

No Violations Charged 

Alcohol or Drugs 

Speeding 

AlcohJDrugs 
& Speeding 

Reckless Driving 

Suspended/Revoked 
License 

Fail to Yield/ 
Ran Signal/Stop Sign 

Hit & Run 

Other/Unknown 

Weighted Percentages 

Violations Charged 
k 

5i3.8 
I I / 

I , 

I / 

0.0 

1,039,007 vehicles 
Based on 1992 GES weighted data 

40.0 60.0 

Weighted Percentages 

Figure 5-9 

80.0 100.0 



ingestion and vehicle travel speed. This particular combination of driver factors has been shown to 
be associated with severe injury crashes in a number of studies conducted for that topic area. 

In the discussion developed for Figure 5-3, it is noted that a relatively high proportion of run- 
off-road crashes, contained in the GES database, involve crash locations that are coded as having a 
vertical grade (61.1 percent). For this file, the presence of a positive or negative grade is coded 
directly from the police accident report. Thus, coded values reflect the investigating officer’s 
judgement and are likely to include a substantial number of very shallow grades. The specific 
proportion noted for the GES database is of the same order of magnitude found in the clinical sample 
(Figure 5-12 -54.2 percent) where grades of 1.0 percent or more were recorded directly from the 
scaled schematics submitted with each NASS CDS case. Analysis of the clinical sample indicated the 
presence of a grade at the crash location typically does not contribute directly to crash causation. The 
single exception to this circumstance involves crashes where the causal factor is lost directional 
control on a wet/snow-covered surface. For these cases, the presence of a negative grade would 
reduce friction values and could conceivably contribute to crash causation. 

The difference between the proportion of crashes occurring on dry surfaces (61.7 percent) 
and the proportion of crashes occurring without adverse weather conditions (73 .O percent) does not 
represent a discrepancy. This difference reflects circumstances where the weather is clear, but the 
road surface is wet from a preceding rainfall or is snow/ice covered as a result of preceding snow/ice 
accumulations. The relative proportions of dry surface crashes and no adverse weather conditions, 
in fact, have positive design implications in that optical sensors are not precluded in concept designs 
as a result of weather considerations. 

The relatively high proportion of drivers who do not initiate a pre-roadway departure 
corrective action (69.3 percent) could have a number of associated interpretations. At this point, 
however, the project staff believes that the most logical explanation is that these drivers are either 
unaware of the impending departure (e.g., inattention, incapacitation, etc.,) or become aware with 
insufficient time to initiate corrective action prior to departure. This issue will be examined in both 
the clinical and engineering analyses to determine if additional clarification is feasible. 

5.2.3 Summary of Bivariate Distributions 

Bivariate distributions produced as part of this analysis effort are presented as tabular formats 
in Table 5-l to 5-16. Major points indicated by these distributions may be summarized as 
follows: 

. Irrespective of crash location, most run-off-road crash events do not result in injury to 
vehicle occupants (55.4 percent-rural, 59.5 percent-suburban, 53.1 percent-urban). Of 
those crashes resulting in injury (nonincapacitating, incapacitating, and fatal), the highest 
proportions of injured occupants at all severity levels are consistently associated with rural 
crash locations (19.2 percent, 8.3 percent, and 1.2 percent, respectively). Similarly, the 
proportions of injured occupants in suburban crash locations (13.4 percent, 8.0 percent, 
and 0.9 percent, respectively) are consistently higher than the equivalent proportions 
(13.2 percent, 5.4 percent, and 0.6 percent, respectively) for urban crashes. A degree of 

43 



caution must be used in interpreting this pattern since the proportion of unknown values 
increases dramatically when proceeding from rural to urban locations (Table 5-l). 

l The proportions of occupants sustaining injury at all three reported injury levels 
(nonincapacitating, incapacitating, and fatal) are consistently higher in crashes occurring 
on curved roadway segments (17.5 percent, 10.2 percent, and 1.4 percent, respectively) 
as compared to crashes occurring on straight roadway segments (14.6 percent, 6.6 
percent, and 0.8 percent, respectively). A degree of caution must again be used in 
interpreting this pattern due to the relative proportions of unknown values (Table 5-2). 

Table 5-2A provides a horizontal tabulation format for this same distribution. Note that 
the highest proportion of injuries are consistently sustained on straight segments as 
opposed to curved segments. Patterns within the straight and curve segment categories, 
however, are exactly reversed. Specifically, as injury severity increases, the proportion 
of crashes occurring on straight segments decreases and the proportion of crashes 
occurring on curved segments increases. Given the distribution of crashes occurring on 
straight and curved segments (Figure 5-3), curves are over-represented at each reported 
injury level. 

l The proportions of occupants sustaining injury at all three reported injury levels 
(nonincapacitating, incapacitating, and fatal) are consistently higher in crashes occurring 
on dry roadway segments (16.8 percent, 8.6 percent, and 1.2 percent, respectively) as 
compared to similar proportions (14.1 percent, 6.5 percent, and 0.4 percent, respectively) 
associated with roadway segments that are wet (Table 5-3). 

A horizontal tabulation format for this distribution is provided in Table 5-3A which 
reinforces the point made with respect to injury in the preceding discussion. Specifically, 
the largest proportion of injuries are sustained on dry surfaces (68.3 percent, 7 1.9 percent, 
and 78.8 percent, respectively) as compared to all other surface conditions. Also note 
that the proportions of injuries occurring on dry surfaces consistently increase as injury 
severity increases. 

l The proportions of occupants sustaining injury at all three reported injury levels 
(nonincapacitating, incapacitating, and fatal) are consistently higher in crashes involving 
left roadway departures (16.8 percent, 8.7 percent, and 1.4 percent, respectively) and 
right roadway departures (17.0 percent, 8.8 percent, and 0.9 percent, respectively) as 
compared to crashes involving forward impacts (9.2 percent, 2.8 percent, and 0.3 percent, 
respectively). The proportions of occupants sustaining injury in left roadway departures 
are similar to the proportions sustained in right roadway departures (Table 5-4). 

A horizontal tabulation format for his distribution is provided in Table 5-4 A. The highest 
proportions of nonincapacitating and incapacitating injuries (51.4 percent and 54.5 
percent) occur in right roadside departure crashes. The highest proportion for fatal 
injuries (48.2 percent) is associated with left roadside departure crashes, although the 
proportion associated with right roadside departure crashes (45.0 percent) is also of this 
order of magnitude. 
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l The proportions of crashes occurring on straight and curved roadway segments are very 
similar for left roadway departures (65.0 percent and 32.3 percent, respectively) and right 
roadway departures (65.9 percent and 3 1.3 percent, respectively). However, both sets 
of proportions diier considerably fi-om similar proportions (84.9 percent and 6.9 percent, 
respectively) associated with forward impacts. Within this crash type, a considerably 
higher proportion of crashes occur on straight roadway segments and a correspondingly 
lower proportion occur on curved segments (TabIe 5-5). 

NOTE: The accident type categories in Table 5-5 have collapsed to indicate the three 
major configurations used in the GES accident typing methodology. An expanded version 
of these categories is provided in Table 5-5A where the configurations are further 
subdivided to indicate major accident types involved within each configuration. 

In Table 5=5A, the pattern displayed within left roadside departure crashes is very similar 
to the pattern displayed within right roadside departure crashes, For example, within both 
configurations departures from straight roadway segments peak in the Drive Off Road 
(66.9 percent-left and 69.1 percent-right) crash type and then peak a second time in the 
Avoid Collision (76.9 percent-left and 75.8 percent-right) crash type. In addition, within 
both configurations, departures from curved roadway segments peak in the 
Control/Traction Loss (3 5.8 percent-left and 38.4-right) crash types, 

A horizontal tabulation format for this distribution is provided in Table 5-5B. The highest 
proportions for crashes occurring on straight and curved segments (43.3 percent and 54.9 
percent) are associated with the right roadside departure accident type. 

l The proportions of crashes occurring on dry surfaces are similar between left roadway 
departure crashes (58.6 percent) and right roadway departure crashes (59.6 percent), 
however, this same proportion for forward impacts is much higher (70.4 percent). 
Conversely, the proportions of crashes occurring on wet surfaces for left roadway 
departure crashes (25.6 percent) and right roadway departure crashes (25.5 percent) are 
higher than the proportion of crashes occurring on wet surfaces (17.4 percent) within 
forward impact crashes as are the proportions associated with ice-covered surfaces (Table 
5-6). 

NOTE: The accident type categories in Table 5-6 have been collapsed to indicate the 
three major configurations used in the GES accident typing methodology. An expanded 
version of these categories is provided in Table 5-6A where the configurations are further 
subdivided to indicate major accident types included within each configuration. 

In Table 5=6A, the pattern displayed within left roadside departure crashes is very similar 
to the pattern displayed within right roadside departure crashes. In both configurations, 
departures from dry roadway segments peak in the Drive Off Road (69.1 percent-left and 
70.6 percent-right) crash type and then peak a second time in the Avoid Collision (71.8 
percent-left and 67.7 percent-right) crash type. For these same configurations, departure 
from wet roadway segments peak in the Control/Traction Loss (29.9 percent-left and 29.7 
percent-right) crash type. This same peak in the Control/Traction Loss crash type occurs 
for slush/ice covered surfaces (15.6 percent-left and 15.2 percent-right). 
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A horizontal tabulation format for this distribution is provided in Table 5-6B. As 
indicated in this table, the highest proportions of crashes occurring on each listed surface 
condition are associated with the right roadside departure accident type. 

In the distribution of violations charged by accident type, the patterns for left roadside 
departure and right roadside departure are, again, very similar. Most drivers in both 
accident types are not charged with a violation (59.7 percent-left and 60.5 percent-right). 
Of those drivers issued citations, the combination of alcohol consumption, speeding, 
and/or reckless driving accounts for the most significant proportion of violations charged 
(20.9 percent-left and 20.9 percent-right). Hit and run violations also account for a 
significant proportion of the citations (5.3 percent-left and 4.7 percent-right). In the 
forward impact accident type, less than half of the drivers are issued citations (44.7 
percent) and hit and run violations (22.2 percent account for most of the citations issued 
(Table 5-7). 

In the distribution of corrective action attempted by accident type, the patterns for left 
roadside departure and right roadside departure are, again, very similar. Most drivers do 
not attempt to initiate a corrective action (66.8 percent-left and 67.6 percent-right). 
When corrective actions are attempted, three actions (braking, steering left, and steering 
right) account for the largest proportion of driver reactions (24.2 percent-left and 24.8 
percent-right). The correlation in these patterns between steering left/left roadside 
departure and steering right/right roadside departure is counter-intuitive. The relationship 
is explained in Subsection 5.2.4. 

In this same distribution, the proportion of drivers not attempting a corrective action is 
largest in the forward impact accident type (76.4 ‘percent) and the only significant 
corrective action initiated is braking (4.8 percent). A degree of caution should be used 
when comparing patterns across these accident types due to the relatively large proportion 
of unknowns associated with the forward impact (14.7 percent) accident type (Table 5-8). 

l The pattern, with respect of time of day, noted in the univariate distributions is also 
apparent in the distribution of accident type by time of day. The incidence rate for run- 
off-road crashes tends to peak in the 4 PM to 8 PM time frame and tends to bottom out 
in the 4 AM to 8 AM time frame. There are, however, differences between the accident 
types. For example, the incidence rate for right roadside departure crashes peaks in the 
4 PM to 8 PM time frame (21 .O percent), however, peak incidence rates for left roadside 
departure (19.7 percent) crashes and forward impact (21.3 percent) crashes are noted in 
the 8 PM to 12 AM time frame. Similar types of variations are noted for the lowest level 
incidence rates associated with the 4 AM to 8 AM time frame (Table 5-9). 

l In the light condition by accident type distribution, all three accident types demonstrate 
similar rates with respect to occurring during daylight conditions (44.3 percent, 44.5 
percent, and 47.7 percent, respectively). These accident types also demonstrate similar 
incidence rates with respect to occurring during the hours of darkness (47.1 percent, 50.6 
percent, and 46.6 percent, respectively). There is however, considerable variability 
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between the accident types with respect to the specific darkness condition (e.g., dark or 
dark but lighted). Peak values for right roadside departure (30.5 percent) crashes and 
forward impact (28.0 percent) crashes occur in the dark condition. The peak value for 
left roadside departure (32.1 percent) crashes occurs in the dark but lighted condition 
(Table 5-10). 

A horizontal tabulation format for this distribution is provided in Table 5-10A. As 
indicated in this table, the highest proportions of crashes occurring in each listed light 
condition are associated with the right roadside departure accident type. 

l In the light condition by land use distribution, incidence rates during daylight conditions 
are approximately equal for crashes occurring in rural (46.8 percent) areas, suburban 
(46.9 percent) areas, and urban (43.2 percent) areas. The variability between these 
locations with respect to the darkness condition is again considerable. In rural areas, 
crashes tend to occur in dark (not lighted) conditions (38.7 percent). In urban areas, 
crashes tend to occur in dark but lighted (35.4 percent) conditions and in suburban areas, 
crashes tend to occur in with similar frequencies (24.3 percent and 23.5 percent) in both 
conditions (Table 5-l 1). This same pattern is evident in Table 5-l 1A which provides an 
alternative horizontal tabulation format for this distribution. 

l With respect to the violations charged by time of day distribution, virtually all charged 
violations tend to peak in the late afternoon to early morning time frame (4 PM to 4 AM). 
This trend is particularly evident for alcohol/drug citations (13.0 percent - 8 PM to 12 
AM and 18.2 percent - 12 AM to 4 AM) and for hit/run citations (11.2 percent - 8 PM 
to 12 AM and 11.9 percent - 12 AM to 4 AM). Trends for other citations are less 
dramatic (Table 5-12). 

l In the violations charged by horizontal alignment distribution, the proportion for no 
violations charged in crashes occurring on straight roadway segments (56.4 percent) is 
similar to the proportion associated with curved roadway segments (57.8 percent) and this 
same similarity is noted for alcohol citations (8.5 percent and 8.1 percent, respectively). 
However, the proportions associated with speeding/reckless driving (9.4 percent-straight 
and 16.0 percent-curve) citations differ considerably (Table 5-13). 

l The proportion of corrective actions initiated in crashes occurring on straight and curved 
roadway segments are similar with the exception of the incidence of braking. The 
incidence rate in crashes occurring on curves (15.0 percent) is considerably higher than 
the rate (8.0 percent) associated with crashes occurring on straight roadway segments 
(Table 5-14). 

l One of the major features of the corrective action attempted by surface condition 
distribution is the relatively high incidence rate of braking on wet surfaces (12.7 percent) 
as compared to braking on dry surfaces (8.8 percent), snow/slush covered surfaces (5.9 
percent), or on ice covered surfaces (8.4 percent). An even higher incidence rate, noted 
for crashes occurring on sand/dirt/oil surfaces (23.1 percent), is associated with dual 
anomalies which are discussed in Section 5.2.4 (Table 5-15). 
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Table a-1 
Maximum Injury Severity in Vehicle by Land Use 

Table 5-2 
Maximum Injury Severity in Vehicle by Horizontal Alignment 

Table 5-2A 
Maximum Injury Severity in Vehicle by Horizontal Alignment 

lncapacita ting Injury 62.0 36.1 1.9 100.0 

Fatal Injury 59.1 39.9 1 .o 100.0 

Unknown 82.4 12.3 5.3 100.0 
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Table 5-3 
Maximum Injury Severity in Vehicle by Surface Condition 

Table 5-3A 
Maximum Injury Severity in Vehicle by Surface Condition 
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Table 5-4 
Maximum Injury Severity in Vehicle by Accident Type 

Maximum Injury Severity 

No Injury 

Possible Injury 

Nonincapacita ting Injury 

Incapacitating Injury 

Fatal lniurv 

I 0 ther/iJnkno wn 
Total 

Forward Impact 

1.41 0.91 0.311 

5.1 4.2 20.5 

100.0 99.9 100.2 

Table 5-4A 
Maximum Injury Severity in Vehicle by Accident Type 

=i 

Maximum Injury Severity 

No Injury 

Possible Injury 

Nonincapacitating Injury 

Incapacitating Injury 

Fatal Injury 

Unknown 

Left Roadside 
Deoarture 

35.2 53.31 11.51 1 oo.cill 
35.2 

37.2 

48.2 

20.7 23.21 56.11 100.0~ 

51.4 13.4 100.0 

54.5 8.3 100.0 

45.0 6.8 100.0 
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Table 5-5 
Horizontal Alignment by Accident Type 

Left Roadside 

Table 5-5A 
Horizontal Alignment by Accident Type 

Accident Type 

Left Roadside Departure Right Roadside Departure Forward impact 

Drive Off Control/ Avoid Drive Off Control/ A void Parked Stationary End 
Horizontal Road Traction ColKsion Road Traction Coftision Vehicle Object Departure 
Alignment Loss Loss 

Straight 66.9 62.0 76.9 69.1 59.3 75.8 86.5 93.9 76.0 

Curve 29.7 35.8 21.0 27.7 38.4 22.1 5.6 0.0 14.7 

Unknown 3.4 2.2 2.0 3.1 2.3 2.1 7.8 6.1 9.4 

Total 100.0 100.0 99.9 99.9 100.0 100.0 99.9 100.0 100.1 

Table 5-5B 
Accident Type by Horizontal Alignment 
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Table 5-6 
Surface Condition by Accident Type 

Surface Condition 

Ice 10.0 9.5 5.8 

Other/lJnkno wn 2.6 2.4 4.3 

Total 100.1 100.0 100.0 L 

Table 5-6A 
Surface Condition by Accident Type 

Left Roadside Departure Right Roadside Departure Forward Impact 

Table 5-6B 
Accident Type by Surface Condition 

Ice 36.1 49.4 14.5 100.0 

Unknown 17.6 33.0 49.4 100.0 
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Table 5-7 
Violations Charged by Accident Type 

Table 5-8 
Corrective Action Attempted by Accident Type 

:orrective Action Attempted 

rlone 

3raked/Slo wed 

steered Left 

; teered Right 

Iccelerated 

3acked 

3raked 8 Steered Left 

3raked & Steered Right 

Iccel. & Steered Left 

Iccel. 8 Steered Riuht 

Tteered Both Directions 

Correct. Action but no details 

3therzUnknown 

Tota 

Accident Tvoe 

11.11 11 .ol 4.811 

2.1 0.2 0.2 

0.2 1.9 0.1 

0.3 0.0 0.0 

0.0 0.1 0.0 

1 .o 1.1 0.0 

1.4 0.9 0.4 

3.8 3.1 14.7 

100.0 99.9 100.0 
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Table s-9 
Time of Day by Accident Type 

Left Roadside 

Table 5-10 
Lighting Condition by Accident Type 

Table 5-I OA 
Accident Type by Light Condition 

Dusk 23.5 50.1 26.4 100.0 

Unknown 20.4 33.3 46.3 100.0 
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Table 5-l 1 
Lighting Condition by Land Use 

Table 5-l 1 A 
Light Condition by Land Use 
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Table 5-12 
Violations Charged by Time of Day 

Table 5-13 
Violations Charged by Horizontal Alignment 
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Table 5-14 
Corrective Action Attempted by Horizontal Alignment 

Table 5-15 
Corrective Action Attempted by Surface Condition 



Table 5-16 
Violations Charged by Corrective Action Attempted 
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. In the violations charged by ,corrective action attempted distribution, the highest 
incidence rate of alcohol/drug ingestion citations is associated with no corrective 
action attempted (10.3 percent). The highest incidence rates for speeding citations 
occur when the driver is braking (12.9 percent), steers in both directions (25.9 
percent), or brakes and steers to the right (11.3 percent). The very high rate 
associated with the accelerated and steered category (43.6 percent) is both a 
characteristic of this category and an anomaly associated with small numbers of 
crashes (Table 5-16). 

5.2.4 Interpretation of Bivariate Results 

The results reported for Tables 5-1 through 5-3 tend to support the observation first noted 
in Section 3.3 and expanded in Section 5.2.2. Specifically, the observation is that there is a subset 
of run-off-road crashes which is associated with severe injury consequences. As indicated in Table 
5-l through 5-3 that subset may be defined as crashes occurring in rural/suburban areas, on curved 
roadway segments where the road surface is dry. An indication of the specific reasons for crash 
occurrence within this subset of run-off-road crashes can be derived from Table 5-13 which indicates 
that alcohol/speeding citations are issued in approximately 24.0 percent of the crashes which occur 
on curves. Given the distribution of times those types of citations are issued (Table 5-12), it is also 
probable that many of these more severe crashes are occurring in late evening/early morning time 
frames (e.g. darkness) when drivers are operating vehicles in conditions of reduced visibility. 

There are a number of interrelated points which should be made with respect to Tables 5-l 
through 5-3. These points may be summarized as follows: 

l In Table 5-1, the higher proportions of occupants sustaining injury and sustaining more 
severe injuries, in rural and suburban crashes as compared to urban crashes, are associated 
with the higher speed limits and related travel speeds inherent to rural and suburban crash 
locations. 

l In Table 5-2, the higher proportions of occupants sustaining injury and sustaining more 
severe injuries, in crashes occurring on curved as compared to straight roadway segments, 
are associated with the fact that curve related crashes tend to occur in rural/suburban 
environments having higher associated speed limits and travel speeds. In a separate 
support analysis conducted for this effort, it was found that 44.2 percent of curve related 
crashes occur in rural areas, 42.5 percent occur in suburban areas, and only 13.3 percent 
occur in urban areas. 

l In Table 5-3, the higher proportions of occupants sustaining injury and sustaining more 
severe injuries, in crashes occurring on dry as compared to wet roadway surfaces, are 
associated with the higher travel speeds maintained on dry surfaces as compared to wet 
surfaces. 
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A supplementary data tabulation was completed to verify the above interpretation. 
Specifically, the analysis staff generated a cross-tabulation of surface condition by estimated 
travel speed. The proportions of vehicles with estimated travel speeds of 60 mph (97 kph) 
or higher were 7.5 percent for dry surfaces, 3.9 percent for wet surfaces, 2.2 percent 
snow/slush covered surfaces, and 1.3 percent for icy surfaces. Corresponding proportions 
for vehicles with estimated travel speeds of 50-59 mph (80-95 kph) were 11 .O p.ercent for dry 
surfaces, 10.8 percent for wet surfaces, 8.6 percent for snow/slush covered surfaces, and 4.7 
percent for icy surfaces. At speeds below this level, the trend reverses with higher 
proportions noted for inclement weather/road surface conditions. 

Table 5-4 indicated that the proportions of occupants sustaining injury at all three reported 
injury levels (nonincapacitating, capacitating, and fatal) are consistently higher in crashes involving 
left and right roadway departures as compared to crashes involving forward impacts. This finding 
is related to the nature of the impacts associated with these accident types. As implied by the accident 
type label, most forward impacts involve contact to the subject vehicle’s frontal plane. The left and 
right roadway departure accident types involve relatively larger numbers of rollover events (the most 
severe injury producing collision event) and side impacts. While not shown directly in the analysis 
conducted in this section, the differences in impact types is at least suggested in Table 5-6A in the 
Control/Traction Loss types contained in the left and right roadside departure categories. In most 
instances of control/traction loss, the subject vehicle departs the roadway in a non-tracking attitude 
increasing the risk of rollover and/or exposure to side impacts. In addition, nearly half of the 
control/traction losses occur on dry surfaces and are therefore, likely to be associated with higher 
travel speeds. 

The low proportion of crashes occurring on curves in the forward impact accident type (Table 
5, 5A, 6, and 6A), is again, related to the definition of this accident type. As noted previously, 
forward impacts typically involve contact to the vehicle’s frontal plane. Many curve related crashes 
involve control/traction loss with subsequent rollover events and side impacts. 

In the discussion developed for Table 5-8, it is noted that the correlation between steering left 
and left roadside departure and steering right and right roadside departure is counter-intuitive. For 
the circumstance where steering corrections are initiated, the corrective actions are typically initiated 
with respect to an event/object in the roadway and not with respect to the impending road departure. 
For example, a driver suddenly becomes aware that there is a vehicle stopped in the travel lane in 
front of him. He initiates a steering input to the right and departs the right edge of the roadway. In 
this case, the corrective steering input to the right is initiated to avoid the stopped vehicle and is not 
,initiated to avoid the subsequent roadway departure. The much smaller proportions in Table 5-8 
associated with steering inputs in the opposite direction of roadway departure (e.g., steered right - 
1.8 percent - 1eR roadside departure) are typically associated with steering inputs to avoid the 
impending roadway departure. 

Verification of the above interpretation is derived from examination of the critical events 
associated with these crashes. A separate data run was performed to examine the critical events in 
those crashes in Table 5-8 where the driver steered left/departed the let? edge of the roadway or 
steered right/departed the right edge of the roadway. In 72.4 percent of the crashes in this category 
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in the left roadside departure accident type, the critical event is initiated by another vehicle in the 
subject vehicle’s lane or by a pedestrian, pedalcyclist, animal, or object. The corresponding 
proportion for those cases involving right roadside departure is 77.1 percent. Briefly, the subject 
drivers in these cases are initiating evasive/avoidance maneuvers. 

In the discussion for Table 5-13, it is noted that the proportion of crashes in which 
speeding/reckless driving citations are issued is higher in crashes occurring on curved roadway 
segments (16.0 percent) than in crashes occurring on straight roadway segments (9.4 percent). This 
finding is somewhat artificial in nature. Drivers do not suddenly increase travel speeds when 
approaching curves. The experience of our in-depth accident investigation teams has been that 
investigating police officers are more willing to establish or use a prima facie interpretation of 
speeding in relation to crashes occurring on curves (i.e., the driver did not track the curve and, 
therefore, must have been speeding). This circumstance does not imply that the incidence rate of 
speeding in curve related crashes is overstated. It does imply, however, that the incidence rate of 
speeding for crashes on straight roadway segments is probably underestimated. 

The higher incidence rate for braking in crashes occurring on curves (15.0 percent) as 
compared to the incidence rate for braking in crashes occurring on straight roadway segments, noted 
in Table 5-14, is undoubtedly related to natural tendencies in these crashes. Specifically, drivers are 
more likely to be reducing their travel speed as they approach a curve and therefore, are more likely 
to continue braking as the crash sequence develops. 

In the discussion for Table 5-15, it is noted that the high incidence rate for braking on 
sand/dirt/oil surfaces (23.1 percent) is associated with dual anomalies. These anomalies are not 
interrelated. First, there are a relatively small number of crashes which occur on these surfaces. 
Secondly, evidence of braking is highly visible on these surfaces and, therefore, is more likely to be 
noted by the investigating officer as compared to other surface conditions, 

The relatively high incidence rate of alcohol/drug ingestion citations associated with no 
corrective action attempted (10.3 percent) in Table 5- 16 is consistent with gross intoxication (e.g., 
BACs > 0.10) responses observed in in-depth investigations. Grossly intoxicated drivers often 
relinquish steering control and do not respond to events developing in the crash sequence. 

5.2.5 Summary of Trivariate Distributions 

Trivariate distributions produced as part ofthis analysis effort are presented as tabular formats 
in Tables 5-17 to 5-20. Major points indicated by these distributions may be summarized as follows: 

. In the accident type by violations charged by horizontal alignment distribution, the 
proportions noted for straight roadway segments are relatively similar when comparing 
left roadside departure crashes and right roadside departure crashes. A somewhat greater 
degree of variability is noted for curved roadway segments within ,these same two 
accident types, however, the curved roadway segment distributions remain reasonably 
similar. A much greater degree of variabibty is noted when comparing the curve and 
straight distributions within accident types. For example, within the left roadside 
departure crash type, the relative proportions noted for alcohol/drug citations are 
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reasonably similar (8.3 percent-straight and 8.8 percent-curve). These same proportions 
for the three categories indicating speeding/reckless driving (10.0 percent-straight and 
17.4 percent-curve) differ appreciably. Similar differences are observed in the right 
roadside departure accident type where these same three categories indicate appreciable 
differences between straight and curved segments (11.8 percent-straight and 16.0 percent- 
curve). 

Within this same distribution, similar differences are noted in alcohol/drug citations (9.2 
percent-straight and 10.9 percent-curve) and in the incidence rates for hit and run 
citations (23.6 percent-straight and 9.1 percent-curve) for the forward impact accident 
type. As indicated, in the discussion of bivariate distributions, the forward impact 
accident type differs considerably from the left and right roadside departure accident 
types. These differences are reflected in the distributions of violations charged. Forward 
impacts tend to involve much lower incidence rates of speeding/reckless driving (Table 
5-17). 

l In the horizontal alignment by violations charged by corrective action distribution, there 
is some variability between crashes occurring on straight and curved segments. This 
variability, however, tends to be a matter of degree rather than substantive differences. 
For example, when no corrective action is initiated by the driver, alcohol/drug citations 
(10.7 percent) dominate the violations charged categories for crashes occurring on 
straight roadways. For crashes occurring on curves, speeding violations are most 
prominent (9.9 percent), however, alcohol/drug violations remain at a significant level 
(9.7 percent). When the driver corrective action is braking or slowing on straight 
segments, speeding violations (9.0 percent) dominate as they do on curved segments 
(18.1 percent). Similar differences occur in the steered left and steered right categories. 
Observations for all other categories must be tempered by the very small numbers of cases 
in those categories - see Figure 5-8. Specifically the last five columns in the table account 
for approximately 3.0 percent of the run-off-road crash population (Table 5- 18). 

. In the horizontal alignment by maximum injury severity by surface condition distribution, 
the proportions of occupants sustaining injury (nonincapacitating, incapacitating, or fatal) 
in crashes occurring on curved segments consistently exceed similar proportions for 
crashes occurring on straight segments. For example, in the circumstance of dry surface 
conditions the proportions of occupants sustaining injury in crashes occurring on curved 
segments are 19.4 percent, 13.0 percent, and 2.1 percent, respectively. Similar 
proportions for crashes occurring on straight segments are 16.3 percent, 7.5 percent, and 
1 .O percent, respectively. Recalling that the dry surface condition is prevalent for run-off- 
road crashes (see Figure 5-4), it is apparent that curve related crashes result in larger 
proportions of the more severe injury level crashes than are associated with crashes 
occurring on straight segments. 

This same relationship holds for crashes occurring on wet surfaces, snow/slush covered 
surfaces, and ice covered surfaces. The condition of sandkiiioil must be interpreted very 
carefully since this category contains relatively few cases (Table 5-19). 
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l In the horizontal alignment by maximum injury by tie of day distribution, there are again 
very interesting and distinctive patterns evident when comparing crashes occurring on 
curves with crashes occurring on straight segments. During the peak hours of run-off- 
road crash occurrence (4 PM to 4 AM), the proportions of occupants sustaining injury 
at all three reported injury levels (nonincapacitating, incapacitating, and fatal) are 
consistently higher for crashes occurring on curves as compared to crashes occurring on 
straight segments. For example, in the 12 AM to 4 AM time frame the proportions 
associated with curve related crashes are 21.3 percent, 13.4 percent and 3.4 percent, 
respectively. Comparable proportions for crashes occurring on straight segments are 18.1 
percent, 8.1 percent, and 0.8 percent, respectively. 

The pattern described above does not hold in off-peak hours (4 AM to 4 PM). For 
example, in the 4 AM to 8 AM time frame, the pattern reverses. The proportions of 
occupants sustaining injury in curve related crashes are 13.9 percent, 8.4 percent and 0.7 
percent, respectively. Comparable proportions for crashes occurring on straight segments 
are 15.9 percent, 6.9 percent and 1.2 percent, respectively. This time frame, however, is 
the period when the fewest run-off-road crashes occur (Table 5-20). 
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Table 5-17 
Accident Type by Violations Charged by Horizontal Alignment 
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Table 5-18 
Horizontal Alignment by Violations Charged by Corrective Action Attempted 
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Table 5-19 
Horizontal Alignment by Maximum Injury Severity by Surface Condition 

Horizontal 
Alignment 

Maximum Injury 
Severity 

Surface Condition 

Wet Snow/Slush Ice Sand/Dirt/Oil 
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Table 5-20 
Horizontal Alignment by Maximum Injury Severity by Time of Day 

Horizontal 
Alinnment 

Maximum Injury 
Severity 

If Day 

12pm - 
4pm 

62.3 

11.4 

11.8 

6.0 

Curve 
No Injury / 46.4 54.9/ 59.11 55.9 

4pm - 

I // 
8pm - 

8pm 12am 

55.8 46.8 

12.6 13.6 

19.0 21.8 

9.8 11.1 

0.5 2.0 

2.3 4.6 

100.0 99.9 
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5.2.6 Internretation of Trivariate Results 

The patterns evident in the trivariate distributions support the profile previously established 
in the bivariate analyses. Briefly this profile may be summarized as follows: 

l The more severe run-off-road crashes tend to be curve related and the curve related 
crashes tend to occur in rural/suburban areas. 

+ These crashes tend to occur on dry surfaces. 

l These crashes tend to occur in the evening hours (e.g., 4 PM to 4 AM). 

* These crashes tend to be related to increased levels of alcohol consumption and to an 
increased incidence of speeding. 

Obviously, this profile of the more severe crashes does not apply to the full spectrum of run- 
off-road crashes. Briefly, there is insufficient detail in the GES file and other mass databases to 
establish a complete picture of this crash type. Additional detail concerning causal factors, driver 
actions, and crash characteristics will be developed in the clinical analyses and the engineering 
analyses documented in the subsections which follow. 

5.3 Clinical Analysis 

A sample of hard copy case reports was selected from the NASS CDS file and subsequently 
analyzed to establish a detailed profile of causal factors and crash characteristics. The selection 
process used to establish the clinical sample is described in the subsection which follows, That 
discussion is then followed by a presentation of analysis results. The format for analysis results 
parallels the format used in the statistical analysis discussion. 

5.3.1 Selection of Clinical Samole 

The project staff has conducted several clinical analyses similar to the analysis required for 
the current program. The most recent of these analyses was completed for the OMNI IVHS program 
sponsored by NHTSA and administered by the Volpe National Transportation Systems Center 
(VNTSC). In that effort, NASS CDS case reports were examined to produce a causal factor profile 
and the crash circumstances associated with the single-vehicle roadway departure crash type. This 
analysis was completed with a limited sample of 1991 NASS CDS case reports. To maintain 
consistency, the project staffproposed to use these same CDS files in the current program. We also 
suggeited that the 1993 NASS CDS tile be utilized for this purpose since use of the more recent files 
would allow comparison of analysis results over a three-year period. 

When the target crash population was identified, as described in Section 3, a listing of the 
accident types comprising that population was submitted to the NHTSA COTR. Specifically, the 
target crash population consisted of the GES accident category “Single Driver” and accident 
configurations “Right Roadside Departure”, “Left Roadside Departure”, and “Forward Impact”. The 

68 



accident typing scheme used in the NASS CDS and GES delineates accident types within these 
configurations. This allows crashes to be grouped by specific characteristics. With the target crash 
population established, the GES variable values could then be used to scan the 1993 CDS file for 
matching cases. To allow flexibility in sample selection, a listing of all relevant cases in the 1993 CDS 
file was requested. The search specification for the NASS CDS database was as follows: 

CDS Zone Center: 1 or2 

Quarter: 1, 2, or 3 

Accident Type: 01, 02,03,04, 05, 06, 07, 08, 09, 10, 11, 12, 14, 15, 16 

In response to submission of the search request, NHTSA produced a listing of all 1993 NASS 
CDS cases that conformed to the above restrictions. This listing contained a total of 105 1 cases. Of 
this total, 555 cases were classified as right roadside departure configurations, 391 cases were left 
roadside departure configurations, and 105 were forward impact configurations. This distribution 
of NASS CDS cases did not closely parallel the profile observed in the GES file for 1992 as 
illustrated in Table 5-2 1. 

Table 5-21 
Comparison of GES and NASS 

Crash Configuration Distribution 

Crash Configuration 1992 GES 1993 NASS CDS 

Right Roadside Departure 45.90% 52.8% 

Left Roadside Departure 31.90% 37.20% 

Forward Impact 22.20% 9.99% 

Total 100.00% 100.00% 

Underrepresentation of the forward impact configuration in the NASS CDS file is associated 
with the nature ofthese crashes. As indicated in the discussion of statistical analysis results, forward 
impacts tend to be the least severe crashes, in terms of injury consequence, of the three configurations 
under consideration. Since NASS oversamples more severe crashes, this crash configuration will be 
underepresented (i.e., the underrepresentation is inherent in the NASS sampling design). 

In this case, the sample design problem was fkther compounded by the fact that most of the 
forward impact cases specified in the listing were crashes that occurred on the roadway and were, 
therefore, not applicable to the current effort. The project staff initially selected a clinical sample of 
234 cases. Following deletion of not applicable cases, the final analysis sample contained 201 cases. 
The distribution of this sample with respect to crash configuration is as follows: 
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Crash Configuration Cases Samule Pronortion (Oh) 

Right Roadside Departure 106 52.74 
Left Roadside Departure 88 43.78 
Forward Impact 7 3.48 

201 100.00 

While the final sample composition profile does not match the GES profile, we believe that 
the degrees of under-and over-representation in this sample are within acceptable limits. The 
overrepresentation of the more severe right and left roadside departure crashes will require 
application of a weighting scheme to all clinical analysis results. The intent here will be to 
compensate for the injury severity bias of the selected sample. The specific weighting schemes 
applied to the clinical analysis distributions are provided in Appendix B. 

Other factors considered in the sample selection process were regional diversity and time of 
year. These factors were considered to be less critical to the selection process since the program was 
limited to using cases generated in the first three quarters of 1993 and, therefore, an unbalanced 
sample could not be avoided. After examining the range of conditions in the final sample, the project 
stafF believes that the first three quarters of data provides the IX1 range of environmental conditions 
typically associated with a complete data collection year. The distribution of sample cases with 
respect to Zone Center (e.g., regional diversity) is as follows: 

Zone Center 1: 
Zone Center 2: 

123 cases 
78 cases 

201 cases 

The predominance of Zone Center 1 cases in the sample is due to logistical, as well as sample 
balance considerations. Calspan operates Zone Center 1 for the National Accident Sampling System. 
Therefore, we have more unrestricted access to Zone Center 1 case material as compared to Zone 
Center 2 (operated by Indiana University) since the latter case material can only be accessed at the 
NASS data storage contractor. Calspan did review the entire clinical case sample from both Zone 
Centers at the storage contractor in response to a NHTSA request to verity values for the cluster of 
collision avoidance variables. We believe that the final clinical sample reflects regional diversity since 
no major regional differences were detected in the cases reviewed. 

5.3.2 Summary of Univariate Distributions 

Univa.riate distributions produced from the clinical sample have been converted to graphical 
displays and a tabular format. These displays are provided as Figures 5-10 to 5-21 and the tabular 
format is provided as Table 5-22. Major points deriving from the displays and the table may be 
summarized as follows: 

l As indicated in the discussion in Section 5.3.1, the left roadside departure and right 
roadside departure crash configurations dominate the clinical sample: Within these 
configurations, control/traction loss crashes (27.4 percent-left and 29.9 percent-right) are 
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the most prevalent accident types. Drive off road crashes (11.8 percent-left and 19.7 
percent-right) also comprise a significant portion of the sample (Figure S-10). 

. Most of the run-off-road crashes contained in the clinical sample occur on trafficways that 
are not divided (66.3 percent) and which are comprised oftwo travel lanes (62.2 percent). 
The relative proportions of divided roadways and multi-lane roadways exceed the 
proportions noted in the GES database (Figure 5-l 1). 

l Most of the run-off-road crashes contained in the clinical sample occur on curved 
roadway segments (58.1 percent) and on roadway segments where a vertical grade (54.2 
percent) is present (Figure 5- 12). 

l Most of the run-off-road crashes contained in the clinical sample occur on dry roadway 
segments (63.1 percent). Wet surfaces (23.7 percent) and snow/ice covered surfaces 
(13.1 percent) also comprise a significant proportion of the sample (Figure 5- 13). 

l Crashes occurring during daylight hours comprise 48.7 percent of the clinical sample. 
Most of the crashes occur during periods of darkness (5 1.3 percent) with 3 1.1 percent 
occurring without artificial lighting and with 20.2 percent occurring in locations where 
the roadway was lighted (Figure 5-14). 

l Most of the run-off-road crashes contained in the clinical sample occur in settings where 
the ambient weather conditions are clear (64.4 percent). Rainy environments (20.1 
percent) and snow conditions (9.5 percent) also comprise a significant proportion of the 
sample (Figure 5-l 5). 

l Most drivers in this sample do not attempt a pre-crash avoidance maneuver (41.5 
percent). Of those drivers who initiate avoidance maneuvers, the most common actions 
are steering (23.2 percent), braking and steering (14.2 percent), and braking only (11.8 
percent). These rates are considerably higher than similar rates contained in the GES 
database (Figure 5- 16). 

l Figures 5-17 to 5-20 are graphical displays pertaining to the remaining four collision 
avoidance cluster variables (attempted avoidance maneuvers are described in Figure 
5-16). Key aspects of these displays may be summarized as follows: 

Figure 5-17 
The pre-event movement of most drivers was either going straight (40.2 percent) or 
negotiating a curve (40.2 percent). 

Figure 5-18 
The most common critical precrash events are lane/roadway departure (48.6 percent) 
and loss of vehicle control (37.7 percent). 
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Figure 5-19 
For those drivers initiating avoidance maneuvers, the most common vehicle states 
following the maneuvers are skidding (24.7 percent) and tracking (23.3 percent). 

Figure 5-20 
For those drivers initiating avoidance maneuvers, the most common consequence of 
the maneuver is roadway departure (48.6 percent). 

l There is a wide range of causal factors associated with the clinical sample. The most 
prevalent factor is vehicle speed (32.0 percent) followed by relinquished steering control 
(20.1 percent), lost directional control (16.0 percent), evasive maneuver (15.7 percent), 
and driver inattention (12.7 percent). Vehicle failures (3.6 percent) are a relatively minor 
contributor to the causal profile (Figure 5-21). 

A more detailed distribution of these causal factors is provided in tabular format in Table 
5-22. 

5.3.3 Interpretation of Univariate Results 

The presence of the drive off road accident type within the left and right roadside departure 
configurations (Figure 5-10) minimizes the impact of the very small proportion of forward impacts 
included in the clinical sample. As indicated in discussions in Sections 3.1 and 3.2, the forward 
impact accident type is very similar to the drive off road accident type in many respects. Previous 
work indicates that the causal factors associated with these accident types are also similar with each 
accident type having relatively high rates of driver inattention and relinquishing steering control. 
Therefore, the risk of missing causal factor types or crash characteristics associated with the forward 
impact configuration is minimal. 

The incidence rates noted for the control/traction loss accident type associated with left 
roadside departure crashes (27.4 percent) and right roadside departure crashes (29.9 percent), in 
Figure 5-10, exceed corresponding rates noted in the GES target crash population (14.4 percent and 
18.6 percent, respectively). These elevated rates are associated with the relatively high proportion 
of cases in the clinical sample that were selected from the first data collection quarter. The project 
stti is aware of the unbalanced nature of the sample. 

The proportions of crashes occurring on non-divided two lane roadways (Figure 5-l l), on 
curved roadway segments (Figure 5-12), and in periods of darkness (Figure 5-14) exceed the values 
for corresponding proportions noted in the GES database. These increased incidence rates in the 
clinical sample are consistent with the higher severity level of the NASS CDS file as compared to the 
GES file. Specifically, the larger proportions in the clinical database reflect increased proportions’of 
crashes occurring on curved two lane rural roadways during periods of darkness. 
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Accident Types in Run-Off-Road Crashes 

Left Roadside Departure 
Drive Off Road 

Control/Traction Loss 

Avoid Collision 

Right Roadside Departure 
Drive Off Road 

2: Control/Traction Loss 

Avoid Collision 

Forward Impact 
Parked Vehicle 

Stationary Object 

End Departure 

Weighted Percentages 

Accident Types 

20.0 40.0 60.0 

Weighted Percentages 

80.0 100.0 

Figure 5-l 0 



Roadway Characteristics of Run-Off-Road Crashes 
Weighted Percentages 

Type of Trafficway 

Not Divided -- 667-, 

I A&Unknown -- 0.1% 

No. of Travel Lanes 

Two -- 62.2% 
Six or More -- 4.5% 

Three -- 12.9% 

Figure 5-l I 



Roadway Alignment in Run-Off-Road Crashes 
Weighted Percentages 

Horizontal Alignment 

y-qht -- 41.9% 

Curve Left -- 16.2% 

4 LJl 

Curve Right -- 41.9% 

Vertical Alignment 

r Level -- 45.6% 

Figure 5-l 2 



Surface Condition in Run-Off-Road Crashes 
Weighted Percentages 

Dry -- 63.1% 

--Unknown -- 0.1% 

-- 13.1% Snow (slush/ice) 

Wet -- 23.7% 

Figure 5-l 3 



Lighting Condition in Run-Off-Road Crashes 
Weighted Percentages 

Daylight -- 48.7% 

I 

Unknown -- 0.1% 

Artificial Lighting -- 20.2% 

No Artificial Lighting 31.1% 

Figure 5-l 4 



Ambient Weather Condition in Run-Off-Road Crashes 
Weighted Percentages 

Clear -- 64.4% 

\ 

Snow (sleet/hail) -- 9.5% 

0.8% 

.- 4.5% 

Rain -- 20.1% 

Figure 5-l 5 



Attempted Avoidance Maneuver in Run-Off-Road Crashes 

None 

Braking I 11.8 

Steering 

Braking & 
Steering 

Accelerating 

Unknown 

Weighted Percentages 

Avoidance Maneuver (GVI 4) 

0.0 20.0 40.0 60.0 

Weighted Percentages 

Figure 5-l 6 

80.0 100.0 



Pre-Event Movement in Run-Off-Road Crashes 
Weighted Percentages 

Pre-Event Movement (GV64) 

Going Straight 

Slowing/Stopping 

Starting 

Passing 

Turning 

Negotiating a Curve 

Changing Lanes 

Merging 

Avoidance Maneuver to 
Previous Critical Event 

0.0 20.0 40.0 60.0 

Weighted Percentages 

80.0 100.0 

Figure 5-l 7 



Critical Precrash Event in Run-Off-Road Crashes 

Loss of 
Vehicle Control 

Lane or Roadway 
Departure 

Other Vehicle in Lane 

Other Vehicle 
Encroaching into Lane 

Animal in Roadway 

Other 

Weighted Percentages 

Critical Precrash Event (GV 65) 

t I I 
1 

I I 
, I 

37.7 
I 

I 

I 

/ 

, 

, 

I I 

40.0 60.0 

Weighted Percentages 

80.0 100.0 

Figure 5-l 8 



Precrash Stability After Avoidance Maneuver in Run-Off-Road Crashes 

Weighted Percentages 

Precrash Stability (GV 66) 

No Avoidance Maneuver 41.4 

Tracking 

Skidding 

I / 

Other/Unknown 

El 

10.7 

0.0 20.0 40.0 60.0 

Weighted Percentages 

Figure 5-l 9 

80.0 100.0 



Precrash Directional 

No Avoidance Maneuver 

Stayed in Travel Lane 

Left Travel Lane 

Departed Roadway 

Unknown 

Consequences of Avoidance Maneuver in Run-Off-Road Crashes 

Weighted Percentages 

Precrash Directional Maneuver (GV 67) 

41.4 

0.1 I I 0 I 

0.7 

1 48.6 

0.0 40.0 60.0 

Weighted Percentages 

80.0 100.0 

Figure 5-20 



Causal Factors in Run-Off-Road Crashes 
Weighted Percentages 

Causal Factors 

Driver Inattention 

Driver Relinquished 
Steering Control 

Evasive Maneuver 

Lost Directional Control 

Vehicle Failure 

Vehicle Speed 

0.0 20.0 40.0 60.0 

Weighted Percentages 

80.0 100.0 

Figure 5-2 1 



Table 5-22 
Causal Factor Distribution 

Causal Factor 

Driver Inattention 

Drifted Off Roadway/Travel Lane 

Steered Off Roadway Retrieving Object 

Weighted Percent 

9.96 

1.64 

Engine 

Tire Blowout 

Other 

Subtotal 

1.47 

0.80 

1.37 

3.64 

Vehicle Speed 

Excessive 8.23 

Speed and Alcohol ! 11.96 

Speed and Driver Inexperience 3.66 

Unsafe Driving Act 4.56 

Other 3.59 

Subtotal 31.99 

Total 100.00 

85 



The collision avoidance cluster variables reported in Figures 5-16 to 5-20 were recoded by 
the project stafT due to a relatively high error rate detected in the original case reports submitted by 
the NASS PSU teams. In addition to correcting errors, the project staff also recoded these variables 
to suit an internal project definition. Specifically, these variables were recoded in relation to the point 
of initial roadway departure as opposed the area where the crash occurred. The complete set of 
recoded cluster variables is provided in Volume II. The variables applicable to each case are 
summarized on the coded variable cover sheet provided for each case. 

As reported in Figures 5-16 to 5-20, the proportion of drivers initiating avoidance maneuvers 
in the cliical sample is significantly higher than corresponding proportion in the GES database. As 
a result, the proportions for specific actions initiated by drivers also differ significantly between the 
clinical sample and GES database. We do not believe that any significance should be placed on these 
differences since the GES database may contain error patterns similar to those detected in the initial 
coding sequences submitted with the CDS case reports. We also firmly believe that the revised 
clinical coding schemes as indicated in Figure 5-16 to 5-20 are correct. 

The clinical analysis team reviewed the sample of NASS CDS hard copy case reports to 
determine the causal factors associated with each crash. The case elements most essential to the 
analysis procedure were: 

l Police Accident Reports (PARS) 
l Driver statements 
l Witness statements (when available) 
l Scaled schematics depicting crash events and physical evidence generated during the crash 

sequence 
l Case slides documenting the physical plant, physical evidence, and damage sustained by 

case vehicles 

Each of the case elements shown in the above listing had approximately the same degree of 
importance or relevance in the causal factor analysis process. Specifically, no one case element was 
more or less germane to the causal determination than other listed elements. Information was 
typically extracted from each case element and then weighed against or compared to the information 
content of other case elements. The final causal factor determination most commonly represented 
a consensus of the information extracted from each case element. 

The causal factor analysis conducted for this effort was also an independent assessment of 
available information. Analysts did not merely accept and document police reported information and 
driver statements. These data inputs were evaluated against the physical evidence generated by crash 
events and in the total context of the crash environment. In a number of instances, the analyst’s 
interpretation of crash events and contributory causal factors differed with police reported 
information. While these clinical assessments were subjective in nature, the degree of subjectivity was 
less than the levels associated with the oflen biased description provided by crash involved drivers. 
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5.3.4 Summary of Bivariate Distributions 

Bivariate distributions produced during this analysis effort are presented as tabular formats 
in Table 5-23 to 5-39. Major points indicated by these distributions may be summarized as follows: 

. Tables 5-23 to 5-26 examine the relationship between horizontal alignment, surface 
condition, accident type, and causal factors with respect to injury severity. An 
explanation of table formats is essential at this point. These formats are exactly reversed 
from the anticipated or most informative layouts. For example, in Table 5-23 it would be 
more informative is to examine maximum injury severity by horizontal alignment. This 
type of format would allow injury patterns to be examined within crashes occurring on 
straight and curved segments and would allow subsequent comparison of patterns 
between these alignment categories. Unfortunately, the weighting scheme applied to the 
clinical sample is based on and derived from injury severity. Therefore, any format where 
injury severity is in the lefl vertical portion of the table, results in distributions which are 
identical to the weighting scheme (e.g., injury data is being weighted by injury data). Due 
to this problem, table formats must be reversed as shown in Tables 5-23 to 5-26. The 
project team recognizes that the formats, as presented, provide less insight than might be 
anticipated. 

The net effect of the weighting scheme, when applied to the clinical sample, is to reduce 
the severity bias associated with crashes occurring on dry surfaced curves. This severity 
bias was one of the findings of the statistical analysis discussed in Section 5.2. In view 
of this circumstance, Tables 5-23 to 5-26 are presented without comment. Raw data 
tables, constructed with unweighted data frequencies are presented and discussed in 
Appendix A. The weighting schemes applied to clinical analysis outputs are provided in 
Appendix B. 

l In the horizontal alignment by accident type distribution, there is considerable variability 
between lefl and right roadside departure crashes. Most left roadside departure crashes 
occur on curves (58.3 percent) and most right roadside departure crashes occur on 
straight segments (60.5 percent). This pattern differs significantly from the GES data 
(Table 5-5) where both configurations demonstrated similar distributions and where 
crashes occurring on straight segments dominated both configurations (Table 5-27). 

This same variability is evident in Table 5-27A which provides an expanded version of the 
accident type categories. The incidence rates for crashes occurring on straight roadway 
segments peak in the Avoid Collision type (65.3 percent) for left roadside departure 
crashes and in the Drive Off Road type (69.8 percent) for right roadside departure 
crashes. Similarly, incidence rates for crashes occurring on curved roadway segments 
peak in the Control/Traction Loss type (64.6 percent) for left roadside departure crashes 
and in the Avoid Collision type (47.8 percent) for right roadside departure crashes. 

A horizontal tabulation format for this distribution is provided in Table 5-27B. The 
pattern evident in Table 5-27 is also evident here. Specifically, the largest proportion of 
crashes occurring on straight segments (60.6 percent) is associated with the right roadside 
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departure accident type. The largest proportion of crashes occurring on curved segments 
(54.4 percent) is associated with the 1eR roadside departure accident type. 

l Significant differences are again noted in the surface condition by accident type 
distribution. Incidence rates for dry surface conditions dominate the distributions for both 
left (55.3 percent) and right (67.2 percent) roadside departure crashes. There is, 
however, a relatively large difference between these proportions. Similarly, the incidence 
rate for wet road surface conditions in left roadside departure crashes (33.7 percent) is 
nearly double the rate (17.2 percent) noted for right roadside departure crashes (Table 
5-28). 

Table 5-28A provides an expanded version of the accident type categories for this same 
distribution. Incidence rates for dry surface conditions peak in the Avoid Collision type 
(100.0 percent) for 1eR roadside departure crashes and in the Drive Off Road type (72.0 
percent) for right roadside departure crashes. Incidence rates for wet road surface 
conditions peak in the Drive Off Road type (51.6 percent) for left roadside departure 
crashes and in the Avoid Collision type for right roadside departure crashes. The very 
high incidence rates for dry surface conditions in the Control/Traction Loss type for both 
left (52.2 percent) and right (63.3 percent) roadside departure crashes is symptomatic of 
the involvement of relatively high travel velocities. 

A horizontal tabulation format for this distribution is provided in Table 5-28B. The 
patterns evident in Table 5-28 are also evident here. Specifically, the highest proportion 
of crashes occurring on dry surface conditions (58.0 percent) and the highest proportion 
of crashes occurring on snow (slush/ice) covered surface conditions (66.7 percent) are 
associated with the right roadside departure accident type. The highest proportion of 
crashes occurring on wet surface conditions (60.5 percent) is associated with the left 
roadside departure accident type. 

l Significant differences are also apparent between left and right roadside departure crashes 
in the attempted avoidance maneuver by accident type distribution. The incidence rate 
for no attempted avoidance maneuver for right roadside departure crashes (54.8 percent) 
is more than double the rate noted for left roadside departure crashes (22.9 percent). In 
left roadside departure crashes, 69.1 percent of the subject drivers braked, steered, or 
braked and steered. This proportion is more than double the rate noted for drivers in right 
(34.4 percent) roadside departure crashes (Table 5-29). 

l In the time by accident type distribution, the proportion of crashes occurring peaks in the 
3 PM to 6 PM time frame (17.9 percent-left and 19.1 percent-right). The remainder of 
the pattern is less consistent than was noted in the GES data (Table 5-30). 

- In the light condition by accident type distribution, the profiles for 1eR and right roadside 
departure crashes are reasonably similar. In both profiles, the incidence rates for no 
artificial lighting (3 1 .O percent-left and 28.9 percent-right) exceed the incidence rates for 
artificial lighting (18.1 percent-left and 22.7 percent-right) during periods of darkness. 
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This implies that a substantial proportion of the crashes in the clinical sample are 
occurring in rural environments (Table 5-3 1). 

l In the causal factor by accident type distribution, there are significant differences between 
the profiles for left and right roadside departure crashes. The most frequently occurring 
causal factors for left roadside departure crashes are vehicle speed (43.6 percent) 
followed by evasive maneuvers (22.0 percent) and lost directional control (15.9 percent). 
This same profile for right roadside departure crashes is driver relinquished steering 
control (27.7 percent) followed by vehicle speed (22.8 percent) and driver inattention 
(18.1 percent). These difEerences between the causal factor profiles for the left and right 
roadside departure crashes are very important. Previous work performed by the project 
staffindicates that each causal factor type has an associated set of vehicle states, driver 
states, and driver actions and that these subsets of factors differ between causal factor 
types. Therefore, the differences noted between the profiles discussed here imply that 
there will be significant differences between these crash configurations with respect to 
dynamic situation factors. This issue will be explored and resolved in the engineering 
analysis section (Table 5-32). 

A horizontal tabulation format for this distribution is provided in Table 5-32A. The 
largest proportion of crashes in the evasive maneuver (63.8 percent), vehicle failure (83.7 
percent), and vehicle speed (60.0 percent) causal factor categories are associated with the 
left roadside departure accident type. The largest proportions of crashes in the driver 
inattention (77.1 percent), driver relinquished steering control (75.5 percent), and lost 
directional control (61.5 percent) causal factor categories are associated with the right 
roadside departure accident type. 

l The variability noted in the preceding table is also apparent in the causal factor by 
horizontal alignment distribution. The primary causal factor for crashes occurring on 
curved and straight segments is vehicle speed (38.7 percent-curve and 26.1 percent- 
straight). The difference in magnitude between these incidence rates, however, is 
relatively large. The second most frequently occurring causal factor for crashes on 
straight segments is evasive maneuver (20.0 percent) and the incidence rate for this causal 
factor is nearly double the rate noted for crashes on curved segments (10.8 percent). 
Similarly, the second most frequently occurring causal factor for crashes on curved 
segments is driver relinquishes steering control (24.8 percent) and this incidence rate is 
substantially larger than the rate (16.0 percent) associated with crashes on straight 
segments (Table 5-33). 

A horizontal tabulation format for this distribution is provided in Table 5-33A. The 
largest proportions in the driver relinquished steering control (62.5 percent), vehicle 
failure (64.2 percent), and vehicle speed (56.7 percent) causal factor categories are 
associated with crashes that occur on straight roadway segments. The largest proportions 
in the driver inattention (65.7 percent), evasive maneuver (66.8 percent), and lost 
directional control (61.9 percent) causal factor categories are associated with crashes that 
occur on curved roadway segments. 
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Y Similar order of magnitude differences are noted in the causal factor by surface 
condition distribution. The most frequently occurring causal factor for dry and wet 
surface conditions is vehicle speed (32.6 percent-dry and 33.1 percent-wet). For 
snow/ice covered surfaces, the most frequently occurring causal factor is lost 
directional control (62.7 percent). The second highest incidence rate for this same 
surface condition is vehicle speed (23.8 percent) and the incidence rate of this factor 
is lower than the rates associated with dry or wet surfaces. Similarly, the second most 
frequently occurring factor for dry surfaces is driver relinquished steering control 
(24.3 percent) and this incidence rate is substantially higher than corresponding rates 
associated with wet (15.3 percent) or snow/ice (10.5 percent) covered surfaces. 
Finally, the second most frequently occurring factor for wet surfaces is evasive 
maneuver (25.9 percent) ,and this incidence rate is substantially higher than 
corresponding rates associated with dry (13.5 percent) or snow/ice (3 .O percent) 
covered surfaces (Table 5-34). 

A horizontal tabulation format for this distribution is provided in Table 5-34A. Dry 
surfaces predominate the distributions for the driver inattention (100.0 percent), driver 
relinquished steering control (78.5 percent), evasive maneuver (56.1 percent), vehicle 
failure (100.0 percent), and vehicle speed (64.6 percent) causal factor categories. Wet 
surfaces (41 .O percent) comprise a significant proportion of the distribution for the 
evasive maneuver category. Snow (slush/ice) covered surfaces (56.6 percent) 
predominant the distribution for the lost directional control category. Wet surfaces (34.8 
percent) also comprise a significant proportion of this distribution. 

. In the causal factor by lighting condition distribution, the highest incidence rates in the 
daylight condition are vehicle speed (32.4 percent) followed by evasive maneuver (22.3 
percent). The highest incidence rates for the artificial lighting condition are vehicle speed 
(33.6 percent) followed by driver relinquished steering control (24.8 percent). 
Corresponding rates for the no artificial lighting condition are driver relinquishes steering 
control (42.8 percent) followed by vehicle speed (29.3 percent). The very low incidence 
rate of driver relinquished steering control (6.1 percent) in the daylight condition reflects 
the lower incidence of gross intoxication during this time frame (Table 5-3 5). 

A horizontal tabulation format for this distribution is provided in Table 5-35A. Daylight 
conditions predominate the distributions for five of the six causal factor categories (i.e., 
driver inattention - 53.3 percent, evasive maneuver - 73.1 percent, lost directional control 
- 65.0 percent, vehicle failure - 93.9 percent, and vehicle speed - 49.9 percent). The no 
artificial lighting condition (65.7 percent) predominates the distribution for the driver 
relinquished steering control category. 

l In the causal factor by attempted avoidance maneuver distribution, major variances are 
again noted between causal factors within the attempted avoidance maneuver categories. 
In the no avoidance maneuver attempted category, the highest incidence rates are 
associated with driver relinquished steering control (42.1 percent) and driver inattention 
(23.5 percent). Corresponding rates in the braking category are associated with vehicle 

90 



. 

the highest incidence rates are associated with vehicle speed (46.3 percent) and evasive 
maneuver (27.0 percent). Corresponding rates in the braking and steering category are 
associated with evasive maneuver (58.2 percent) and vehicle speed (22.3 percent). Rates 
in the accelerating category reflect the very small number of drivers initiating this 
maneuver (Table 5-36). 

A horizontal tabulation format for this distribution is provided in Table 5-36A. The 
largest proportion of crashes for the driver inattention (76.7 percent), driver relinquished 
steering control (88.6 percent), and vehicle failure (66.2 percent) causal factor categories 
are associated with the no attempted avoidance maneuver designation. The largest 
proportion of crashes in the evasive maneuver category are associated with braking and 
steering (51.9 percent) and steering (45.6 percent) actions. There are no predominant 
actions for the lost directional control and vehicle speed categories are, however, the 
largest proportions in these categories associated with steering (32.5 percent and 30.9 
percent, respectively) actions. 

Incidence rates for attempted avoidance maneuvers initiated in crashes occurring on 
straight and curved segments again differ appreciably. The highest incidence rate within 
both alignment types is associated with steering actions (18.6 percent-straight and 28.3 
percent-curve). The second highest incidence rate for straight segments (18.1 percent) 
is associated with braking and steering actions and the second highest incidence rate for 
curved segments (14.9 percent) is associated with braking actions. All of these 
proportions are considerably higher than comparable proportions observed in the GES 
database (Table 5-37). 

l The variability noted in the preceding table is again evident in the attempted avoidance 
maneuver by surface condition distribution. The highest incidence rates of attempted 
avoidance maneuvers within the dry and wet surface condition categories are associated 
with steering actions (20.5 percent-dry and 35.8 percent-wet). For snow/ice covered 
surfaces, the highest incidence rate is associated with braking (14.9 percent). The second 
highest rate is associated with braking (15.0 percent) for dry surfaces and with braking 
and steering (18.3 percent-wet and 12.0 percent-snow/ice) for wet and snow/ice covered 
surfaces (Table 5-38). 

- The pattern evident in the attempted avoidance maneuver by lighting condition again 
demonstrates variability across the lighting condition categories. The highest incidence 
rates in all three conditions are associated with steering actions (28.8 percent-daylight, 
20.2 percent-artificial lighting, and 17.3 percent-no artificial lighting). The second highest 
rate in the daylight condition is associated with braking and steering actions (23.5 
percent) and corresponding rates within the artificial lighting (20.1 percent) and no 
artificial lighting (13.5 percent) categories are associated with braking actions (Table 5- 
39). 
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Table 5-23 
Horizontal Alignment by Maximum injury Severity 

Table 5-24 
Surface Condition by Maximum Injury Severity 

htface Condition 

Tota 

No Injury 

62.1 

23.: 

14.t 

OS 

1oo.t 

Maximum lniurv Severitv 

Non- 

Possible injury incapacitating incapacitating 
Injury Injury 

42.11 74.11 72.C 

100.0 100.0 1oo.c 

Table 5-25 
Accident Type by Maximum Injury Severity 

Accident Type 

- 

1 ,I - 

Fa tat injury 

84.; 

No Injury 

Maximum Injury Severity 
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Table 5-26 
Causal Factor by Maximum Injury Severity 

I Maximum lniurv Severitv 

Non- 

No Injury Possible Injury incapacitating Incapacitating I-C..-. Fatal Injury 

Vehicle Speed 32.6 26.3 33.3 28.0 57.s 

h Total 100.0 100.0 100.0 100.0 lOO.( 
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Table 5-27 
Horizontal Alignment by Accident Type - 

I I - 

Horizontal 
Alignment 

Straight 

Left Roadside De 

---l- 

Drive Off Control/ 
Road Traction 

Loss 

Curve 55.51 64.E 

l- Total lOO.Ol 1oo.c 

Accident Tvoe 

Left Roadside Right Roadside Forward Jmpac t 
Departure Departure 

41.7 60.5 97.f 

58.3 39.5 3.t 

100.0 100.0 1oo.t 

Table 5-27A 
Horizontal Alignment by Accident Type 

t 

c 

; 

) 
- 

rrture 

A void 
Collision 

65.2 

34.7 

1oo.c 

Accident Twe 

Right Roadside D 

69.8) 57. 

30.31 42.! 

100.01 1 OOJ 

,eP larture Forward lmoact 

-l- A void Parked 
Collision Vehicle 

100.0 100.0 

--7--- 
Stationary End 

Object Departure 

Table 5-27B 
Horizontal Alignment by Accident Type 
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Table 5-28 
Surface Condition by Accident Type 

Surface Condition 

DrY 

Wet 

Sn o w (slush/ice) 

Unknown 

Total 

Departure 

55.3 

33.7 

10.9 

0.2 

100.0 

Accident Type 

Right Roadside Forward Impact 
Departure 

67.2 94.1 

17.2 5.: 

.,og:: 
Table 5-28A 

Surface Condition by Accident Type 

Forward Impact 

bow 
slush//eel 0.9 15.6 0.0 0.0 29.3 0.0 0.0 0.0 0.c 

lnkno wn 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.c 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1oo.c 

Table 5-28B 
Surface Condition by Accident Type 
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Table 5-29 
Attempted Avoidance Maneuver by Accident Type 

Table 5-30 
Time of Day by Accident Type 

Table 5-31 
Light Condition by Accident Type 
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Table 5-32 

1 

Causal Factor by Accident Type 

I 

Left Roadside Right Roadside 
DeDarture DeDarture Causal Factor 

II Driver inattention 6.31 18.1 

Accident Type 

Driver Relinquished Steering Control 7.1 27.7 

Evasive Maneuver 22.0 12.5 

II~--~-- Lost Directional Control I 15.91 16.4 

Vehicle Failure 5.1 2.6 

Vehicle Speed 43.6 22.8 

ti Total 100.0 100.0 

Table 5-32A 
Causal Factor by Accident Type 

Forward lmpac t 

1.9 

80.5 

0.0 

3.0 

3.0 

11.7 

100.0 

m 

C 
C 

L 

E 

L 

1 

1 

Causal Factor 
kiver Inattention 

Wiver Relinquished Steering Control 

Gasive Maneuver 

ost Directional Control 37.81 61.51 0.71 100.1 

lehicle Failure 

lehicle Speed 

9 Tot: 
Left Roadside Right Roadside Forward 

22.4 77.1 0.4 99.! 

14.8 75.5 9.8 100.’ 

63.8 36.2 0.0 100.1 

83.7 14.3 2.0 1oo.i 

60.0 38.0 2.0 100.1 
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Table 5-33 
Causal Factor by Horizontal Alignment 

Table 5-33A 
Causal Factor by Horizontal Alignment 

98 



Table 5-34 
Causal Factor by Surface Condition 

Table 5-34A 
Causal Factor by Surface Condition 
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Table 5-35 
Causal Factor by Liijhting Condition 

Table 5-35A 
Causal Factor by Lighting Condition 

Evasive Maneuver 73.1 8.9 17.2 0.8 100.0 

Lost Directional Control 65.0 21.2 13.8 0.0 100.0 

Vehicle Failure 93.9 6.2 0.0 0.0 100.1 

Vehicle Speed 49.9 21.0 29.1 0.0 100.0 
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Table 5-36 
Causal Factor by Attempted Avoidance Maneuver 

Attempted Avoidance Maneuver 
Braking i? 

Causal Factor None Braking Steering Steering Accelerating 

Driver Inattention 23.5 0.0 6.2 1.7 0.0 

Driver Relinquished Steering Control 42.1 0.0 3.2 1 .o 0.0 

Evasive Maneuver 0.0 3.1 27.0 58.2 0.0 

Lost Directional Control 10.2 21.4 14.6 16.2 100.0 

Vehicle Failure 3.7 7.3 2.7 0.5 0.0 

Vehicle Speed 20.5 68.2 46.3 22.3 0.0 

Total 100.0 100.0 100.0 100.0 100.0 

Table 5-36A 
Causal Factor by Attempted Avoidance Maneuver 
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Table 5-37 
Attempted Avoidance Maneuver by Horizontal Alignment 

Table 5-38 
Attempted Avoidance Maneuver by Surface Condition 

Table 5-39 
Attempted Avoidance Maneuver by Lighting Condition 



5.35 Internretation of Bivariate Results 

The injury severity weighting scheme problem associated with Tables 5-23 to 5-26 is real, but 
should not be overemphasized. As indicated in the discussion and comparable unweighted tables 
presented in Appendix A, the clinical sample is unquestionably comprised of severe crashes. Since 
NASS oversamples this severity level, even the crashes occurring on straight roadway segments tend 
to result in severe injury consequences. As a result, many of the injury related patterns established 
in the statistical analysis sequence are masked in the clinical sample. The statistical profile is correct 
as presented. 

A more germane question at this point is whether or not the clinical sample is representative 
with respect to the statistical profile and the national crash population. The clinical sample is certainly 
not representative in terms of crash severity, however, we believe that the sample is representative 
in all other major respects. Lower severity level crashes are included in the sample and a careful 
review of crash circumstances/characteristics indicates that the full range of these parameters is 
included in available case material. 

The variability demonstrated in Tables 5-27 to 5-39 indicates that there are substantial 
differences between subgroups of crashes within the run-off-road crash population. This is 
particularly evident in those distributions addressing relationships between causal factors and crash 
characteristics and again in distributions addressing relationships between attempted avoidance 
maneuvers and crash characteristics. One of the primary objectives of the engineering analysis will 
be to examine situational circumstances within groups of similar crashes to more precisely delineate 
the relationships indicated by the clinical analysis effort. 

5.3.6 Summarv of Trivariate Distributions 

Trivariate distributions produced during this analysis effort are presented as tabular formats 
in Tables 5-40 to 5-45. Major points indicated by the distributions may be summarized as follows: 

l The patterns evident in the accident type by causal factor by attempted avoidance 
maneuver distribution are very distinctive. When no avoidance maneuver is attempted by 
the driver, the most frequently occurring causal factors in lefi roadside departure crashes 
are vehicle speed (48.6 percent), vehicle failure (21.4 percent), and driver relinquished 
steering control (16.7 percent). For right roadside departure crashes, the most frequently 
occurring causal factors in this same circumstance are driver relinquished steering control 
(44.3 percent), driver inattention (30.2 percent), and vehicle speed (16.2 percent). 

When the driver initiates a braking action, the most frequently occurring causal factors 
in left roadside departure crashes are vehicle speed (75.8 percent) and lost directional 
control (24.2 percent). For right roadside departure crashes, the most frequently 
occurring causal factors in this same circumstance are vehicle failure (45.5 percent) and 
evasive maneuver (43.5 percent). 
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When the driver initiates a steering action, the most frequently occurring causal factors 
in 1eR roadside departure crashes are vehicle speed (37.2 percent) and evasive maneuver 
(34.0 percent). For right roadside departure crashes, the most frequently occurring causal 
factors in this same circumstance are vehicle speed (57.8 percent) and lost directional 
control (23.8 percent). 

When the driver initiates braking and steering actions, the most frequently occurring 
causal factors in left roadside departure crashes are evasive maneuver (77.4 percent) and 
vehicle speed (13.0 percent). For right roadside departure crashes, the most frequently 
occurring causal factors in this same circumstance are evasive maneuver (5 1.3 percent), 
vehicle speed (25.4 percent), and lost directional control (23.4 percent). 

Due to the very small number of cases associated with the acceleration evasive maneuver, 
this category is not addressed (Table 5-40). 

l Patterns in the accident type by causal factor by horizontal alignment distribution are 
again very distinctive. When crashes occur on straight roadway segments, the most 
frequently occurring causal factors in left roadside departure crashes are evasive 
maneuver (37.5 percent), vehicle speed (26.3 percent), and lost directional control (25.3 
percent). For right roadside departure crashes, the most frequently occurring causal 
factors in this same circumstance are vehicle speed (26.0 percent), driver inattention (24.7 
percent), and driver relinquished steering control (17.5 percent). 

When crashes occur on curved segments, the most frequently occurring causal factors in 
left roadside departure crashes are vehicle speed (56.1 percent) and evasive maneuver 
(11.5 percent). For right roadside departure crashes, the most frequently occurring causal 
factors in this same circumstance are driver relinquished steering control (44.5 percent), 
lost directional control (21.4 percent), and vehicle speed (16.9 percent). 

Due to the very small number cases associated with forward impacts, this accident type 
is not addressed (Table 5-41). 

l Patterns in the accident type by causal factor by surface condition distribution are also 
distinctive. When crashes occur on dry surfaces, the most frequently occurring causal 
factors in left roadside departure crashes are vehicle speed (47.9 percent) and evasive 
maneuver (22.0 percent). For right roadside departure crashes, the most frequently 
occurring causal factors in this same circumstance are driver relinquished steering control 
(28.6 percent), driver inattention (27.2 percent), and vehicle speed (24.0 percent). 

When crashes occur on wet surfaces, the most frequently occurring causal factors in left 
roadside departure crashes are vehicle speed (44.1 percent), evasive maneuver (27.0 
percent), and lost directional control (23.7 percent). For right roadside departure crashes, 
the most frequently occurring causal factors in this same circumstance are driver 
relinquished steering control (33.4 percent), lost directional control (28.9 percent), and 
vehicle speed (23.9 percent). 
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When crashes occur on snow/ice covered surfaces, the most frequently occurring causal 
factors in left roadside departure crashes are lost directional control (59.1 percent) and 
vehicle speed (40.9 percent). For right roadside departure crashes, the most frequently 
occurring causal factors in this same circumstance are lost directional control (63.9 
percent), driver relinquished steering control (16.1 percent), and vehicle speed (13.9 
percent). 

Note that virtually no crashes associated with the driver inattention causal factor occur 
on wet or snow/ice covered surfaces (Table 5-42). 

l The patterns within the causal factor by surface condition by horizontal alignment 
distribution are very evident. For crashes occurring on straight or curved segments, the 
only surface condition associated with the driver inattention causal factor is the dry 
surface condition. 

For crashes associated with the driver relinquishes steering control causal factor, the dry 
surface condition (70.9 percent-straight and 79.3 percent-curve) dominates the 
distributions for straight and curved segments. For crashes occurring on straight 
segments, wet surface conditions also occur in a significant proportion of the cases (29.1 
percent). For crashes occurring on curved segments, wet (8.1 percent) and snow/ice 
covered (12.6 percent) surfaces comprise the remainder of the distribution. 

For crashes associated with the evasive maneuver causal factor, the dry and wet surface 
conditions apply to crashes occurring on both straight and curved segments. For 
example, for straight segments the proportion of crashes occurring on dry surfaces is 54.7 
percent and the proportion occurring on wet surfaces is 41.2 percent. Corresponding 
proportions for curved segments are 56.4 percent and 43.7 percent, respectively. 

For crashes associated with the lost directional control causal factor, the most prevalent 
surface conditions are wet and snow/ice covered. For crashes occurring on straight 
segments, incidence rates peak for the wet surface condition (45.7 percent) with snow/ice 
covered conditions (37.3 percent) and dry surface conditions (17.1 percent) also 
contributing to the profile. For crashes occurring on curved segments, incidence rates 
peak for the snow/ice covered condition (77.2 percent) with wet conditions (22.8 percent) 
also contributing to the profile. 

All crashes associated with the vehicle failure causal factor occurred on segments where 
the road surface was dry. Due to the very small number of cases in the vehicle failure 
category, no significance should be placed on this finding. 

For crashes associated with the vehicle speed causal factor, dry surface conditions 
dominate the distributions for both alignment types. In crashes occurring on straight 
segments, the proportions for dry, wet, and snow/ice covered conditions are 66.7 percent, 
26.9 percent, and 5.8 percent, respectively. Corresponding proportions for curved 
segments are 58.3 percent, 29.1 percent, and 12.6 percent, respectively (Table 5-43). 
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. Patterns within the causal factor by attempted avoidance maneuver by horizontal 
alignment distribution are again very clear. For crashes associated with the driver 
inattention causal factor, the incidence rate for no attempted avoidance maneuver (82.6 
percent) dominates the distribution applicable to crashes occurring on straight segments. 
The distribution applicable to crashes occurring on curves is dominated by steering 
actions (64.2 percent). It should be noted, however, that these steering actions are 
associated with curve traversal as opposed to the inattention causal factor. In a typical 
case, the driver initiates steering input to track the curve, but due to subsequent 
inattention fails to notice that the steer input is insufficient. 

For crashes associated with the driver relinquishes steering control causal factor, the 
distributions applicable to straight and curved segments are dominated by incidence rates 
for no attempted avoidance maneuver (97.7 percent-straight and 8 1.1 percent-curve). 

For crashes associated with the evasive maneuver causal factor, the distributions 
applicable to straight and curved segments are dominated by steering and braking/steering 
actions. For straight segments the relevant proportions are 39.4 percent-steering and 56.7 
percent-braking and steering. Corresponding proportions for curved segments are 56.4 
percent-steering and 43.7 percent-braking and steering. Note that the incidence rates are 
reversed between straight and curved segments. This reversal is associated with natural 
steering actions applicable to curved segments. 

For crashes associated with the lost directional control causal factor, the distribution 
applicable to straight segments is dominated by no attempted avoidance maneuver (35.9 
percent) and steering actions (32.4 percent). The distribution applicable to curved 
segments is comprised of braking and steering actions (22.8 percent), steering actions 
(20.9 percent), braking actions (20.9 percent), and no attempted avoidance maneuver 
(16.5 percent). 

The distributions applicable to the vehicle failure causal factor are not addressed due to 
the small number of cases associated with this category. 

For crashes associated with the vehicle speed causal factor, the distributions associated 
with straight and curved segments are comprised of the full range of avoidance 
maneuvers. The highest incidence rate for straight segments is no attempted avoidance 
maneuver (3 1.9 percent) and the highest incidence rate for curved segments is steering 
action (37.5 percent). Proportions associated with other actions in the distributions 
decrease from these levels (Table 5-44). 

l Variations in patterns associated with the causal factor by attempted avoidance maneuver 
by surface condition distribution are similar in nature to the preceding table. Major points 
are as follows: 

-+ Distributions within the driver inattention and driver relinquishes steering control 
causal factors are dominated by the no attempted avoidance maneuver categories. 
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+ Distributions within the evasive maneuver causal factor are dominated by steering 
and braking/steering actions. 

+ Distributions within the lost directional control and vehicle speed causal factors 
are comprised of the full range of attempted avoidance maneuvers. There are, 
however, significant diierences between the profiles associated with each surface 
condition in these causal factors (Table 5-45). 
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Table 5-40 
Accident Type by Causal Factor by Attempted Avoidance Maneuver 

Causal Factor 
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Table 5-41 
Accident Type by Causal Factor by Horizontal Alignment 
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Table 5-42 
Accident Type by Causal Factor by Surface Condition 

Causal Factor 

Total 100.0 100.0 OS 
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Table 543 
Causal Factor by Surface Condition by Horizontal Alignment 

Causal Factor Surface Condition 



Table 5-44 
Causal Factor by Attempted Avoidance Maneuver by Horizontal Alignment 

Attempted Avoidance 

Lost Directional Control 



Table 5-45 
Causal Factor by Attempted Avoidance Maneuver by Surface Condition 

Attempted Avoidance 



5.3.7 Internretation of Trivariate Rest& 

The clinical analyses described in this section, in effect, fimction as a bridge between the 
statistical analysis described in Section 5.2 and the engineering analysis described in Section 5.4. The 
trivariate analyses, in particular, demonstrate that there are substantial differences between subgroups 
contained within the run-off-road clinical sample. Highlights of these analyses may be summarized 
as follows: 

l Table 5-40 - There are substantial differences between causal factor distributions for left 
and right roadside departure crashes when these distributions are grouped by attempted 
avoidance maneuver. 

l Table 5-41 - There are substantial differences between causal factor distributions for left 
and right roadside departure crashes when these distributions are grouped by horizontal 
alignment. 

l Table 5-42 - There are substantial differences between causal factor distributions for left 
and right roadside departure crashes when these distributions are grouped by surface 
condition. 

l Table 5-43 - There are substantial differences between surface condition distributions for 
causal factor designations when these distributions are grouped by horizontal alignment. 

l Table 5-44 - There are substantial differences between attempted avoidance maneuver 
distributions for causal factor designations when these distributions are grouped by 
horizontal alignment. 

l Table 5-45 - There are substantial differences between attempted avoidance maneuver 
distributions for causal factor designations when these distributions are grouped by 
surface condition. 

A deficiency of this analysis sequence is that it lacks a defined focus or basis of comparison. 
One of the primary objectives of the engineering analysis will be establishment of this basis for 
grouping crashes with similar characteristics. These characteristics can then be described within the 
defined groups and subsequently compared across the groups. 

5.4 Engineering Analysis 

As indicated in the discussion in Section 4.1, dynamic scenario descriptions delineate existing 
conditions related to crash occurrence (driver state, vehicle state, environmental conditions), 
driver/vehicle actions or events, driver corrective actions initiated to avoid the crash, and vehicle 
responses to these corrective actions. These descriptions may be represented as situation trees. The 
specific situation tree/data reduction format developed for this effort was illustrated in Figure 4-l. 
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Situation trees were developed for each case in the clinical sample. Individual copies of the 
trees are provided in Volume 2 of this report series. These trees were subsequently analyzed to 
determine characteristics associated with groups of similar trees and to determine 
similarities/differences between these groups. A top-level evaluation of analytical parameters 
(velocity, steer inputs, and braking inputs) was also conducted. , This section documents the results 
of the analysis sequence. Grouping of similar scenarios/trees is discussed in the subsection which 
follows. That discussion is then followed by a presentation of findings associated with the top-level 
evaluation of &ralytical parameters and the comparison of similar groups. 

5.4.1 Grouning of Similar Situation Trees 

Several approaches to categorizing/grouping similar situation trees were explored and 
subsequently dropped. For example, groupings based on roadway alignment, roadway state, and on- 
road dynamic state were examined. Variations within groups established on this basis were 
substantial and these attempts to superimpose a distinct structure to the grouping process were 
abandoned. 

When situation trees were grouped solely on the basis of having similar responses in each of 
the branches contained in the data reduction formats, it was noted that the resulting groups or subsets 
of formats very closely parallelled causal factor designations. At that point, a decision was made to 
group the trees by causal factor designation and to examine similarities and variances within these 
groupings. Findings associated with this effort are described in the subsections below. Each 
subsection describes characteristics within a single defined causal factor. 

5.4.1.1 Siiuation Trees for Driver Inattention 

Responses for the individual branches of situation trees associated with the driver inattention 
causal factor are provided in Figure 5-22. Major points with respect to these responses may be 
summarized as follows: 

Driver State - All drivers in this causal factor group are inattentive to the driving task. 

Vehicle State - The predominant vehicle state is operating normally (91.8 percent), 
however, a relatively small incidence rate of excessive speed (8.3 percent) is noted. 

Roadway Alignment - Most crashes occur on straight segments (66.3 percent), however, 
the proportion occurring on curves (33.7 percent) is significant. 
Roadway State - All crashes in this causal factor group occur on dry surfaces. 

Obstacles - There are no obstacles in the driver’s intended path of travel. 

Shoulder - The proportions of crashes occurring on roadways with (5 1.1 percent) and 
without (48.9 percent) shoulders are approximately equal. 
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. On-Road Driver Response - The predominant driver response is not to initiate a pre- 
departure evasive maneuver (49.7 percent). A significant proportion of drivers, however, 
do initiate inadvertent steering input (39.8 percent). These types of steering inputs 
typically occur when the driver is reaching for something inside the vehicle and 
inadvertently moves the steering wheel (i.e., the steering wheel movement is associated 
with the reaching action). The incidence rate for deliberate steering actions (10.5 percent) 
reflects circumstances where the driver returns attention to the driving task, recognizes 
the imminent roadway departure, and then initiates an evasive maneuver with respect to 
the imminent departure. 

l On-Road Vehicle Response - There is virtually a one-to-one correspondence between 
driver response and vehicle response. The 49.7 percent incidence rate for no driver 
response corresponds directly to the 49.7 percent incidence rate for the vehicle drifting 
off the road. Departure angles in this circumstance are typically very small (e.g., l-3 
degree range). The 39.8 percent incidence rate for inadvertent steering corresponds 
directly to the 39.8 percent rate noted for vehicles departing the roadway in a tracking 
attitude. Departure angles in this circumstance exceed those associated with driR 
movements. The 10.5 percent incidence rate for deliberate steering actions corresponds 
directly to the 10.5 percent rate noted for uncontrolled vehicle yawing actions (i.e., the 
typical surprisal driver steering response involves overcorrection which induces a yawing 
action.). 

l Off-Road Driver Response - The off-road driver response is approximately evenly divided 
between drivers not initiating corrective action (50.9 percent) and drivers initiating 
corrective action (49.1 percent). The predominant corrective actions are steering (37.0 
percent) and steering/braking combinations (12.1 percent). 

l Off-Road Vehicle Response - There is again a direct correlation between driver response 
and vehicle response. Those drivers who do not initiate correction actions (50.9 percent) 
are distributed between the drift (38.6 percent) and tracking (11.8 percent) vehicle 
responses. A very small proportion is also contained in the yaw movement category. 
This proportion results from terrain induced yawing actions. Drivers initiating steering 
actions (37.0 percent) are associated with the yaw movement (39.1 percent). The 
tendency here is for the driver to overcorrect, inducing the yawing action Drivers 
initiating steering and braking actions (12.1 percent) are associated with longitudinal skid 
patterns (10.5 percent) and yawing movement (39.1 percent). The specific result for the 
steering and braking actions in these cases is primarily a timing issue. In those cases 
where the steering and braking actions are simultaneous or very closely spaced, the 
vehicle enters a longitudinal skid pattern. In those cases where the braking action is 
delayed with respect to the steering action, the vehicle typically spins out (e.g., yaws). 

l Roadway Departure Crash Type - The predominant crash type associated with this causal 
factor is the frontal impact configuration (59.6 percent). The remainder of the profile is 
comprised of rollover events (25.8 percent) and side impacts (13.9 percent). 
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A composite situation tree, derived” from fi-equency responses shown in Figure 5-22, is 
provided as Figure 5-23. An exemplar case description, abstracted from the clinical database, is 
provided below. The schematic for this case is provided as Figure 5-24 and the situation tree coded 
for this case is provided as Figure 5-24A. 

fiemplar Case Description (13-1495) 

The subject vehicle was southbound on a divided interstate r&ay with a posted speed limit 
of IO5 kph. The roadway consisted of two travel lanes in each direction separated by a depressed 
grass me&m Paved shoulders bordered both edges of the divided travel lanes. The crash occurred 
during &ylight hours, on a dry surface. l%e subject driver was traveling at a police and witness 
reported high rate of speed. She became inattentive to the driving task and allowed her vehicle to 
aFi$-@the left roadedge, onto the grass me&m. The driver steered in a clockwise direction which 
induced a siight CWyaw. She then applied a rapid CCWsteering input which reversed the vehicle’s 
rotation to CCW The vehicle crossed the depressed grass median in a broa&ide orientation and 
rolled over into an unprotected cfrom SB traffic) signpost. The vehicle continued to roll before 
coming to rest in an upright orientation. The driver was inattentive to the driving task which was 
the primary causal factor. VehicIe speed contributed to the severity of the crash, but was not a 
primary factor in causation. 
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Figure 5-22 Vehicle Dynamic Scenario Analysis - Driver Inattention 
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5.4.1.2 Situation Trees for Driver Relinquished Steering Control 

Responses for the individual branches of situation trees associated with the driver relinquished 
steering control causal factor are provided in Figure 5-25. Major points with respect to these 
responses may be summarized as follows: 

l Driver State - The predominant driver state associated with this causal factor is had been 
drinking/driving under the influence (58.9 percent). This category generally reflects 
drivers who are grossly intoxicated (e.g., BAC > 0.10 with typical values in the 0.15 to 
0.30 range). Drowsy drivers (36.0 percent) and drivers who are incapacitated (5.2 
percent) comprise the remainder of the profile. Drowsy drivers typically fall asleep during 
the immediate pre-departure sequence and incapacitated drivers sustain a variety of 
physical problems (e.g., heart attack, seizure, etc.). 

l Vehicle State - The predominant vehicle state is normal operation. 

l Roadway Alignment - Crashes occur on both curved (55.7 percent) and straight (44.3 
percent) segments. 

l Roadway State - The predominant surface condition is dry (86.4 percent) with a relatively 
small proportion of crashes occurring on ice/snow covered (7.9 percent) or wet (5.7 
percent) surfaces. 

l Obstacles - There are-no obstacles in the driver’s intended path of travel. 

l Shoulder - Most crashes occur on roadways that do not have an adjacent shoulder (76.3 
percent). 

l On-Road Driver Response - Most drivers do not initiate corrective action (85.3 percent) 
prior to roadway departure. There is, however, a significant contribution from 
inadvertent steering input (14.5 percent). These inadvertent inputs are typically 
associated with drivers who slump to the left or right as they fall asleep, pass out, or are 
incapacitated. 

l On-Road Vehicle Response - There is, obviously, a very strong correlation between driver 
action and vehicle response. Drivers not initiating corrective action (85.3 percent) 
translate to the vehicle drift category (85.3 percent). The inadvertent steering input 
category (14.5 percent) translates to the vehicle tracking category (14.2 percent) and to 
one terrain induced yaw action (0.3 percent). 

l Off-Road Driver Response. - The dominant off-road corrective action is again no 
corrective action (80.9 percent). The deliberate steer (17.2 percent) and steering /braking 
(1.9 percent) proportions are typically associated with drivers who fall asleep on the 
roadway and then wake up as the vehicle traverses off-road terrain. 
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l Off-Road Vehicle Response - In this case, drivers not initiating corrective action (80.9 
percent) translate to the vehicle drifi (65.9 percent) and vehicle tracking (14.2 percent) 
categories. The deliberate steer (17.2 percent) and steer/brake (1.9 percent) categories 
translate to vehicle yaw (19.9 percent) movement. 

l Roadway Departure Crash Type - The predominant crash type is the frontal impact 
configuration (77.2 percent) with side impacts (19.6 percent) and rollovers (3.3 percent) 
also contributing to the profile. It is important to note that for this causal factor, the 
correlation between driver response and vehicle response also extends to crash type. The 
specific patterns may be summarized as follows: 

+ No corrective action -+ vehicle drift/tracking --+ frontal impact 
+ Steer/brake -+ vehicle yaw -+ side impact/rollover 

A composite situation tree, derived from frequency responses shown in Figure 5-25, is 
provided as Figure 5-26. An exemplar case description, abstracted from the clinical database, is 
provided below. The schematic for this case is provided as Figure 5-27 and the situation tree coded 
for this case is provided as Figure,S-27A. 

ExempIar Case Description (13-017J) 

The vehicIe was traveling north in the right lane of a divided, dv, level asphalt roadway 
when it departed the right side of a left curved section of the interstate. i’%e vehicle traveled in a 
straight trajectory approximately 45 meters across the asphalt shoulder and snow covered adjacent 
grass area and struck a tree with its frontal plane. A witness noted that the subject driver passed 
their vehicle andreturned to the right travel lane. After some distance the subject driver appeared 
to fall asleep and drift off the roadway. The causalfactor was driver relinquished control as a 
result offaIIing asIeep. There were no adverse weather conditions. The accident occurred during 
the early morning daylight hours. 
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Figure 5-25 Vehicle Dynamic Scenario Analysis - Driver Relinquished Steering Control 
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5.4.1.3 Situation Trees for Evasive Maneuver 

Responses for the individual branches of situation trees associated with the evasive maneuver 
causal factor are provided in Figure 5-28. Major points with respect to these responses may be 
summarized as follows: 

l Driver State - The predominant driver state is alert (84.5 percent). The proportion 
associated with inattention (10.5 percent) reflects circumstances where the driver is 
initially inattentive and, therefore, drives up on (or approaches) a vehicle that is stopped 
in the subject vehicle’s travel lane. The subject driver then initiates an evasive maneuver 
to avoid the stopped vehicle. In circumstances where the driver is alert, the principal 
other vehicle (POV) encroaches into the subject vehicle’s lane, prompting the evasive 
maneuver. 

l Vehicle State - The predominant vehicle state is normal (89.5 percent). The other failure 
category (10.5 percent) represents a single case where a driver could not stop, after 
initiating an evasive maneuver, as a result of a faulty braking system. 

l Roadway Alignment - The predominant alignment type is straight (66.8 percent) with 
curved segments (33.2 percent) also contributing to the profile. 

l Roadway State - Most crashes occur on surfaces that are dry (60.0 percent), however, 
the proportion of wet surfaces (37.9 percent) is also significant. 

l Obstacles - All crashes in this causal factor group involve a vehicle (67.2 percent) or 
animal (32.8 percent) in the subject vehicle’s intended travel path. 

l Shoulder - Most crashes of this type occur on roadways where an adjacent shoulder area 
is present (69.6 percent). 

l On-Road Driver Response - All crashes in this causal factor group involve on-road driver 
corrective action. The primary responses are steering (56.1 percent) and steering/braking 
combinations (4 1.4 percent). 

l On-Road Vehicle Response - The predominant vehicle response to corrective inputs is to 
continue in a tracking attitude (77.6 percent). The remainder of the profile is comprised 
of yaw (16.1 percent) and longitudinal skid (6.4 percent) movements. 

l Off-Road Driver Response - The proportion of drivers initiating off-road corrections is 
very high (89.5 percent). Steering (47.8 percent) and steering/braking combinations (39.1 
percent) dominate the corrective actions initiated. 

l Off-Road Vehicle Response - The dominant off-road vehicle response to corrective input 
is yaw movement (55.6 percent). In this circumstance, the difference between the off- 
road yaw proportion (55.6 percent) and the on-road proportion (16.1 percent) noted 
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above, partially reflects differences between friction values of on-and off-road surfaces. 
Proportionately larger steering corrections are required on road surfaces (high friction 
value) to induce yaw actions in comparison to off-road surfaces (low fiction value), 
assuming similar travel velocities. The difference also reflects the more intense steering 
corrections initiated off-road. 

l Roadway Departure Crash Type - The most frequent configurations are frontal impacts 
(38.1 percent) followed by rollovers (24.3 percent), undercarriage impacts (2 1 .O percent), 
and side impacts (16.1 percent). This wide range of impact types, in comparison to 
preceding causal factors, reflects the increased incidence of off-road yaw movements. 

A composite situation tree, derived from the frequency responses shown in Figure 5-28, is 
provided as Figure 5-29. An exemplar case description, abstracted from the clinical database, is 
provided below. The schematic for this case is provided as Figure 5-30 and the situation tree coded 
for this case is provided as Figure 5-30A. 

Exemplar Case Description (48-108K) 

The subject vehicle (1976 Ol& Cutlass) was proceeding in an easterly direction on a two 
lane rural roadway (asphalt, d+y, straight, no surface markings) at a police estimated speed of 45 
mph A dog entered the roadway, forward of the vehicle, and began crossing the roadproceeding 
from the driver’s right to the driver’s left. The subject driver steered sharply to the right in an 
evasive maneuver. The subject vehicle rotated clockwise and entered a broadside skid to the left 
(lefr side Ieadingl The vehicIe exited the right edge of the roadivay, entered a drainage ditch, struck 
the far wall of the ditch with its frontal structure, and then rolled side-over-side to the left. The 
vehicle rolled one complete roll and then came to rest on its wheels, facing in an east southeasterly 
direction. 
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5.4.1.4 Situation Trees for Lost Directional Control 

Responses for the individual branches of situation trees associated with the lost directional 
control causal factor are provided in Figure 5-3 1. Major points with respect to these responses may 
be summarized as follows: 

0 Driver State - The predominant driver state is alert (99.2 percent). 

l Vehicle State - The predominant vehicle state is normal (96.1 percent). 

l Roadway Alignment - Alignment types are distributed between straight (53.3 percent) and 
curved (46.7 percent) segments. 

l Roadway State - Ice/snow covered (56.6 percent) and wet (34.8 percent) surface 
conditions occur most frequently. Crashes associated with the dry condition (8.6 percent) 
involve unusual circumstances (e.g., loss of control associated with traversal of an 
irregular wash board surface). 

l Obstacles - No crashes in this causal factor group involve obstacles in the drivers intended 
path of travel. 

l Shoulder - Most crashes occur on roadways with an adjacent shoulder area (65.5 
percent), however, theproportion of crash site locations without shoulders (34.5 percent) 
is significant. 

l On-Road Driver Response - The range of driver responses covers the full spectrum of 
intended actions. The most frequently occurring corrections are steering actions (40.4 
percent) followed by steering/braking combinations (13.0 percent) and braking actions 
(12.3 percent). The incidence rate for no corrective action (33.5 percent) is also 
significant. 

l On-Road Vehicle Response - The most frequent vehicle response to corrective inputs is 
yaw movement (69.5 percent). Longitudinal skid patterns (28.1 percent) also comprise 
a significant proportion of the protie. The increased incidence rates of these uncontrolled 
movements, as compared to preceding causal factor groups, is associated with the 
reduced friction levels of the surfaces associated with this specific group of crashes. The 
incidence rate of ice/snow covered surfaces is elevated and differences are evident 
between the wet surfaces in this group as compared to preceding groups. Specifically, 
this group of crashes involves a significant proportion of hydroplaning actions as a result 
of vehicles traversing through water accumulations in the roadway. 

l Off-Road Driver Response - The incidence rates for off-road corrective actions are again 
substantial. The most frequent corrective inputs are steering actions (24.1 percent) 
followed by braking actions (17.9 percent) and steering/braking combinations (13.0 
percent). The incidence rate of no corrective action (45.0 percent) is also substantial. 
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l Off-Road Vehicle Response - Yaw movements (61.1 percent) and longitudinal skid 
patterns (28.1 percent) again dominate the distribution. In this circumstance, these 
movements tend to reflect a continuation of the movement patterns initiated on the 
roadway. 

l Roadway Departure Crash Types - Due to the high incidence rates associated with yaw 
movements, the proportion of frontal impacts in this causal factor group is again 
depressed. The most frequently occurring impact configurations are side impacts (42.4 
percent) followed by frontal impacts (39.7 percent), rollovers (10.0 percent), and 
undercarriage impacts (7.9 percent). 

A composite situation tree, derived from the frequency responses shown in Figure 5-3 1, is 
provided as Figure 5-32. An exemplar case description, abstracted from the clinical database, is 
provided below, The schematic for this case is provided as Figure 5-33 and the situation tree coded 
for this case is provided as Figure 5-33A. 

Exemplar Case Description (13-034H) 

7% accident involved a left side road departure. The vehicle was traveling south on a two 
lane, level, icy, asphaIt roadway when the driver lost control. The vehicle crossed the oncoming 
Iane of travel and&parted the lefr roadside in a counterclockwise rotation and struck a tree on the 
grass area adjacent to the curb with its right side leading. The causal factor was driver lost 
directional control as the result of the icy roadway condition. There were no adverse ambient 
weather conditions. The roadway was illuminated by overhead street lights. The roadway was 
delineated by a broken yellow center line which was in good condition. The driver attempted to 
regain control of the vehicle by counter-steering and applying the brakes with lock-up. 
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5.4.1 ..S Situation Trees for Vehicle Failure 

Responses for the individual branches of situation trees associated with the vehicle failure 
causal factor are provided in Figure 5-34. Major points with respect to these responses may be 
summarized as follows: 

l NOTE: Due to the small number of cases associated with this causal factor (i.e., eight 
cases), specific trends should be interpreted cautiously. 

l Driver State - All drivers in this causal factor group are categorized as alert. 

l Vehicle State - The predominant vehicle failure is engine stall (64.2 percent) followed by 
other failure (25.7 percent) and tire blowout (10.1 percent). The other failure category 
is comprised of a transmission failure, a wheel which separated from the vehicle, a failure 
of the accelerator linkage, and degraded performance of a steering system. 

l Roadway Alignment - The predominant roadway alignment type is curve (79.8 percent). 

l Roadway State - All of the crashes in this group occur on dry surfaces. 

l Obstacles - No crashes in this group involved an obstacle in the driver’s intended path of 
travel. 

l Shoulder - Most crashes occur at locations that do not have an adjacent shoulder area 
(66.2 percent). 

l On-Road Driver Response - The predominant driver response is to initiate no corrective 
action (66.2 percent). Corrective actions initiated include steering actions (17.6 percent) 
and braking actions (14.3 percent). 

l On-Road Vehicle Response - The proportion of no corrective action initiated (66.2 
percent) translates to the proportion of vehicle drift movements (64.2 percent). The steer 
and brake actions translate to yaw movements (23.7 percent) and longitudinal skid 
patterns (8.1 percent). 

- Off-Road Driver Response - Off-road driver responses tend to reflect a continuation of 
on-road actions. The predominant driver response is again no corrective action (66.2 
percent) with steering (15.6 percent) and braking (14.3 percent) actions also contributing 
to the profile. 

l Off-Road Vehicle Response - The vehicle response pattern also reflects a continuation of 
on-road movements. The predominant response is again drift movement (64.2 percent) 
which reflects a continuation of on-road driR movement (64.2 percent). Off-road driver 
corrective actions translate almost exclusively to yaw movements (33.8 percent). 
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l Roadway Departure Crash Type - The high incidence rate of drift movements in this 
group translates to an elevated rate for the frontal impact (74.3 percent) configurations. 
Similarly, the off-road incidence rate for yaw movements translates directly to the rollover 
(23.7 percent) category. 

A composite situation tree, derived from frequency responses shown in Figure 5-34, is 
provided as Figure 5-35. An exemplar case description, abstracted from the clinical database, is 
provided below. The schematic for this case is provided as Figure 5-36 and the situation tree coded 
for this case is provided as Figure 5-36A. 

Exemplar Case Description (04-IltSH) 

The subject driver was attempting to negotiate a right curve on a four lane, one-way road 
that separated into a Y-configuration. As she approached the junction, the engine stalled and the 
driver was unable to steer the vehicle through the curve. The vehicle impacted the barrier curb at 
the isIand area with the right front tire and skidded to a stop on the grasp surface. mere was no 
evidence of pre-impact braking, however, the driver braked at or post-impact. The asphalt road 
surface was dry and open and afforded the driver a clear iine of sight. She claimed the engine 
staIIe4 therefore, environmental conditions were not a clearfactor. All road markings were in good 
condition and there were no roa&ide reflective markers/delineators. 
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5.4.1.6 Situation Trees for Vehicle Speed 

Responses for the individual branches of situation trees associated with the vehicle speed 
causal factor are provided in Figure 5-37. Major points with respect to these responses may be 
summarized as follows: 

l Driver State - Most drivers are classified as alert (59.5 percent), however, the proportion 
of drivers who had been drinking (40.3 percent) is also substantial. 

l Vehicle State - All crashes in this causal factor group involve excessive vehicle speed. 

- Roadway Alignment - The predominant alignment type is curve (58.4 percent), however, 
the proportion of straight segments (41.6 percent) is also substantial. 

l Roadway State - The predominant surface condition is dry (64.9 percent) with wet 
surfaces (2 1.3 percent) and ice/snow covered surfaces (13.7 percent) also contributing 
to the profile. 

l Obstacles - Most crashes are unrelated to the presence of an obstacle in the driver’s 
intended travel path (95.5 percent). In a small proportion of crashes, however, another 
vehicle (4.5 percent) does function as an obstacle. 

0 Shoulder - Most crashes occur at locations where an adjacent shoulder area is present 
(72.4 percent). 

l On-Road Driver Response - Most drivers initiate pre-departure corrective action (63.0 
percent). The specific actions initiated include steering (26.8 percent), braking (23.6 
percent), and steering/braking combinations (12.6 percent). The proportion of drivers not 
initiating corrective action (27.5 percent) is relatively small as is the proportion of drivers 
initiating inadvertent steering inputs (9.6 percent). 

l On-Road Vehicle Response - Given the proportion of drivers initiating corrective action 
(63.0 percent), the proportion of vehicles in a tracking attitude (41.8 percent) is high. 
This circumstance results from the higher friction values found on the dry surfaces (64.9 
percent) associated with this group. The proportions of longitudinal skid patterns (23.9 
percent) and yaw movements (29.9 percent) are very substantial and reflect the high 
incidence rate noted for excessive vehicle speed (100.0 percent). 

l Off-Road Driver Response - The proportion of drivers with corrective action off-road 
(74.9 percent) parallels the rate noted for on-road correction (63.0 percent) and reflects 
the continuation of on-road activities with the addition of a smaller proportion of drivers 
initiating corrective action off road. Braking (33.9 percent) is the most frequently 
occurring action followed by steering actions (29.0 percent) and steering/braking 
combinations (12.0 percent). 
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l Off-Road Vehicle Response - During off-road movement, the incidence rate for yaw 
actions (40.6 percent) increases in comparison to on-road movement (29.0 percent). 
Similarly, the incidence rates for tracking movements (37.4 percent) and longitudinal skid 
patterns (21.4 percent) decline. 

l Roadway Departure Crash Type - The predominant crash types are frontal impacts (58.8 
percent) followed by rollovers (16.3 percent), side impacts (15.9 percent), and 
undercarriage impacts (9.0 percent). 

A composite situation tree, derived from the frequency responses shown in Figure 5-37, is 
provided as Figure 5-38. An exemplar case description, abstracted from the clinical database, is 
provided below. The schematic for this case is provided as Figure 5-39 and the situation tree coded 
for this case is provided as Figure 5-39A. 

fiemplar Case Description (I2-079E) 

i%e subject vehicle was traveling west on a ramp connecting two interstate roadways during 
the evening hours with no overhead illumination. The positive 2. I percent sloped, dry, concrete, 
single lane roadway curved to the right and was not superelevated. The driver had consumed 
alcohol prior to the crash and lost control of the vehicle, departing the left side of the roadway, 
traveling down an embankment (8.0 percent negative grade), striking a ditch and rolling over. Yhe 
causalfactor was excessive speedfor the ramp and alcohol consumption. There were no sight line 
or roadway restrictions. Ihe off road terrain was open with no obstacles in the grassy area. 
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5.4.2 Too-Level Evaluation of Analvtical Parameters 

As part of the case review process, the project staff completed a qualitative assessment of 
analytical parameter characteristics associated with run-off-road crashes. The evaluation was 
performed for the interval between event initiation and roadway departure and focused on subject 
vehicle velocity characteristics, driver steering input characteristics, and driver braking input 
characteristics. 

Results of this evaluation effort are provided in Table 5-46. It should be noted that 
characteristic values in the table reflect the most frequently occurring values within each causal factor 
group in circumstances where the parameter is applicable. For example, within the driver inattention 
causal factor group, steer inputs are classified as none or minimal (~3 degrees). These classifications 
are representative of typical values found within this group. There are, however, individual cases 
where steer inputs are more appropriately classified as moderate (3-6 degrees) or large (> 6 degrees). 
The latter cases may be considered “Outliers” and are not representative of the driver inattention 
group. Steer inputs in the evasive maneuver (moderate to large) and lost directional control (minimal 
to moderate) again reflect the typical values associated with these groups. The responses indicated 
for the vehicle failure (minimal) and vehicle speed (minimal to moderate) groups, however, are not 
typical values since most drivers in these groups do not initiate corrective steering inputs prior to the 
point of departure. For these two groups, the responses indicate that when a steering correction is 
initiated, the most frequent steer inputs are in this range. 

Major trends within Table 5-46 may be summarized as follows: 

l Velocity - In the driver inattention and driver relinquished steering control groups the 
velocity parameter is characterized as being constant at the point of roadway departure. 
In the four other causal factor groups, the velocity parameter is typically decreasing in 
value at this same point. This characteristic value for these groups is typically associated 
with engine drag as opposed to braking activity (i.e., driver is no longer applying 
accelerator input). 

l Steer Input - These inputs are characterized as none or minimal (<3 degrees) in the driver 
inattention and driver relinquished steering control groups. Within these groups, many 
of the minimal inputs are associated with inadvertent steering. Steer inputs in the evasive 
maneuver group are characterized as moderate (3-6 degrees) to large (> 6 degrees). 
Corresponding inputs in the lost directional control, vehicle failure, and vehicle speed 
groups are characterized as minimal (<3 degrees) to moderate (3-6 degrees) when these 
inputs occur. 

l Brake Input - In typical cases in the driver inattention and driver relinquished steering 
control groups, the subject driver does not initiate braking effort prior to the point of 
roadway departure. In the other four causal factor groups this parameter is again 
characterized by typical values noted when braking is initiated. Braking inputs in the 
evasive maneuver group are characterized as moderate (0.25-0.50 Gs) to heavy (> 0.50 
Gs) as are inputs in the vehicle speed group. Corresponding inputs in the lost directional 
control and vehicle failure groups are characterized as minimal (< 0.25Gs) to moderate 
(0.250.50Gs). This characterization for the lost directional control group is closely 

152 



associated with surface conditions in this group (wet and ice/snow covered) as opposed 
to the level of effort initiated by the driver. Specifically, drivers in this group tend to 
apply heavy brake pedal pressure. The vehicle, however, cannot generate braking levels 
which exceed the friction values of the involved surfaces. 

A more complete evaluation of these analytical parameters will be conducted as part of the 
Task 2 effort. The project staff is generating timeline histories for the clinical sample in Task 2. 
Therefore, “hard data” relating to the velocity and braking parameters will be available for review. 

Table 5-46 
Analytical Parameter Characteristics Within Causal Factor Groups 

Parameter 
Chracteristics 

Minimal 

Moderate 

NOTES; 

1. The parameter evaluation applies to the interval between event initiation and roadway 
departure. 

2. The range in values shown for specific parameters are typical and the most frequently 
occurring values in circumstances where the parameter is applicable. Within any given 
causal factor group there are likely to be combinations of cases which demonstrate the 
full range of the characteristics evaluated. 
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5.4.3 Comuarison of Situation Tree Grouos 

Tabulations of the most frequently occurring variables within each causal factor group are 
provided in Tables 5-47 and 5-48. Table 5-47 describes pre-existing conditions within each causal 
factor group. Table 5-48 describes dynamics states and the result of these states (e.g. impact type) 
within each causal factor group. Major points derived from these tables may be summarized as 
follows: 

Table 5-47 

l Driver State - In three of the causal factor groups, the predominant driver state is alert. 
These groups are evasive maneuver (84.5 percent), lost direction control (99.2 percent), 
and vehicle failure (100.0 percent). The predominant state for the driver inattention 
group is inattention (100.0 percent). In the driver relinquished steering control group, 
there are two primary states (HBD/DUI -58.9 percent and Drowsy -36.0 percent). The 
vehicle speed group also has two primary states (Alert -59.5 percent and HBD/DUT -40.3 
percent). 

l Vehicle State - In four of the causal factor groups, the predominant vehicle state is 
normal. These groups are driver inattention (91.8 percent), driver relinquished steering 
control (98.3 percent), evasive maneuver (100.0 percent), and lost directional control 
(96.1 percent). A variety of vehicles failures dominate the distribution for the vehicle 
failure group and virtually all crashes in the vehicle speed group involve excessive speed. 

l Roadway Alignment - The causal factor groups are evenly split between straight and 
curved segments. Curved segment locations dominate the distribution for the driver 
relinquished steering control (55.7 percent), vehicle failure (79.8 percent), and vehicle 
speed (58.4 percent) groups. Straight segment locations dominate the distributions for 
the driver inattention (66.3 percent), evasive maneuver (66.8 percent), and lost directional 
control (53.3 percent) groups. 

l Roadway State - The dry surface condition is the most prevalent condition in five of the 
causal factor groups. Icy/snow conditions (56.6 percent) and wet surfaces (34.8 percent) 
dominate the distribution for the lost directional control group. 

l Obstacles - Obstacles are typically not involved in the crash sequences associated with 
five of the causal factor groups. The presence of vehicles (67.2 percent) and animals 
(32.8 percent) in the driver’s intended path of travel dominates the distribution for the 
evasive maneuver group. 

- Shoulder - Most crashes occur in locations that have an adjacent shoulder for the driver 
inattention (5 1.1 percent), evasive maneuver (69.6 percent), lost directional control (65.5 
percent), and vehicle speed (72.4 percent) groups. The no shoulder circumstance 
dominates distributions for the driver relinquished steering control (76.3 percent) and 
vehicle failure (66.2 percent) groups. 
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Table 5-48 

l On-Road Driver Response - In four of the six groups the most frequent driver response 
involves no corrective action. These groups are the driver inattention (49.7 percent), 
driver relinquished steering control (85.3 percent), vehicle failure (66.2 percent), and 
vehicle speed (27.5 percent) groups. In the evasive maneuver and lost directional groups, 
deliberate steering actions (56.1 and 40.4 percent, respectively) are the most frequent 
response. 

l On-Road Vehicle Response - Drift movements are the most frequent responses in three 
groups; driver inattention (49.7 percent), driver relinquished steering control (85.3 
percent), and vehicle failure (64.2 percent). Tracking movements are the most frequent 
responses in the evasive maneuver (77.6 percent) and vehicle speed (41.8 percent) 
groups. Yaw movements dominate the distribution for the lost directional control (69.5 
percent) group. 

l Off-Road Driver Response - The most frequent off-road driver response is to initiate no 
corrective action in four of the causal factor groups; driver inattention (50.9 percent), 
driver relinquished steering control (80.9 percent), lost directional control (45.0 percent), 
and vehicle failure (66.2 percent). Deliberate steering actions dominate the distribution 
for evasive maneuver (47.8 percent) and braking actions dominate the distribution for 
vehicle speed (33.9 percent). 

l Off-Road Vehicle Response - Yaw movements are the most frequent responses in four 
groups; driver inattention (39.1 percent), evasive maneuver (55.6 percent), lost directional 
control (61.6 percent), and vehicle speed (40.6 percent). Drift movements are the most 
fi-equent responses in two groups; driver relinquished steering control (65.9 percent) and 
vehicle failure, (64.2 percent). 

l Roadway Departure Crash Type - The frontal impact configuration is the most frequent 
impact type in five of the six groups; driver inattention (59.6 percent), driver relinquished 
steering control (77.2 percent), evasive maneuver (38.1 percent), vehicle failure (74.3 
percent), and vehicle speed (58.8 percent). Rollovers are the second most frequent 
configuration in four of these groups; driver inattention (25.8 percent), evasive maneuver 
(24.3 percent), vehicle failure (23.7 percent), and vehicle speed (16.3 percent). Side 
impacts are the most frequent configuration in the lost directional control (42.7 percent) 
group. 

Additional distinction between these groups may be obtained by incorporating the discussion 
generated for Table 5-46 in Section 5.4.2. 
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Table 5-47 
Pm-existing Conditions Within Causal Factor Groups 

Characteristics 
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Table 5-48 
Dynamic State Within Causal Factor Groups 

Undercarriage 

other Impact 

Rollover 

No Impact 

25.8 24.3 23.7 16.3 
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5.4.4 Internretation Of Engineering Analvsis Results 

Similar to the two preceding analyses (e.g., statistical and clinical), the engineering analysis 
sequence demonstrates that there are distinctive subgroups within the run-off-road crash population. 
The engineering analysis described in the preceding subsections crystallizes these subgroups on the 
basis of causal factor designation, defines characteristics of each causal factor group, and then 
compares the groups to isolate major differences. 

A major finding of this effort is that in a substantial proportion of run-off-road crashes, the 
subject driver does not initiate corrective action prior to the point of roadway departure, 
Countermeasure application in this circumstance has a potentially large positive benefit assuming that 
the specific countermeasure(s) either elicit appropriate driver responses or assume control of the 
vehicle to execute appropriate responses. Initiating corrective action on the roadway will be critical 
to successful application since the vehicle is relatively more controllable in this environment as 
compared to the off-road environment. 

One of the more disconcerting findings of the analysis sequence is the relatively high 
proportion of yaw movements associated with off-road vehicle movement in virtually all of the causal 
factor groups. These movements are typically associated with driver steering corrections and could 
potentially have serious negative implications with respect to countermeasure design. Specifically, 
it would appear that the driver overreacts in these off-road traversals and as a result, creates a non- 
recoverable vehicle movement pattern. There are, however, other factors which must be considered 
before a complete evaluation can, be performed. These factors may be summarized as follows: 

l This analysis only examines driver failures (e.g., circumstances which result in a crash). 
A complete evaluation of likely driver response patterns must include incidents where the 
driver is successful (e.g., drives off road and then successfully returns to the road). These 
near miss events are not available in the data files examined for this effort. Data of this 
type, however, should be included in human factors evaluations of likely response patterns 
to system warnings. 

l It may be possible to improve driver performance by providing warnings at a point that 
is further removed from the rather intense corrections required during off-road terrain 
traversal. Specifically, it appears that driver performance is better in the on-road 
environment in terms of inducing fewer yaw actions. Therefore, one of the goals of the 
countermeasure design phase might be to issue warnings prior to roadway departure and 
if feasible, even further removed from this point. 

This issue will be examined in greater depth in subsequent Phase I tasks. For example, in 
Task 3, driver simulator experiments will be conducted to determine if driver’s accept and respond 
appropriately to systems providing early warning of impending roadway departure. In Task 4, the 
critical driver, vehicle, countermeasure, and environmental factors/characteristics will be modelled 
to evaluate the potential effectiveness of countermeasure concepts. The project staff does not believe 
that the problem will significantly impede countermeasure development or performance. 
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6.0 Comparison Of OMNI And Run-Off-Road Analysis Results 

The OMNI IVHS program, sponsored by NHTSA and administered by VNTSC, preceded 
the current countermeasure specification programs. This program provided crash problem size 
estimates, causal factor assessments, and associated crash characteristics/circumstances for a number 
of crash types within the national crash population. The second crash type addressed, within the 
topical report sequence issued for the OMNI program, was the single vehicle roadway departure 
(run-off-road) crash. In the clinical analysis sequence conducted for that effort, a total of 100 NASS 
CDS hard copy case reports selected from the 1991 data file were examined to determine causal 
factors associated with this crash type. 

Since the case reports used in the OMNI program were selected from the 1991 file and case 
reports used in the current effort were selected from the 1993 file, it would be informative to compare 
analysis results. This comparison will allow an evaluation of the consistency of causal factor 
determinations over time. 

Figure 5-21 from Section 5.3.2 is reproduced as Figure 6-l. This figure provides the causal 
factor profile as determined in the clinical analysis sequence performed for this effort. The relative 
ranking of each causal factor assessment, in terms of frequency, has been superimposed on the figure. 
OMNI program results are also superimposed to show the causal factor distribution and the relative 
ranking of each assessment in that program. Major points with respect to comparing results of these 
two evaluation efforts may be summarized as follows: 

l The same six causal factor categories/groups are identified in both programs, 

l For the first four causal factors in Figure 6-1, the relative ranking between these programs 
changes by a factor of one. Specifically, the driver inattention causal factor is ranked fifth 
in the current effort and fourth in the OMNI program. The driver relinquished steering 
control causal factor is ranked second in the run-off-road analysis and first in the OMNI 
program. Corresponding rankings for the evasive maneuver causal factor are fourth in 
the current effort and fifth in the OMNI program. Similarly, the lost directional control 
causal factor is ranked third in the current effort and second in the OMNI program. 

l The vehicle failure causal factor is ranked sixth in both programs. This ranking is not 
surprising given the very small proportion crashes that are associated with vehicle failure. 

l The most pronounced difference between the two programs is associated with the vehicle 
speed causal factor which is ranked first in the current effort and third in the OMNI 
program. The difference between the relative proportions of this factor in the two sample 
profiles is also substantial (e.g., 32.0 percent-run-off-road and 19.97 percent-OMNI 
program). 
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Since the same analysis procedures and staff were used in both programs, this shifting in 
rankings between the two efforts is suggestive of sample differences. A quick check of this possibility 
is provided in table 6-l which tabulates the proportions of crashes occurring on curved and straight 
segments within the two samples. Note that there are, in fact, substantial differences between the 
samples in each causal factor designation. We believe that these differences are associated with the 
more limited nature of the OMNI sample. The OMNI sample is considerably smaller than the run-off- 
road sample (100 versus 201) and the OMNI sample was selected from the case files available at 
NASS Zone Center # 1 as opposed to the run-off-road sample which included cases from both 
NASS Zone Centers. 

Table 6-l 
Causal Factor by Roadway Alignment 
For Run-Off-Road and OMNI Samples 

Causal Factor/Sample 

Evasive Maneuver/Run-Off-Road 

Vehicle Failure/Run-Off-Road 79.8 20.2 

/OMNl 57.6 42.4 

Vehicle Speed/Run-Off-Road 58.4 41.6 

/OMNl 79.4 20.6 

Although the causal profiles differ between these samples and there are evident sample 
diierences, the project stafFis encouraged by the fact that the same six causal factors were identified 
in both samples and by the small proportional differences noted for five of the six causal factors. On 
this basis, we believe that causal factors. do remain relatively stable over time. 

Since the engineering analysis conducted for the current effort demonstrated a close 
association between causal factor designations and dynamic scenario characteristics, we also believe 
that the characteristics of the two samples are in reasonable agreement (i.e., within the order of 
magnitude noted for causal factor profile differences). It is, however, difficult to assess this belief 
since dynamic situations for the OMNI sample are not described in detail. 

161 



With respect to the statistical analyses conducted for the current effort and presented in 
Section 5.2, the intent was to supplement and expand upon the findings of OMN program. 
Specifically, the current effort focused on examining the relationship between variables available in 
the GES database. For example, only one of the sixteen bivariate distributions presented in Section 
5.2.3 of this report was addressed in the OMNI report and none of the four trivariate distributions 
presented in Section 5.2.4 of this report was addressed in the OMNI report. The project staff 
believes that these additional analyses provide greater insight to the circumstances surrounding run- 
off-road crashes and the relationships associated with these crashes. One example of this improved 
insight is the profile established for a subset of the more severe crashes which may be summarized 
as follows: 

l The more severe run-off-road crashes tend to be curve related and the curve related 
crashes tend to occur in rural/suburban areas. 

l These crashes tend to occur on dry surfaces. 

l These crashes tend to occur in the evening hours (e.g., 4 PM to 4 AM). 

l These crashes tend to be related to increased levels of alcohol consumption and to an 
increased incidence of speeding. 

Other relevant findings associated with these analyses are presented in the discussion 
developed for Tables 5-l through 5-20. Again, these individual findings and the collective weight 
of the findings presented as a whole provide a more complete picture of the run-off-road crash 
problem. 

In a similar fashion, excluding causal factor analysis results, virtually none of the clinical 
analyses presented in Section 5.3 was addressed in the OMNI program. Collectively, these analyses 
verify that the clinical sample is reasonably representative of the national crash population. Specific 
findings are delineated in the discussions developed for Figures 5-10 through 5-21 and Tables 5-23 
through 5-45. Again, these findings add to our understanding of the run-off-road crash problem. 
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7.0 Definition of Benefit Analysis Sample 

A major goal of the Run-Off-Road Collision Avoidance program is development of a 
countermeasure that either eliminates these crashes or reduces the severity of these crashes. The 
specific crash types contained in the target crash population were delineated in Section 3.0, It is 
likely, however, that a countermeasure developed for application to the target crash population will 
also have success with respect to eliminating crashes which are dynamically similar to the target crash 
population, This section delineates dynamically siiar crash types and combines them with the target 
crash population to define the benefit analysis sample (i.e., those crashes that will benefit from 
countermeasure application). This latter sample will be used to estimate the overall potential 
effectiveness of countermeasure concepts. 

The crash types defined/included in the benefit analysis will be used to develop crash scenarios 
in Tasks 3 and 4. A simulator will then be used in Task 3 to evaluate the potential effectiveness of 
existing prototype systems in these scenarios. Computer simulations will be developed in Task 4 to 
evaluate additional and existing countermeasure concepts in these same scenarios. (NOTE: The 
crash scenarios developed for Tasks 3 and 4 will focus on run-off-road crash types. However, since 
additional crash types identified for the benefit analysis sample will be dynamically similar, it should 
be feasible to use these same scenarios with minimal modification.) 

7.1 Determination of Crash Types With Similar Dynamic Scenarios 

Run-off-road crashes are characterized by subject vehicle movement. For example, virtually 
all of the single vehicle crashes considered to this point involve a lane departure movement. There 
are a number of vehicle-to-vehicle configurations which involve this same movement pattern. The 
full range of characteristics of interest may be summarized as follows: 

l Vehicle-to-vehicle path orientation - parallel, traveling in opposite directions (parallel 
paths in the same direction will be resolved in 
the lane change/merge program) 

l Vehicle maneuver - unintended lane departure (drift, loss of control, 
etc.) 

l Vehicle velocity range - 5 mph to 70 mph 

The NASS CDS and GES accident type classification scheme was examined to identify 
additional crash types complying with the specification described above. This examination identified 
three additional accident types with dynamic situations similar to the target crash population. All 
three accident types reside in the “Same Trafficway Opposite Direction” category of the classification 
scheme as follows: 

. Head-On, Lateral Move - Codes 50 and 51 
l Forward Impact, Control/Traction Loss - Codes 54 through 57 
l Sideswipe/Angle, Lateral Move - Codes 64 and 65 
Of the three identified accident types, the Forward Impact, Control/Traction Loss type would 
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be expected to involve the largest relative proportion of unintended lane departures. The Head-On, 
Lateral Move and Sideswipe/Angle, Lateral Move types both contain a substantial number of crashes 
where the subject driver was initiating a passing maneuver. It is likely that intentional lane departures 
of this type will be culled from the benefit sample prior to evaluation of countermeasure concepts. 
Crashes, in these types, where the movement is associated with driftiig actions or inadvertent steering 
inputs will be retained. 

7.2 Specification of the Benefit Analysis Sample 

The benefit analysis sample will be comprised of the target crash population identified in Table 
3-3 and the three additional accident types identified in the preceding subsection. The sample 
composition is summarized in table 7-l. 

Table 7-1 
Benefit Analysis Sample 

Category 

Single Driver 

Same TrafZcway 
Opposite Direction 

- .__ - . _ - ~~ -- _ 
The benefit analysis sample wrll be comprised of‘ 1,206,OOO crashes occurring off the roadway 
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and not more than 174,000 crashes occurring on the roadway. As indicated previously, it is likely 
that the on road portion of the sample will be f%rther reduced in subsequent tasks to eliminate 
intentional lane departure movements. 
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8.0 Summary and Conclusions 

The single vehicle run-off-road crash represents a significant highway safety problem. In this 
crash type, the subject driver either deliberately steers off the roadway as an evasive maneuver or 
allows the subject vehicle to depart from the roadway due to a variety of crash related events. The 
subject vehicle is subsequently involved in a broad range of impact configurations and/or non-collision 
rollover events. 

The objective of the Run-Off-Road Collision Avoidance program is to develop practicable 
performance specifications for run-off-road crash avoidance systems. This program consists of a 
sequence of nine related tasks to be completed in three distinct program phases. The goal of Task 
1 of this effort is to thoroughly analyze the crash problem and, thereby, establish a knowledge base 
for this crash type which can be utilized to successfully address subsequent tasks. 

This report describes and documents the analysis sequence completed for Task 1. The 
sequence utilized three types of analysis types as follows: 

l Statistical Analysis - Mass databases (GES and FARS) were examined to obtain an 
updated estimate of problem size and to establish characteristics of the national crash 
population. 

l Clinical Analysis - A sample of NASS CDS hard copy case reports was evaluated to 
determine crash causation factors and to establish the circumstances in which these 
crashes occurred. This sample was selected to be representative of the national crash 
population. A comparison of the profile of crash characteristics established for the clinical 
database and a similar profile established for the statistical database, indicated that the 
NASS CDS sample was reasonably representative of the national crash population. 

. Engineering Analysis - The NASS CDS hard copy case reports were examined to 
establish the dynamic scenarios associated with each crash contained in the clinical 
sample. These scenarios were represented as situation trees which delineated the specific 
combination of driver, vehicle, and environmental factors in each crash and driver/vehicle 
responses to critical events. Similar groups of situation trees were then compared to 
establish similarities/differences between groups. Analysts also completed a top-level 
evaluation of analytical parameters (velocity, steer input, and brake input) during the 
course of this effort. 

Major findings of the analysis sequence are summarized in Section 8.1. Conclusions deriving 
from these results and the analysis effort are described in Section 8.2. 

8.1 Summary of Technical’Findings 

Technical findings are presented for each of the analysis types conducted for this effort 
Implications of these findings are discussed in the subsection that delineates conclusions. 
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8.1.1 Statistical Analysis 

The 1992 NASS GES and 1992 FARS databases were utilized to complete the statistical 
analysis sequence. Major findings associated with this effort may be summarized as follows: 

. The run-off-road target crash population totals approximately 1.2 million crashes. This 
crash population comprises approximately 20.0 percent of the GES file crashes and 
accounts for nearly 37.0 percent of the injured occupants in the GES file. The 14,03 1 
fatalities sustained in run-off-road crashes account for more than 41.0 percent of the 
33,846 in-vehicle fatalities that occurred in 1992 (FARS database). Thus, in terms of 
both injury frequency and injury severity, the run-off-road target crash population is 
overrepresented. The specific reasons for this over-representation are related to the 
nature of these crashes. Run-off-road target population crashes tend to occur on two lane 
roadways in rural and suburban environments. Speed limits and associated travel speeds 
in these environments are higher than corresponding values for urban environments. 
Similarly, these crashes tend to occur on dry road surfaces with no adverse weather 
conditions. Travel speeds in these conditions are again higher than corresponding values 
associated with adverse weather conditions. 

l Most run-off-road crashes occur at locations where the horizontal roadway alignment is 
classified as straight. In terms of injury severity, however, the highest severity crashes 
tend to occur at locations where the horizontal roadway alignment is classified as curved. 

. The time distribution associated with these crashes is distinctive. The incidence rate for 
run-off-road cashes peaks in the 4 PM to 8 PM time frame, declines slightly in each of the 
next two time blocks (8 PM to 12 AM and 2 AM to 4 AM), bottoms out in the 4 AM to 
8 AM time frame, and then begins rising again in the next two time blocks (8 AM to 12 
PM and 12 PM to 4 PM) as the peak time frame is once again approached. As implied 
by this pattern and other analyses, more run-off-road crashes occur during periods of 
darkness than occur during daylight conditions. Of those crashes occurring during 
periods of darkness, more crashes occur in dark/unlit conditions than occur in dark/lighted 
conditions. This finding reflects the rural nature of these crashes. 

. The number of right roadway departure crashes in the GES database exceeds the number 
of left roadway departure crashes by a substantial margin. This difference is related to the 
nature and events associated with the left roadway departure configuration. First, in 
departures to the 1eR there is an associated risk of involvement with on-coming traffic. 
Thus, a number of these departures result in vehicle-to-vehicle involvement and are 
classified as head-on or sideswipe crashes. Secondly, in departures to the left, there is 
greater distance and time in which the driver can initiate corrective action and avoid the 
impending departure (as compared to right roadside departures). 

l Most drivers involved in run-off-road crashes do not initiate corrective action prior to 
the crash. As will be shown in the clinical and engineering analyses, a portion of this lack 
of action may be attributed to the driver’s lack of awareness of the impending departure. 
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In a number of cases, however, it is likely that the driver does not initiate corrective action 
due to the lack of sufficient time (i.e., a number of these crashes are associated with very 
short time frames between the point of departure and the point of impact). 

c The highest incidence rates for violations charged in these crashes are associated with 
vehicle speed violations, alcohol consumption, and combinations of these factors. There 
is a relationship between these violations and the time periods when run-off-road crashes 
occur. Specifically, the highest incidence rates for these crashes are during evening hours 
when alcohol consumption is most likely to occur. There is also a relationship between 
alcohol consumption and vehicle speed violations since many of these citations are issued 
jointly in the same crash. 

8.1.2 Clinical Analysis 

A sample of 201 NASS CDS hard copy case reports was analyzed to establish causal factors 
and crash circumstances/characteristics. Major findings associated with this effort may be 
summarized as follows: 

c There is general agreement between the statistical and clinical crash characteristic profiles. 
Specifically, crashes in the clinical database also tend to occur on rural, dry, two lane 
roadways without adverse weather conditions. The proportion of crashes occurring on 
curved segments in the clinical database exceeds the corresponding proportion noted in 
the GES database. This finding is consistent with the more severe nature of CDS cases 
as compared to the GES profile (i.e., more severe crashes tend to occur on curved 
segments). 

c The proportion of drivers initiating avoidance maneuvers in the clinical sample is 
significantly higher than the corresponding proportion noted in the GES database. We 
do not believe that any significance should be placed on these differences since the CDS 
variables were recoded by the project staff to correct errors noted in the initial case 
submissions and it is likely that the GES database contains similar error patterns. 

c The causal factor profile established for the clinical sample is as follows: 

+ Driver Inattention - 12.7 percent 
+ Driver Relinquishes Steering Control - 20.1 percent 
-t Evasive Maneuver - 15.7 percent 
+ Lost Directional Control - 16.0 percent 
+ Vehicle Failure - 3.6 percent 
+ Vehicle Speed - 32.0 percent 

c The causal factor profile established for this effort was compared to the profile established 
in the OMNI program. The same six causal factors were identified in both programs. 
There is, however, variability in the relative rankings between programs of these causal 
factors within the profiles established for each program. For the first four causal factors 
shown in the above distribution, the difference in relative rankings was one position (e.g., 
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the driver inattention causal factor is the fifth most frequently occurring factor in the 
current program and the fourth most frequently occurring factor in the OMNI program). 
The vehicle failure causal factor is ranked sixth in both programs and the vehicle speed 
causal factor is ranked first in the current program and third in the OMNI program. We 
believe that this variability can be traced to the more limited nature of the OMNI program. 
The OMNI sample is significantly smaller and is limited to cases selected from NASS 
Zone Center #I. 

l A number of interesting trends can be detected by comparing the causal factor profile, 
noted above and presented in Figure 5-21, with bivariate distribution results reported in 
Table 5-35 (Causal Factor by Horizontal Alignment) and Table 5-36 (Causal Factor by 
Surface Condition). For example, based on the distribution profile presented in Figure 
5-21, the driver inattention causal factor is over-represented in the straight horizontal 
alignment category (Table 5-35) and over-represented again in the dry surface condition 
category (Table 5-36). Thus, there is a tendency for this causal factor to be associated 
with straight, dry road segments. Similarly, the driver relinquished steering control causal 
factor is overrepresented in the curved horizontal alignment category (Table 5-35) and 
over-represented again in the dry surface condition category (Table 5-36). Thus, there is 
a tendency for this causal factor to be associated with curved, dry road segments. Trends 
of this type were further explored in the engineering analysis effort conducted for this 
program. 

8.1.3 Engineeriner Analvsis 

The NASS CDS hard copy case reports were further evaluated to identify dynamic scenarios 
associated with each case. These scenarios were represented as situation trees which were coded on 
data entry/reduction formats developed for this effort. Situation trees demonstrating similar 
responses in the individual branches comprising each tree were subsequently grouped and analyzed 
to determine trends within each group and similarities/differences between groups. Major findings 
associated with the analysis may be summarized as follows: 

l The highest levels of coherence within groups and the most interesting differences 
between groups were found when the situation trees were aggregated by causal factor. 

l Specific patterns noted for key branches of the situation trees are as follows: 

-I- Driver State - In three of the causal factor groups, the predominant driver state 
is alert. These groups are evasive maneuver (84.5 percent), lost directional 
control (99.2 percent), and vehicle failure (100.0 percent). The predominant state 
for the driver inattention group is inattention (100.0 percent). In the driver 
relinquished steering control group, there are two primary states (HBD/DUI-58.9 
percent and Drowsy-36.0 percent). The vehicle speed group also has two primary 
states (Alert-59.5 percent and HBDLDUI-40.3 percent). 

-I- Roadway Alignment - The causal factor groups are evenly split between straight 
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and curved segments. Curved segment locations dominate the distributions for 
the driver relinquished steering control (55.7 percent), vehicle failure (79.8 
percent), and vehicle speed (58.4 percent) groups. Straight segment locations 
dominate the distributions for the driver inattention (66.3 percent), evasive 
maneuver (66.8 percent), and lost directional control (53.3 percent) groups. 

-I- Roadway State - The dry surface condition is the most prevalent condition in five 
of the causal factor groups. Icy/snow conditions (56.6 percent) and wet surfaces 
(34.8 percent) dominate the distribution for lost directional control group. 

+ On-Road Driver Response - In four of the six groups the most frequent driver 
response involves no corrective action. These groups are the driver inattention 
(49.7 percent), driver relinquished steering control (85.3 percent), vehicle failure 
(66.2 percent), and vehicle speed (27.5 percent) groups. In the evasive maneuver 
and lost directional groups, deliberate steering actions (56.1 percent and 40.4 
percent, respectively) are the most frequent response. 

+ On-Road Vehicle Response - Drift movements are the most frequent responses 
in three groups; driver inattention (49.7 percent), driver relinquished steering 
control (85.3 percent), and vehicle failure (64.2 percent). Tracking movements 
are the most frequent responses in the evasive maneuver (77.6 percent) and 
vehicle speed (41.8 percent) groups. Yaw movements dominate the distribution 
for the lost directional control (69.5 percent) group. 

+ Off-Road Driver Response - The most frequent off-road driver response is to 
initiate no corrective action in four of the causal factor groups; driver inattention 
(50.9 percent), driver relinquished steering control (80.9 percent), lost directional 
control (45.0 percent), and vehicle failure (66.2 percent). Deliberate steering 
actions dominate the distribution for evasive maneuver (47.8 percent) and 
braking actions dominate the distribution for vehicle speed (33.9 percent). 

+ Off-Road Vehicle Response - Yaw movements are the most frequent responses 
in four groups; driver inattention (39.1 percent), evasive maneuver (5 5.6 percent), 
lost directional control (61.6 percent), and vehicle speed (40.6 percent). Drift 
movements are the most frequent responses in two groups; driver relinquished 
steering control (65.9 percent) and vehicle failure (64.2 percent). 

l As indicted in the patterns described above, in a large proportion of these cases, drivers 
do not initiate corrective actions while on the roadway. A somewhat larger proportion 
respond off the road, between the point of departure and the impact location. 

l The most frequent driver corrective actions involve steering inputs. Many of these inputs 
may be characterized as overcorrections which result in the loss of vehicle control as 
evidenced by the relatively high rates reported for off-road yaw movements. 
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8.2 Conclusions 

Major conclusions derived from this effort may be summarized as follows: 

l There are substantial differences between groups of situation trees when the groups are 
aggregated on the basis of causal factor designation. These differences will be used to 
identify appropriate intervention opportunities and mechanisms. These opportunities will 
be further evaluated and developed in Task 2. 

l A wide range of dynamic situations and causal factors has been identified. The breadth 
of these factors suggests that no single countermeasure will be effective with respect to 
preventing, and/or reducing the severity of, the target crash population. 

l Roadway conditions are relatively benign from the perspective of sensor based 
countermeasures (i.e., dry, rural, minimal levels of adverse weather conditions). The 
technology evaluation tests scheduled in Task 3 will assess the performance of promising 
sensors and algorithms in these and other common conditions. 

l Analysis findings indicate that a substantial proportion of subject drivers do not initiate 
corrective actions while on the roadway. If countermeasures could elicit appropriate 
driver responses, or automatically initiate action, the benefit in terms of reduced frequency 
and severity of crashes, would be substantial. Human factors experiments scheduled for 
Task 3 will Cuther explore the issue of driver responses. 

l Since drivers tend to overcorrect and induce yaw movements in the off-road environment, 
active braking by the countermeasure prior to roadway departure may be a viable 
alternative. This concept would provide the driver a longer interval in which to react 
while on the roadway, possibly resulting in a more controlled vehicle trajectory and a 
reduced tendency to overcorrect on the part of the driver. This concept will be further 
evaluated in Tasks 3 and 4. 

l The tendency of drivers to oversteer in corrective maneuvers suggests there could be a 
negative interaction between the steering input from the driver and from an active 
countermeasure. In particular, it is possible that steering inputs provided by the driver 
and an active countermeasure will be additive, resulting in severe oversteering and the 
attendant consequences. This possibility will be examined in the Task 3 effort. 

l Driver impairment/incapacitation are significant contributing factors in vehicle speed and 
driver relinquished steering control crashes. These factors have negative design 
implications since the driver will be less likely to respond appropriately to system 
warnings than an unimpaired driver. Therefore, active control intervention may be 
required to prevent crashes involving these factors. 
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l Evaluations completed during this analysis sequence indicate that the time available to 
initiate avoidance actions may be a major design consideration. This issue will be 
examined in a more detailed manner in Task 2 as part of the timeline analysis effort. The 
timeline analysis will establish the range of times available. Human factors evaluations 
scheduled for Task 3 and mathematical modelling conducted in Task 4 will address the 
issue of whether these time frames are sufficient to achieve successfir! crash avoidance. 

172 



APPENDIX A 

Unweighted Clinical Analysis Distributions Involving Injury Severity 



Tables A-l to A-4 examine the relationship between horizontal alignment, surface condition, 
accident type, and causal factors with respect to injury severity. All results utilize unweighted data. 
Major points indicated by these distributions may be summarized as follows: 

l The very distinct injury severity bias associated with crashes occurring on curved 
segments in the GES database is mildly apparent in the clinical sample. Specifically, the 
relationship is reversed in the incapacitating injury category. This deterioration in the 
strength of the relationship is undoubtedly associated with the NASS sampling scheme 
which oversamples severe crashes (Table A-l). 

l In the maximum injury severity by surface condition distribution, the tendency for more 
severe crashes to be associated with dry surface conditions is readily apparent. The 
proportions of occupants sustaining injury, for all three reported injury levels 
(nonincapacitating, incapacitating, and fatal), are consistently highest in the dry surface 
condition (14.5 percent, 48.6 percent, and 11.6 percent, respectively) as compared to the 
wet (11.6 percent, 44.2 percent, and 4.7 percent, respectively) or snow/ice covered (10.5 
percent, 3 1.6 percent, and 5.3 percent, respectively) surface conditions (Table A-2). 

l In the maximum injury severity by accident type distribution, the profiles associated with 
left and right roadside departure crashes are reasonably similar with 79.5 percent of the 
occupants in left roadside departure crashes and 77.4 percent of the occupants in right 
roadside departure crashes sustaining injury. These rates are much higher than 
corresponding rates in the GES database and are consistent with the NASS sampling 
scheme (Table A-3). 

. In the maximum injury severity by causal factor distribution, there is considerable 
variability in the distributions associated with specific causal factors, The highest 
proportions of fatal injuries are sustained in the vehicle speed (16.9 percent) and driver 
inattention (14.8 percent) categories. The highest proportion of incapacitating injuries 
is sustained in the driver relinquished steering control (60.4 percent) category and the 
highest proportion of nonincapacitating injuries is sustained in the evasive maneuver 
(22.2 percent) category. The relatively high rate noted for no injury in the lost 
directional control category (30.8 percent) is associated with the lower travel speeds in 
this causal factor group. 

A-l 



Table A-l 
Maximum injury Severity by Horizontal Alignment 

Table A-2 
Maximum Injury Severity by Surface Condition 

Table A-3 
Maximum Injury Severity by Accident Type 

A-2 



I able A-4 

Maximum Injury Severity by Causal Factor 

A-3 



APPENDIX B 

Clinical Sample Weighting Schemes 

The tables presented in this appendix contain the specific weighting schemes applied to 
distributions in the clinical analysis sequence. All of these weighting schemes are derived from 
injury distributions in the GES database. Case weights developed for specific analyses vary with 
the size of the subsample being analyzed. 



Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Univariates 

Total Cases 

,:::.i...::;: ::.. Crash Severity.;x::‘+, :..:;;:;$:;. No,.,In..Sample.. .: ‘:. :. .%,.of Clin. Sample :.:::T :. ::. ; %. of:? 993 G2L.:. ‘....: .:. Case Weigt$j~;::::;j:::; ;:I::@, Repll:.by.-.Ea~cb.:.,Cas.~~:. 

0 (01 43 21.39% 63.1 2.9496 1 a4674 

1 (Cl 19 9.45% 12.1 1.2801 0.6368 

2 (81 27 13.43% 15.3 1.1390 0.5667 

3 (Al 93 46.27% 7.8 0.1686 0.0839 

4 (Kl 19 9.45% 1.7 0.1798 0.0895 
Total 201 100.00% 100.0 

Notes: 
1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Calspan’ Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - &variates 
(by Maximum Injury Severity) 

31 Cases 

i_ :..:.% of-l 992 GES . ..I.:;.. 1 ::.:.,. : Case Weight :Y:::-:;:. 

63.1 I 2.9496 
12.1 I 1.2801 
15.3 1.1390 
7.8 0.1686 

:-::.::::.% R&p. by Each Ciise..;~~.~:~, 

1.4674 
0.6368 
0.5667 
0.0839 
0.0895 

1 (Cl 19 9.45% 
2 (8) 27 13.43% 
3 (A) 93 46.27% 
4 IK) 19 9.45% 1.7 I 0.1798 
Total 201 100.00% 100.0 

No Injury 

..:::‘::P Crash Severity ::::: F.... :“‘..::::s:.. No, In Sample ::..: :..- .:, -% of Clin:Sample- :.I.:. .: % of- J 992 GES :. :.:j:..- Case Weight..::.::.:~.:.:::‘.. .I;: >.:Y% Rep.-by. Each Case ..; . . . . 

0 (0) 43 100.00% 100.0 1 .oooo 2.3256 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 IB) 0 0.00% 0.0 0.0000 0.0000 
3 (A) 0 0.00% 0.0 0.0000 0.0000 
4 (IO 0 0.00% 0.0 0.0000 0.0000 
Total 43 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Possible Injury 

w ..:../, : ..Cresh Severity ::l:.;..: ..i:: :: :::Noi. tn.sample..,.-:;;::.(i:’ .::: :.:. j %,of.Clini Sample:...:::-.:. ‘,:j::,;:/ % of.. 1992 tXs...-,~,.,:, i:::.:.. Case Weight. : .L::::::.: :.-::.i::-.:% 

t!J 
Rep, by. Each Case..::-..:.;. 

0 (0) 0 0.00% 0.0 0.0000 0.0000 
1 (Cl 19 100.00% 100.0 1 .oooo 5.2632 
2 (Bl 0 0.00% 0.0 0.0000 0.0000 
3 (Al 0 0.00% 0.0 0.0000 0.0000 
4 WI 0 0.00% 0.0 0.0000 0.0000 
Total 19 100.00% 100.0 

Nonincapacitating injury 

.:: ‘.:.. Crash Severity . . . . :: . . ,.i:. ..:-:. Nol Iri.Sample.-:: ;:.:.:i:... .::.::h% of Clin. Sample-. .::j .::‘. % of -1992 GES ; : .‘:.:.. : Case Weight I..: .: ‘. .-% Rep. by Each Case:-.::.::: 
0 (01 0 0.00% 0.0 0.0000 0.0000 
1 ICI 0 0.00% 0.0 0.0000 0.0000 
2 (B) 27 100.00% 100.0 1 .oooo 3.7037 
3 (A) 0 0.00% 0.0 0.0000 0.0000 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 27 100.00% 100.0 

Carnegie Mellon University 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Bivariates 
(by Maximum Injury Severity) 

. 
(ncapacitating (njury 

: . . Crash Severity. ::....i::.: .c:.: ::; No; In Sample .:.. :. ..: . . : % df C(inY Sample .I::.!:. -:-:>:..: .% of 1992 GES . . . . . :.:. : : Case Weight :x::.:::.;::: ::!: :::: % J&p; by.Each.Casei-..i-.,. ::.. 
0 (0) 0 0.00% 0.0 0.0000 0.0000 
1 (a 0 0.00% 0.0 0.0000 0.0000 
2 (B1 0 0.00% 0.0 0.0000 0.0000 
3 (A) 93 100.00% 100.0 1 .oooo 1.0753 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 93 100.00% 100.0 

Fatal Injury 

Crash Severity . . ::j. . . . . . . . .::. ; No, In Sample ..: :.: .-.:.% of Clin. Sample :‘.. -% of. 1992 . . . GES ::. . . ... Case Weight . . ‘.:.:.;:;L,:: . . ..-j-.: % Rep; by Each Case :.: . . . . 

0 (0) 0 0.00% 0.0 0.0000 0.0000 
1 (C) 0 0.00% 0.0 0.0000 0.0000 
2 W 0 0.00% 0.0 0.0000 0.0000 
3 (A) 0 0.00% 0.0 0.0000 0.0000 
4 (to 19 100.00% 100.0 1 .oooo 5.2632 
Total 19 100.00% 100.0 

w 
LJ 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 

Task #I 2 of 2 



Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Bivariates 

(by Accident Type) 

m 
A 

Total Cases 
: ..::...: Crash Severity.:.,‘:..I:‘,‘~.~: ,.‘:;-:I- ;...No;--In SB~~ple’..::.i.::..:~., ..;z:-: %of.Clin;..Sampfe Y :\ :.,? % of 1992 GES :. ;. : .:j :.. .Case Weight .:.:Y..,:::..: :,;‘:::;:.:%,.Rep; by Each.Case.~:.;:::i:~: 

0 (0) 43 21.39% 63.1 2.9496 1.4674 
1 (C) 19 9.45% 12.1 1.2801 0.6368 
2 (Bl 27 13.43% 15.3 1.1390 0.5667 
3 (A) 93 46.27% 7.8 0.1686 0.0839 
4 (IO 19 9.45% 1.7 0.1798 0.0895 
Total 201 100.00% 100.0 

Left Roadside Departure 

..: .:Crash Severity.:!:.: :.:.. . . . . . . . . . ..::I No: In-Sample.. A;::: : . . % of Clin; Sample :..I: . . . . %-of 1992 GES .Y:.: :::..:.::.., Case .Weight:. ‘::::;+:l. .::: ..:. % Rep; by Each Case:;:..::.: 

0 (0) 18 20.45% 63.1 3.0849 3.5056 
1 (C) 9 10.23% 12.1 1.1831 1.3444 
2 (B) 13 14.77% 15.3 1.0357 1.1769 
3 (A) 39 44.32% 7.8 0.1760 0.2000 
4 (to 9 10.23% 1.7 0.1662 0.1889 
Total 88 100.00% 100.0 

Right Roadside Departure 

: .::;T Crash Severity..:,.. ‘::. :...::.Y : No;ln Sample . . ,::: : .... . . . . %.cf Clin. Sample-: k:’ . . .% of.-1 992 GES . .L .: . . . ::. Case Weight!. ::I::..:.: . ..-I.. ,...% Rep. by Each Case :.:: 

0 (0) 24 22.64% 63.1 2.7869 2.6292 
1 (C) 10 9.43% 12.1 1.2826 1.2100 

10 12 11.32% 15.3 1.3515 1.2750 
12 51 48.11% 7.8 0.1621 0.1529 
51 9 8.49% 1.7 0.2002 0.1889 
9 106 100.00% 100.0 

: Crash Severity’:.,. .:j:.:. 1 : .-ii:-:::::I--No. Ifi SaMDIe ::.::.:.:..:: 
For 

-.-..-i:.% of Clin.. Sample..: 

14.29% 
0.00% 

28.57% 
42.86% 
14.29% 

100.00% 

ward impact 
. . . . ,... -..:.% of 1992 GES .:?:.:: 

I 71.8 
0.0 

17.4 
8.9 
1.9 

l)GES crashseverity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (#in sample) x (% represented by each case). 

.: . . -Case Weight . . . . . . 

5.0250 
0.0000 
0.6092 
0.2071 
0.1354 
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Calspan Corporatian Run-Off-Road Countermeasures Program 
Weighting Scheme - Bivariates 

(by Horizontal Alignment) 

Total Cases 

:.::. ::, .:::- Crash ..Se~erity.:.;i.i:i-.:-:: .:i;:;j:iii:;.::;: Noi:.Jn Sample y:. i;. ::-:ii.:% of .Ctin;:Sampfe-::-- :.: :.%.of 1992 GES: ::; . . . . i,::.. Case .Weight .;:I;: .:I:: 

0 (01 43 21.39% 63.1 2.9496 
1 (Cl 19 9.45% 12.1 1.2801 

2 (81 27 13.43% 15.3 1.1390 
3 (A) 93 46.27% 7.8 0.1686 
4 (to 19 9.45% 1.7 0.1798 
Total 201 100.00% 100.0 

::>::$::0/6; Rep; by Each Case ,.:..:..: 
\ 

1.4674 
0.6368 
0.5667 
0.0839 
0.0895 

9” 
ul 

\ Curve 
“..‘..:::::: Crash Sever)ty..lii’:::.‘l::::- :;j;:j;; ::.: No; In Sample ..:::;:i+ ..: :;:. .%. &Clin;. Sample . . . :,. .;:..::.:3 oh of. 1992 GES::-::: .:.:i.i::.‘:z~,:: Case.Weight-,:~I-::.:~: ::;.:::.&:;%;. Rep;, by Each ‘case-:. .:.;I: 

0 (0) 20 22.22% 63.1 2.8395 3.1550 
1 (Cl 9 10.00% 12.1 1.2100 1.3444 
2 (8) 13 14.44% 15.3 1.0592 1.1769 
3 (A) 39 43.33% 7.8 0.1800 0.2000 
4 (to 9 10.00% 1.7 0.1700 0.1889 
Total 90 100.00% 100.0 

Straight 
:. :.:.::.Crash Severity:-i:.:?:. .:: .-.:--:--NO. in Sample:-,‘-,‘::,:I’:- .:.I::::: % Of Chin. Sample:-:.:; .::: .::-I-% of.-.1 992 GES.- . . . . . . : j :., :. Case Weight . . . . . . :: ..:: ..: ::, % Rep; by Each Case :.:j ... 

0 (0) 23 20.72% 63.1 3.0453 2.7435 
1 (Cl 10 9.01% 12.1 1.3431 1.2100 

10 14 12.61% 15.3 1.2131 1.0929 
12 54 48.65% 7.8 0.1603 0.1444 
51 10 9.01% 1.7 0.1887 0.1700 
9 111 100.00% 100.0 

lY.!aex 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Bivariates 

(by Roadway Surface Condition) 

Total Cases 

.,.;‘-.:::.:: Crash Severity..--:.I~:::::.. -:-[-:,:,p:~i:. N&::Jn sample. . . ..j. .:.. : . ...% of.. Clin. Sample .:: :j :>: %. of 1992 GES: .y:. :.:. ...I Case Weight:..:...::..j:. :.j .:i:..%.Rep, by Each C&se.:::-:,::,;: 

0 (0) 43 21.39% 63.1 2.9496 1.4674 
1 (Cl 19 9.45% 12.1 1.2801 0.6368 
2 (El 27 13.43% 15.3 1.1390 0.5667 
3 (Al 93 46.27% 7.8 0.1686 0.0839 
4 (K) 19 9.45% 1.7 0.1798 0.0895 
Total 201 100.00% 100.0 

Dry Roadway cases 
-: :-.I-::.Crash Setierity.:.::.::,ii.. i::.: .::;::.: Nt$,.ln Sample :.:j,.:j: :. .:..; %, of, Clin, Sample :..::. ../I? oh of 1992 GES---:r.:: ::A.::;:. :Case Weight.:;.,i.,:::::-. ;;:::::ii:::.% Rep;‘by Each .Case-‘:,.,::,:: 

0 (0) 27 19.57% 63.1 3.2251 2.3370 
1 VI) 8 5.80% 12.1 2.0873 1.5125 
2 (6) 20 14.49% 15.3 1.0557 0.7650 
3 (A) 67 48.55% 7.8 0.1607 0.1164 
4 (K) 16 11.59% 1.7 0.1466 0.1063 
Total 138 100.00% 100.0 

Wet Roadway Cases 
.:.:,:. Crash Saveritw..::: -i.:.:::::~:.: No;--lr~ Sample :3+:: :.:;..:::?% of Clin: Sample:---.::- :j:::.:: . . . . %- of 1992 GES .:::.:. :...::. . . . . Case,Weight .:.:?:.:.:jj:j: ~.:+:i-:::%. Rep; by Each Case 7_::.:~:: 

0 (0) 10 23.26% 63.1 2.7133 6.3100 
1 (Cl 7 16.28% 12.1 0.7433 1 a7286 

10 5 11.63% 15.3 1.3158 3.0600 
12 19 44.19% 7.8 0.1765 0.4105 
51 2 4.65% 1.7 0.3655 0.8500 
9 43 100.00% 100.0 

Snow (slush/ice) Cases 

.. . . .Crash Severity.,:.:..:;.-.- :: ::::.I;; No;. ln.Sample:.: ..:.:. j::::; :::.: --:..%:.of-Clin. Sample .:.j:: ..:‘.... ..:. % of 1992 GES: :. .:... . . .. Case Weight... -.....::i:$ .:..::.::i:.:.%. Rep;.-by.Each:Case::::.:.:::::. 

0 (0) 6 31.58% 71.8 2.2732 11.9644 
1 (Cl 4 21.05% 0.0 0.0000 0.0000 
2 (B) 2 10.53% 17.4 1.6536 8.7031 
3 (A) 6 31.58% 8.9 0.2810 1.4790 
4 (K) 1 5.26% 1.9 0.3675 1.9340 
Total 19 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

l l l One case of unknown roadway surface condition 
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Calspan Corpora t/on Run-Off-Road Countermeasures Program 
Weighting Scheme - Bivariates 

(by Lighting Condition) 

Total Cases 
, 

.-.:+.> Crash S&v&ity,- j::j;$:: :$,:‘;:;& Na;::ln Sample i: ..j:: .:.. i,;:..%-.of Clin; Sample .;:.:.: . . . ::.:::::t %. Of.. 1992..GES.. : . . . . :: G+..:.: Case. Weight ,.:~&$.:-: ::;. . ..& ::...?% Rep,-by:.Eac@.C@&: .:..:::...;: 

0 (0) 43 21.39% 63.1 2.9496 1.4674 
1 ICI 19 9.45% 12.1 1.2801 0.6368 
2 (El 27 13.43% 15.3 1.1390 0.5667 
3 (Al 93 46.27% 7.8 0.1686 0.0839 
4 WI 19 9.45% 1.7 0.1798 0.0895 
Total 201 100.00% 100.0 

Daylight Cases 

Crash .Severity.:::~ j:.::...: :.;:;::::;:.;:: No; In Sample :Y.:: . . . . . . % of Clin. Sample: :.. .::c’ % of 1992,GES ::..:.F:.: ::...::.i:.;..Case Weight..: IT.:::< : .::::::‘..: %’ Repa by Each Ca$e-:i;~:;:;,,: 

0 (0) 22 25.00% 63.1 2.5240 2.8682 
1 (C) 10 11.36% 12.1 1.0648 1.2100 
2 (8) 11 12.50% 15.3 1.2240 1.3909 
3 (Al 41 46.59% 7.8 0.1674 0.1902 
4 C-4 4 4.65% 1.7 0.3740 0.4250 
Total 88 100.00% 100.0 

Artificial Lighting Cases 
.: . . . . . Crash Severity :::::.:: .::.:‘.:.::i: Noi In Sample ::.:.: :...>I .% of Clin. Sample..,:-:;:: .:/:;..!:j: % of. 1 gg2.GES :::;.. :; . . . Case Weight-ii::-<-. ::.. . . ..ii.$.::::?(,. Repi by Ea&Case. >.-.: . . . . 

0 (01 8 17.39% 63.1 3.6283 7.8875 
1 (Cl 5 10.87% 12.1 1.1132 2.4200 

10 5 10.87% 15.3 1.4076 3.0600 
12 19 41.30% 7.8 0.1888 0.4105 
51 9 19.57% 1.7 0.0869 0.1889 
9 46 100.00% 100.0 

No Artificial Lighting Cases 
.. Crash Severity-:.:. ..:..::. --::-No... In.Sample:.--. :: . . . -%.of Clin. Sample.‘.. ‘~2 ..:,:ii::% of 1992 GES. .:q.:. :. .:... : Case Weight;:.:.;:.::. ..:I:: . ..%. Rep; by Each Case.+::::.: 

0 (0) 13 19.70% 71.8 3.6445 5.5220 
1 (C) 4 6.06% 0.0 0.0000 0.0000 
2 (B) 11 16.67% 17.4 1.0444 1.5824 
3 (A) 32 48.48% 8.9 0.1830 0.2773 
4 (K) 6 9.09% 1.9 0.2127 0.3223 
Total 66 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GESI I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

l l l One case of unknown lighting condition 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Bivariates 

(by Attempted Avoidance Maneuver) 

Total Cases 
1 ... .Crash Severity ::.i;.::. ::...: ..t...: :.:.. No;: In Sampler.- _... :.:: ..:, -:--.:..% of .Clin. Sampla:.:-- .: .::.; % of -1 992 GES.. .., . . . . 1:. Case. Weight .,:: ;::;::i .:::.. .: j:j!:;.i:f: o/a Rep, by E~chiC&&,‘:iii;~:;.:, 

0 (0) 43 21.39% 63.1 2.9496 1.4674 
1 (Cl 19 9.45% 12.1 1.2801 0.6368 
2 (B) 27 13.43% 15.3 1.1390 0.5667 
3 (A) 93 46.27% 7.8 0.1686 0.0839 
4 (IO 19 9.45% 1.7 0.1798 0.0895 
Total 201 100.00% 100.0 

No Avoidance Maneuver 

m 

20 

:: .:.. Crash Severity.:::,.::‘:.. .:;: .:.. :-: No,- In.Sampte.-i-i..‘.: .:. %. of Clin. Sample ..‘: -Y:. .% of 1992 GES I:. .:.z-. :::I::_ Case Weight-..:..;:.:. ?. : .,.. :;:::::io/o.. Rep.-by Eacf:CasB:..i.::i~;::. 

0 (0) 18 18.95% 63.1 3.3303 3.5056 
1 (Cl 5 5.26% 12.1 2.2990 2.4200 
2 (B) 12 12.63% 15.3 1.2113 1.2750 
3 (A) 49 51.58% 7.6 0.1512 0.1592 
4 (KI 11 11.56% 1.7 0.1468 0.1545 
Total 95 100.00% 100.0 

Braking 

.::. .., C&h Severity...ji,ii::-I:- ,::.:yLi.i---.No:.ln ‘Sample . . . . I:.::::... ..:.... ::.:?% of .Clin,- Sample : -- :::.I.--::-: %-.of .1992. GES .::::..::: ::.: :... . . . . ..-. Case. Weight ,... :::: . . . . . . . ..:j::.:.:.:: -.?b Rep; by.~Eacb-Case::~:~.::~.:;,i 

0 (0) 4 20.00% 64.2 3.2096 16.0478 
1 (C) 4 20.00% 12.3 0.6155 3.0773 
2 (Bl 5 25.00% 15.6 0.6226 3.1129 
3 (A) 7 35.00% 7.9 0.2267 1.1336 
4 WI 0 0.00% 0.0 0.0000 0.0000 
Total 20 100.00% 100.0 

Steering 

..::.. .: Crash Severity:.:.:::. : :, :j::.jj:,.: No; fn Sample.% : :. ..:.. % of .Clin.- Sample :+ .:: ..% -of..1 992 GES .::.:;. .,.. . . . . :.:i-::.:.-.y.Case Weight . . . . . . . . :.. :. i.:: . . . . . . -% Re&by. Each~C&e,:;;:::;:i::::. 

0 (0) 11 26.83% 63.1 2.3519 5.7364 
1 (Cl 2 4.88% 12.1 2.4805 6.0500 
2 (B) 7 17.07% 15.3 0.8961 2.1857 
3 (Al 16 39.02% 7.8 0.1999 0.4875 
4 (Kl 5 12.20% 1.7 0.1394 0.3400 
Total 41 100.00% 100.0 . 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Bivariates 

(by Attempted Avoidance Maneuver) 

Braking and Steering . 
-:::;ii;-.:::C&h Severitii::i-i.~..I,::.~:i- .f~:i::i~g No;--In S&ple.----- ..;.: .:..::% of Clin; Sample.:.: :.: % of:-1 992 GES .:.::. “.- . . . Cese..Weight:.-i.i.ii::i:~- :. ..:.: ::::i:yd/d: Rep, by Each Casti .:.:..A.:’ 

0 (01 5 16.67% 63.1 3.7860 12.6200 
1 (Cl 6 20.00% 12.1 0.6050 2.0167 
2 (B) 3 10.00% 15.3 1.5300 5.1000 
3 (Al 15 50.00% 7.8 0.1560 0.5200 
4 (K) 1 3.33% 1.7 0.5100 1.7000 
Total 30 100.00% 100.0 

Accelerating 
\ 

‘ ,.. Crash Severity .:‘:I::.:, :: .:.:;.;::..x: No; In Sample;.>::::::. .:.: % of Clin. Sample : : :.::. % of .I 992 GES .:-:.I :. ..:F ‘: Case Weight:. ..::.::.: ..:jj::..: % Rep; Each by Cede :.:,.’ 
0 (0) 0 0.00% 0.0 0.0000 0.0000 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 (BI 0 0.00% 0.0 0.0000 0.0000 
3 (Al 1 100.00% 100.0 1 .oooo 100.0000 
4 Kl 0 0.00% 0.0 0.0000 0.0000 
Total 1 100.00% 100.0 

t24sa.z 
td 

\b 
1) GES crash severity based upon cases involving passenger vehicles. l * l 14 cases of unknown GV14 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Attempted Avoidance Maneuver) 
Left Roadside Departure 

Total Cases 

5” 

5, 

:i :. ..: Crash Sev&tyiy.:i-:::’ ::::;:;:I:::;; N&;:Jn Sample .:... ..:.f: : i ‘..?::I % of Clin..-Sample.-. .L :.:::::.% -of.- 1 992, GES ., .::. : ..:::.: ;,,,-:.:.Case Weight ::;:::.::)I:: .: ..;ii:i:::::,.%.-Rep. by ‘Each.Case...i::.:I:ii: 

0 (0) la 20.45% 63.1 3.0849 3.5056 
1 (Cl 9 10.23% 12.1 1.1831 1.3444 
2 (B) 13 14.77% 15.3 1.0357 1.1769 
3 (A) 39 44.32% 7.8 0.1760 0.2000 
4 Kl 9 10.23% 1.7 0.1662 0.1889 
Total 88 100.00% 100.0 

No Avoidance Maneuver 
.: : Crash Severity :..:. :.::::.::. -No,-:ln Sample. :: i: . . : % of Clin, Sample .. .:: . . . % of. 1992 GES : . ...::. .:. Case Weight...--:::::;?.- :.;.:;..::.. % Rep;-by Each Case .: 

0 (0) 3 8.82% 63.1 7.1513 21.0333 
1 (Cl 2 5.88% 12.1 2.0570 6.0500 
2 (8) 4 11.76% 15.3 1.3005 3.8250 
3 (A) 21 61.76% 7.8 0.1263 0.3714 
4 (IO 4 11.76% 1.7 0.1445 0.4250 
Total 34 100.00% 100.0 

Braking 

... .:.?:,. Crash Severity:.:;: ::;-. .:..: .‘.I?:::.. No:. In Sample:-.:,:.:-,.: : -:-,..;::.i% of Clin. Sample . ..I.::. .:..:.. %,of 1992 GES-:. .; : .:.i: . . . . :...: Case Weight .:.::, .::. .::::j: ::: % Rep.. by Each Case.;.i.,+.: 

0 (01 4 30.77% 64.2 2.0862 16.0478 
1 (Cl 2 15.38% 12.3 o.aooi 6.1546 
2 (81 3 23.08% 15.6 0.6745 5.1882 
3 (Al 4 30.77% 7.9 0.2579 1.9837 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 13 100.00% 100.0 

Steering 
.: :. Crash Severity. ::. ,:, .:.:::::L.;: No<ln Sample-.:.;;.:-.--: -.--:i-::--..% of Clin; Sample.- :. :.:: .... % of .I 992 GES . . . . . . . . . . . . . . . :. Case Weight. . . . . j:..: .:::j:.+. %. Rep; by..Each Case .::+ 

0 (01 7 35.00% 63.1 1.8029 9.0143 
1 (Cl 2 10.00% 12.1 1.2100 6.0500 
2 @I 4 20.00% 15.3 0.7650 3.8250 
3 (A) 5 25.00% 7.8 0.3120 1.5600 
4 (IO 2 10.00% 1.7 0.1700 0.8500 
Total 20 100.00% 100.0 

lLlQ&z 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I VI in clinical sample). 
3) Weighted percents are (#in sample) x (% represented by each case). 

Carnegie Mellon University 

Task #I 
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Calspan Corpora t/on Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Attempted Avoidance Maneuver) 
Left Roadside Departure 

Braking and Steering 
. 

,:: ..,. :: -:..Crash.Severity .i’i.:.:::.;-: {:.i:::K-:;:- No;:tn.Saniple :i:.i‘?:;:::::- .-F:.:.-% of Cllri.:Sample.-.-. 
# 

::: .::.:;::i-i:::.% -of...1 992 GES :. :...... 2 . . ..:;:. : Case Weight .:...:::;:::,. . :::: -.%. Rep. by Each Case.. ..,.:: :: 

0 (01 2 14.29% 63.1 4.4170 31.5500 
1 (Cl 3 21.43% 12.1 0.5647 4.0333 
2 (B) 2 14.29% 15.3 1.0710 7.6500 
3 (A) 6 42.86% 7.8 0.1820 1.3000 
4 (IO 1 7.14% 1.7 0.2380 1.7000 
Total 14 100.00% 100.0 

Accelerating 
. . Crash Severity ‘::,::. :Y No; In Sample ‘.-: .A.. :. : % : of Clin, Sample ;::i:: .::i.-:..:-:: oh of i.1 992 GES ‘:.. .: .: . . Case Weight-., :::::.. ::..:.:i: o/O Rep, by Each Case. ..:;:: 

0 (01 0 0.00% 0.0 0.0000 0.0000 

1 (Cl 0 0.00% 0.0 0.0000 0.0000 

2 (8) 0 0.00% 0.0 0.0000 0.0000 

3 (A) 0 0.00% 0.0 0.0000 0.0000 
4 (KI 0 0.00% 0.0 0.0000 0.0000 
Total 0 0.00% 0.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

l l ‘7 cases of unknown GV14 

Carnegie Mellon University 

Task #I 

2 of 2 



Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Triveriates 

(by Attempted Avoidance Maneuver) 
Right Roadside Departure 

Total Cases 
1. Crash Severity,-,.,,--.--:.:I.. -:~l::i.:.l.i:.No~fn-.Sample ,.::j:i... % of Clin:Sample j.:..:: .:..:: :: : ‘: : % of 1992 GES-.:.-.r-.:- .::.j;..:. .Case.Weight: .: .:.:!:i:.-: ::.::::j::::: %-.-Reti..by.Each:CasC:iil”::, 

0 (09 24 22.64% 63.1 2.7869 2.6292 
1 (C9 10 9.43% 12.1 1.2826 1.2100 
2 (8) 12 11.32% 15.3 1.3515 1.2750 
3 (A9 51 48.11% 7.8 0.1621 0.1529 
4 Kl 9 8.49% 1.7 0.2002 0.1889 
Total 106 100.00% 100.0 

9” 
t5 

No Avoidance Maneuver 

Crash Severity : ..: :: ..:.;I..::-:-No;--In Sample .: .. of Clin. Sample .% .: ..% of 1992 GES ,.: . . . . . .:.: Case Weight .::... ::&‘.:. .:::i::: ‘$6 Rep;. by. Each Case.::::,:..:.. 
0 (09 14 24.14% 63.1 2.6141 4.5071 
1 (C9 3 5.17% 12.1 2.3393 4.0333 
2 (89 7 12.07% 15.3 1.2677 2.1857 
3 (A9 28 48.28% 7.8 0.1616 0.2786 
4 (to 6 10.34% 1.7 0.1643 0.2833 
Total 58 100.00% 100.0 

Braking 

. . . . Crash Sevetity ..,.,: ,<.!..: -..;j.:: :..... No. In Sample... A .::. ..:. :. % of Clin. Sample ....... 1.:: :% of 1992 GES .:: ..j:: . . : Case- Weight. ‘.r:..:.- . . . . ::::: .%:Rep; by. Each Case,‘& 

0 (09 0 0.00% 0.0 0.0000 0.0000 
1 (Cl 2 40.00% 34.4 0.8594 17.1875 
2 (Bl 1 20.00% 43.5 2.1733 43.4659 
3 (A) 2 40.00% 22.2 0.5540 11.0795 
4 (to 0 0.00% 0.0 0.0000 0.0000 
Total 5 100.00% 100.0 

Steering 

: : :- Crash Severity.,,:::;:s~;. j:,;:. _::.:;i No: ItLSample i : . . . ..:..:.. :: %: of Clin. Sample,:.:.,;.. .: . . . . ..% of. 1992.GES.--.i: ..::.::.:.. -Case Weight-:-::., ::..:..: :::.:.::.:.:.% Repi-by.Each Case ::il:.:, 
0 (09 4 20.00% 71.8 3.5893 17.9465 
1 (C9 0 0.00% 0.0 0.0000 0.0000 
2 (B9 3 15.00% 17.4 1.1604 5.8020 
3 (A) 10 50.00% 8.9 0.1775 0.8874 
4 (IO 3 15.00% 1.9 0.1289 0.6447 
Total 20 100.00% 100.0 

t4Q&s- 

1) GES crash severity based upon cases involving passenger vehicles. 
29 Percent represented by each case is the ratio I% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Attempted Avoidance Maneuver) 
Right Roadside Departure 

5” 
t; 

Braking and Steering 
* 

-... .:. Crash Severity ..,.,:. ..:j, :........:...j,:,No. In Sample. i-:::::-.. ..:::::.. % -of Clin. Sample-.:- .: :-: .%-of -1992 GES--- . . Case Weight :::i:. .:. ::-:..:.::::% Rep:by Each Case.-. .y,..:. 

0 (0) 3 20.00% 64.2 3.2096 21.3971 
1 (Cl 3 20.00% 12.3 0.6155 4.1031 
2 631 1 6.67% 15.6 2.3347 15.5646 
3 (A) 8 53.33% 7.9 0.1488 0.9919 
4 (to 0 0.00% 0.0 0.0000 0.0000 
Total 15 100.00% 100.0 

Accelerating 

..‘, Crash Severity :::..j?.:. ..I.:.::::.. No; In Sample:. :..A..: !.: % of Clin, Sample . . ..Q .::-::i::.::.% of ..1992.GES:-.. . . . . . . . ::. ..:. Case Weight-- .:;.,.:..t. .,.:., ..%.Rep. by Each case :,.::..:’ 
0 (0) 0 0.00% 0.0 0.0000 0.0000 
1 (C) 0 0.00% 0.0 0.0000 0.0000 
2 (El 0 0.00% 0.0 0.0000 0.0000 
3 (A9 1 100.00% 100.0 1 .oooo 100.0000 
4 (to 0 0.00% 0.0 0.0000 0.0000 
Total 1 100.00% 100.0 

f!4aes 

1) GES crash severity based upon cases involving passenger vehicles. l l l 7 cases of unknown GV14 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
Task #1 

2 of 2 



Catspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Attempted Avoidance Maneuver) 
Forward Impact 

Total Cases 

.:; ‘i: .Crash Sejedty:i:iiliii,::i:~:- ~~~$l-j.;;;; No’;_::ln..Sampfe . . . ..I :. .::j: y. -of Clin. Sample joy I :: % of J 992 GES ... .:. :I. .X ... Case Weieht.~:::.:i.:-:::-.. :::.:.i.::.::.::%..Rep. by Each ..Case..,:.:.,:i 

0 (0) 1 14.29% 71.8 6.0250 71.7861 
1 (C) 0 0.00% 0.0 0.0000 0.0000 
2 (B) 2 28.57% 17.4 0.6092 8.7031 
3 (Al 3 42.86% 8.9 0.2071 2.9579 
4 (IO 1 14.29% 1.9 0.1354 1.9340 
Total 7 100.00% 100.0 

No Avoidance Maneuver 

.: Crash Severity, : ;:;:.;:::.. “. ‘Y:..) .:., No> In.Sample . . . . . . . : ..: . ..% of Clin:Sample:--.. z---i<:::.% of 1992 GES ‘:... ..:. ..’ .:,:.:?I: Case Weight ;:::il. .::j :...:.-:,::.:.::%.Rep; .by Each:Case.: :..:‘:. 

0 (0) 1 33.33% 78.8 2.3633 78.7765 
1 Kt 0 0.00% 0.0 0.0000 0.0000 
2 (Bl 1 33.33% 19.1 0.5730 19.1011 
3 (A) 0 0.00% 0.0 0.0000 0.0000 
4 (IO 1 33.33% 2.1 0.0637 2.1223 
Total 3 100.00% 100.0 

Braking 
. . .:; 7 .: % .:..:.:.: %. of .I 992..GES.:.,.,- Crash Severity:: ::;.:.‘. :.:.‘.:-j: ;::.N& In Sample’. of Clin.--Sample !j:j:. :.::.. ‘:--Case Weight. .‘..:‘..:.‘.:.: ::..::.I.: ..,. % Rep, by.Each.Case,:: .,:.: ..:.: 

0 (01 0 0.00% 0.0 0.0000 0.0000 
1 VJ 0 0.00% 0.0 0.0000 0.0000 
2 63) 1 50.00% 66.2 1.3247 66.2338 
3 (At 1 50.00% 33.8 0.6753 33.7662 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 2 100.00% 100.0 

.:;.:.:::::::.:. No; In Sample -+i.:. .:: :.. 
! !ering 

:.- :, % of Clin. Saniple,:+-- . . -.:+9/o of-..1 992.GES..-: . . . 1 . . :. : -..::.:Case Weight :...~:I:::Y: 

0.00% 0.0 I 0.0000 
0.00% 
0.00% 

100.00% 
0.00% 

100.00% 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

:.:. ::.. % Rep. by Each .Case .::: . . . . . . 

0.0000 
0.0000 
0.0000 

100.0000 
0.0000 

Carnegie Mellon University 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Attempted Avoidance Maneuver) 
Forward lmpac f 

Braking and Steering a 

.. . . . : : .-::..: Crash Severity.:: :.,::j ..:.:;:::-i..:::: No,. ln..Saniple :. . . . . :: : : % .of Clin;.Samplti.-.. :. .;. % 6f 1992 GES ..: : .:.:... Case Weight--:::!...::i.-. . . ..L : % Rep. by Each Case ..:.-..j:: 

0 (0) 0 0.00% 0.0 0.0000 0.0000 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 03) 0 0.00% 0.0 0.0000 0.0000 

3 (Al 1 100.00% 100.0 1 .oooo 100.0000 

4 (K9 0 0.00% 0.0 0.0000 0.0000 
Total 1 100.00% 100.0 

Accelerating 

Crash Severity .::::.::..:Y :. ,i. Ndi. In Sample :::::.:. --c.:-:% of Clin. Sample ‘.. : ::.;. ‘.- % of -1992 GES: .:.---Case Weight : :::::, : :: % Rep:by Each Case :::, 

0 (01 0 0.00% 0.0 0.0000 0.0000 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 

2 03) 0 0.00% 0.0 0.0000 0.0000 

3 (A) 0 0.00% 0.0 0.0000 0.0000 

4 (fo 0 0.00% 0.0 0.0000 0.0000 
Total 0 0.00% 0.0 

fYtQl!s 
tp 
L 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 

Task #I 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Horizontal Alignment) 
Left Roadside Departure 

Total Cases 

.I:.:<.: .::l,. Crash Severit~:~::~:~i.:I::- .:$::::;:j of Noi : In- Sample : : ,: ‘. .... -%-of Clin:Sample ‘::.... -‘:.-‘Y...% -Of- 1 992. GES.:;,. i:..:. i:i;..:.:::.‘~.~Case Weight:; ;;;g-.::-, :)j:; .;;;i:.% fQpi.by.Each C&&.;V:. ::::.. 

0 (01 18 20.45% 63.1 3.0849 3.5056 
1 (Cl 9 10.23% 12.1 1.1831 1.3444 
2 (B9 13 14.77% 15.3 1.0357 1.1769 
3 (A9 39 44.32% 7.8 0.1760 0.2000 
4 (K) 9 10.23% 1.7 0.1662 0.1889 

88 100.00% 100.0 

Curved Roadway Cases 
’ :. .j Crash Severity !c:Y. :~::I:::.:;.:F: No; In Sample ::.,::.?j .: :Oh of Clin..Sample .? : ,.::..I.:: % of..1 992 GES :::.::.: . . . . . ..-.j.. Case Weight.,<:..:-i:.. .:. ~:;~;$:i.~:Rep; by Each Ce$e:,,.:..: 

0 (09 11 26.19% 63.1 2.4093 5.7364 
1 (Cl 5 11.90% 12.1 1.0164 2.4200 
2 (81 8 19.05% 15.3 0.8033 1.9125 
3 IA9 15 35.71% 7.8 0.2184 0.5200 
4 (IO 3 7.14% 1.7 0.2380 0.5667 
Total 42 100.00% 100.0 

Straight Roadway Cases 
:: ..‘..: Crash Se\i&y- .: . ...:;::. .L;:;:+;::- .:.. No; tfi’gemple .: .::. ::.-Y.?‘:: .:. :::-:o/~. of. Clin. Sample .Y..:::. .;:- :;:, ‘+ff- of 1992. GES::. ..‘..i::: ..-.:..: .:::j:.: Case Weight :.::: :.;;::;:::: c. ~:.:.::,?h. Rep, b’y Each -Case ,:T..I::.. 

0 (01 7 15.22% 63.1 4.1466 9.0143 
1 (C9 4 8.70% 12.1 4.3915 3.0250 

10 5 10.87% 15.3 1.4076 3.0600 
12 24 52.17% 7.6 0.1495 0.3250 
51 6 13.04% 1.7 0.1303 0.2833 
9 46 100.00% 100.0 

Jd.cms 

1 J GES crash severity based upon cases involving passenger vehicles. 
29 Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Cdspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Horizontal Alignment) 
Right Roadside Departure 

s” 
z 

Total Cases . 
:::::,---::. . . . Crash Severitfil’:..,::;jj .++;;:;:,i: No. In Sampfa:.:<..;?i.-:ji: .:-:-%:.of Clin.: Sampfe:i7.,.-: .::: . . . . ::.::3:.% :of :.I e$..GES ...:... >y.. :::. ,. .: ::.: Case.Weight ;:i:i::;.:.:i::.. y.:;;;;:.:.~+,~~ep; by Each. case I.. -;:::. 

0 (0) 24 22.64% 63.1 2.7869 2.6292 
1 (C) 10 9.43% 12.1 1.2826 1.2100 
2 (B) 12 11.32% 15.3 1.3515 1.2750 
3 (A) 51 48.11% 7.8 0.1621 0.1529 
4 (IO 9 8.49% 1.7 0.2002 0.1889 
Total 106 100.00% 100.0 

Curved Roadway Cases 
.:y...: Crash Severity i;?.i.:. ‘.: .+.:r.:j::, Nq,: IfI. Sample :::.:.;..“: :. r-.-:--.%--of Clin. Sample I --:: .:::::j:..;: ‘&of .1 992. GES ‘.:: :, :::: :L Case Weight:.: :..:: ::,: .; ,.:i:ii-:I~o/o. Rep; .by Each.case :.:.::. j::., 

0 (Ol 9 19.15% 63.1 3.2952 7.0111 
1 (C) 4 8.51% 12.1 1.4218 3.0250 

2 (B) 5 10.64% 15.3 1.4382 3.0600 
3 IA) 23 48.94% 7.8 0.1594 0.3391 

4 (to 6 12.77% 1.7 0.1332 0.2833 
Total 47 100.00% 100.0 

Straight Roadway Cases 
.,:j:j:. :.: Crash Severity.f$:i:;-. :: .:.::..p.-:::-I: NOi: In. Saitlple,:,?::::::.:ii: '.:i::l;:l-.%;Of Cki.-- Sainple.:...:::.. i:;~i:.Af.&.~~f.-~ gg2..GES:::-:::::;.: .,,i.. .A~ Case Weight.i,:,::r:.:::::~:::: ?;:i:y:,%. Rep;.& .Each :Ca$e .:i+; ::::. 

0 (0) 15 25.42% 63.1 ' 2.4819 4.2067 
1 (Cl 6 10.17% 12.1 1.1898 2.0167 

10 7 11.86% 15.3 1.2896 2.1857 
12 28 47.46% 7.8 0.1644 0.2786 
51 3 5.08% 1.7 0.3343 0.5667 
9 59 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (#in clinical sample). 
3) Weighted percents are (#in sample) x (% represented by each case). 

Carnegie Mellon University 
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Celspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Horizontal Alignment) 
Forward Impact 

. Total Cases 
4 

~.f:::::~:.‘: Crash Severity:;;&:+ .::: $;.i-::i. N($:.ln Sample.::.i:::iii:~::::: ..s. ; % of Cli&Sample . ..‘.. :..<.: .:. o/ of 1992 GES-.,-,.i .::.:: .::i:::’ . Case Weight-.:.::::ii-;:i:::i:i :. ::::yi:j:i:%. Reprbw;Each C&e;,:,j::,:,,;.. 

0 (0) 1 14.29% 71.8 5.0250 71.7861 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 (81 2 28.57% 17.4 0.6092 8.7031 
3 (Al 3 42.86% 8.9 0.2071 2.9579 
4 (Kl 1 14.29% 1.9 0.1354 1.9340 
Total 7 100.00% 100.0 

Curved Roadway Cases 
,. -::;::.:Crash Severity.:;;;,: ,,,. 1.;:. ,:.;;.:::.:$i; No,-.ln sample ::::y:,‘,;. :.y::.: o/O of Clin. Sample .;:c. .‘;..-i-,:.,:.0(+ of. 1 992 GES : .: .:. .’ A:.!,.>... Case Weight :i,;.;;:y~:::;; -:::;:;~;j.~:X~~ Rep;: by Eactf”a$e ,::::;:.::::. 

0 (0) 0 0.00% 0.0 0.0000 0.0000 

1 (Cl 0 0.00% 0.0 0.0000 0.0000 

2 (B) 0 0.00% 0.0 0.0000 0.0000 
3 (Al 1 100.00% 100.0 1 .oooo 100.0000 
4 Kl 0 0.00% 0.0 0.0000 0.0000 
Total 1 100.00% 100.0 

Straight Roadway Cases 
’ :. . . . :’ .,. .:. . . Crash Severity.,:.:::.i..,, .-..:..z;.-:.;, No. Jn Sample:-::.::.:..-. . . . . . . %-of Clin. ,.Sample.:.::::-::: ::-.:I:. % of .I 992 GES :.-.. : .>:‘::.,::.:. Case Weight...::i::::.::::‘.i: .:::.:::::-I-.% .Repiby Each-Ctis&:::::i,- :: 

0 IO) 1 16.67% 71.6 4.3072 71.7881 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 

10 2 33.33% 17.4 0.5222 8.7031 
12 2 33.33% 8.9 0.2662 4.4369 
51 1 16.67% 1.9 0.1160 1.9340 
9 6 100.00% 100.0 

PJntes; 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway Surface Condition) 

Left Roadside Departure 

Total Cases 
.::... -:.J::: Crash.Severity:~:i:i-iil:,‘:::: ..:.;~;:$j;:~, No;. In Samjile -:::;: ..:.::.. .:::;:L: -% .of Clin;- Sample.,:::::::.. ..i$::z::.%..of 1 992 GES.-.,.:i;,:i:;. 

, 
.s. ::::-I-::? ./:i: Case Waight’,.::,-,i.l,i.I:li:-- .:::::i:i:::>.%: Rep:, by. Sach,Case,,::+:a: 

0 (01 18 20.45% 63.1 3.0849 3.5056 
1 (Cl 9 10.23% 12.1 1.1831 1.3444 
2 W 13 14.77% 15.3 1.0357 1.1769 
3 (A) 39 44.32% 7.8 0.1760 0.2000 
4 WI 9 10.23% 1.7 0.1662 0.1889 
Total 88 100.00% 100.0 

Roadway Surface Condition - DRY Cases 
.::..;..;~ Crash Severity:‘<;::::.:::-:.- .;:i::c+J:.No.. In ::jj .‘: .Sample ..:::.. % of :j: .:: .Clin.:Sample :: 3:: ,.:.. %:of 1992 GES ; ,... -,-.’ . . . . :. ;.: Case Weight .:.:. :.:.:.:.z::.:: :,. .%, :.: Rap, by Each Case:; ;+ . . 

0 (0) 9 15.79% 63.1 3.9963 7.0111 
1 VJ 3 5.26% 12.1 2.2990 4.0333 
2 (B) 11 19.30% 15.3 0.7928 1.3909 
3 IA) 27 47.37% 7.8 0.1647 0.2889 
4 (K) 7 12.28% 1.7 0.1384 0.2429 
Total 57 100.00% 100.0 

Roadway Surface Condition - WET Cases 
.::.:::..:; Crash Severitjr;;:;;::.;; .:&:::::~:-., No:. ln.Sample-,: . . . ;.;..::jj .:;:I:::; % of Clin.. Sample .:i$:i;.: ;.+‘.:j:::: %--of ..l 992 GES .::jj: :j::.. .: ,i:::;-:.j Case. Weight:-‘:.:::.::-::-. ..: ..: ::i:j -i:-:% Rep; by Each’ Case .:..~;::i: 

0 (0) 7 35.00% 63.1 1.8029 9.0143 
1 v-3 4 20.00% 12.1 0.6050 3.0250 
2 (B) 2 10.00% 15.3 1.5300 7.6500 
3 (A) 6 30.00% 7.8 0.2600 1.3000 
4 (K) 1 5.00% 1.7 0.3400 1.7000 
Total 20 100.00% 100.0 

Roadway Surface Condition - SNOW (SLUSH/ICE) Cases 
. . . Crash Severity .:::::ji : :,-;:f:;.~No,.ln Sample :: .: .::.::.:.--..% of .Clin. Sample ..;...: ..: :+:-i:i:.y16 .of..l992 .GES-:..: .: < :li..ii:i:. ::.Case Weight. . . . . . . . ..j.... . . . . . . -.%-Rep. by Each Case.. j:::. 

0 (0) 2 20.00% 74.5 3.7249 37.2491 
1 (Cl 2 20.00% 14.3 0.7143 7.1429 
2 WI 0 0.00% 0.0 0.0000 0.0000 
3 (Al 5 50.00% 9.2 0.1842 I.8418 
4 (to 1 10.00% 2.0 0.2007 2.0071 
Total 10 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

l l * One case of unknown roadway surface condition 

Carnegie Mellon University 

Task #I 



Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway Surface Condition) 

Right Roadside Departure 

Total Cases . 
,:.:-~..::.i::..Crash.Stivetjtyiii:ii:i:-:~:~i-i- ;?,.ii;:;.;::::. Noi,.lif 8atjipte :::::.::::,:: .: .::--.% of Cliu;.Sample .:!.): .jis:i . . % of.. 1992.668 -;..I:.:. ..:.::. j:;.:;:: Case Weight::-.,-::iiii,ii:-::i:- . . . . ::.I:.:::.%, Rep; by EechCase':'::::iiii...~ 

0 IO1 24 22.64% 63.1 2.7869 2.6292 
1 (Cl 10 9.43% 12.1 1.2826 1.2100 
2 (Bl 12 11.32% 15.3 1.3515 1.2750 
3 (A) 51 48.11% 7.8 0.1621 0.1529 
4 (K) 9 8.49% 1.7 0.2002 0.1889 
Total 106 100.00% 100.0 

\ 

Roadway Surface Condition - DRY Cases 
y:::::: Crash Severity:.::i..:.,:::i:::: -J-~:~~::.::::I:::..NoI In Sample . ...:.. .:;i: +..:-i% .of Clin; Sample :.: . . . . :. .):.;.-;::.,.% of...1 992. GES;::::...:;,-. .:.):.., .:-.-.Case Weight:...::::..::~...l. :ii:;:;:;:;::%Rep;- by Each Case::::::.:. 

0 (01 17 22.37% 63.1 2.8209 3.7118 
1 (Cl 6 6.58% 12.1 1.8392 2.4200 
2 (8) 7 9.21% 15.3 1.6611 2.1857 
3 (A) 39 51.32% 7.8 0.1520 0.2000 
4 (to 8 10.53% 1.7 0.1615 0.2125 
Total 76 100.00% 100.0 

4” 
Roadway Surface Condition - WET Cases 

L;::.; !::.)::. Crash Save&y ..:. ;:;::::,';:I:-. :i:;$.i:;:.i:::: Nu;.fn:Sampte '.i.? ..'::. .j: .fi%cf Ctin;:.Sampte ;': ::::::i.:.::::::.% 
% 

of :.I 992 GE8 ::,::i;:; ::.:. .::i.,.:::::.::::.. Case Weight . . . . . . . . . . 2:; '.::... .I % Rep. by Each.:.Case-i:i’:‘..i:-. 
0 (0) 3 14.29% 63.1 4.4170 21.0333 
1 fC) 3 14.29% 12.1 0.8470 4.0333 
2 (B) 3 14.29% 15.3 1.0710 5.1000 
3 (Al 11 52.38% 7.8 0.1489 0.7091 
4 (to 1 4.76% 1.7 0.3570 1.7000 
Total 21 100.00% 100.0 

Roadway Surface Condition - SNOW (SLUSH/ICE) Cases 
y. ,:::?C. Crash .Sevefity :I: .I.:: j:. ..:':;.i;;ji;i: Noi In Sample. : : :2.:. .:::j: f;..yh cot, Ctiu; Sample:,',iii...- : ,,::::Z:j: I:.% of,:,1 99 2::G 58:;;;::i.i:. :::;:i:: ; :; :I;; Case Weight .;:::;: :.::,: ...-:::i-:% Rep.. by. Each .Casa:i::.-i:i::.;: 

0 (0) 4 44.44% 64.2 1.4443 16.0478 
1 (Cl 2 22.22% 12.3 0.5539 6.1546 
2 (B) 2 22.22% 15.6 0.7004 7.7823 
3 (A) 1 11.11% 7.9 0.7141 7.9349 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 9 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (# in sample) x 1% represented by each case). 

Carnegie Mellon hive rsit y 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway Surface Condition) 

Forward Impact 

Total Cases 
.:::. :..‘i::i:j:j Crash Severity iii<.;i.‘;y :$jig.i:;:;.;;; Nobin Sample j:+j: :.:.: ;:I: .: . . . . I:. % Of Clin; Sample’,.;-, i’::::;::.:: %.of :.I 992. GES-::;:-:::j; A .;:.:..:i.:, Case. Weight ;:;i::+:.;<:; ,;;:$$;:& Rep;. by Eacb:Ca$e.Al;j:i:i:l 

0 (0) 1 14.29% 71.8 5.0250 71.7861 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 (B) 2 28.57% 17.4 0.6092 8.7031 
3 (A) 3 42.86% 8.9 0.2071 2.9579 
4 (K) 1 14.29% 1.9 0.1354 1.9340 
Total 7 100.00% 100.0 

Roadway Surface Condition - DRY Cases 
..:. ‘<. Crash Severity.$:.:i-:.:.: ‘.:j:;i:..i:{: Ndr In Sample .:i:::..? :!::.:%.of Clin:Sample :.:;i: ;j;.:.: % of.1 992 GES;- ..:... j::: . . . . :..: Case Weight:,ii.-::i-i-:j;. ,: ‘.?:.%.Rep..by Each case .: ..::: Y.,~ 

0 (0) 1 20.00% 71.8 3.5893 71.7861 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 (B) 2 40.00% 17.4 0.4352 8.7031 
3 (Al 1 20.00% 8.9 0.4437 8.8737 
4 (K) 1 20.00% 1.9 0.0967 1.9340 
Total 5 100.00% 100.0 

Roadway Surface Condition - WET Cases 
’ 

. . . :.. . (. Crash Severity :j;+:-‘:..;:I ~:.~::s~i,:: No... In Sample j::: ..::::-%-of Clin.-. SkimpIe ---::::..--‘.-%-of ..l 992. GES ..:: :.‘.. I:;:‘. Case. Weight . . . . . . . :.i .:, .. % Rep,.by Each C&e...; . ...:. 
i 

0 10) 0 0.00% 0.0 0.0000 0.0000 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 (B) 0 0.00% 0.0 0.0000 0.0000 
3 (Al 2 100.00% 100.0 1 .oooo 50.0000 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 2 100.00% 100.0 

Roadway Surface Condii 
I:.; ,: :. Crash Severity-I.,I,I..:.i;.: .:j:j:::i::.:.:: No,. In.$ample i: : .:: ‘:I.. :A:.% of Clin; Sample. ;:::. 

0 (0) 0 0.00% 
1 (C) 0 0.00% 
2 W 0 0.00% 
3 (A) 0 0.00% 

I 4 (IO I 0 I 0.00% 
Total 0 0.00% 

n - SNOW (SLUSH/ICE) ( 
..:.:;::: ‘?&of .l 992: GES ::j+ 

0.0 

0.0 
0.0 
0.0 
0.0 

I) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio 1% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

ses 
:i:.:;::.; ..: Case. Weight ..I .::j:::. 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Horizontal Alignment) 
Driver Inattention 

Total Cases 

. . .: .: Crash Severityj.~:;:;.:::, ~i;:i:;..:$ No>ln, Sample :;y.. .:I:.:: ::>:;-,- .-.:% af Clill.. Sample-;::;-i-- .I:::. -.:.i i..%. of -1 992: GES .;.-. ::;::: ;;.y::. .: . . . .:: C&e Waight,:;:,:;:::;.;: ..,. :j c ..:.. r::.:.,% f&pc by Each ~~++~~~;~::i:~:: 

0 (01 6 22.22% 63.1 2.8395 10.5167 
1 (Cl 2 7.41% 12.1 1 a6335 6.0500 
2 (B) 2 7.41% 15.3 2.0655 7.6500 
3 (A) 13 48.15% 7.8 0.1620 0.6000 
4 (to 4 14.81% 1.7 0.1148 0.4250 
Total 27 100.00% 100.0 

Curved Roadway Cases 
““’ Crash SeVerity.,::.::~.-:..: .:,:::::-:..::.i-NO+- In-Samplei’.‘--,..;~.. ‘:..:., % of Ctin; Sample : .:z’: .?.::I::.::% of. 1992 GE!?, :.. . . . . ;... : :....: Case Weight . . ..{j . . . . 1:. ,,.. !:: zj:: :.yO Rep; -by Each Case:i.;:;:.:;i-’ 

0 (0) 1 12.50% 64.2 5.1353 64.1913 
1 (Cl 1 12.50% 12.3 0.9847 12.3093 
2 (B) 2 25.00% 15.6 0.6226 7.7823 
3 (Al 4 50.00% 7.9 0.1587 1.9837 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 8 100.00% 100.0 

Straight Roadway Cases 
: Crash Severity--:.::-.:.:::-. ..;:.:...:;: i~N~~ln.Sample:,~~--~~~. : ,::.. % of Clin; Sample .j ..,. :>I ;:%.of..1992 GE!3 ::. . . ., ..:..: .c Case Weight.:;.:::;? ;:: :.:. ::~:::::;.::y& Rep;-by Each Case .:;-- ::,* 

0 (0) 5 26.32% 74.5 2.8309 14.8996 
1 (Cl 1 5.26% 14.3 2.7143 14.2857 

10 0 0.00% 0.0 0.0000 0.0000 
12 9 47.37% 9.2 0.1944 1.0232 
51 4 21.05% 2.0 0.0953 0.5018 
9 19 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (# in sample) x 1% represented by each case). 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Horizontal Alignment) 
Driver Relinquished Steering Control 

Total Cases . 
. . .; :..j.:. Crash Severity,--:i:..i:l-::.:: ::.,.:::A?:-.-No2 In Sample ..,,::..A:.. ..;:. : % .:.. of Clin; Sample. .‘. .I.:: .% of 1992 GES. ,:: . . . Case Weight -..-:;Y. :.. .i:i::::;::,% Rep,.by Each C&e g:;!. . . . . 

0 (0) 8 16.67% 63.1 3.7860 7.8675 
1 (Cl 2 4.17% 12.1 2.9040 6.0500 
2 (B) 8 16.67% 15.3 0.9180 1.9125 
3 (A) 29 60.42% 7.8 0.1291 0.2690 
4 (K) 1 2.08% 1.7 0.8160 1.7000 
Total 48 100.00% 100.0 

Curved Roadway Cases 
:...r::.. Crash Severity..,;:.:.i’::. :.. .:;::: -; NoJn. Sample . . . . ::.:.:-:. ..j:..::::. %- of .Clin. Sample :: ‘: .:j:::..:. % of .l 992 GES- ,... . . Case Weight.--.::-..: . . . . ::: :--.:i.-::-:.% Rep. by Each Case-..:: -: :.:: 

0 (0) 5 20.83% 63.1 3.0288 12.6200 
1 (C) 2 8.33% 12.1 1.4520 6.0500 
2 (B) 3 12.50% 15.3 1.2240 5.1000 
3 (A) 13 54.17% 7.8 0.1440 0.6000 
4 (K) 1 4.17% 1.7 0.4080 1.7000 
Total 24 100.00% 100.0 

. 

Straight Roadway Cases 
; : .Crash Severity .k.::... :... :; 2: :No;. In: Sample ..:!):::f.:.: .:A::.: .% bf.Clin;::Sample:~,:,:- -q:::i:..::::i:-.% of 1992.GES :jj::::. .I:. .::j: . . Case Weight,.: .:...: . . . . . . . :;. ::;:.::::?&Repi by Each Case ...:. :i:;,:’ 

0 (01 3 12.50% 73.2 5.8561 24.4006 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 

10 5 20.83% 17.7 0.8520 3.5499 
12 16 66.67% 9.0 0.1357 0.5655 
51 0 0.00% 0.0 0.0000 0.0000 
9 24 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Catspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Horizontal Alignment) 
Evasive Maneuver 

Total Cases 
. 

: .. .: Crash Severity~fi;,:i’.,- I:~f;$:;:::; N~~i]n’.Sampl~...I:.i:~::.~:-. ---.:.-:::.%. of Clin. Sample i:::.-:- .--L<.;. .% of 1992 GES :.:j::. .:-;. .:>::. Case Weight. ::Y:;..:: ::..c:;;: %-..Rep;: by Each ‘Case ;:::.i::::::. 

0 (0) 6 22.22% 63.1 2.8395 10.5167 
1 (Cl 4 14.81% 12.1 0.8168 3.0250 
2 (B) 6 22.22% 15.3 0.6885 2.5500 
3 Ml 10 37.04% 7.8 0.2106 0.7800 
4 WI 1 3.70% 1.7 0.4590 1.7000 

27 100.00% 100.0 
t 

Total 

Curved Roadway Cases 

:.:. ‘. Crash S&erity-i:iii:ji;:?;.: : ‘<::ij:;;.;.: Noi ,Ir# Sainple .I:,:j:::::. :.. jj .%-of Clin, Sample :,::5. :::::.:::-i’:.% of 1 992 GES :. . . . . .:::.: : Case. Weight..:~:::i:i:-...~ :. .:...:;:i.:~.%~ Rep,. by Each Case :.::j::.::.;: 

0 (0) 2 22.22% 63.1 2.8395 31.5500 
1 (C) 1 11.11% 12.1 1.0890 12.1000 
2 (8) 2 22.22% 15.3 0.6885 7.6500 
3 (A) 3 33.33% 7.8 0.2340 2.6000 
4 (K) 1 11.11% 1.7 0.1530 1.7000 
Total 9 100.00% 100.0 

Straight Roadway Cases 

:. . . . Crash Severity.,:?‘.‘.:’ : .:;:::.-.:.; No. I# Sample :.,:.: ‘, .::: :% of Clin. Sample..., . . . . .-::::.% of.1992 GES .::::;,.:.. :. ‘:. :‘.:.’ Case Weight-:: .:..I .:..: ::I<. :.:..?h Rep; by Each C&se :. :.., 

0 (0) 4 22.22% 64.2 2.8886 16.0478 
1 (C) 3 16.67% 12.3 0.7386 4.1031 

10 4 22.22% 15.6 0.7004 3.8911 
12 7 38.89% 7.9 0.2040 1.1336 
51 0 0.00% 0.0 0.0000 0.0000 
9 18 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are I# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Horizontal Alignment) 
lost Direc tionat Control 

Total Cases 
* :,~.:,:::~:-Crash.Severity.~.:.ii-i:ig .:j,j,;;?:;. No;,-ln.-Satiple .j::::-.:.! : i ,%-,of Clin. Sample .;.Y. ‘:::;::j.: .:% of -1992 GES-::F.:.. : .:.....::: ]: Case Weight :.-iii, :...::- .:.-:ii:ii:-:-i-%--Rep;, by Each Case .;: j:;:. 

0 (0) 8 30.77% 63.1 2.0508 7.8875 
1 (CI 4 15.38% 12.1 0.7865 3.0250 
2 (Bl 1 3.85% 15.3 3.9780 15.3000 
3 (Al 11 42.31% 7.8 0.1844 0.7091 
4 (K) 2 7.69% 1.7 0.2210 0.8500 
Total 26 100.00% 100.0 

Curved Roadway Cases 
M 

j...:: Crash Severity.:::::..---:.. .:.:.:-:.:::‘::-.; I’&,. In. Sample ... :.A..::. %- of Clin; Sample--. : :.i...:;:-::.% of :.1992.-GES.. :.:::- . . . . .::.::: .Case Weight ‘.:;:::.::.i. ..‘. :--::..:‘::::.% Rep. by Each Cage : ::::. 

0 (0) 4 40.00% 76.0 1.9006 19.0060 
1 (C) 1 10.00% 14.6 1.4578 14.5783 
2 (8) 0 0.00% 0.0 0.0000 0.0000 
3 (Al 5 50.00% 9.4 0.1880 1.8795 
4 (to 0 0.00% 0.0 0.0000 0.0000 
Total 10 100.00% 100.0 

c 

Straight Roadway Cases 
I 

w :I: .,,:. Crash 
0 Seve&y.:;::.:.:,:. (01 

:;>,~:ii:::., Nd.::fir Seinple. ::.:.:.:j:, ..:... % .of Clin; Sample ::::.:: ..:::i ,:..‘% .of...l 992 .GES..:..:,:.:i.: :.:.:,:::.:: Case Weight..- .:::::..:::. :...;i.. ..?h .Rep, by Each Case.: :. ,... 
tL 4 25.00% 63.1 2.5240 15.7750 
w 1 (Cl 3 18.75% 12.1 0.6453 4.0333 

10 1 6.25% 15.3 2.4480 15.3000 
12 6 37.50% 7.8 0.2080 1.3000 
51 2 12.50% 1.7 0.1360 0.8500 
9 16 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 

(by Horizontal Alignment) 
Vehicle Failure 

Total Cases 

0 (0) 1 12.50% 64.2 5.1353 64.1913 
1 (C) 2 25.00% 12.3 0.4924 6.1546 
2 (Bl 1 12.50% 15.6 1.2452 15.5646 
3 (A) 4 50.00% 7.9 0.1567 1.9637 
4 (IO 0 0.00% 0.0 0.0000 0.0000 
Total 8 100.00% 100.0 

Curved Roadway Cases 

‘.:. Crash Severity,:.T.1’::..’ :-<:,::; NoAt Sample ..::?‘.“:. --%::“/o. of Clin:Sample~:--i-b. . . .:i:.::::.;.- ?&of,:3 992 GES’.; ..:.,. .,.,::::. :. Case Weight! .:: ::::.:::i: . . . . .::;:.i::.s/o Rap; by Ea&Casq,.::;-i::: 

0 (0) 1 100.00% 100.0 1 .oooo 100.0000 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 (B) 0 0.00% 0.0 0.0000 0.0000 
3 (4 0 0.00% 0.0 0.0000 0.0000 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 1 100.00% 100.0 

Straight Roadway Cases 
‘. ..:.: ‘:.: .:.. Crash -Sever&y.,:;:,: .::.:::, :j:..:: :,.... :.::No;: In .Sample.,::...- .::. :j. -:.:. ::.:: %-of Cjin; SampI& .: -;;:: ::::s .: % ,of 1 ggz.:.GES :i ..::.. :::. :::::::.:.:.:s::::.. Case Weight,:.:.::::;:~._--- .:yz;;,:&:.% Rep;. by Each Case ::;:I :$;:: 

0 (01 0 0.00% 0.0 0.0000 0.0000 
1 (Cl 2 28.57% 34.4 1.2031 17.1875 

10 1 14.29% 43.5 3.0426 43.4659 
12 4 57.14% 22.2 0.3878 5.5398 
51 0 0.00% 0.0 0.0000 0.0000 
9 7 100.00% 100.0 

l!4QEs 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) / (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

Carnegie Mellon University 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme l Trivariates 

(by Horizontal Alignment) 
Vehicle Speed 

Total Cases 
:::.:.:::.:..: Crash Severitjc:‘:-<.~:i:: :;<:>f;:::: No.:lfi--Sarilple :‘::.:;;:::: -::j:: ..:. TO of Clin. Sample-.:.!: ..-::!::X ._.. % of 1992. GES..::::.:ii: :: ,.:-‘I~~i.Case.-Weight.- ..::Y;.::. A.j::zcTk Rep; by Each Case--:. ,::,:, 

0 (0) 14 21.54% 63.1 2.9296 4.5071 
1 (Cl 5 7.69% 12.1 1.5730 2.4200 
2 (6) 9 13.85% 15.3 1.1050 1.7000 
3 (A) 26 40.00% 7.8 0.1950 0.3000 
4 (K) 11 16.92% 1.7 0.1005 0.1545 
Total 65 100.00% 100.0 

Curved Roadway Cases 

.:. Crash Severity: .:::::... :::.I. ::-{::::No; .In Sample. :...:- ‘,:. .,: %.-of Clin,.Sampla:..:.:i; ..L:.: O-6 of .l 992:GES.,.::.:-.-::. .‘.: .---$..T:.Case Weight .::.x..:.:: .;.:i. .‘_.... % Rep, by Each Case : ;: . . . . 

0 IO) 7 18.42% 63.1 3.4254 9.0143 
1 (Cl 4 10.53% 12.1 1.1495 3.0250 
2 (W 6 15.79% 15.3 0.9690 2.5500 
3 (A) 14 36.84% 7.8 0.2117 0.5571 
4 (IO 7 18.42% 1.7 0.0923 0.2429 
Total 38 100.00% 100.0 

Straight Roadway Cases 
..:;.,,.-:..Crash’ SeVerit9.j ::.::. .::::L.?::. NO; -In Sample ::.: .: .:. ;‘..: % of.Clin.:Sample.: :” .:--,I,‘.:,;.:.%-:of 1992.GES .Y!:::::. :j:. :j :-:Case-Wefght ,.::.:: ,:;:: .:% Rav;by Each,Casa, .?.I 

0 (0) 7 25.93% 63.1 2.4339 9.0143 
1 (Cl 1 3.70% 12.1 3.2670 12.1000 

10 3 11.11% 15.3 1.3770 5.1000 
12 12 44.44% 7.8 0.1755 0.6500 
51 4 14.81% 1.7 0.1148 0.4250 
9 27 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio 1% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway Surface Condition) 

Driver hat ten tion 

Total Cases . 

.f::ji, Crash Seve&f:I:i-::~:;:;;~ ::..i:~.:::;.:. Norjln’ Sample ~ji~..\;. .:-..:i: ‘=& of clin;- Sample..;:--. :: . . . . . :.%- of -1 992 GES ::.A. .: ..:. :-:;i- : Case Weight.-,::-::.::;::.:..: :.: ..:..: ..:.. %..Repi. by Each case ..; ..,.... jzj 
0 (0) 6 22.22% 63.1 2.8395 10.5167 
1 (C) 2 7.41% 12.1 1.6335 6.0500 
2 (El 2 7.41% 15.3 2.0655 7.6500 
3 (Al 13 48.15% 7.8 0.1620 0.6000 
4 (KI 4 14.81% 1.7 0.1148 0.4250 
Total 27 100.00% 100.0 

Dry Roadway cases 
:;.. ::.. Clash Sev.&y.iii.,;$ .:::I :;:$;$::;:~ No~:~lfi Sample :;:jj::.:{:: ;:..:;I: % of clin, -Sample.. :: ... -:::%.of.1992 GES ..Y’:::: ..o::: .Case Weight :.:.:::::..;.::.:. :!;<:i:i:~:.‘% Rep;..by Each.. Case ...:j;>:: 

0 (0) 6 22.22% 63.1 2.8395 10.5167 
1 (Cl 2 7.41% 12.1 1.6335 6.0500 
2 (Bl 2 7.41% 15.3 2.0655 7.6500 
3 (Al 13 48.15% 7.8 0.1620 0.6000 
4 (K) 4 14.81% 1.7 0.1148 0.4250 
Total 27 100.00% 100.0 

* 

Wet Roadway Cases 
..i;.. :j;: Crash Sever&y . ..y...::: ~:;.;.~.:.A.::.. No;..fn sample .:...;L:::-.- :: .:.. : %. of, Clin.- Sample, ..:I:;:: .::::.jl:::: Z:af 1 992 .GES-.;...2.:::: . ..‘..“I.:; :, Case weight.:-:,:-.i~...:i.: .:..: :I::: ‘+& Rep, by Each’ cas&:..:A;: :.. 

0 (0) 0 0.00% 63.1 0.0000 0.0000 
1 (Cl 0 0.00% 12.1 0.0000 0.0000 

10 0 0.00% 15.3 0.0000 0.0000 
12 0 0.00% 7.8 0.0000 0.0000 
51 0 0.00% 1.7 0.0000 0.0000 
9 0 0.00% 100.0 

Snow (slush/ice) Cases 
.i. .‘. Crash Seuerity :.::.. A:., .,:L::...::: No;- In Sample. :. :.: :. .: ?:% of Clin.--Sample.-:-: GES ... : . . . ..j.. Case ..c... --;::‘::::i:..%-of 11992 . . . . . . j . . Weight:.. ::, :.I .% .F?ep. by Each. Case..::.:: . 

0 KY 0 0.00% 63.1 0.0000 0.0000 
1 KJ 0 0.00% 12.1 0.0000 0.0000 
2 KU 0 0.00% 15.3 0.0000 0.0000 
3 (A) 0 0.00% 7.8 0.0000 0.0000 
4 Ml 0 0.00% 1.7 0.0000 0.0000 
Total 0 0.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway SuFface Condition) 

Driver Relinquished Steering Control 

Total Cases 

.I:: I:::.;; Crash S &Ver(ty’,‘:::~::~;~~- :.-;::3;::~:yN 0:-Iti Sainyil&::.j;j:~;: : .::: :F:.% of clitt sample-:- 1 .::I .:_I : .: .::; : yO .of .1 992 GES ::y.;:::; .::::::j-,:I .j Cake Weight:?;:::i:;f>;.ii $;i’i;;;I’$$; Rep;& Eack. Caj& .jj;:.i:z.; 
0 (0) 8 16.67% 63.1 3.7860 7.8875 
1 (Cl 2 4.17% 12.1 2.9040 6.0500 
2 @I 8 16.67% 15.3 0.9180 1.9125 
3 (Al 29 60.42% 7.8 0.1291 0.2690 
4 (IO 1 2.08% 1.7 0.8160 1.7000 
Total 48 100.00% 100.0 

Dry Roadway cases 

‘..‘: f.-:. .,Crash Severitr:;::::. ..: .-::,.$:!:$ No;- In Sample .I .I:;~ -I::-.i.-..%. Of Clin. Sample Z!::.. ;::I I’.:::: .% tif 1 992 GES..:.:.: ,I:: : . . . . . :.:.:L Case -Weight,.,:l,:,ii..,:i:,:i ::$::;‘;;: 56. Rep,- by. Each Gasa :::::;.i:: .:* 

0 (0) 6 16.22% 63.1 3.8912 10.5167 
1 (Cl 2 5.41% 12.1 2.2385 6.0500 
2 (Bl 6 16.22% 15.3 0.9435 2.5500 
3 (A) 22 59.46% 7.8 0.1312 0.3545 
4 WI 1 2.70% 1.7 0.6290 1.7000 
Total 37 100.00% 100.0 

Wet Roadway Cases 

‘p :.$ :j:.. Crash Severity I:.;::..::..: “::;:.:.I:? No,- In..Sdmple.i,‘,‘l:I’,:~-.:. .:;:i;<..::% of Clin;:: Sample:i;<i-:.::. ij:+-:,i;‘i % .of :.I 992 -GES .:.:G.‘:‘:’ ‘2.‘. :. :jA Case, Wefgh~.:..~, .-... ;i:: iz;j::,,::-i:;.% Rep, by Each Case..:: :::.. ;..: ’ 

s: 0 (01 1 10.00% 73.2 7.3202 73.2019 
1 (C) 0 0.00% 0.0 0.0000 0.0000 

10 2 20.00% 17.7 0.8875 8.8747 
12 7 70.00% 9.0 0.1293 1.2927 
51 0 0.00% 0.0 0.0000 0.0000 
9 10 100.00% 100.0 

Snow (slush/ice) Cases 
.:+ -:..Crash Severity-.: :::.:. ,:. ;.;;.:.,No; Iri Sample . . . . . ::z:.:::.::: .::: .;:.%. of Clin. Sample-. 1::; :~;:::--:..% of:1 992 GES..ii:;;.:;.: .:.: . . . . ;..::: :.Case.Weight.i:: .::....: :... :-:..;.:..:.:,. yO Rep; by Each.Case...-..; : 

0 (0) 1 100.00% 100.0 1 .oooo 100.0000 
1 (C) 0 0.00% 0.0 0.0000 0.0000 
2 (W 0 0.00% 0.0 0.0000 0.0000 
3 (A) 0 0.00% 0.0 0.0000 0.0000 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 1 100.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 
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5” 
W 
0 

Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway Surface Condition] 

Evasive Maneuver 

Total Cases 
‘Cm& .: No; fn ..:. of Clin.. of -1 992. : j ::.:.-.--.-Case. Each .. Seven’t~::.~~::.:::.‘; ::. ‘I::.:; S&i~pl& .:“.I.: :.i.i::--% Sample.?.. .-:>c.:.:::..% GES:.:.::::.’ .::.. Weight :i::j:.:.:.:.::j:.: ;;.:::::i:i:.,?)& Rep;.-by .C&&:-::;i:;::.., 

0 (0) 6 22.22% 63.1 2.8395 10.5167 
1 (C9 4 14.81% 12.1 0.8168 3.0250 
2 (81 6 22.22% 15.3 0.6885 2.5500 
3 (A) 10 37.04% 7.8 0.2106 0.7800 
4 (KI 1 3.70% 1.7 0.4590 1.7000 
Total 27 100.00% 100.0 

Dry Roadway cases 

: .L: Crash Severity :: :f : :.:‘:;.:.:i.~:~.Noc:-fn- Sample;::;::: ., .:.k.% of Clin. Sample ..:... .::,:;.::.. %-of :I 992 GES ..::.j::.. :: ,.,. ::....: . . . . Case..Weight:~:,,-r.i~.:I:ii z:;:~~:‘:.,:% .Rep;:by.Eacb C&&e :.::i,j:j.:. 

0 (0) 3 15.79% 63.1 3.9963 21.0333 
1 (C9 1 5.26% 12.1 2.2990 12.1000 
2 (Bl 5 26.32% 15.3 0.5814 3.0600 
3 (A9 9 47.37% 7.8 0.1647 0.8667 
4 (K) 1 5.26% 1.7 0.3230 1.7000 
Total 19 100.00% 100.0 

Wet Roadway Cases 
. :. Crash Sevedtr.::..,:-i ;., I::.:,:;:NOi ]n Sample .,:.:::: ..::::i;: ?&of: Clin;‘.Sample-:;~:... ;.-;-::.:.-..% of.3 $392. GES ::i:::: ... . . . . . . . . .:.. ..: .::;...I’;:. Case Weight. ..i::.:‘2:;::; . . . . ;;:::ii,:::::-‘$$ Rep; by Each,Case j:/ ,::::;.’ 

0 (0) 3 42.86% 64.2 1.4978 21.3971 
1 (Cl 2 28.57% 12.3 0.4308 6.1546 

10 1 14.29% 15.6 1.0895 15.5646 
12 1 14.29% 7.9 0.5554 7.9349 
51 0 0.00% 0.0 0.0000 0.0000 
9 7 100.00% 100.0 

1 (Cl 1 100.00% 

2 (B) 
I 

0 0.00% 

3 (Al 0 0.00% 

4 (IO I 0 0.00% 0.0 

Total 1 100.00% 100.0 

snow (s 
.-:::i:i:% of, Cliri. Sample .:.::‘:i: 

0.00% 

ih/ice) Cases 
:j: : .:;.;. o/b of : 1 99 2 .G ES ::!:.:.j::.: 

0.0 
100.0 

0.0 
0.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES9 / (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

:. ..::.I:::...::. Case Weight :::.j::: :.;;: .:::.::i-: .-.%, Rep; by Each-,Ca$e : :.::: 

0.0000 0.0000 
1 .oooo 100.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
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Catspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway Surface Condition) 

Lost Directional Con trot 

Total Cases 
.: I.,.-:;.Crash S&verity; $z;:: :+;:;;::.-. No;;lti Sample ‘:::. .??.T. ?::-:,..z.‘+‘& of. Clim: Sample :: ; :;+:..i::.% of .I 992 .GES .5;ii:.: . . ./ ::ji -.:::..Case Weight::ili::l::iii:ii::.i;i ,:;;:~:;~::,%; R.+,, by Each.Case.i::i.;,i_‘i:. 

0 (09 8 30.77% 63.1 2.0508 7.8875 
1 lC9 4 15.38% 12.1 0.7865 3.0250 
2 U39 1 3.85% 15.3 3.9780 15.3000 
3 (A) 11 42.31% 7.8 0.1844 0.7091 
4 K9 2 7.69% 1.7 0.2210 0.8500 
Total 26 100.00% 100.0 

Dry Roadway cases 

: : . . . . . Crash Severity “-j-i-;-:.?. .:-.-.::;:.,No. In Sample.-: :ji;: :... . . . . . -I% of Clin. Sample . . . . . . .:;:j:::. %.of -1 992 GES ..::.. .?:I:. :: Case Weight:-:..:;:::::‘:: :..:., ,-&‘$O, Rep. by Each Case :i:;;.;:;:. 

0 (09 1 50.00% 89.0 1.7800 88.9986 
1 (Cl 0 0.00% 0.0 0.0000 0.0000 
2 (B9 0 0.00% 0.0 0.0000 0.0000 
3 (Al 1 50.00% 11 .o 0.2200 11.0014 
4 (90 0 0.00% 0.0 0.0000 0.0000 
Total 2 100.00% b- 100.0 

9” 

W w 

Wet Roadway Cases 
.....: Crash Severity:::, ::.: ..:. i:i.::';..::No; Ifi Sample..:.::...: % of Clin. Sample.-.+ :.:. .: Yq of.3 992 GES! .::: . . . . . .::j:.:: -Case Weight .:.. :j::.:.; . . ..i. ~..Y.:.::.:..?& Rep, by Each Case ..:..::::‘. 

0 (09 3 25.00% 74.5 2.9799 24.8327 
1 KI 2 16.67% 14.3 0.8571 7.1429 

10 0 0.00% 0.0 0.0000 0.0000 
12 6 50.00% 9.2 0.1842 1.5348 
51 1 8.33% 2.0 0.2409 2.0071 
9 12 100.00% 100.0 

Snow lslushfice) Cases 
F 

. . . .Crash severity ..i::::!.:-i i,i.ii::g:l:::., No;- lri.Sample ..:x::: i ::.. .::.:..-:-% Of. Clin; Sai’npb3,‘.i ... “.i:::;:;...% .of .lgg2. GE!&:;,;. :.:.: . . . . . Case Weight. ,. . . . . ..j.. .:,, :,;:.:.%-:-Rep, by Each Case j:..:::: 

0 (01 4 33.33% 63.1 1.8930 15.7750 

1 K9 2 16.67% 12.1 0.7260 6.0500 

2 (81 1 8.33% 15.3 1.8360 15.3000 

3 (A) 4 33.33% 7.8 0.2340 1.9500 

4 (K) 1 8.33% 1.7 0.2040 1.7000 
Total 12 100.00% 100.0 

. 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I I# in clinical sample). 
39 Weighted percents are (# in sample) x (% represented by each case). 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway Surface Condition9 

Vehicle Failure 

Total Cases 

: ; .:. .:: Crash Severity.:.;;:’ ..:::I .::i::::il::ii.:-No;.Jn Sample .-i:-::::.:.’ .:::::: % of: Clin.. Sample .:’ :-:::-::::i: % of -1 992: GES. .::.. . . . . . :: ;- :, Case. Weight-,:..,‘iili:ii,:i.. ::.::::;::.;i.-% Rep;- by .Each ,Case i::;:;::.:: 

0 (0) 1 12.50% 64.2 5.1353 64.1913 
1 (Cl 2 25.00% 12.3 0.4924 6.1546 
2 (B) 1 12.50% 15.6 1.2452 15.5646 
3 (A) 4 50.00% 7.9 0.1587 1.9837 
4 (IO 0 0.00% 0.0 0.0000 0.0000 
Total 8 100.00% 100.0 

Dry Roadway cases 
. . . . . ... Crash Severitj-‘.::,-:i.:~. . . . .- : z::.:j:::.. No: )n Sample::: ::? .j:. . . . . -i::i.i.i% of Clin; Sample ::: :’ ;j;:::;.:.:.. %,of -1 992 .GES. .:,;::::::;: .., ..::,; :‘.:y Case Weight .::;:;I;;.-..!; ,<,-:i,.,i,.,%..Rep:- by Each.Case:-..~.:.:,:::-. 

0 IO) 1 12.50% 64.2 5.1353 64.1913 
1 (Cl 2 25.00% 12.3 0.4924 6.1546 
2 (B) 1 12.50% 15.6 1.2452 15.5646 
3 (A) 4 50.00% 7.9 0.1587 1.9837 
4 KI 0 0.00% 0.0 0.0000 0.0000 
Total 8 100.00% 100.0 

Wet Roadway Cases 
. 

: ..:. Crash Severity::i,‘;;;:::. ‘..:.:i . . . . . :: No;-fn Sample-.:: .:::::-: .::I. .%:of Clin...Sample.:,:‘:-.-.- ,::.,,:::::::.:-o/d-iof :I 992..GES :&.:. :...:y::.; Case Weight,‘,-l:,ii:.::i:i:...: .i::i .?:.:.. % Rep. by Each Case:..-- . . . . 

0 (0) 0 0.00% 64.2 0.0000 0.0000 
1 (Cl 0 0.00% 12.3 0.0000 0.0000 

10 0 0.00% 15.6 0.0000 0.0000 
12 0 0.00% 7.9 0.0000 0.0000 
51 0 0.00% 0.0 0.0000 0.0000 
9 0 0.00% 100.0 \ 

Snow (slush/ice) Cases 

:: .::.;.:-.-::$reSh Severity.:-:.-.:.:!.:. :...<:ii::::.. N&:-M .Sample.::;ii.::;:.:-: j :;::_i:.% ,a! Clin.. Sample.,:,.,:-::. .j-i:i:..:;,: % of :.I 992 .GES .; .:..,. ::.-::::,.~.:: Case.Weight.-:i:i::~::. :: :j::.:.; o/o. Repi- by Each .Cese .:: .:...: ::. ’ 

0 (0) 0 0.00% 64.2 0.0000 0.0000 
1 (Cl 0 0.00% 12.3 0.0000 0.0000 
2 (81 0 0.00% 15.6 0.0000 0.0000 
3 (A) 0 0.00% 7.9 0.0000 0.0000 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 0 0.00% 100.0 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 
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Calspan Corporation Run-Off-Road Countermeasures Program 
Weighting Scheme - Trivariates 
(by Roadway Surface Condition) 

Vehicle Speed 

Total Cases. 
’ :;::;::.:::::T Cra&fSeve~t’y#~? :<,yj.; ii;<: i::;;:ii:: N& in: Sample-;:::;:. ii.:.:. ..: ::--% of. Clin. -Sample . ...::: .:.j :-$:.:%‘:of :::I 992 .GES ~-::i::.-.:.: ::;::::.:i:..;: Case Weight :j:::;:;;i.::;:i:. ::;i:.:.+;:$ Rep; by Each Case .jj;..::::: 

0 (0) 14 21.54% 63.1 2.9296 4.5071 
1 (Cl 5 7.69% 12.1 1.5730 2.4200 
2 @I 9 13.85% 15.3 1.1050 1.7000 
3 (A) 26 40.00% 7.8 0.1950 0.3000 
4 K) 11 16.92% 1.7 0.1005 0.1545 
Total 65 100.00% 100.0 

Dry Roadway cases 

. . . . .: Crash Severity:...::;?cyc :...:..:+A Noi- In Sample ..i::‘. -:. ..j:. y. of Clin;-Sample ..: ., .:::. -,:-::.‘$A of .1992.GEs :::: . . . . ,. :.: Case Weight::::.:. ::::;....::. ::Y:.~~.:. % Rep. by Each Case .+::i:;: 

0 (0) 10 22.22% 63.1 2.8395 6.3100 
1 v-3 1 2.22% 12.1 5.4450 12.1000 
2 (B) 6 13.33% 15.3 1.1475 2.5500 
3 (4 18 40.00% 7.8 0.1950 0.4333 
4 (K) 10 22.22% 1.7 0.0765 0.1700 
Total 45 100.00% 100.0 

Wet Roadway Cases 

.:.:.. Crash Severity: . . :.... .:. ..:.::::-::: . . . . No; In Sample ::I.. ..::I:.. :.-_:- % of.Cliri. Sample .I: s.. .:j;: .% of.:.1992.GES:;::.: :: :. .’ Case Weight: . . .:..:..... .: .:.. :-.-.% Rep, by Each case...:.::--: 
0 (0) 3 21.43% 63.1 2.9447 21.0333 
1 (C) 3 21.43% 12.1 0.5647 4.0333 

10 2 14.29% 15.3 1.0710 7.6500 
12 5 35.71% 7.8 0.2184 1.5600 
51 1 7.14% 1.7 0.2380 1.7000 
9 14 100.00% 100.0 

Snow (slushlice) Cases 

..: Crash Severity.::-: .:. .I::.. :Y No; iriSample:.:?.- “: %‘of Clin. Sample :..:j :... :..:. %. of. 1992.GES.i. .:.:.:.: .:j: : ji Case Weight..::...,:, .:. .:.. -.-‘::I:% Rep,- by Each Cati6 .j.::::.. 

0 (0) 1 20.00% 64.2 3.2096 64.1913 
1 (Cl 1 20.00% 12.3 0.6165 12.3093 
2 KU 1 20.00% 15.6 0.7782 15.5646 
3 (4 2 40.00% 7.9 0.1984 3.9674 
4 (K) 0 0.00% 0.0 0.0000 0.0000 
Total 5 100.00% 100.0 

. 

1) GES crash severity based upon cases involving passenger vehicles. 
2) Percent represented by each case is the ratio (% 1992 GES) I (# in clinical sample). 
3) Weighted percents are (# in sample) x (% represented by each case). 

l ** One case of unknown roadway surface condition 
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