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Summary

This program of accident research was sponsored by the Acci-
dent Investigation Division of the Research Institute, Nationa!l
Highway Safety Transportation, Washington, D.C., and conducted
by the Highway Safety Research Institute of the University of
VMichigan. This final report discusses and summarizes the results
of this first year research effort, a Tri-Level Accident Investi-
gation Study, under Contract No. DOT-HS-031-1-135, for the pericd
of June 1, 1971 to June 30, 1972, Chief of the Accident TInvesti-
gation Division was V, J. Esposito, and Contract Technical Manager,

J. M. Keryeski,

Volume I contains the design of the program, methodology
employed, a discussion of Level III accident data, an analys:s
and discussion of findings, as well as a detailed discussion of
topical areas resulting from this first year of tri-level activity.
Volume I[ contains the case summaries of 71 Level III multidis-
ciplinary team case studies completed the first year of the pro-
gram, Completed case studies were submitted to NHTSA throughout

the course of the program, as well as periodic reports.

The program is based on the concept that various levels of
accident data, and related driver-vehicle data, along with in-
depth multidisciplinary accident investigation team findings with-

in a fixed geographic base, can complement each other so as to:

Determine causation of accidents and injuries,
identify functional problems of the highway trans-
portation system, and the need for countermeasures.

Indicate appropriate countermeasure methods.

Assess effectiveness of new safety features.

Evaluate the performance of Vehicle and Highway
Safety Standards.

Establish trends through monitoring and evaluat-
ing the highway transportation system over time,
caused by induced countermeasures and unintentional
modifications to the system,



The Tri-Level Accident Investigation Study program was ini-
tiated at the Highway Safety Researéh Institute within an estab-
lished organizatiohal structure, with existing and continuing
activities involving field accident investigations, accident data
tile building and data analyses. Of particular relevence to this
program was a recertly completed NHTSA sponsored study of driver
exposure, accident data file building to include multidisciplinary
accident investigations from teams around the country, also spon-
sored by the NHTSA, and a program of accident investigations going
back ten years involving new car tow-away accident vehicles and
supported by the AMA, These serve as a valuable adjunct in support

of the tri-~level coacept.

Level III accident investigations through a multidisciplinary
team were characterized with almost completely on-scene investi-
gations. These were made possible by the cooperation of area
police jurisdictions, and an effective field communications system
employing two-way mobile radio in conjunction with the University
of Michigan Department of Security. A well established rapport
with police organizations existed through previous accident inves-
tigation efforts, which permitted the quick and effective implemen-
tation of the accident alerting system for this program. Accidents
have been used for case studies throughout a rather broad and uni-

form geographic coverage of Washtenaw County, Michigan.

Analysis of all levels of accident data, as well as related
driver and vehicle statistical information, is accomplished with
the University of Michigan Computation Center. These data are
available on-line, in a time sharing mode, for immediate access
through various terminal facilities, which include portable tele-
type terminals available individually to HSRI staff. A variety
of proven and demonsirated computer software in standardized format

permits varied and =xtensive analytical evaluation of data.

While the extent of the multi-level data available this year
was limited due to the relatively few Level III cases on file, and the

discontinuity of time periods in coded material of various accident



tavestigation efforts, analysis efforts did provide some significant
rindings. The tri-level concept in accident data of several levels of
detail &hich complement and support one another, was found to be valua-
ble and effective. Level III data provided for identification of
problems, with extensive detail as to exactly "what happened". Level
I data provided the frequency of occurrence, or statistical char-
acteristics, in terms of '"how often it happened". Level II
information is comprised of a consistent and relatively exhaustive
set of detailed data relating to new car accidents in Washtenaw
County. In its present form, Level II Washtenaw County data pro-
vides an effective assessment of vehicle new safety features. As
tiis file is expanded from year to year, it will also serve to
nmeasure the relative crashworthiness and performance of new safety
improvements in each model year vehicle from previous model years.
These data (Level I1I), however, do not have the necessary consistent
overlapping time characteristics at this time, so as to provide

tor a detailed model year analysis.* Data file building for the

forthcoming year will provide for the necessary time consistency

in these data.

An examination of these data has re-emphasized that ejection
remains the most significant mechanism for serious injury in acci-
dents. Another finding is that windshield bond separation appears
to be an effective gross indicator of accident and injury severity,

perhaps analogous to that of an accelerometer.

An evaluation of the Abbreviated Injury Scale (AIS) as it
relates to the current police code for classifying injury, was
compared with a previous analysis. A wide variance still exists
in the interpretation of the police code, particularly in lesser
injury classifications. It is recommended that the attempt at
correlating the two in the Collision Performance and Injury Report
vehicle reporting form be abandoned, and that all references to a

police injury code be eliminated.

* An example of model year analysis might be the peritormance
of different energy absorbing steering column designs rela-
tive to various vehicle types and years.



The State of Michigan's worst traffic accidentx prompted an
examination of the rroblem. of the wrong-way driver on a divided
highway. Such accidents occur (on the average) about once per
hundred miles of interstate highway per year nationwide and are
continuing to be a significant problem in highway safety. Gen-
erally, the accidents involve two vehicles, and fatal accidents
average 1.4 deaths per accident, which makes them more severe than the
the average fatal collision. A common feature of many of these
accidents is the entrance onto a divided highway via an exit ramp,
indicating that the motoring public may perform in a way not in-
tended by designers. Alcohol is frequently involved in such wrong
way entrances. It is recommended that highway designers and traffic
engineers give full consideration to the impaired or otherwise
non-alert driver (with his great potential for doing harm to others
and his ubiquitous nature) in their choice of entrance ramp geo-

metry and signing.

O0f the 85 Level III in-depth accidents investigated, four
involved destructive fires. Two of these cases brought out poten-
tial problems not related to the more common fuel system crash

damage gasoline fires.

A motor home fire indicated some characteristics of that
type of vehicle which suggest that the flammability standards
should be reviewed for recreational vehicles, The separation of
the engine and passenger compartments is marginal with respect to
a fire barrier, arnd motor home interiors have an abundance of flam-
mable material. Rapid egress from a burning vehicle can be com-
plicated by the fact that the engine compartment is between the
driver and the door. The current practice of detuning the engine
ignition system to reduce undesirable emissions increases the like-
lihood for engines to backfire, creating additional potential for

fire.

* At Grand Blanc, Michigan on July 17, 1971; case study AA-100
(SPL).



An electrical fire which brought death to a driver prompted
a series of tests to simulate the fire in an identical test veni-
cle. With the tendency toward more complex electrical systems in
newer model vehicles, it is recommended that more attention be
ziven to this mode of vehicle failure and its potential for injury.
Fusing and circuit protection design must include consideration
of conductors most susceptable to crash damage and subsequent

tire.

Vehicular suicide was established as the most probable cause
of two crashes investigated by the HSRI Level III team. While
these by themselves, as well as the very limited mass statistical
data in this area, do not serve to measure the full scope of the
suicidal driver problem, it does prompt one to COnsider carefully
causation of the vast segment of '"single vehicle; run off road-
way; strike fixed object' accidents resulting in death or serious
injury. Involvement in such accidents by the Level III multidis-
ciplinary accident team this year has added much insight so neces-

sary in discerning when an accident is a potential vehicle suicide.

Thirteen Level III multidisciplinary investigations involved
trucks, with relatively higher injury severities than for the
average of non-truck accidents. Head-on collisions with trucks
(3) accounted for fatal injuries to passenger car occupants, but
minor or no injuries to the truck drivers. In the majority ot
these truck involvements, the accident might have been averted or
reduced in severity had the handling of the truck been more respon-
sive. to the crash conditions as they developed for each particular
accident setting. As commercial vehicles, trucks appear to have
an endless array of varying designs, equipment features, components,
subsystems and combination characteristics. While there have been
various efforts to model passenger car dynamic response and handling,
little has been accomplished to understand and 'quantize' similar

parameters in trucks.

It is recommended that truck accident investigations be con-

ducted in parallel with research and testing to determine the



dynamic response of trucks in the'regime of limit performance
with the aim of mzking trucks more compatible with the perfor-
mance characteristics of the general vehicle population,

In one truck accident in which the vehicle struck a con-
struction zone btarrier, the driver told police that he was
fatigued and had ‘'gone to sleep". A witness (a second truck
driver) told the iavestigators that the driver had not gone to
sleep, but was motioning to him to stop for coffee when he struck
the barrier. This suggested that '"going to sleep" was an accep-
table reason for such a crash, whereas not looking where he was
going was not. Further analysis into this premise in Level I
data revealed that truck drivers are involved in '"going to sleep"
accidents significantly more often than are passenger car drivers,
but are cited for this violation significantly less often. This
is disturbing considering the lethal potential of large trucks

in accidents.

The tri-level concept of incorporating various levels of
detail in accident data, with a broad program of field accident
investigations within a fixed geographic area, was found to be
an effective approach toward identifying problem areas in high-
way safety, including assessing the effectiveness of vehicle
safety performance as well as evaluating standards and new safety
features. While the program has been a year in duration, a year's
data was not available for analysis. This did limit the potential
for further analysis. The solution is inherent in the continuation
of the program for the coming year. As data files become more con-
sistent with identical time periods, valid comparative data will be-
available and the opportunity of discerning trends in accident data

will be greater.




Introduction

The writing and assembly of a final report requires one
to review activities and events based on the experience of
conducting various levels of accident investigations over the
past year. In the extensive and broad study of traffic safety
conducted by Arthur D. Little Inc. in 1966*, knowledge of traffic
safety was categorized as existing in three groupings. These
were summary statistics, isolated observations, and careful
research. All of these areas were a part of this first year
of Tri-Level Accident Investigation Study at the Highway Safety
Research Institute (HSRI). Summary statistics are reflected in
the continuous building of an accident file for Washtenaw County,
Michigan, the geographic base area for the tri-level study. This
was further augmented by the data file building of CPIR data cases,
both fiom within HSRI, as well as from multi-disciplinary accident
investigation teams throughout the county. Isolated observations
were provided in most all Level III multi-disciplinary in-depth
investigations in one form or another, some in glaring real-life
detail. Careful research was involved in many in-depth accident
case studies as well as within the data analysis efforts of the
total study. Thus, it could be said that this first year of the
study did provide an excellent vehicle for observing and partici-

pating in a variety of areas concerniug highway safety.

In reflecting upon this first year, some comments are felt
appropriate in terms of impressions and frustrations. First, is
the intensity of violence evident in the immediate aftermath of
an accident. This has had a marked effect on all program field
personnel, particularly those whose involvement in field accident
investigative efforts began with this program. The accompanying

horror and sense of helplessness provided vivid first hand exam-

ples of failures in transportation. The acceptance of these isolated

* Arthur D. Little Inc., The State of the Art of Traffic Safety.




but catastrophic events by society is perhaps the most dishearten-
ing part of the accident process. One almost always comes away
with the feeling of general apathy on thepart of the motoring public.

When one considers the sophistication of current advanced
technology, for example the monumental success of manned space ex-
ploration, the present "state of the art" in highway safety seems
by comparison quite primitive. This discrepancy indicates the
neglect of this national health problem and suggests the potential
of technological innovation in analysing the problem and effecting

solutions.

Objectives

Accident research activities are an integral part of the NHTSA
mission, which is "to perform research and develop safety programs
and standards in an effort to reduce the toll of deaths, injuries,
and property damege from traffic crashes." Field accident studies,
in varying degrees of scope and detail coupled with analyses of
accident data over a fixed geographic base, constitute what is
called the tri-level concept. It incorporates the collection of
accident data at all reporting levels, ranging from police reported
data to in-depth, detailed Multidisciplinary Accident Investigation
team case studies, so as to achieve a unique and thorough accident
data base for the geographic area. This area is Washtenaw County,
Michigan. The ectablishing of such a data base makes possible
valid statistical analyses between reporting levels, as well as
within each reporting level. The objectives of these analyses

include:

1. Identification of problems related to Human, Vehicle
and Environment within Pre-crash, Crash, and Post-crash
phases across the highway accident spectrum.

2. Indication of countermeasure methods and programs to
eliminate, reduce or control identifiable problems.

3. Determining accident and injury causation as well as
the effectiveness of new safety features.



4, Evaluation of federal Motor Vehicle and Traffic Safety
Program Standards.

5. Early detection of design and functional problems of
vehicle and highway.

6. Establishing a method for monitoring and evaluation
changes in the highway transportation system over time,
caused by induced countermeasures or by unintentional
modification to the system.

The results of this first year's analyses are included in

tnis final report.

Rrationale

The tri-level accident study is structured on the premise that
all levels of data, both independently and combined, provide a val-
uable resource which permits greater insight into the national
health problem of highway injury and property loss. Level I data
is basically poiice reported accident information, enhanced upon
review with additional variables. These data are inclusive of all
police reported accident information for the geographic area. In-
herent in these data are accurate indications of area driving ex-
posure, vehicle type mix, accident densities and accident type
characteristics. Level II* accident data include all accidents
within the geographic area involving current domestic model vehicles
towed from the accident scene, regardless of injury. These are
also termed clinical case investigations and are conducted by spe-
cialist professionals. They serve to establish norms for crash-
worthiness and injury production mechanisms of current model vehi-
cles, assess the effectiveness of most recent vehicle standards and
identify newly surfacing potential problems. Level III data results
trom in-depth, detailed accident case studies conducted by a multi-
disciplinary accident research team. While comparatively fewer in
number, and with less statistical significance, Level III case studies

provide greater insight into accident and injury causation, as well 3zs

* The terms Level I, II, and III are not precise. What we have
termed Level II in this report is similar to the Cornell Aero-
nautical Laboratories Level III-A.




o1

2
RN el

INTERSECTION ACCIDENT IN YPSILANTI, MICHIGAN.



a much finer assessment of vehicle and highway standards. Each

may be considered as a small research study within itself, and
serve to reveal potential problems within the broader matrix of

factors for highway safety research.*

Together, these three different areas of accident data pro-
vide a valuable resource for analysis. Problems revealed in in-
depth case studies (Level III) can be measured for statistical
representativeness in basic accident data (Level I). Similarly,
trends identified in Level I data may be explored in greater
detail through specific accident cases in Level III investiga-
tions. Crash, injury, and new model vehicle performance data in
Level II investigations both broaden the detailed data base so
as to confirm or validate findings, as well as permit the iden-
tity of trends within Level II data alone. This tri-level approach
thus makes possible valid statistical analyses between the
various accident data levels., It also serves to continuously ex-
pose professicnals in various disciplines related to highway
safety to real-life traffic crashes, which are the problem in

highway safety.

Design

Level I file building is based on systematic collection of
police accident reports within Washtenaw County, Michigan. Its
make up is a cross section of urban, rural, industrial and educa-
tional activities. One feature of significance is the dispropor-
tionate number of young drivers. This stems from the predominance
of higher educational institutions in the county. These are The
University of Michigan, Ann Arbor; Eastern Michigan University,
Ypsilanti; Cleary College, Ypsilanti; Washtenaw County Community
College, Washtenaw County; as well as the research and advanced
learning institutions associated with a major university. Washtenaw
County has an average of 60 to 75 fatal accidents per year, 3,000

* DOT NHTSA publication, Program Matrix for Highway Safety
Research, December 1970, J, C., Fell and S. N. Lee.
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injury accidents per year, and 4,500 property accidents per year.

Level I accident data includes all police reported accident
data generated within the county.* Upon collection, this data is
analyzed and augmented by interpretation, providing additional
variables not in oviginal Police Accident Reports. Here, chrono-
logical coverage has been provided since 1968, with over 23,000
cases on file, with each accident case having a hard copy accident
report back-up. Computer data files are updated quarterly, providing
for continuous uninterrupted data collection. This portion of the
tri-level program is supported by a gift to the University of Michigan

from the Automobile Manufacturers Association.

In addition to the Washtenaw County Accident File, are various
related data files which are useful adjuncts to basic Level I data.
These include a sample of Driver Records, an expanded Fatality File,
Alcohol Sarety Action Program Files, Exposure Survey File, and an
Emergency Medical Service Ambulance Record File. These data par-
allel the Washtenaw County Accident File and are used in analysis.
level II data is best classed as intermediate data, more detailed
or more specialized than Level I, but less complete than the full
MDAI reports. The Level II cases at HSRI include more data and
detail than is provided in most other accident data which is classed
as Level II. Accident case criteria here limits case studies to
current domestic model vehicles towed from the accident scene, with
minor or no injury, as well as those with moderate to severe injury.
In each case, a completed Collision Performance Injury Report is
provided along with vehicle and site photography. For the moderate
to severe injury cases**, detailed injury and injury causation data
is included, as well as an accident schematic. In general, these
latter cases contain greater vehicle accident damage and occupant

injury severity, and are viewed more as "failure" type accidents

* These of course are ''reported" accidents, i.e. those investigated
by police under the rule requiring reporting of all injury acci-
dents and those involving property damage greater than $200.

* % (Clinical Care Investigations, under Dr. Donald F. Huelke.

12




within the spectrum of Level II reports. Remaining Level II cases,
or those where only minor, or no injuries occur, are considered

more as the ‘'success' category of the accident group.* Selected
case studies, based upon various areas of particular interest (such
as sub-components, full size vs. small size, vehicle head-on colli-
sions, etc.) are orally presented at two month intervals. Each case
study, of which there was a total of 430 cases for this past year,
is coded, keypunched and periodically '"built" into the HSRI CPIR-
Long Form File. This file actually consists of 3 separate, but

interrelated sub-files. They are:

1. Vehicle File - a single and complete record is
built for each case vehicle in an accident case
study.

2, Occupant File - similarly, a single and complete
record is built for each case vehicle occupant
in an accident case study.

3. Injury File - a single and complete record of
each individual injured in an accident case study.

Level III case studies involve the in-depth, multidisciplinary
approach to accident investigations. Here, all nine elements ot
the matrix for highway safety research** are addressed by specialist
disciplines s0 as to thoroughly reconstruct accidents, bringing to
bear all the relevant factors which influence both the cause and
effects of the accident. This approach bhas been well established
by NHTSA through the various multidisciplinary accident teams which
currently exist across the country. Of particular interest is the
almost completely on-scene approach (»90% of accident case studies)
of the HSRI team. This permits a more thorough and accurate collec-
tion of vehicle, human, and roadside evidence so necessary in recon-
structing the accident event. It has been made possible through a
system of communication and alerting in cooperation with regional

police jurisdictions. A total of 85 [Level III case studies were
completed during the past year.

* Washtenaw County Level II Program under Mr. Ralph Darby.

** DOT NHTSA publication, Program Matrix for Highway Safety
Research, December 1970, by J.C. Fell and S.N. Lee.
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These include two special case studies where extensive investi-
gative and testing efforts were reduired, in addition to the more
conventional collection of accident case data. An average injury
severity* of approximately AIS code 2.5 further characterizes Level
III cases for the past year. While, this in itself is a form of
"bias", it should be stressed that case acceptance criteria for
Level III case studies by NHTSA also includes a bias. That is,
the relatively fewer number of Level III case studies compared to
Level IT and I provides an accident population of limited value
for statistical analysis. Because of this, a case selection guide
was established which is perhaps best termed as a '"one-of-a-kind"
criteria. Wherever possible, new case studies are selected when
the characteristics of the accident are sufficiently different from
a previously completed accident case study and which present new
and perhaps unique characteristics not found in previous cases.
This approach permits as broad a coverage as possible in terms

of accident type, whkile still conforming to case selection criteria

as set forth by NHTSA.

In addition to the three data levels and county accident files
described above, there are numerous other data files available to
the tri-level study. In general, these files serve to augment a
particular analysis task so as to confirm or support, as well as
compare, findings generated from the Washtenaw County Accident

and CPIR Long Form files. These data files include:

National Accident Summary File

Driver Record File

Bureau of Motor Carrier Safety Accident File
Exposure File

Alcohol Safety Action Program Files

Michigan Fatal File

Texas State File
Ohio, Pennsylvania and Indiana Turnpike Files

Others: Denver, Seattle, Miami, Vermont

x This average is computed by summing the highest AIS Severity
in each Level III case and dividing by the total number of

cases.
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Organization

The basic ingredients of the tri-level study are field investi-
gations, data file building and data analyses. The latter two ac-
tivities are a basic and vital continuing part of HSRI, whose
established organization and expertise were brought into the tri-
level study. Also, both Level I and Level II field investigations
are an established* and continuing activity within HSRI, with thcir

existing organization and expertise.

The enlargement of field accident investigation capabilitiec
was a direct result of the tri-level accident study program. Here,
a particular field accident team was assembled and equipped with
provisions made for alerting to accidents for in-depth, on-scene
investigations. Team field vehicles* * were received for program
use in mid-September 1971. These vehicles were equipped with two-
way mobile communications equipment on a frequency used by the
Universicy of Michigan Department of Security. This office has
24-hour, coantinuous dispatching for University security and admin-
istrative activities, and provides a capable accident alerting
system. Since the University of Michigan is the dominant institu-
tion in the City of Ann Arbor, as well as Washtenaw County, Michigan,
the University's Security Office has direct, open telephone communi-
cation lines with both the Ann Arbor Police Department and the
Washtenaw County Sheriff's Department. To further compliment this
network, an additional single telephone channel for all incoming
accident "alert" calls was also installed. This '"red phone'" termin-
ates at two locations within HSRI (team ''ready room" and individual
team member offices) as well with an extension on the desk of the
dispatcher, and base radio operator, within the University's security
office. This telephone channel is used only for incoming calls from
city and county police headquarters, as well as from area state police
posts. During daylight hours, the phone is answered by Level II1

team personnel at HSRI. During night hours, calls are taken by the

* Level I and II accident research activities are sponsored
by the AMA,

* * Two Dodge ''Maxiwagon' vans specially equipped for field
accident work.
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University of Michigan security dispatcher with accident infor-
mation passed onto Level III team personnel, whose names rotate on

a "call list".

In addition to this police alerting communications network,
a base monitor radic is situated within the HSRI 'ready room",
This is an 8-channel swept monitor receiver for continuous monitor-
ing of area police transmissions., Switched outputs from this mon-
itor radio are provided within the '"ready room" and individual team
personnel offices. Current policy within the city of Ann Arbor
Police Department is to alert the HSRI Level III team to all injury
accidents within the city. A degree of information screening (ped-
estrian, motorcycle, truck, late model passenger car, type of acci-
dent, gross severity of injury) is also provided in these communica-
tions. Police cooperation with the overall tri-level program has
been excellent. This is not necessarily the result of current Level
III activities only, but from conducting on-scene investigations
in the area (Level II clinical case studies) for the past 10 years.
This established trust and acceptance of field investigative personnel
on-scene at accidernts was merely transferred to include our Level
II1 team and the new faces associated with the expanded field activity.

In addition to police accident alerting and field cooperation,
has been the cooperation provided by many and varied local and
state units of government, where information vital to the investi-
gations has been obtained. Many of these are listed under the sec-
tion titled Acknowledgements. In particular, has been the State of
Michigan Secretary of State's Office in providing driver records
promptly and oftertimes after considerable cross checking, and the
Michigan Department of Public Health Laboratory in providing results

of toxological tests.

Level III team personnel includes an automotive engineer,
psychologist, environmental specialist and data analyst, in addi-
tion to the principal investigator, as full time staff., Their
endeavors are augmented by others within HSRI and the University of

Michigan on a part time, or consultative basis, as specialists with
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particular competence in problem areas which are examined in case

studies.

In general, a minimum of two of the Level III team members
respond to an accident alert and conduct on-scene investigations.
Their objective, in addition to first assisting police and emer-
gency medical personnel, is to collect as much information as
possible relative to human, vehicle and environmental factors as
quickly and efficiently as possible, before the accident scene is
disturbed. As indicated previously, over 90% of cases completed
this past year were on-scene, with the accident scene reasonably
undisturbed. Accident follow-up depends mostly upon the level
and detail of accident information obtained on-scene. An indepen-
dent, and separate examination of the vehicle is accomplished in
all case studies undertaken. In many instances, both human and
environmental factors data are obtained completely on-scene by
staying with the accident scene until all possible relevant data
is obtained. The significance of on-scene investigations cannot
be over-emphasized in relation to the quality and depth of informa-
tion possible from a particular accident event. Every attempt will
be made to continue this high percentage of actual on-scene investi-

gations for the forthcoming year.

Perhaps the single most bothersome area inhibiting further Level
II1 field research efficiencies is the one of privileged information,
as it relates to accident data obtained for research purposes. 1In
one instance* all members of the Level III field accident investiga-
tion team were subpoeaned, and compelled to spend a complete after-
noon in a courtroom, never to be called to testify. In numerous
other instances, information was denied or delayed for many weeks,
due to possible legal implications and conflict with protecting one's
rights. This is most prevalent in the area of human factors, pri-

marily in accidents with severe or fatal injuries. This problem can

* HSRI Case Study AA-151, a full size passenger car head-on
collision with a sports car, fatally injuring the driver of
the sports car. The driver of the full size vehicle was
intoxicated and charged with manslaughter.
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only increase as more area attorneys and insurance company officials
become familiar with accident research activities within HSRI. It
is recommended that the present draft authorization bill on behalf
of the NHTSA to make accident data for research purposes privileged
data, be supported with vigor and without compromise.

Each accident is sufficiently different from the last to re-
quire some variation in approach. However, the following general
guidelines and policy followed by the HSRI Level III Accident
Research team are offered here:

1. A minimum of two experienced and trained accident in-
vestigators respond as quickly as possible on-scene to
candidate accidents.

2. Each investigator's approach toward obtaining information
when on-scene should tend to complement the other's. For
example, when one investigator is involved with on-scene
vehicle data and photography, the other should be inter-
viewing drivers, occupants, or witnesses for human data
as well as reconstructing the accident in detail in con-
junction with police and witnesses.

3. One investigator should accompany the injured to the hos-
pital, and follow the injured through the Emergency Room
process while obtaining injury information and human fac-
tors data when possible. When also possible, nearest of
kin, relatives, friends who enter the hospital scene should
also be queried for information relative to the injured.
This is most effective if accomplished in the company of
the police officer responsible for the case.

4, The second on-scene investigator remains at the accident
site through clean-up and until after the scene has been
abandoned by the various emergency personnel involved.

A review of all events and evidence involved in the
accident at this time, under a more relaxed and contem-
plative atmosphere, can provide greater understanding
of the overall accident and the best approach from that
point for additional detail.x*

5. Independent follow-up investigations for more detailed
(human, vehicle, and environmental) data are accomplished
as soon after the accident event as possible.

6. A preliminary case debriefing is accomplished with all
involved individuals at the earliest possible moment
convenient.

* HSRI accident vehicles are specially equipped for completing
case paperwork in the field.
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7. The more complete and detailed case disciplinary
review are conducted only when all basic case data
have been acquired.

While these may seem to accent the obvious, they neverthe-

less have provided the best approach for successfully completing
an accident case study.

20



4

Analysis Methodology

The tri-level approach to data collection consists of the
amalgamation of four sample sets of data into the three levels
of analysis. Level I data has the greatest number of cases and
the smallest number of variables, basically those recorded on
police accident reports with the addition of information such
as map coordinates for computer location on an automated map.
Level II data consists of the census of all late model tow-away
accidents in the county, investigated by two teams as off-scene
vehicle and injury reports on the CPIR Revision III Form (with
certain additional supplementary human, location and other data
added). Finally, the MDAI team is an on-scene accident investi-
gation activity collecting all of the data within the 9 cell
NHTSA program matrix* and more supplementary data (see appendices

for examples of some of these data forms).

There are several objectives within the accident investi-
gation analysis programs in Washtenaw County. For Level II
information, acquired mainly under AMA sponsorship, but augmented
by many MDAI investigations, one objective is to draw inferences
about injuries relative to vehicle make and model, or other vehi-
cle characteristics, If the data set can be considered statis-
tically representative (of some larger population), it is also
possible to draw inferences about, say, seat belt usage (e.g., by
sex of occupant), the distribution of injury types by height and
weight of the occupants, etc. However, two key questions arise:

1. 1Is the data statistically representative of some
larger population? If so, what population?

2. 1Is the data reliable, consistent, and accurate?

The latter question is perhaps easier to answer. Data pro-

vided by these programs is subjected to several tests of quality

* DOT pubiication, Program Matrix for Highway Safety Research,
December 1970, by J. C. Fell and S, N, Lee.
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control, ranging from discussion of details between investigators
and their supervisors to computer editing of an accident case
report as it is entered into digital storage. 1In most all Level
III case studies, the MDAI team has been on-scene before the
vehicles were removed, with most of the injured followed to the
hospital for immediate interviews and information as to condition.
Although this past year's activities has involved the training

of new people in accident investigation work, and a myriad of
arrangements with hospitals, police departments, towing operators,
licensing authorities, etc. to insure a smooth flow of data, we
believe the general accuracy and completeness of the data can be
defended.

For what has been classed as '"Level II" cases, a set of in-
formation now covers 746 vehicles in machine readable form over
a period of approximately two years. This information, or data
file, has its own population characteristics, which should be
understood before making further interpretations.

First, there are three university accident investigation
activities operating within the county. 1In the present data set,
the time periods covered by the digitally coded data resulting
from investigations by these three teams are different but over-
lapping for approximately half of fiscal year 1972. In the next
few months, however, it will be possible to look at a completely
overlapping one-year period. This will further enhance the repre-

sentativeness of the information.

The validity of the present Level II data file depends upon
the type of inquiry to which it is subjected. Analyses relating
injury to accident vehicle model year are inappropriate since the
present data set contains few '"non-injury" accidents for 1969 vehi-
cles (the input of these accidents did not begin until late 1970),
and few serious injury accidents for 1972 vehicles (because the
injury accidents take a more circuitous route in investigation and
compiling into the digital file). Analyses relating, for example,
seat belt ;sage to sex are less likely to be biased, and the analyst
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should feel more confident in the results of such an analysis, A
study of the type of accident involvement by manufacturer would
seem fo be approachable in this data, but one should suspect biases
resulting from the fact that one manufacturer introduced a line of
mini-cars a year earlier than another. The techniques of multi-
variate analysis helps to identify the extent of such biases and

their effect when they do exist.

Secondly, if one intends to infer anything about the national
population of accidents from this data, it should be approached with
certain known reservations. Strictly speaking, this data set is
representative only of accidents in a medium size, midwestern semi-
rural county, containing two large Universities, several other
colleges, and a somewhat larger than average new car and young
driver population. That is, it represents Washtenaw County, Michigan,
Conversely, one could argue that this particular geographic area
does yield a broad distribution of different type accidents which
occur on a variety of different types of roadways, involving people
within a population dominated by the 18-25 age group. Communities
within the area, however, also include drivers from ages 15-90 in-
volved in accidents within a hroad range of family income, and in-
clude older vehicles. Many studies with these data are concerned
with injuries in recent model vehicles, with some numerical advan-

tage of concentrating in a region with a high ratio of new tc old

cars.

Philosophically, this discussion may appear to stress reserva-
tions about these data to those who are mainly concerned with making
inferences about the national population. However, it is believed
that inferences can be made which are useful and significant rela-
tive to the national population, as long as these accident data
characteristics are understood. For true statistical validity,
perhaps it would be better to draw on a sample of the whole country
(preferably stratified in some way) and investigate accidents on
the basis of some random selection. With such an approach, however,
it would be most difficult to maintain a team of professional inves-

tigators with the ability to get on scene to candidate accidents
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along with the necessary rapport with the various community
authorities to obtain medical, psychological, and other infor-
mation quickly and azcurately needed for the types of analysis

possible with this data set.

Level I data for Washtenaw County does serve a number of
valuable purposes. It is possible to measure the representative-
ness of Level II data by comparing frequency counts in the two
different data se*s. This can identify accident cases that ''got
away'", and yet still retain and describe their characteristics.

It is also possible to conduct a search of Level I data files to
determine the frequency of occurrence of particular types of acci-
dents investigated as Level III case studies. For example, the
detailed in-depth characteristics of house trailer accidents may
be observed in an MDAI investigation; but the frequency of these
accidents in the country population can be found more precisely in
the mass data, or Level I data files. It is possible to compare
reporting practices between various levels of data. (For example,
the comparison of poiice injury coding practices with expert medi-
cal opinion, police speed reporting with an engineering analysis,

etc.)

Finally, other Level I files for different regions of the
United States permit the strengthening, or rejection of hypotheses
about frequency of occurrence of accidents in the national popula-

tion.

In this first year of the tri-level program, a methodology for
analysis of data within the three levels has been established. The
incomplete overlapping of Level II data from the several sources,
however, precludes certain analyses at this time. As a full year
of fully overlapping coverage becomes available, these shortcomings
will be removed. We have nevertheless, included here the results
of our analysis of these data, with qualification, and believe they

are useful toward understanding more of the characteristics of in-

juries and accidents.
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3. 0

.evel III Data

This section provides some descriptive statistical charac-
(1ristics for the Level III multidisciplinary accident cases this
23t year which include 85 separate accidents with 107 vehicles,
anad 180 occupants. In addition, pertinent demographic character-
tsi1cs of the county are presented here. Following these descrip-
.ive statistics, a summary of the many accident, human, vehicle,

1 o eavironmental factors related to these accidents is also given
tabular torm. These can alsc be used as a form of index to the
«s2 summaries in Volume [I of this iinal report. Case numbers are
tiven at the lett page edge, so the reader can identify properties
i the case by inspection of the columns to the right. Finally, a
summary of the matrix cell factors reported in these cases is
ven, fcllowed by a summary of the references to standards both

e b

by case number and summarized by cell.

It sheuld be emphasized again that the Level III multidis-
ciplinary team accident case selection is not random. Generally,
more severe accidents were investigated, and a broad range of
accident tvpes was attempted. More generalized analyses utilizing
the Washtonaw County CPIR data file, and irom mass data files are
preserited in a later section. This section is primarily to display
characteristics of the environment, and the Level III accident

population.,

Washtenaw County is semi-rural with a population of 234,103
people (1970) and land area of 711 square miles. Principal cities
are Ann Arbor (pop.=99797) and Ypsilanti (pop.=29538), both of
which are located near each other in the eastern portion of the
county. Median age ot the county population is 23.6 years (as
compared with 26.3 years tfor the state of Michigan). The propor-
tiou of people using a motor vehicle as thelr primary means of
transportation is 78%. Educational services are the major employer

in the countv, with mainulacturing second.
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Passenger car registration in the county is 100,519 (1971),
with other vehicles (commercial, trailer, motorcycles, and muni-
ripal) totaling 31.775. Total roadway mileage in the county is
1522 of which 493 miles are primary roads, 938 are local roads
and streets, and :20 are rural trunklines., There are 71 miles

0T expressway.

Figure 5-1 is a copy of an official county map, showing the
ar1jor cities, townships, and road systems., A computer printed
map is used in connection with the accident analysis activities.
A plot of Level IIT accidents is shown on this map base as figure
5.2, (A description of the procedures for preparing digital maps
oi accident subsets within the Washtenaw County boundaries is
given in Appendix F. Figure 5-3 has been prepared from the
Washtenaw County lLevel I data file and is a 4% sample of 1968-
1970 accidents. Inspection shows that the majority of the county's
accidents occur near the two cities and along the corridor between
them. The arithmetic mean position (i.e., the epicenter) of Level
III accidents is located approximately at the University of Michigan
Hospital, just nortieast of the city center. Level III cases are
similarly concentrated near the cities, but the distribution in the
out-county region may be a little heavy since Level III accidents
tend to be more serious and higher speed accidents. Figures 5-4,
5-5, and 5-6 describe some of the characteristics of Level III
accident cases from investigations conducted by the HSRI multi-
disciplinary accident team. Figures 5~4, and 5-5 are histograms of
number of injuries, and number of accidents by hour of the day.
Fatalities are indicated on the injury histogram (Figure 5-4) as
solid bars. Level TII multidisciplinary team accidents are dis-
tributed in time similarly to those in Level I data. It is inter-
esting to note that the fatal accidents investigated are nearly

uniformly distributed with time.
Positive blood alcohol readings were obtained for 15 drivers

of 24 drivers tested. Figure 5-6 shows the relationship between

blood alcohol level and age of driver. This suggests a linear
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trend. A positive relationship has been observed in other studies.*
sowever, the data in this set is insufficient for any confirming

significance at this time.

Figure 5-7 illustrates the distribution of vehicles involved
1. accidents investigated by the level III MDAI team by major
manufacturers. This indicates a predominance of General Motors
oroducts in this county. There are several data elements which
vary significantly by manuiacturers. Mean injury to occupant
.~ 31zniticantly different, heing the least iu General Mctors
car, (0.58) and the greatest in roreign cars (3.67). The same
d.1ference does not occur i1n 2ither the complete Washtenaw
County CPIR data tile, nor in the (police 1injury level) Level 1
aata iile. Surh variation appears to resull from a case selection

procedure which has not yet been identifiied.

+ Alconol Abuse And Traffic Saiety: A Study Of Fatalities
DWI Of fenders, Alcoholics, And Court-Related Treatment
Approaches, L, Filkins et al, Final Report Contract No.
FH-11-65505 ang FH-11-7129, HSRI University of Michigan,
submitted June 26, 1970,
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Injury Distribution In Level III Accident Cases

The distribution of occupant position within an accident
vehicle, restraint system usage, sex, and injury for the 163
vehicle occupants in accidents investigated as Level III case
studies are given in graphical torm in Figure 5-8. This presen-

tat:on displays the interactions among these variables.

Several general observations may be made. For this set ot
oclatively serious accidents (it should be clear that severity
itself may bias these findings) drivers are most often males, and
v.oit seat passengers most often females. Of the 163 occupaunts
vu0 were seated in the right, or left front seat, only 3 were
wearing upper torso restraint systems, and oue of these was a
se.la wvely severe accident (impact speed of 35 miles per hour
and VDI extent of 4). The two passengers in that car who wore

upper toiso restraints each had an injury of AIS rating 1.

Of the 17 rear seat occupants in this set of data, not one
nsed a restraint. 1In the set of all new car Level II accident
investigations in Washtenaw County, 17 of 141 rear seat occupants
wore lap belts. These of course, include many non-injury acci-
dents. A comparison of driver restraint usage in the larger
(Level 11) file is interesting. Of 685 drivers in the Washtenaw
County Level II data set, 34 were wearing lap and upper torso
restraints. This is approximately 5%, as compared with 2% in
Level III data. It is not possible to observe any significant
differences in lap or upper torso belt usage between the sexes
in the Level III set. 1In the larger set of Washtenaw County Level
11 data, the two are almost precisely the same, 23.3% for females
vs., 23.4% for males based on a sample oi 472 females and 628 males.
Upper torso restraint usage in the larger set of data is also more
meaningful. Of approximately 1100 occupants in either right or
left front seat, 4.4% wore upper torso restraints. This was 4.1%
males and 4.8% remales. This was not significantly different at
the 10% lcvel, but perhaps a hopeful indication of restraint accep-

tance among both sexes.

33



8-g¢ oan3rd
3JOVSN WILSAS LINIVHIS3Y ANV ‘X3S ‘ADNVHNOD A8 S3IYNCANI 40 NOILNEIY1SId

9 NOILLSOd S NOILISOd ¥ NOLLISOd

a34NeNI

¢ NOILISOd Z NOLLISOd NOILISOd

34



Use of the upper torso restraints differs significantly with
age, In the group of occupants where these restraints were avail-
able, and who were 12 to 21 years of age, only 1.6% made use of
the restraints. In ages ranging from 22 and greater, 5.4% of tne
occupants used them. Table 6-9 displays these findings in more
detail. The relatively low use of the restraints among youthful
fiont seat occupants may be some cause for concern among driver

cducators.,

TABLE5-9

Age of occupant (police groupings) vs. upper torso

res.raint usage--Washtenaw County new car CPIR data file Level I1I.

Age No. ol occupants No. ol users % usage
n-12 29 3 10.3%
12-16 51 0 00.0%
17 50 1 2.0%
15=19 95 3 3.2%
v0-21 102 1 1.0%
22-24 146 4 2.7%
25-29 125 11 8.8%
30-34 52 1 1.9%
35-44 98 6 6.1%
45-54 70 4 5.7%
35-63 45 5 11.1%
over 63 25 1 4.0%
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In the 85 Level III cases (involving 180 occupants), the re-

!~ tionship between the Abbreviated Injury Scale (AIS) and the

Tast digit of the Vehicle Damage Index (VDI) is shown on a scatter-

¢ ram in figure 5-=9, VDI has been criticized as being a poor

.sure of true damage severity, since it can vary greatly with

vchicle body style. The AIS is perhaps a more acceptable scale

‘. v injury severity description. Figure 5_-g9 shows a somewhat

i, car relationsnip between the two measures, but perhaps of more
nterest is the small variance of injury for low VDI's and re-

iivo1vely larger vaciance at high VDI levels.

The outliers on this plot deserve some explanation. The AIS=1
njury, with VDI of 7 involved a truck which skidded into a bridge
1311, and whose cargo burst through the front of the cargo van
«rushing and grirding off the upper half of the truck cab. The
ariver's most severe injury was a brush burn on his back occa-
s1toned by his sliding across rough upholstery. The fatal AIS=6
1.igury, witih VCI of 2 involved an elderly driver in a vehicle with-
out an energy absorbing steering column, who was crushed against
the column by a heavy load being carried on the rear seat. His
injuries included multiple rib fractures and massive hemo-thorax

vhi1ch included &« ruptured inferior vena cava.

Also plotted in figure 5-9 1is the mean injury level for each
VDI with the + 1 standard deviation range. Beyond VDI level 5,
the data are too sparse for useful interpretation, but up to that

point a linear trend is apparent.

36




‘xopul] o3rvwed 312TUSA

*sased VAN
*SA (QIY) OT1Tedos Aanf{u]l poaleTAIIqqY "9-C¢ 2INITJ]

AN ALIY3IATS

6 8 L 9 g 174 ¢ e _
- N i
) e | @ % o
. ® 3 -
h $V |
Q
° . % o .
e .07 oa .
1
. t 4
) O e ® @ ]
4 | 1
L] L] i °
., 7

N

SIV  ALI43A3S

37



Accident factors for the Level III MDAI cases are tabulated
on the following pages. The left hand column contains' the case
mber, with other columns self explanatory. The matrix cell
tabulation indicates the number of citations of each of the 9
nccident investigation matrix cells, without regard to sign.
lhut is, cited without regard as to whether the cell factor was

a positive or negative consideration.

A similar index follows for various human factors. Police
mnd AfS injury codes may be compared, as can restraint usage and
« ¢v1ion, Case summaries are given in Volume II. The listing

here can serve as an index to enter that volume.

Frnvironmental data are summarized in pages that follow in
a <imilar fashion. Vehicle data also follow the environmental

da‘ta.

A summary of the number of references to Federal Motor Vehicle
Satety Standards ard Highway Safety Program Standards is also in-
cluded. Last, are matrix cell counts which are summarized by case

(with signs), and bv cell.

This data summary section is intended primarily as a reference
for more descriptive characteristics as they relate to a particular
accident. For greater detail, as may be posed by the question,
"are there any cases in which an occupant wearing a lap belt was
ejected?', the computer file must be accessed. Variables selected
for presentation here are common ones which avoid the need for

machine data printout.
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ACCIDENT FACTORS CASE INDEX

# Coll Matrix Cell

Case # Vehs Type Date Time Precip 1-9 Cited
AA100 2 HEAD-ON 170U0L 71 3PM NONE 211000100
AA101 1 NO 7JUL 71 4AM NONE 301101000
AA10S5 2 REAR-IMPT 12JUL 71 3PM NONE 260011000
AAl14 1 NO 22JUL 71 NOON NONE S 10010112
AALIS 1 NO 29JUL 71 7PM NONE 4 1 1010O0O0 2
AAllEe 2 OTHER 3AUG 71 NOON NONE 111100100
AaA119 2 SIDE-SWIP 17AUG 71 9AM NONE 3100110100
AA1ZzO 1 NO 24AUG 71 4PM NONE 30086011 301
AAL121 2 SIDE-SWIP 25AUG 71 9PM NONE 300000300
AALl22 1 NO 31AUG 71 3AM NONE 201 100O0O00O0
AA 125 1 NO 8SEP 71 2PM NONE 111200000
AAl26 2 SIDE~SWIP 16SEP 71 NOON NONE 110200101
AA 129 1 NO 23SEP 71 10PM NONE 324110020
AALST 1 NO 16CT 71 SPM NONE 222 010010
AAiI32 2 T-INTER % 110CT 71 SPM NONE 201010201
AA133 3 L-INTER = 110CT 71 7PM NONE 310111300
A134 1 NO 120CT 71 SPM NONE 100000101
AA136 1 NO 170CT 71 4AM OTHER 211000101
AA138 1 :0 8NOV 71 8AM NONE 6 12011000
AAI3S 2 T=INTER % OGNOV 71 MDNT NONE 110130311
AN140 2 HEAD-ON 1INOV 71 4PM NONE 501110100
AA Yy ] 1 NO 12NOV 72 10AM NONE 110011 001
AATL? 2 REAR~-IMPT 17NOV 71 NOON NONE 210020111
aki143 2 REAR=-IMPT 21N0OV 71 6AM NONE 210111300
AAl44 2 REAR-IMPT 2DEC 71 6PM NONE 312120100
AA145 2 HEAD=ON 2DCC 71  6PM NONE 422140111
ALL1GE 2 L=INTER =% ODEC 71 10PM RAIN 200000303
»A147 S5 SIDE-SWIP 11DEC 71 4PM NONE 202 000101
AA 148 1 NO 170EC 71 1PM NONE 3100 0O0O0O0 1
AA14GC 3 HEAD=ON 19DEC 71 2AM NONE 221030200
AA 150 1 NO 210EC 71 8PM NONE 1 001 00100
AA151 2 L-INTER % 21DEC 71 9PM NONE 222011!1 002
AAl152 2 HEAD-=ON 22DEC 71 11AM NONE 210320201
AA153 2 HEAD-ON 22DEC 71 1PM NONE 211000001
AA 154 1 10 23DEC 71 8AM NONE 2 013 41001
AA15E 1 NO 30DEC 71 4AM SNOW 310202201
AAL1S6 1 NO 31DEC 71 2PM SNOW 220100200
AALS7 1 NO 4JAN 72 2PM NONE 210031330
AANIRQ 2 HFEAD=MN 18 1AM 72 7OoM NMONE 110040001
AATED 2 L-INTER % o&JAN 72 5PM NONE 110011000
AAaled 2 REAR=-IMPT 11JAN 72 11AM NONE 20001 0200
A 1 NO 21JAN 72 5PM NONE 110020100
! LN 21w T2 4N INUNE 2 010001 00
SOV =TNORR w27 JAN T2 9PM O SHNOW 310010311
NS D= TES % FFE 7D Thot iy 120 01 02 0 1

* T & L intersections were coded together as type L intersections up
to 2/72. Trow 2/72 on, they are coded sepcrately.
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ACCIDENT FACTORS CASE INDEGX

# Coll Matrix Cell
Case # Vehs Type Date Time Precip 1-9 Cited

AA166 2 T-INTER * 7FEB 72 8AM NONE 100030100
4A167 1 NO 7FEB 72 3PM NONE 200111000
AA168 1 NO 17FEB 72 8AM NONE 210100100
AA169 3 REAR-IMPT 17FEB 72 8PM NONE 310010102
AA170 1 NO 18FEB 72 10PM NONE 200010000
AA171 1 NO 22FEB 72 MDNT NONE 200000100
AAL72 1 NO 23FEB 72 8PM RAIN 200030111
AA173 1 NO 25FEB 72 2PM NONE 4 20110111
AA1T74 2 HEAD-ON 28FEB 72 10AM SNOW 110310010
AA17S 1 NO 2MAR 72 1PM NONE 311210110
AA176 1 NO 17MAR 72 NOON NONE 310000200
AA177 2 L-INTER * 18MAR 72 1PM NONE 220020101
AA178 1 NO 17MAR 72 11PM NONE 010110200
AAL1T79 1 NO 15MAR 72 2PM NONE 000O0O0OOOOCDO
AA180 2 HEAD=ON 24MAR 72 9PM NONE 3100001100
AA181 1 NO 27MAR 72 MDNT SNOW 300100000
AAl182 1 NO 24MAR 72 4PM NONE 210100000
AAY83 2 HEAD-ON 29MAR 72 3PM NONE 300140201
AA1E4 1 NO 19FEB 72 4PM NONE 100101001
AA185 1 NO 31MAR 72 SAM NONE 100000100
AA186 1 NO 3APR 72 3PM NONE 310121002
AA188 2 L-INTER * 2APR 72 11AM NONE 4 31000000
AA189 1 NO SAPR 72 1AM NONE 6 000006100
AAI390 1 NO 6APR 72 9AM NONE 411011001
AA191 2 HEAD-ON 9APR 72 6PM NUNE 210000101
AA192 2 L-INTER * S8APR 72 11AM NONE 210100000
AA193 1 NO 10 APR 72 10AM NONE 211000100
AA194 2 L=-INTER * 11APR 72 1AM NONE 210010001
AA195 1 NO 14APR 72 SPM NONE 200010100
AA196 2 HEAD-ON 1€APR 72 11AM RAIN 120020400
AA197 2 HEAD=0ON 17APR 72 6PM NONE 121000101
AalOR 1 MO 20ADPQ 72 1PM MNONE 100000101
AA199 2 HEAD-ON 22APR 72 6PM NONE 900000200
AA200 2 HEAD=-ON 24APR 72 1PM NONE 1 10 0000O0O01
AAZO ] 1 YES-CONF? 24APR 72 4OM NONE 100000100
AA2G2 2 L=INTER * 28APR 72 9AM NONE 110020001
AA233 2 T=INTER * 30APR 72 SPM NOME 200010101
ANTOG 1 %0 2*AY 72 6PM NONE 200010100
ALTOD 1 NO CUAY T2 MONT RAIN 301010000
AADS 2 L=INTER 2 1¢ 'aY 72 Z#NM NONE 321010100
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Case #

AAl100
AA100
AA100
AA100
AA100
AA100
AA100
AA100
AA100
AAl01
AA10S
AAl1l4
AA11S
AA116
AAl116
AA116
AAl116
AAl116
AAl119
AA1l119
AA120
AA121
AAl22
AA125
AA125
AA126
AA126
AA129
AAl129
AA130
AA130
AAl 32
AA133
AAl134
AA134
AA136
AA138
AA139
AA140
AAl140
AAl4 1]
AAl42
AA143
AA143
AAl 44
AA145
AA145
AA145
AA145S

Driver
Bl Alch
4mgx10

13
11
11
11
11
11
11
11
11

n

OCOMNMNOO (O oQCOO YOOO pO P PO OOOCOOO0OQCOQCOO2O00QCO00 y4O©Oo o

- —

—

w W

Age

24
19
19
21
21
18
19
20
19
27
27
31
29
63
62
45
62
41
44
23
30
24
56
60
S8
67
64
24
17
26
27
24
63
24
23
44
54
19
20
20
60
61
40
61
23
44
71
18
19

HUMAN

Sex

MALE
MALE
MALE
MALE
MALE
MALE
FEMALE
MALE
MALE
FEMALE
FEMALE
MALE
FEMALE
MALE
FEMALE
FEMALE
FEMALE
FEMALE
MALE
FEMALE
MALE
FEMALE
MALE
MALE
FEMALE
MALE
FEMALE
MALE
FEMALE
MALE
MALE
MALE
MALE
MALE
FEMALE
FEMALE
MALE
MALE
MALE
FEMALE
MALE
MALE
FEMALE
FEMALE
FEMALE
MALE
MALE
MALE
MALE

_= 0N =W O = PN NOO PO ~O

>

FRONT LEFT
FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONT LEFT
FRONT LEFT

FRONT LEFT
FRONTRIGHT

FRONT
FRONT
FRONT
FRONT
FRONT LEFT
FRONT LEFT
FRICTRIGHT
FUOMT OLEFT

WTRIGHT

LEFT

LEFT
LEFT

LEFT

FACTORS CASE
Pol Seat
AIS Inj locn/posn

8 K FRONT LEFT
8 K FRONT LEFT
8 K UNKWN UNKWN
8 K UNKWN UNKVWN
8 K UNKWN UNKWN
8 K UNKWN UNKWN
8 K UNKWN UNKWN
8 K UNKYN UNKWN
8 A UNKWN UNKWN
[} 0 FRONT LEFT
1 0 FRONT LEFT
1 0 FRONT LEFT
0 B FRONT LEFT
7 K FRONT LEFT
1 A FRONTRIGHT
5 0 REAR LEFT
2 0 REAR CENTR
2 A REAR RIGHT
V] 0 FRONT LEFT
1 A OTHERCENTR
1 A FRONT LEFT
0 0 FRONT LEFT
7 K PEDESTRIAN
0 0 FRONT LEFT
0 0 FRONTRIGHT
0 0  FRONT LEFT

0  FRONTRIGHT

0 FRONT LEFT

S FRONTCENTR

K FRCONT LEFT

A FRONTRIGHT

A FRONT LEFT

K

0

0

A

K

K

A

A

C

A

K

A

A

A

L

A
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INDEX

Restraint
Use

TORSO

TORSO
TORSO

NO LAP NO
NO LAP NO
NO LAP NO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NORET LAPE&TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
PEDESTRIAN

NO LAP NO TORSO
ND LAP NO TORSO
NON-RETRACT LAP
NON-RETRACT LAP
LAP ONLY ?TYPE
NO LAP NO TORSO
NON=-RETRACT LAP
NON-RETRACT LAP
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO .TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
ND LAP NO TORSO

NO LAP NO TORSO
NO LAP NO TORSO

NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
MO LAP NO TORSO
MO LAP ND TORSO
NO LAP NO TORSO
13 LAP MO TORSO
NOMLOCK RET LAP
NONLUCK RET LAP

Ejection

DOOR L SIDE
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
DOOR L SIDE
DOOR L SIDE
DOOR L SIDE
NO EJECTION
NO EJECTION
CYCLE EUJECT
NO EJECTION
NO EJECTION
PEDESTRIAN
NO EJECTION
NO EJECTION
NO EJ=CTION
NO EJECTION
NO EJECTION
WINDOW RSIDE
NO EJECTION
NO EJECTION
WINDSHIELD
UNKNOWN

NO EJECTICON
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION

NO EJECTION
NO EJECTION

NO EJECTION
NO EJECTIGN
NO EJECTICON
NO FJECTICN
NO CJeCTI.N
DOOR L SIDE
NO EJCCTION
NO EJECTION
NO EJECT! N




Driver
Bl Alch
case # Zmgxl0 Age
AAl46 (] 22
AAL1 46 (] 23
AA147 0 20
AAL147 0 42
AALGT 0 16
AA148 0 76
AA148 0 74
AA149 0 27
AAl149 0 24
AAl149 0 22
AA149 0 20
AA149 0 21
AA150 9 24
AA151 0 21
AA1S52 0 22
AA152 0 18
AA152 0 35
AA152 0 15
AA152 0 15
AA153 0 19
AA154 4] 31
AA154 (V] 30
AA154 0 8
AA155 0 36
AA156 0 21
AA157 0 21
AA159 o] 51
AA159 0 29
AA160 0 48
AA161 0 21
AA162 0 49
AA163 0 75
AA164 0 55
AA164 0 9
AA165 0 22
AA165 0 23
AA165 0 21
AA165 (/] 20
AA165 0 1
AA166 0 29
AA166 0 17
AA166 o] 15
AA167 0 50
AA167 0 50
AA168 0 20
AA169 17 31
AA169 (¢} 21
AA169 0 52

HUMAN

Sex

FEMALE
FEMALE
FEMALE
FEMALE
MALE
MALE
FEMALE
MALE
FEMALE
MALE
PREG FEM
MALE
MALE
MALE
MALE
FEMALE
FEMALE
FEMALE
FEMALE
FEMALE
MALE
FEMALE
FEMALE
FEMALE
MALE
MALE
FEMALE
MALE™
MALE
FEMALE
MALE
MALE
MALE
FEMALE
MALE
FEMALE
MALE
FEMALE
MALE
FEMALE
FEMALE
FEMALE
MALE
FEMALE
FEMALE
MALE
MALE
MALE

FACTORS

AIS

P PR ONO OO = NW™ = UTON m e G OO N m 8 s b s+ ps = DO s VIR BENIN s © bt = g e

Pol
Inj

PPOOCOO0ONONOOCEAXKDDIOIPARXPOXMNDPDOPPOXT»PO>MWMO>»>P» BDXO U >r>pr> X0

CASE

Seat
locn/posn

FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONTRIGHT
REAR RIGHT
FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONTCENTR
FRONTRIGHT
REAR LEFT
REAR RIGHT
FRONT LEFT
FRONT LEFT
FRONTRIGHT
REAR CENTR
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONTRIGHT
FRONTUNKWN
FRONT LEFT
FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONTRIGHT
FRONT LEFT
FRONT LEFT
PEDESTRIAN
PEDESTRIAN
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ITDEX

Restraint
Use

NO LAP NO TGO=SO
NO LAP NO TORSO
NO LAP NO TORSO
TurRSU
TORSO
TORSO

NG LAF WO
NO LAP NO
NO LAP NO
NO LAP NO TORSO
NO LAP NO TORSO
NON=-RETRACT LAP
NO LAP NO TORSO
NO LAP RO TCOMS9
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NQ TORSO
NONLOCK RET LAP
NO LAP NO TORSC
AUTOLOK RET LAP
NO LAP NO TORSO
NONLOCK RET LAP
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NONLOCK RET LAP
NONLOCK RET LAP
NORET LAPETORSO
NORET LAPETORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO
NO LAP NO TORSO

NO LAP NO TORSO
PEDESTRIAN
PEDESTRIAN

Ejecction

NO EJZCTION
NO EJECTION
NO EJECTION
NO EJECTION
WINDOW RSIDE
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTICN
O EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
UNKNOWN
UNKNOWN
UNKNOWN

NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
PEDESTRIAN
PEDESTRIAN




HUMAN FACTORS CASE IXNDEX

Driver
Bl Alch Pol Sent Restraint

Case # Zmgxl0 Age Sex AIS Inj locn/posn Use Ejection

AA1 70 0 19 MALE 2 (=] FRCNT LceFT NO LAP NO TORSO NO EJECTION
AAL1 70 o] 19 MALE 2 A FRONTRIGHT NO LAP NO TORSO NO EJECTION
AA170 0 19 MALE 1 C REAR LEFT NO LAP NO TORSO NO EJECTION
AA170 (4] 18 MALE 1 c REAR RIGHT NO LAP NO TORSO NO EJECTION
AALT1 0 29 MALE [o] A FRONT LEFT NO LAP NO TORSO NO EJECTION
AAY1 72 0 21 MALE 1 A FRONT LEFT NO LAP NO TORSO NO EJECTION
AAl 72 0 23 FENMALE 3 A FRONTRIGHT NO LAP NQO TORSO NO EJECTION
AA173 0 28 MALE 6 K FRONT LEFT NO LAP ND TORSO DOOR L SIDE
AAl 74 o] 73 VALE 6 K FRONT LEFT NO LAP NO TORSO NO EJECTION
AAl1 74 V] 40 MALE (o] o] FRONT LEFT NO LAP NO TORSO NO EJECTION
AA175 0 21 MALE 1 B FRONT LEFT NO LAP NO TORSO NO EJECTION
AAL1 76 0 34 MALE 1 B FRONT LLFT NO LAP NO TORSO NO EJECTION
AA177 0 30 MALE 1 B FRONT LEFT NO LAP NO TORSO NO EJECTION
AA177 (0] 9 FEMALE 1 B FRONTRIGHT NO LAP NO TORSO NO EJECTION
AA177 0 7 MALE 0 0 REAR CENTR MO LAP NO TORSO NO EJECTION
AA1 77 (o] 62 FEMALE 1 o] FRONT LEFT NO LAP NO TORSO NO EJECTION
AA178 0 35 MALE 1 A FRONT LEFT NO LAP NO TORSO NO EJECTION
AA178 0 31 FEMALE 2 A FRONTRIGHT NO LAP NO TORSO NO EJECTION
AA178 0 6 MALE 1 B REAR LEFT NO LAP NO TORSO NO EJECTION
AA178 o 12 MALE 1 A REAR RIGHT NO LAP NO TORSO NO EJECTION
AAL179 o] 19 FEMALE 0 (4] FRONT LEFT NO LAP NO TORSO NO EJECTION
AA179 0 20 MALE 0 0 FRONTCENTR NO LAP NO TORSO NO EJECTION
AA179 (o] 19 MALE 4] V] FRONTRIGHT NO LAP NO TORSO NO EJECTION
AA180 0 32 MALE 1 A FRONT LEFT NO LAP NO TORSO NO EJECTION
AA180 0 18 MALE 1 B FRONT LEFT LAP ONLY ?TYPE NO EJECTION
AA180 0 17 FEMALE 3 A FRONTRIGHT NO LAP NO TORSO NO EJECTION
AA180 0 15 MALE 1 A REAR R CTR NO LAP NO TORSO NO EJECTION
AAl181 0 50 MALE 1 B FRONT LEFT NO LAP NO TORSO NO EJECTION
AA182 0 28 MALE 1 A OTHERCENTR NO LAP NO TORSO WINDOW LSIDE
AA183 0 51 MALE 2 B FRONT LEFT NO LAP NO TORSO NO EJECTION
AA184 0 35 MALE (o] 0 FRONT LEFT NO LAP NO TORSO NO EJECTION
AAl184 0 16 MALE 0 0 FROMTRIGHT NO LAP NO TORSO NO EJECTION
AA18S 0 39 MALE 1 C FRONT LEFT NO LAP NO TORSO NO EJECTION
AA186 0 53 MALE o] C FRONT LEFT NO LAP NO TORSO NO EJECTION
AA188 ] 38 FEMALE 1 V] FRONT LEFT NONLOCK RET LAP NO EJECTION
AA188 0 60 FEMALE 1 B FRONTRIGHT NO LAP NO TORSO NO EJECTION
AA189 9 26 MALE 6 K FRONT LEFT NO LAP NO TORSO ROOF OR CONV
AA190 0 22 MALE (o] (0] FRONT LEFT NONLOCK RET LAP NO EJECTION
AA190 (V] 20 MALE 1 A OTHERUNKWN NO LAP NO TORSO NO EJECTION
AAl191 0 41 FEMALE 2 B8 FRONT LEFT NO LAP NO TORSO NO EJECTION
AAl191 0 40 FEMALE 1 C FRONTRIGHT NO LAP NO TORSO NO EJECTION
AA191 0 13 MALE 0 C REAR LEFT NO LAP NO TORSO NO EJECTION
AAl191 0 16 FEMALE 0 0 REAR RIGHT NO LAP NO TORSO NO EJECTION
AA192 0 71 MALE 1 4] FRONT LEFT NO LAP NO TORSO NO EJECTION
AA192 o] 63 FEMALE 1 8 FRONTRIGHT NO LAP NO TORSO NO EJECTION
AAl192 0 51 MALE 1 B FRONT LEFT NO LAP NO TORSO NO EJECTION
AA192 0 83 FEMALE 3 A FRONTRIGHT NO LAP NO TORSO NO EJECTION
AA192 0 38 FEMALE 1 B REAR LEFT NO LAP NO TORSO NO EJECTION
AA192 0 58 FEMALE 3 C REAR RIGHT NO LAP NO TORSO NO EJECTION
AAl193 2 16 MALE 2 A FRONT LEFT NO LAP NO TORSO NO EJECTION
AA193 2 15 FEMALE 0 (4] FRONTCENTR NO LAP NO TORSO NO EJECTION
AA193 2 17 MALE 1 B FRONTRIGHT NO LAP NO TORSO NO EJECTION
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Case f

AA1 D4
AA194
AA194
AAl194
AA195
AA1G96
AA196
AA196
AA197
AA198
AA199
AA199
AA199
AA199
AA200
AA200
AA201
AA202
AA202
AA202
AA203
AA203
AA203
AA203
AA204
AA205
AA206
AA206
AA206
AA206

Driver
Bl Alch
%mgx10

©000CO00CO0OQP0QCO0QCO0O0O0DCO0CO0CO00 000 Co0C 0

Age

29
19

18

77
25
21
21
25
29
36
37
33
33
32
63
56
S0

26
25
25

45
30
16
36
31
26
17

HUMAN FACTORS CASE
Pol Seat

Sex AIS Inj loen/posn

FEMALE V] 0 FRONT LEFT
MALE 1 A FRONT LEFT
FEMALE 0 0 FRONTRIGHT
MALE 0 [} FRCNTRIGHT
FEMALE (4] 0 FRONT LEFT
MALE 1 B8 FRONT LEFT
MALE 1 B FRONT LEFT
FEMALE 1 B8 FRONTRIGHT
FEMALE 2 B FRONT LEFT
MQLE 2 A OTHERCENTR
MALE 1 A FRONT LEFT
FEMALE 7 K FRONT LEFT
MALE 7 K FRONT LEFT
MALE 1 A FRONT LEFT
MALE 1 B FRONT LEFT
FEMALE 1 B FRONT LEFT
MALE ] 0 FRONT LEFT
FEMALE 1 A FRONT LEFT
MALE 1 B FRONTRIGHT
MALE 3 A FRONT LEFT
MALE 1 A FRONT LEFT
FEMALE 1 B FRONTRIGHT
MALE 1 B8 FRONTRIGHT
FEMALE 4 A REAR LEFT
MALE (V] 0 FRONT LEFT
MALE ) A FRONT LEFT
MALE 1 C FRONT LEFT
MALE 1 C  FRONTRIGHT
MALE 0 0 OTHERCENTR
FEMALE 1 B FRONT LEFT
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NO
NO
NO

-
[R1¥]

DEX

Restraint

Use

LAP
LAP
LAP

LAF

NO
NO
NO

0

TGRSO
TORSO

TORSO
TORSO

LAP ONLY ?TYPE

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

LAP
LAP
LAP
LAP
LAP
LAP
LAP
LAP
LAP
LAP
LAP

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

TORSO
TORSD
TORSO
TORSO
TORSO
TORSO
TORSO
TORSO
TORSO
TORSO
TORSO

NON-RETRACT LAP

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

LAP
LAP
LAP
LAP
LAP
LAP
LAP
LAP
LAP
LAP

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

TORSO
TORSO
TORSO
TORSO
TORSO
TORSO
TORSO
TORSO
TORSO
TORSO

NON=-RETRACT LAP
NO LAP NO TORSO
NO LAP NO TORSO

Ejection

NG EJECTION
NO EJECTION
NO EJECTION
NU cJeCiION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
DOOR R SIDE
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
TAILGATE

NO EJECTION
NO EJECTION
NO EJECTION
NO EJECTION
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ENVIRONMENTAL DATA SUMMARY

AA# LOCATION NO OF LANES HORIZ CONFIG VERT CONFIG SIGNIF ICANT RELEVANT
HIGHWAY DATA AMBIENT DATA
100 RURAL 5 STRAIGHT LEVEL FREEWAY NO LIGHTING.
DARK. INTER-
MITTANT SHOWERS

101 RESIDENTIAL 2/2 INTERSECTION LEVEL FIRE HYDRANT DARK/DRY
105 COMMERCIAL 5 STRAIGHT LEVEL MAJOR ARTERIAL CLEAR/DRY
114 RURAL 4 STRAIGHT .9% LIGHT/CLEAR/DRY
115 RURAL 2 STRAIGHT 3% UTILITY POLE DUSK/DRY
116 RURAL 4 STRAIGHT 3% FREEWAY LIGHT/CLEAR/DRY
119 RURAL 2 STRAIGHT 2% LIGHT/CLEAR/DRY
120 RURAL 4 CURVE 2% INTERCHANGE CLEAR/LIGHT/DRY
121 CAMPUS 2/2 INTERSECTION 2% INTERSECTION NIGHT/DRY
122 RESIDENTIAL 4/5 STRAIGHT 4% FIELD NIGHT/DRY
125 RURAL 4 STRAIGHT LEVEL LIGHT/CLEAR/DRY
126 RURAL 4 STRAIGHT .5% UNDER OVERPASS LIGHT/CLEAR/DRY
129 RURAL 2 CURVE LEVEL NIGHT/DRY
130 RURAL 2 CURVE LEVEL LIGHT/CLEAR/DRY
132 RURAL 2 STRAIGHT 1.5% R R CROSSING LIGHT/CLEAR/DRY
133 RURAL 2 STRAIGHT LEVEL R R CROSSING NIGHT/DRY
134 SCHOOL

EDUCATIONAL 4 STRAIGHT LEVEL LIGHT/CLEAR/DRY
136 RURAL 2/2 INTERSECTION LEVEL TREE NIGHT/FOG
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AA# LOCATION NO OF LANES HORIZ CONFIG VERT CONFIG SIGNIFICANT RELEVANT
HIGHWAY DATA AMBIENT DATA
156 RURAL 4 CURVE 1° FREEWAY LIGHT/SNOW/ICE
INTERCHANGE
157 COMMERCIAL 4 CURVE 1 1/2% FREEWAY LIGHT/ICE
INTERCHANGE
159 RESIDENTIAL 5 STRAIGHT LEVEL DARK/WET
160 RURAL 2/2 INTERSECTION LEVEL INTERSECTION DUSK/CLEAR/DRY
RESIDENTIAL
161 RURAL 4 STRAIGHT 31/2% FREEWAY OVERPASS | LIGHT/CLEAR/DRY
162 RURAL STRAIGHT LEVEL TREE OFF ROAD DUSK/CLOUDY/DRY
FREEWAY
163 COMMERCIAL 4 STRAIGHT LEVEL NO PEDESTRIAN LIGHT/CLEAR/DRY
RESIDENTIAL CROSSWALK
164 RURAL 2 STRAIGHT LEVEL R R CROSSING DARK/ SNOW/
SLIPPERY
165 RURAL 2 STRAIGHT LEVEL LIGHT/OVERCAST/
WET
166 SCHOOL 4/2 STRAIGHT LEVEL HIGH SCHOOL LIGHT/CLEAR/
RESIDENTIAL INTERSECTION DRIVE SNOW COVERED
168 SCHOOL 4/4 STRAIGHT LEVEL INTERSECT ION LIGHT/DRY
INTERSECTION
172 RURAL 4 CURVE LEVEL FREEWAY DARK/FOG/
INTERCHANGE SKIPPERY
173 RURAL CURVE LEVEL FREEWAY LIGHT/CLEAR/DRY
175 COMMERCIAL STRAIGHT 11/2° POWER POLE DARK/WET
OFF ROAD
176 RESIDENTIAL 4 CURVE LEVEL POWER POLE DARK/DRY
OFF ROAD
177 COMMERCIAL 2/2 CURVE/STRAIGHT LEVEL INTERSECTION LIGHT/DRY

ENVIRONMENTAL DATA SUMMARY




8%

AA# LOCATION NO OF LANES HORIZ CONFIG VERT CONFIG SIGNIFICANT RELEVANT
HIGHWAY DATA AMBIENT DATA
178 RURAL 2/2 STRAIGHT LEVEL INTERSECTION DARK/DRY
179 COMMERCIAL 2 CURVE LEVEL LIGHT/DRY
180 COMMERCIAL 4 STRAIGHT 1 1/2° PREVIOUS CHANGE DARK/DRY
IN HORIZONTAL
ALIGNMENT
181 INDUSTRIAL/ 2 CURVE LEVEL SUDDEN CHANGE DARK/DRY
RURAL IN HORIZONTAL
ALIGNMENT
182 COMMERCIAL PARKING LOT —_— LIGHT/DRY
183 RURAL/ 4 CURVE LEVEL FREEWAY LIGHT/OVERCAST
RESIDENTIAL WET
184 RURAL 2 STRAIGHT 1° LIGHT/DRY
186 RURAL CURVE 1° FREEWAY LIGHT/DRY
EXIT RAMP
188 RESIDENTIAL 2/3 STRAIGHT/ LEVEL INTERSECTION LIGHT/DRY
STRAIGHT
189 RURAL 2 CURVE LEVEL SCENIC DRIVE DARK/DRY
190 RURAL CURVE 1° FREEWAY LIGHT/CLEAR/DRY
EXIT RAMP
191 RURAL 2 CURVE LEVEL "Y' TYPE LIGHT/CLEAR/DRY
INTERSECTION
192 RESIDENTIAL 2/2 STRAIGHT/ LEVEL INTERSECTION LIGHT/DRY
STRAIGHT
193 RURAL 2 STRAIGHT 1° LIGHT/CLEAR/DRY
194 RURAL 2/2 STRAIGHT/ LEVEL/ 1 1/2° INTERSECTION LIGHT/DRY
STRAIGHT
195 RESIDENTIAL 2 STRAIGHT LEVEL PEDESTRIAN LIGHT/CLEAR/DRY
PARKED CARS
196 COMMERCIAL STRAIGHT LEVEL DRIVEWAY OVERCAST/WET
197 RURAL CURVE LEVEL SUN BLINDED
DRIVER
LIGHT/CLEAR/DRY

ENVIRONMENTAL DATA SUMMARY
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AA# LOCATION NO OF LANES HORIZ CONFIG VERT CONFIG SIGNIFICANT RELEVANT
HIGHWAY DATA AMBIENT DATA
198 RESIDENTIAL 2 "S'" CURVE 11/2° GRAVEL ON LIGHT/CLEAR/DRY
ROADWAY
199 RURAL 2 CURVE LEVEL LIGHT/CLEAR/DRY
200 COMMERCIAL 5/5 STRAIGHT/ LEVEL INTERSECTION CLEAR/DRY
STRAIGHT
201 RESIDENTIAL 2 STRAIGHT 3° PEDESTRIAN, LIGHT/CLEAR/DRY
PARKED CARS
202 COMMERCIAL 5/4 STRAIGHT/ LEVEL INTERSECTION LIGHT/CLEAR/DRY
STRAIGHT
203 RESIDENTIAL 2/2 STRAIGHT/ LEVEL INTERSECTION LIGHT/DRY
STRAIGHT
204 RESIDENTIAL 2 STRAIGHT LEVEL RESIDENTIAL LIGHT/DRY
DRIVEWAY
205 RESIDENTIAL 2 ''S" CURVE 11/2° TREE OFF ROAD DARK/DRY
206 RESIDENTIAL 2/3 STRAIGHT/ LEVEL/4° INTERSECTION LIGHT/CLEAR
STRAIGHT

ENVIRONMENTAL DATA SUMMARY
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VEHICLE DATA SUMMARY - PAGE 4

AA CASE MODEL MAKE MODEL BODY TYPE SPEED VDhI ACCIDENT CONFIGURATION
NUMBER YEAR AT IMPACT
166 1971 PLYMOUTH DUSTER 2-DOOR 05 02-RPEW 2 INTERSECTION
167 1971 CHEVROLET SUBURBAN STA. WGN. 40 00-RDHO-1 ROLL-OVER
168 1968 FORD GALAXIE 4-DOOR -- 12-FRMN-1 PEDESTRIAN
169 1970 BUICK ELECTRA 2-DOOR 35 12-FZEW-3 PEDESTRIAN
169 1969 DODGE DART 2-DOOR 0 06-RDEW-5 PEDESTRIAN
12-FDEW-2
169 1970 GMC CARRYALL SUBURB STA. WGN. 0 12-FDLW-1 PEDESTRIAN
170 1969 FORD FAIRLANE 2-DOOR 30 12-FZEW-4 FIXED OBJECT, HEAD-ON
172 1971 FORD MAVERICK 2-DOOR 25 10-LPAN-3 FIXED OBJECT, HEAD-ON
10-LPEN
10-LFEW-2
173 1967 CHEVROLET C-10 PICK-UP 45 00-TDAO-3 ROLL-OVER
00-UBXO0-1
175 1970 FORD MAVERICK 2-DOOR 33 01-FREN-4 FIXED OBJECT, HEAD-ON
176 1972 CHEVROLET MALIBU 2-DOOR 35 12-FZEN-3 FIXED OBJECT, HEAD-ON
177 1969 FORD LTD 4-DOOR S 08-LFEE-2 INTERSECTION
177 1970 FORD TORINO CONV. 15 01-FZEW-1 INTERSECTION
178 1971 FORD BRONCO 2-DOOCR 40 00-XDAO-3 ROLL-OVER
179 1969 OLDSMOBILE DELTA 88 4-DOOR 25 12-FRMN-8 PEDESTRIAN
180 1971 MERCURY MARQUIS 4-DOOR 20 11-FDEW-3 HEAD -ON
180 1969 FORD MUSTANG 2-DOOR 25 01-FDEW-3 HEAD-ON
181 1972 CADILLAC EL DORADO 2-DOOR -- 12-FDEW-2 FIXED OBJECT, HEAD-ON
182 1972 HARLEY-DAVISON MOTORCYCLE -- -- FIXED OBJECT, HEAD-ON
183 1970 CHRYSLER NEWPORT 4-DOOR 30 01-FDEW-3 HEAD-ON
183 1972 BUS -- 50 01-FLEW-2 HEAD-ON
184 1972 WINNEBAGO MOTOR HOME FIRE --
18~ 1969 PONTIAC BONNFVILLE 2-DOOR 80 12-FDEW-2 RUN OFF ROAD
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VEHICLE DATA SUMMARY - PAGE 5

AA CASE MODEL MAKE MODEL BODY TYPE SPEED AT VDI ACCIDENT CONFIGURATION

NUMBER YEAR IMPACT

186 1970 FORD STAKE-TRUCK 5Q 00-XDAO-4 ROLL-OVER

188 1970 HONDA -- MOTORCYCLE 30 -- INTERSECTION

188 1970 FORD MAVERICK 2-DOOR 15 03-RBMW-2 INTERSECTION

189 1970 PORCHE 914 2-DOOR ROLL-OVER

190 1970 CHEVROLET C-50 TRUCK 50 00-RFMO-1 ROLL-OVER

191 1970 HONDA CB750 MOTORCYCLE 45 -- HEAD-ON

191 1971 AMC MATADOR 4-DOOR 11-FDMW-2 HEAD-ON

192 1971 DODGE DART 4-DOOR 01-FZEW-1 INTERSECTION

192 1962 BUICK SPECIAL 2-DOOR 10 11-FLEE-2 INTERSECTION

193 1971 FORD PINTO 2-DOOR 40 00-XDAO-3 ROLL-OVER

194 1969 CHEVROLET CAMARO 2-DOOR 20 12-RBMW-2 INTERSECT ION
12-FRES-1

194 1963 PLYMOUTH SAVOY 4-DOOR 01-RBMS-2 INTERSECTION

195 1970 FORD MAVERICK 2-DOOR 12-FREN-0 PEDESTRIAN

196 1972 CHEVROLET NOVA 2-DOOR 01-FDEW-2 HEAD -ON

196 1971 TOYOTA CORONA 4-DOOR 30 01-FZEW-2 HEAD -ON

197 1970 VOLKSWAGEN 1300 2-DOOR 10 01-FYEN-2 HEAD -ON

197 1971 HONDA CL350 MOTORCYCLE 30 - HEAD-ON

198 1972 HONDA 500 MOTORCYCLE 35 -- LOST CONTROL

199 1971 CHRYSLER NEWPORT 4-DOOR 45 10-LFAW-5 HEAD -ON

199 1968 INTERNATION TRACTOR-TRAILOR 45 12-FDEN-2 HEAD -ON
08-LRMW-2

200 1966 PLYMOUTH BELVEDERE 2-DOOR 5 11-FLEE-2 INTERSECTION

200 1971 FORD PINTO 2-DOOR 25 11-FLEW-2 INTERSECTION
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MOTOR VEHICLE SAFETY STANDARDS

STANDARD TIMES

NUMBER STANDARD TITLE REFERRED
101 CONTROL LOCATION, IDENTIFICATION AND ILLUMINATION 1
103 WINDSHIELD DEFROSTING AND DEFOGGING SYSTEMS 1
105 HYDRAULIC SERVICE BRAKE, EMERGENCY BRAKE, PARKING BRAKH 1
111 REARVIEW MIRRORS 1
113 HOOD LATCH SYSTEM 8
121 AIR BRAKE SYSTEMS 1
201 OCCUPANT PROTECTION IN INTERIOR IMPACT 26
202 HEAD RESTRAINTS 3
203 IMPACT PROTECTION FOR THE DRIVER FROM STEERING CONTROLY 11
204 STEERING CONTROL REARWARD DISPLACEMENT
205 GLAZING MATERIALS 9
206 DOOR LOCKS AND DOOR RETENTION COMPONENTS 12
207 ANCHORAGE OF SEATS 9
208 SEAT BELT INSTALLATIONS 9
209 SEAT BELT ASSEMBLIES 5
210 SEAT BELT ASSEMBLY ANCHORAGES 1
211 WHEEL NUTS, WHEEL DISCS, AND HUB CAPS 3
212 WINDSHIELD MOUNTING 5
214 SIDE DOOR STRENGTH 7
216 ROOF CRUSH 3
301 FUEL TANKS, TANK FILLER PIPES, AND CONNECTIONS 8
302 FLAMMABILITY OF INTERIOR MATERIALS 1
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HIGHWAY SAFETY PROGRAM STANDARDS

STANDARD TIMES
NUMBER STANDARD TITLE REFERRED
1 PERIODIC MOTOR VEHICLE INSPECTION 5
3 MOTORCYCLE SAFETY 8
4 DRIVER EDUCATION 18
5 DRIVER LICENSING 19
7 TRAFFIC COURTS 3
8 ALCOHOL IN RELATION TO HIGHWAY SAFETY 24
9 IDENTIFICATION AND SURVEILLANCE OF ACCIDENT LOCATIONS 10
11 EMERGENCY MEDICAL SERVICES 8
12 HIGHWAY DESIGN, CONSTRUCTION, AND MAINTENANCE 23
13 TRAFFIC CONTROL DEVICES 12
14 PEDESTRIAN SAFETY 7
15 POLICL TRAFFIC SERVICES 2
16 DEBRIS HAZARD CONTROL AND CLEANUP 4




SUMMARY OF MATRIX CELLS BY CASE

——

MATRIX CELL
AA CASE NUMBER 1 2 3 4 5 6 7 8 9
100 (- | (- | W+ 1-
101 (3)- m- | - (-
105 (2)- 1)+ 1)-
114 (2)- (1)- W- | w- | -
(3)+ (-
115 @- | W+ | W- (1) (2)+
126 w- | W+ | - (- (1)
(1)+
129 ®- |- |G |- |- -
W+ | - 1)+
130 @- | W+ | @- - (-
(n)-
152 (2)- (1)+ (1)- W)+ (1)-
W-
133 ®- | W- m- | w- | w- | ®-
134 1)- 1)- 1)+
136 @- | - | W- (n)- (1)
138 ©- | @ |- w- | -
139 w- |w- | D o | o- ®- | @+ | e
W+
140 (5)- W+ | @- | W- -
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SUMMARY OF MATRIX CELLS BY CASE,

MATRIX CELL
AA CASE NUMBER 1 2 3 4 5 6 7 8 9
141 m- | - - | - (1)+
142 @- | - (2)- M- | M | (e
143 - | (1)- O- |- | M- |G-
144 3)- | M- | @+ | @®- | @+ (1)- (2)-
(1)-
145 G- | M- | W |- | @ M- | m- |
W+ | W+ | W- (3)- !
146 (3)- (3)- (-
(e
147 (2)- (2)- 1)- (1!
|
148 3)- | - ).
i
149 @- | @- | @+ (2)+ (2)- '
(1)- '
150 (1)- (1- (1)- |
|
151 - | - | W)- - | M- (2)- !
1)+
152 (2)- | (1)- (3)- | (2)- (2)- (H+ !
153 (2)- (- (1)- (1)-
154 (2)- W+ | ®- | W+ | () -
(3)- !
155 (3)- | (1)- (1)+ 2)- | 3)- IR
(- i
156 - | W+ - 1)+ i
- (1)- f
157 - | - (3)- | M- | B®)- | @+ |
(n- |
!
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SUMMARY OF MATRIX CELLS BY CASE,

MATRIX CELL
AA CASE NUMBER 1 2 3 4 5 6 7 8 9
159 (1)- (1)+ (3)- D+
(1)+
160 (1)- (1)- (1)- (1)+
161 (2)- 1)+ (1)-
1)+
162 (1)- (1)- (1)+ (1)-
1)-
163 (1)+, (1)+ (1)-
(1)-
164 (3)- 1- 1)- (3)- (- (1)+
165 n- 1)+ (1)- (2)- (1)+
1-
166 (2)- (3)- 1)-
167 (2)- 1)- (1)+ 1)+
168 (2)- 1)+ (1)- (1)-
169 3)- - 1- (1)- ()+,
(-
170 (2)- n- (1)-
171 (2)- 1)- 1)-
172 (2)- (2)- 1)- (1)- (-
(D+
173 4)- (2)- 1)- - - (1)- (1)+
174 1- 1 - G- | - -
175 (3)- (1)- (1)- (2)- 1)+ (- -
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SUMMARY OF MATRIX CELLS BY CASE,

MATRIX CELL
AA CASE NUMBER 1 2 3 4 5 6 7 8 9
176 (3)- 1 (M)- (2)-
177 2)- | @+ (1)+ (1)- (11-
(1)-
178 (1)- (1)- (1)+ (2)-
179 (2)- (1)- (1)- |
i
180 ®- | - | W- (2)- ‘
l
181 (2)- (1)- 1
L)+ |
182 (1)- (1)- l
(1)+ }
183 (3)- - | @- (2)- NG
184 (1)- (1)- (1)+ (1)-
185 M- | - M- | M- | W-
186 (2)+ (1- 1)+ - (1)- (1+
- (1)+ (1:-
188 (2)- (2)+ (1)+
(2)+ (1)-
189 (3)- (2)- (1)+ 1)+ 1- (1)+
190 (4)- (1)+ (1)+ (1)+ 1)+ (1h+
191 (2)- | (1)+ (1)- (11+
(11~
192 (2)- 1)- (1)-
193 (2)- (1)- 1)+ (1)-
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SUMMARY OF MATRIX CELLS BY CASE,

MATRIX CELL
AA CASE NUMBER 1 2 3 4 5 6 7 8 9
194 1+ (1)- 1)+ (1)-
)-
195 1)+ 1)+ (1)-
-
196 1- (2)- 1)+ (4)-
-
197 1)- (1)- 1)+ (- (1)+
(1)+
198 1)- (- (1)- (1+
199 (8)- (2)-
(D+
200 1- (1)- (1- m- (1)+
201 1- 1)+ (1)- (1)+
202 (1)- - 1)-, (D+
1)+
203 (9)- 1)+ 1)+ (2)- (1)-
-
204 (3)- -
205 (3)- D+ (1)-
(1)+
206 (1)+ (1)+ (D+ 1)+ -
(1)-
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MATRIX CELL SUMMARY

| ) 3
-176/ -53 -16
+18 + 20 + 24
4 5 6
Y -55 _14
+3 +2 +5
7 8 9
-75 -I3 -16
+3 +6 +29
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6.0 Findings and Discussion

This section presents some results of initial analytical
methods used in examining accident data. Data files utilized were
those of the Washtenaw County, Michigan, Collision Performance and
Injury Report (CPIR) file, and include Level III accident case studies
completed this past year as part of the tri-level program in con-
junction with previous years Level II cases.

Creating an Injury Severity Model using AID and MCA Programs.

One approach often employed in connection with accident data is
to establish some hypothesis like: seat belts minimize injury, or
driver education prevents accidents. Where there is a direct and
obvious effect, perhaps as in the seat belt hypothesis, it is quite
reasonable to lcook at a simple correlation and to observe that it
is positive. Where the effect is less obvious -- for example in
comparing several Linds of energy absorbing steering columns --
an observed correlation may in fact be spurious. Different steering
columns may be installed in different size cars, and these different
size cars may be driven by different age persons at different places,
speeds, and times, and be involved in vastly different types of
accidents. The techniques of multivariate analysis are useful here
in determining :interactions which affect such output measures as

injury severity.

Of the more than 600 items of information about each occupant
recorded in the CPIR file, many are obviously correlated with injury
production. These include the vehicle damage index (VDI), inches of
sheet metal crush, and impact speed. While none correlate directly
with injury level, their association is expected, and can be easily
established.

There are, on the other hand, many other information items

for which the correlation is not quite so obvious. An empirical
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approach towards understanding these relationships is to define
a dependent variable (such as severity of injury) and to select
a number of candidate independent variables on the basis of exper-

ience, or previous analyses.

This approach was employed through an AID analysis of the
Washtenaw County CPIR data file, and was structured to display the
rezationship between occupant injury level and many independent
variables bhelieved to have some association with injuryf The AID
analysis provides two types of output., A set of one-way analysis
of varianre tables, with the results arranged in the order of
increasing mean injury level; and a "tree" showing binary splits
cf data which best explain variation in injury as a function of the
independent variables. A list of variables used in a first
examination of the data is presented in Table 6-1. The resulting
"tree" is shown in Figure 6-1. The first set of Analysis of

Variance iables is included as Appendix g .**

* Sondquist and Morgan, "The Detection of Interaction Effects*,
Monograph #35, Survey Research Center, Institute for Social Research.
The University of Michigan. (1964)

*» Andrews, Morgan, and Sondquist, '"Multiple Classification Analysis'.
Survey Research Center, Institute for Social Research, The University
of Michigan, 1969. A report on a computer program for Multiple
Regression using categorical predictors.
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1.
2,

10.
11.
12.
13.
14.
15.

TABLE 6-1

Indeperdent Variables used in Washtenaw
County New Car File AID Analysis.

Collision venicle to object (yes, no, or unknown)
Collision vehicle to vehicle
Yes (configuration unknown)
No
Head on
Intersection (type L)
Sideswipe
Rear Impact
Other
Intersection (type T)
Unknown
Case vehicle Corporation
General Motors
Ford
Chrysler
American Motors
etc.
Model year cf vehicle
Body style of vehicle
2 door sedan
4 door sedan
station wagon,
etc.
General area of principal damage to vehicle (from VDI)
front
right side
back
top
etc.
Collision type (from VDI)
Rollover
Fire
Wide impact
Narrow impact
Sideswipe
etc.
Steering coluamn Energy Absorbing device (by type of device)
External object intrusion into passenger compartment (yes, no, un
Windshield bond separation (yes, no, unknown)
Occupant seat location
Occupant age
Lap belt worn (yes, no, unknown)
Upper torso restraint worn (yes, no, unknown)
Degree of ejection (none, partial, complete, unknown)
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L9

M ejected.
injury level was

For 1104 occupants,
the mean injury
level was 0.876.

For the 990 occupants
involved in collisions
in which the windshield
bond did not separate,
the mean injury level
was 0.732.

For the 606 occupants
involved in collisions

of the sideswipe, rear-
end, and intersection type,
the mean injury was 0.614.

1083 of the

0.819.

occupants were not
Their mean

For the 93 occupants
involved in collisions
in which the windshield
bond did separate, the
mean injury level was
1.74.

For the 384 occupants
involved in collisions

of the head-on and single
vehicle type, the mean
injury level was 0.919.

mean injury
was 3.81.

level

For the 21 occupants
who were partially
or fully ejected,

the

Figure 6-1.

[For the 10 occupants of
cars with mesh or no
steering column energy
absorbing device, the
mean injury level was
2.99.

For the 11 occupants of
cars with ball or slotted
lsteering column energy
absorbing device, the
mean injury level was

5.18.

AID Diagram for the Washtenaw County New Car Data Set.




With reference to Figure -1, the variable which best explains
the variation in overall mean injury to occupants in this set of
data is degree of ejection. Occupants experiencing partial or full
ejection averaged 3.81 on the Abbreviated Injury Scale (AIS).
Occupants not ejected averaged 0.819. Windshield bond separation is
the second division of non-ejected occupants. This appears as a
significant predictor of accident severity. Finally, on the upper
branch, head-on and single vehicle accidents are separated from other

accident configurations.

For the 21 ejected occupants, a subsequent division occurs for
the type of energy absorbing steering column. The effect is to
indicate that the steering column used in most Chrysler Corporation
vehicles (a mesh column) is associated with lower injury for
ejectees, than the GM and Ford steering columns. While the ass-
ociation is sufficiently strong for a data split, as shown in the
diagram, it does not make good sense physically. This can be con-
sidered as a marker, or indicator variable, which points to a possible
relationship whicin is, at the moment, hidden within the data.
Steering column type is almost completely explained by differences
among manufacturers, suggesting that the ejection phenomenon is best

explained by that factor.

To follow up an examination of these injury producing factors,
a Multiple Classification Analysis (MCA) was performed using those
variables which (from the AID analysis) were judged most likely to
significantly predict injury. As opposed to a multiple regression
analysis, which ordinarily requires quantitative variables for pre-=
dicting, MCA allows the use of qualitative, or categorical variables.
For the most part information recorded in connection with an accident
is categorical in form. In analyzing these data it is useful to be
able to estimate the contribution of each of the code levels of a
qualitative variable in terms of a dependent variable (in this case

the severity of injury).
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The complete MCA output is presented in Appendix I. It consists
of all possible two-way tabulations of the predictor variables,
7able 1-15) followed by a tabulation of the relative contribution
of each of the predictors, and their code values, to the severity

£

of driver injury (the dependent variable).
0f the variables chosen for this analysis, windshield bond
separation best predicts injury severity, independently accounting
for 17% of the linear variance in severity. None of the other
arviables chosen contribute more than 2% of the variance in this
monder, The class mean of those cases with no separation is 0.62
on tae AIS scale. The class mean of those with separation is 2.62.
It should be clear that windshield bond separation may not necessarily
cause injury, but may be simply a good indicator of accident
severity. Percent separation is usually reported by the investigating
ieams, but has not generally been encoded into the digital files.
This anzlvsis suggests that, if all windshields have approximately
the same retention capability, the percent separation measure may
be a more precise measure of severity than other variables, and should
he iucluded 1into the digital file,

In the third tabulation, displaying severity as a function of
trype of EA column, there is no significant variance accounted for
(0.3%). One cculd conclude that, at least in this data set, these
three most common EA devices are not significantly different in
terms of overall injury to the driver,.

The overall multiple—R2 (the square of the multiple correlatinn
coefficient) is 17%, indicating that the one variable accounts

for almost all of the variance in injury severity for these variables.

This program assumes no interactions among the variables, and
the many two-way tables are printed out to allow an investigator to
determine whether this is true. Windshield bond separation, as one
can see from the bivariate tables, does not interact with the
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other variables. One exception to this is the low involvement rate
of the mesh type EA column in rear damage to the vehicle. From

a previous analysis it was noted that the mesh EA column is generally
associated with Chrysler Corporation vehicles. There is nothing
obvious in the present data to explain the underinvolvement in

rear damage. This 4 x 2 table yields a chi-square of 8.2, significant
at the .04 level. The value of -2 log (maximum likelihood ratio) is
9.1, and significant at the .03 level. The digital file containing
Level III investigation cases studies included a tabulation of the
location and severity of each injury to each occupant. The number

of injuries, then is much larger than the number of occupants. This
provides a data set of sufficient size to plot several types of

injury distributions,

Figures 6-2 and 6-3 show the distribution of injuries by
body anatomical location and severity (Abbreviated Injury Scale)
for two subsets of the Washtenaw County 1969 to 1972 model year
passenger cars. The major difference between the two populations
in severity of head and neck injuries for ejected occupants. While
this distribution of injury location is somewhat different, such as
greater leg injuries for non-ejectees and more facial injuries,
the increased severity in most categories for ejectees is strikingly

clear.

In summary, we have shown that empirical multivariate analysis
techniques are useful, as well as necessary to avoid the pitfalls
of narrowly focused simple correlation. In the preceding section,
the Automatic Interaction Detection algorithm was utilized for an
initial examination of a set of accident data, and a Multiple
Classification Analysis algorithm used to construct a linear model
between several categorical variables and driver injury.

The association of windshield bond separation with increased
driver injury suggest®s that this relationship may be a sensitive
indicator of accident severity. It may, in fact, be thought of as
a sort of accelerometer providing information relative to "g" forces
in an accident. Factors restricting further substantiation of this
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relationship are the limited number of cases in the Washtenaw County
data file, and lack of greater detail on percentage of windshield
bond separation. This relationship will be further explored

during the coming year with the larger set of accident cases to be
stored in the data file.

The relationship between injury and windshield bond separation
also indicates that one data element which should be collected
outinely for vehicles investigated as Level III investigations or
in which crash recorders are placed, is percentage of windshield

bond separation,
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Injury Level Classifications

0f particular interest during this past year of accident
investigations, was the correlation between police injury codes
and the AIS, Abbreviated Injury Code as used by multidisciplinary

accident teams.

A previous study ou exposure information conducted in 1970
included a comparison of the use of the police injury code and the
Abbreviated Injury Scale (AIS).* Medical records for 540 victims
ct traffic accidents in Washtenaw County in 1968-69 were examined
w1th an AIS code assigned each victim. These codes were then com-
pared with police codes, which had been assigned in the police

investigations.

Siance this study was completed, however, definitions of
nolice codes used in Michigan have changed. Data collected in

this program permits a reexamination of the AIS and police scale.
Police codes used prior to 1971 in Michigan were :**

K=Fatal

A=Visible signs of injury, as bleeding
wound or distorted member, or had to
be carried from scene.

B=0Other signs of injury, as bruises,
abrasions, swelling.

C=No visible injury but complaint of
pain or momentary unconsciousness.

0O=No indication of injury.

* Robert E. Scott and Phillip S. Carroll, Acquisition of Infor-
mation on Exposure and on Non-Fatal Crashes, Volume II -
Accident Data Inaccuracies, Report Number 03169-II, Highway
Safety Research Institute; The University of Michigan; Ann
Arbor, Michigan; May, 1971.

**  Manual on Classification of Motor Vehicle Traffic Accidents,
National Safety Council,; Chicago, Illinois; 1962.
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Starting in 1971, these codes are:*

K=Fatal

A=Incapacitating Injury is any injury other than
fatal, which prevents the injured person from
walking, driving, or normally continuing the
activities which he is capable of performing
prior to the motor vehicle traffic accident.

B=Nonincapacitating Evident Injury is any injury
other than fatal and incapacitating, which is
evident to any observer at the scene of the
accident.

C=Possible Injury is any injury reported or claimed
which is not fatal, incapacitating, or nonincapacit-
ing evident injury.

Major differences in the two police scalesexist in the "A"
codes, i.e., visible injury versus incapacitating injury. Many
injuries formerly coded as "A" were lacerations etc, with minor
to moderate bleeding that was easily controlled and not incapaci-
tating, and other evident but minor injury. Thus, we might expect
that under the new definitions, the '"A'" category would include
fewer minor injuries, and in turn a smaller proportion of all in-

jured victims would be coded "A'".

The distributior of AIS codes for each police injury code is
given in Table 6-1 for non-fatal injuries from both data obtained
in the exposure project and data from the current Tri-Level Accident
Study program. The left column of each police code contains the
distribution in percent for the data in 1968-69 accidents. The
right column in each category contains the results of the current

program.

Indeed, the incidence of injury of the higher AIS codes among
the "A" victims is higher in the 1971-72 accidents investigated by
the HSRI MDAI team. While the same is true of the "B" victims,
the incidence of AIS=0 was higher for both the "C" and "O'" police

* Manual on Classification of Motor Vehicle Traffic Accidents,
Second Edition, National Safety Council; Chicago, Illinois;
May, 1970.
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codes in the MDAI data although the numbers of cases in these
categories is small, The differences in the distributions of

A" injury is significant at the 5% confidence level.

The mean AIS code for each police code is shown in Table 6.1-1,
with fatals excluded. Here too, it should be noted that the sever-
vty of "A" injuries is slightly--but significantly--higher in the
VDAT sample, but still will be a low average AIS. The means for
"B" injuries show hardly any change, while the '"C" and "O" groups
have a lower mean AIS code. As was observed in the exposure pro-
Jeet, the incidence of injuries (AIS > 1) among the group with
police codes of zero does not indicate that a proportion of ''property
damage" accidents are actually injury accidents, since these vic-
time were all in accidents in which at least one occupant was recog-

ized as injured by police.
TABLE 6,1-1

Mean AIS code by Police Code

Police 1968-1969 Exposure 1971-1971 MDAI
Code Project Data Data
Mean AIS Number Mean AIS Number
A 1.56 302 2.02 54
B 1.12 134 1.11 38
C 1.06 86 0.92 13
0]

0.95 18 0.31 42

A very common interpretation of complications of injury
using the police code 1s to assume that "A" injuries are "serious ,
"B's'" are ''moderate', and "C's" "minor'". Both the data used in the
exposure project and that collected in Level III accident investi-
gations suggest that a large fraction "A" injuries are minor. The
term '"serious" was used loosely here, but we might ask '"what frac-
tion of the victims of a particular police code have injuries of at
least a specific AIS code?" The proportion of non-fatal victims

with at least an AIS code of 2 and 3 is shown in Table 6.1-2 for
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hoth samples along with the 95% confidence interval resulting

from the size of samples.*

The proportion of victims of the "A" group with AIS of 2,
or greater, has increased from 36,8 to 53.7 percent in the latter
sample, for a relative increase of 46%. The proportion with in-
juries of AIS to 3, or greater, has increased from 15.6 to 27.8
rercent, for a relative increase of 78%. Nevertheless, over 46%
of the "A" victims of the MDAI sample had only minor injuries,
vhile over 63% had minor or moderate injuries. Only 36.8% were

seriously (AIS=3-5) injured.

At least two potentially significant phenomena could result
in differences between the distribution of the injury codes of
the two samples. The change in definition of the police codes has
heern discussed, and should lead to a lower incidence of "A" cases
among tt= injured. The current number of Level III accident cases
@also doe= not include a truly random, or representative, sample of
all accidents, .at on the average more severe crashes. This could
be expected to lead to an over representation of the more severe
"A" injuries in the MDAI sample. The sample drawn for the exposure
project vas a sample of occupants rather than an accident sample,

but the occupants were limited to those transported to a hospital.

The possible biases mentioned above relate to the distribution
of AIS codes within a police injury code. Both samples may also
contain biases in the distribution of police codes. Such a bias
1n the MDAI sample could also result from the higher case load of
severe crashes. In the case of the exposure project, the objecrtive
was to examine the severity of individual police codes, so a random
sample was taken for each police code, but no attempt was made to

select an unbiased sample of the various police codes.

The distribution ot police codes, of both the exposure prorect

and MDAT data, can be compared with police data from all accidents

* The contidence interval is only given when the sample size
is sutfficient to justify an asymptotic normal curve.
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in the county. Since only injury accidents were included in the
two samples, non-injured occupants will be omitted as well as
tatals. The distributions are given in Table 6,1-3 for both sam-
ples as well as for the entire county in 1970 and 1971.

The table also indicates that the relative incidence of "A's"
in 1971 was lower than in 1970 with a ratio between the two of
0.61. This does not represent a change in the total number of
injuries since only injured victims were included. In all like-
lihood, it represents the change in the use of the new definition
of the police code introduced in 1971. While the relative incidence of
"A'" injuries in Washtenaw County was only six tenths of the incidence
in 1970, the ratio for the entire state was seven tenths.

The change resulting from the new definitions might explain
much of the difference in the distribution of AIS codes for "A"
injuries in the exvposure project and MDAI data sets. If the "A's"
that were dropped (coded as B or C) in the police coding are assumed
to be minor injuries of AIS=0,1, a comparison of the two data sets
can be made by similarly adjusting the exposure project data. When
0.6 of the Exposure Project "A'" cases are dropped from the lower
two AIS categories, the fraction of the "A" injuries that are AIS > 2
becomes 60.7% and 25.7% are then of AIS > 3. The differences be-
tween these figures and the corresponding figures from the MDAI
sample (53.7% and 27.8% respectively) are not statistically signi-
ficant. While this does not prove that the differences in the
proportion of "A" injuries of the two samples are the result of the
change in definitions, it does indicate the differences are at

least consistent with the change.

While we may conclude that the second edition of the '"Manual
on Classification of Motor Vehicle Traffic Accidents'" improves the
use of the police injury scale as an index of injury severity it
is still not reliable. Only 28% of the "A" injuries of the MDAI
sample were actually serious, and 45% were minor when classified
by the AIS. Thus, only a samll fraction of the "A's" and hardly
any of the "B's" and "C's" are injuries which might be described

as serious.
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Published versions of the Abbreviated Injury Scale as used
above contain a table of equivalence between the AIS and earlier

nolice codes.* The implied equivalence is:

AIS POLICE CODE
0 0
1 C
2 B
3 B
4 B
5 A
6-9 K

This equivalence is clearly not consistent with the code
definition of either the former, or present police scale. Many
of the injuries of AIS=2,3, and 4 could be incapacitating at the
scene anJd require transportation to a medical facility. Examples
of such injuries are undisplaced long bone fractures (AIS=2),
multiple amputation of digits (AIS=3), and amputation of limbs
(AIS=4). These would be coded A by either edition of the police
code. Conversely, AIS=4 (severe, life-threatening) includes rup-
tured spleen which could be undetected at the scene of an accident

and be coded C or even O.

The incidence in the MDAI sample of the AIS codes of published

equivalence is given for each police code below:

Proportion of Each Police Injury Code
of the MDAI Sample that Matches the
Corresponding AIS Code

Police Equivalent Fraction of Police Codes
Code AIS Codes in the Equivalent AIS
Codes in Percent
A 5 7.4
B 2-4 13.2
C 1 69.2

* TYor exzmple: Journal of American Medical Association, Volume 215,
No. 2, January 11, 1971, page 279.
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TABLE 6.1-2

Proportion of Victims with
Significant Injury, by Police Code.

A B C

1971-1972 Sample
Percent with AIS > 2 53.7 13.2 7.7
95% Confidence Interval 13 11 -
Percent with AIS > 3 27.8 0 7.7

95% Confidence Interval 12 - -

1968~1969 Sample

Percent with AIS > 2 36.8 10.5 9.3
95% Confidence Interval 5 5 -
Percent with AIS?_ 3 15.6 3.0 4.7
95% Confidence Interval 4 - -

TABLE 6.1-3

Distribution of Police Codes
Among Injured Accident Victims

Police Code in Percent

A B C Total

MDAI Sample

1971-1972 50.9 36.8 12.3 100.0
Exposure Project Sumple

1968-1969 57.8 25,7 16.5 100.0
Entire County 1970

(A1l occupants) 34.5 24.6 40.9 100.0
Entire County 1971

(A1l occupants) 20.9 32.0 47.1 100.0

The distribution of the exposure project is of no significance
and merely reflects the arbitrary sample selected. However, both
samples have distributions which are quite different from all acci-
dents of the entire county for either year.
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Few of the non-fatally injured of this sample of 174 were
given AIS codes by the MDAI team and police codes assigned by the
police department investigators which were consistent with the
table published with the AIS. Furthermore, the inconsistencies
were large with 44.4% of the "A" injuries actually with a severity

of 1 (minor) on the AIS.

We are not aware of either the origin or intent of the equiva-
lence published with the AIS, but it is obviously inconsistent
with definitions of the scales. Any attempt to interpret police
injury data using AIS equivalents would be grossly in error.

The published association of police codes with the AIS is mis-
leading and it is recommended that its use and promulgation be

discouraged.

The terms used for the AIS - which are moderate; severe (not
life-threatening); serious (life~threatening, survival probable);
critical (survival uncertain) are much more clearly related to
the patient condition descriptors commonly used by hospitals for
news releases and public announcements. Such terms and definitions

of condition adopted by the Michigan Hospital Association are:

GOOD: Excellent or good prognosis; patient is conscious;
vital signs are stable and within normal limits;
patient is comfortable.

FAIR: Favorable prognosis; patient is conscious; vital
signs are stable and within normal limits; minor
complications and/or uncomfortable.

SERIOUS: Acutely ill with questionable prognosis; vital
signs may be unstable and/or not within normal
limits; a chance for improved prognosis.

CRITICAL: Questionable prognosis; vital signs are unstable

and/or not within normal limits; major complications;
probably on danger list; death may be imminent.

83



These can be interpreted in terms of appropriate AIS codes
with much more reliability, than can the police codes.

Police codes apparently also suffer wide variation in usage
from jurisdiction to jurisdiction. Evidence of this is given by
the variation in the distribution of the codes for non-fatal injury
from state to state. Figure 6.1-2, taken from the first footnote
on Page 1 of the Irjury Level Classifications, gives the relative
distribution for 17 states. The change of the incidence of A
injuries in Michigan after introduction of the current definitions =~
from 28% in 1970 to 19.6% in 1971 - is not nearly as great as the
state-to-state differences shown in the figure.
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Percentage of Reported Injuries at Each Severity Level, by State
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6.

2

Grand Blanc Collisicn

Perhaps the most challenging and difficult accident case study
attempted during the year was the Grand Blanc Collision.* It occurred
early during the formation of the HSRI Level III accident research
team, and was the first reported case study on the program. Our
involvement was at the request of state authorities to assist the
various police authorities involved in the initial investigation in
understanding the physics of the accident. The Grand Blanc collision
also had the dubious distinction of being the worst traffic accident
in the history of the State of Michigan, with the attendent public
outrage and full coverage by all news media. The event was a head-on
collision which occurred on southbound Interstate 75 near Grand Blanc,
Michigan on July 17, 1971 at 1:30 a.m., between a 1968 Pontiac Tempest
convertible with one occupant, and a 1969 Pontiac Catalina station-
wagon with nine occupants. Nine were killed, with the remaining sur-
vivor critically injured with survival uncertain. All victims were
young, (under 25) with blood alcohol tests determining that both
drivers were intoxicated. Considerable confusion prevailed, par-
ticularly in establishing which vehicle was going in the wrong
direction. A careful examination of highway evidence (road surface
characteristics, fluids residue, scrapes and gouges on the roadway)
couples with examination of the vehicles and interviewing on-scene
police personnel permitted a reconstruction of the dynamics of the
accident. This was confirmed by momentum calculations which sub-
stantiated the 'collision vector" of each vehicle at impact, as well
as the trajectory of each vehicle after impact. Thus, it was
established that the Pontiac Station wagon with nine youthful
occupants was traveling south, in the southbound lanes of I-75
at a speed of approximately 60 mph, when it was struck near head-on**
by the Pontiac convertible with one occupant, traveling north in the

* Case Study AA-100 (SPL), "Head-On Collision/Interstate Highway/
Wrong-Way Vehicle'", HSRI, October 1971.

** Collision heading was 15° from center axis of each vehicle and

approximately 5 inches left of center on each vehicle.
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southbound lanes of I-75 at approximately 80 mph. After impact, the
combined mass of both vehicles rotated slightly counterclockwise and
skidded 30 feet southward as a single unit, whereas upon the convertible
separated from the station wagon and rotated further counterclockwise
about the station wagon so as to place both vehicles facing in a

southerly directicn.,

Reconstructing the accident and establishing the actual dynamics
of the vehicle did end much speculation, but did leave the companion
problem of how the Pontiac convertible entered the southbound lanes
of I-75 traveling north. The most probable entrance onto I-75
southbound of the wrong-way vehicle was at the Dixie Highway/I-75
interchange, 1.5 miles south of the accident site. Two other possible
entry points were interchanges approximately 5.8 miles, and 8.8 miles
south of the point of impact. These areas were examined closely
in both daylight and darkness and it was noted that all three were
marked according to the accepted standards, with "Wrong Way - Do
Not Enter" signs at exit ramps to warn potential wrong-way entering
drivers. It was conceivable, however, that a driver who was inatten-
tive or whose driving abilities may have been impaired could enter
these ramps the wrong way. Both interchanges had entrance and exit
ramps quite close and parallel to each other with sight distance
limitations and minimal night illumination.

At the suspect Dixie Highway interchange with I-75, the exit
and entrance ramps had very similar geometric patterns and were but

1/8 mile apart.

There was no artificial illumination in the interchange vicinity
at night. A double yellow line at the exit ramp was clearly visible
in the daytime, but only with headlight illumination at night.

There were two "Wrong Way - Do Not Enter" signs at the gore area but
from that point on a driver who might enter the wrong way would
encounter a series of red delineators only to indicate wrong way

travel.
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A count of traffic was made on southbound I-75 at 0100-0145
o'clock two weeks after the accident, but on the same day of the
week and hour of the accident. From that count a computation was
made of the expected number of southbound vehicles a wrong-way driver
would have passed between his entrance and the actual accident site.
Although traffic was not heavy at that time of the night, there
was an average of one southbound vehicle each 38.7 seconds. Had a
wrong-~way vehicle entered the interchange 5.8 miles south of the
accident site it would have passed an average of 15 vehicles. From
the interchange 8.8 miles away, it would have passed 23 vehicles.
This analysis was based on tabulation of traffic counts as shown

in the accompanying Tables 6.2-1 and 6.2-2.

Table 6.2-1 presents the distance, assumed travel time for the
wrong-way northbound convertible expected number of encounters of
southbound vehicles by the northbound convertible and the probability
of zero encounters for the northbound convertible.

Table 6.2-2 presents data used in analysis and Figure 6.2-1 is a
plot of this data by time intervals and lane distributions,

From these data, the extreme and unlikely possibility was
established that the wrong-way convertible could have entered at
the two interchanges further south of the Dixie Highway/I-75
Interchange, and travelled to the vicinity of the accident area with-
out generating a large number of encounters which may have led to
either a crash or to some possible witness report of sighting a wrong
way vehicle. Thus it was established that the wrong-way vehicle
had entered I-75 at its interchange with Dixie Highway.
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TABLE 6.2-2

Arrival Times of Vehicles Southbound on I-75
At Baldwin Road Overpass, July 31, 1971, (Saturday)

1:10,00 am to 1:45,30 am,

Veh., # Time

past 1:10.00 am,

Times in seconds

OO i WK

DN NN DN DN DN o b pd ot pd et ok pd et
XD WNHFHOWOTIO U R WN MO

55

173
183
185
202
202
222
251
322
334
356
366
372
416
478
497
523
559
562
637
698
699
731
825
842
856
864
869

Lane * Veh., # Time Lane *
1 29 881 2
3 30 911 1
2 31 954 3
2 32 1161 3
3 33 1219 2
2 34 1288 3
3 35 1297 3
3 37 1328 2
2 38 1520 3
3 39 1558 2
2 40 1571 3
2 41 1577 2
) 42 1578 3
3 43 1578 1
2 44 1630 3
2 45 1712 2
2 46 1874 1
3 47 1882 3
3 48 1884 3
3 49 1885 2
1 50 1918 3
3 51 1961 2
3 52 2021 3
1 53 2057 3
3 54 2119 2
2 55 2130 3
3

3

* Lanes numbered left to right facing south.
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One suggestion provided to local news media and highway officials
was that a quick appraisal of the occurrence of wrong-way entries
at the suspect interchange be obtained simply by asking the public
(through local newspapers as an example) to report such incidents
to them, or to the highway department. Also, that a more precise
understanding could be obtained by setting up traffic counters,
cameras, or other surveillance devices to detect and count wrong-
way entries, If these events do occur frequently at the intersection,
such solutions as supplemental signs, geometric changes in the road,

or lighting at the intersection should be considered.

One aspect of the suspect interchange which was found as a
possible detriment, is its location astride the Genesee-Oakland
County boundary and the consequent division of maintenance respon-
sibility. This may have resulted in less than normal attention to

potential highway safety problems at the location,

An important finding revealed by this accident case study was
the "non~uniqueness' of head-on collisions on interstate highways.
To the causal observer, head-on collisions resulting from wrong-
way travel on interstate highways might seem comparatively rare.
Yet, they happen (on the average) about once per hundred miles of
interstate highway per year nationwise. There have been at least 50
such accidents in Michigan in the past five years; there were 28
in Texas in a single year (1969). Generally, they involve just two
vehicles, but sometimes more. On the average, about 1.4 people
die in each accident, which comparatively makes them relatively
lethal. This particular accident was both spectacular and tragic
because of the number of young persons who lost their lives. How-
ever, it is even more tragic that nationwide there will be about 400
wrong-way accidents on interstate highways during this year.

A California study* made during 1965-66 tabulated the frequency
of wrong-way entrances on freeways by the type of interchange

* "Wrong-Way Driving Reduced" by Thomas N. Tamburri, California
Division of Highways (presented at the 48th Annual Meeting
of Highway Research Board, January 1969).

93



involved. It was found that the most difficult interchange to control
was the cone with left side ramps -~ similar to the suspect inter-
change in this accident. The next most difficult was the half
cloverleaf similar to interchanges farther south on I-75. Least
susceptible to\wrong-way entry is the full cloverleaf.

A recent Highway Safety Research Institute roadside survey in
Washtenaw County, Michigan where breathalyger readings were obtained
to determine the blood alcohol content of randomly selected drivers
brought out some interesting findings. Of those drivers on roads
where traffic is light-to-medium between 1:00 a.m, and 3:00 a.m.
(comparable to the Dixie Highway interchange in Grand Blanc Town-
ship), almost one-third had been drinking to some extent, and about
1 in 12 registered higher than 0,10 mg%. There is little question
that a blood alcohol level of 0.10 mg% impairs the judgmental
processes of all drivers. This suggests that an intersection
configuration (and signing) which may be adequate for persons in full
command of their faculties may need some extra treatment to handle

those who are not as a result of alcohol.

In summary, the significant finding in this accident case
study relative to highway design was the need for continuing sur-
veillance of the operational results of each category of highway
geometrics to determine whether, on occasion, the motoring public
performs in a way not intended by designers., It was also
recommended that highway designers and traffic engineers take the
non-alert or impaired driver into consideration, and his potential
for doing harm to others in designing highways, since the impaired
driver apparently will not be completely eliminated from the highway

system.

Upon completion of the investigation of the Grand Blanc
collision, a meeting was held at the Highway Safety Research
Institute on August 12, 1971. Interested parties to the Grand
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Blanc accident were invited so as to discuss case findings prior to

making them public. This meeting included:

James O'Day - University of Michigan - HSRI

Harry R. Keller - FHWA, Lansing, Michigan

George Gibson - FHWA, Lansing, Michigan

Donald N, Cortright - University of Michigan,
Professor of Civil Engineering

Bruce Howard - University of Michigan - HSRI

Jimmie Wright - University of Michigan - HSRI

Ralph Darby - University of Michigan - HSRI

Max R. Hoffman - Michigan Dept. of State Highways

Harold Simmons - Michigan Dept. of State Highways

Peter Cooley - University of Michigan - HSRI

Captain John Amthor - Michigan State Police

Noel C. Bufe - Michigan State Police, Office of
Highway Safety Planning

Daniel J., Minahan - University of Michigan - HSRI

Chief Chris Chapman - Grand Blanc Township Police Department

Case findings were presented by Mr. O'Day followed by discussion
of recommendations for improvement to the I-75/Dixie Highway
interchange. The conclusions appeared to be accepted by all
attendees.* A date and place was set for a press conference to
rélease these findings to the news media -- August 24, 1971 at the
Grand Blanc Township Police Department headquarters in Grand Blanc,

Michigan.

The press conference was held as scheduled with approximately
25-30 news media people in attendance. These included representatives
from radio, newspapers and television. The conference was conducted
by Chief Chapman of the Grand Blanc Township Police Department and
included Dan Watt and George Gibson of the FHWA, Lansing and Max
Hoffman, Michigan Department of State Highways and Peter Cooley of

* An attachment is included in this case study report,
AA-100 (SPL) which summarizes the I-75/Dixie Highway
interchange findings and recommendations.
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The University of Michigan Highway Safety Research Institute. The
conference mechanism was to distribute copies of a letter of invest-
igative findings with photographs from the Highway Safety Research
Institute to Chief Chapman. This approach met the needs of the news
media and left but few questions; those primarily centered about
improvements, or changes, to the I-75/Dixie Highway interchange.
Questions of that sort were answered by the FHWA regarding additional
signs which would be installed at the suspect interchange.

The Dixie Highway interchange is not unique in design. It
has many counterparts, both in Michigan and nationwide, and
undoubtedly was designed and built with considerable thought both
for the motorist and for the taxpayer. The fact that both of the
drivers involved in this accident had their driving abilities impaired
by high blood alcohol levels most certainly could have precipitated
the wrong-way driving and caused subsequent failure of either
driver to react to the impending collision. Establishing the
presence of alcohol in both drivers also probably tended to deflate

any pending public cutcry.

The possibility of a similar accident occurring again at this
interchange mathematically is very remote. 1If such a rarity were
to reoccur, however, especially without alcohol involvement, public

reaction probably would be traumatic.
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.3

Suicide by Vehicle Crash

One Level III accident study completed during the past year
had suicide as its most probable cause.* Suicide was the signi-
ficant causation factor based on an extensive study of the driver's
background, and in particular, the acute emotional stresses to
which he was subjected at the time of the fatal crash. Alcohol was
also an important factor (BAC=.19%) and most likely contributed to
the irrational logic, coupled with acute emotional stress, which
led the driver to suicide as the best choice out of his dilemna,
This case was particularly interesting inasmuch as the driver was

also a clergyman of significant church rank.

Suicide was first suspected when tests conducted with a test
vehicle, indicated it was most improbable for the victim's car to
drift off the roadway and into the tree, which the victim's vehicle
struck, without being deliberately guided into the tree. The in-
vestigation into the habits, problems, life style and personality
traits of the driver during the human data collection phase of
the case study, established overwhelmingly that the most probable

cause was suicide.

This case was similar to another '"single vehicle, run off the
road and strike a fixed object" accident** which occurred shortly
later. Here a rural youth who was having trouble with his fiancg,
also ncurished with alcohol, left the roadway striking a tree and
sustaining fatal injuries. Again, a study of the vehicle path and
tracks indicated the cause of the accident was again most probably

suicide.

It is generally agreed, that in all matters of death, suicide

* Case Study AA-138, '"Single Vehicle/Fixed Object", December 21,
1971.

** Accident was not pursued as a Level III multidisciplinary in-
depth investigation due to the age of the vehicle, but was
investigated in conjunction with police because of its obscure
cause at the time.
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both medically and legally, is the most difficult to prove. Per-
haps the most significant data in the area of vehicular suicide has
been provided by John F. Edland, a forensic pathologist. Of 112
traffic deaths studied * 63 (or 56%) resulted from single vehicle
accidents. Of the 112, eighteen were determined to be vehicular
homicide (one a homicide with intent) leaving '"93 cases for scrutiny
as potential suicidal deaths'. Dr. Edland's findings were based

on police reports, autopsy results and psychiatric autopsies of the
victims. Of this group, 3 were certified as unequivocal suicides,

3 probable and 2 equivocal suicides so that the deaths were ruled

undetermined.

Alcohol was, as expected, a significant factor in this study.
Mann** has emphasized that suicides of drunk or mentally ill indivi-
duals may be quite bizarre, which was also true of the suicide

crashes investigated by HSRI.

While the two crashes investigated by HSRI by themselves do
not serve to measure the full scope of the suicidal driver problem,
the study by Dr. Edland does pose some disturbing statistics. Also
our involvement ir the vehicle suicides mentioned above, has pro-
vided our Level II] team with the necessary additional insight so
necessary in discerning when an accident is a potential vehicle

suicide.

* International Association for Accident and Traffic Medicine
Proceedings, May 29-June 4, 1969, published by the University
Of Michigan, Highway Safety Research Institute.

** Mann, G. and Karnitschuig, H.H., Differential Diagnosis of
Accident, Homicide, and Suicide. Principles of Legal
Medicine, 337-339, 1960, Richmond, Virginia.
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5.4

Fires

Fires were involved in a significant portion of accident case
studies during this past year. Four of the 86 accident studies
completed during the past year resulted in fires which were
substantial in terms of damage and injury. In two of the cases,
death actually resulted from fire, while in a third, also a fatal
accident, fire gutted the vehicle after the driver, and only occupant,
was ejected and fatally injured. A fourth fire resulted in the
complete destruction of a motor home, but without injury to its

occupants.

Of particular interest was the one fatal fire, an electrical
fire, resulting from loss of control of a 1970 Ford Maverick which
struck a tree. Here, deformed sheet metal caused an electrical
short circuit followed by fire. The dazed, or unconscious driver,
was asphyxiated with death attributed to carbon monoxide poisoning.
The driver was partially incinerated with carbonization over 30%
of the body.

Our primary interest centered about the resulting fatality from
what would normally have been a minor-to-moderate injury accident had
a fire not occurred. A lengthy series of tests was conducted which
resulted in inducing a similar fire in an identical vehicle, as well
as simulating the fire characteristics in yet another test car.*
This was the only accident involving an electrical fire accident
covered by the Level III investigation team. A search of data
files did not show any grouping, particular vehicle or accident
type which could be considered suspect. 1In fact, the purely electrical
fire seems to be a rare event in terms of reported accidents.

Since each newer model vehicle brought to the public by the
manufacturer tends to require a more complex electrical systen,
with its potential for electrical shorts nominally increased, it is

* Case Study AA-155, "Single Vehicle/Loss of Control/Tree
Impact/Electrical Fire', March 1972.
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recommended that more attention be given to this mode of vehicle
failure, and its great potential for injury. Fusing and circuit
protection should take into consideration crash mechanisms which
damage electrical circuits, such as shorting conductors within a
wiring harness to each other, which then fail to be protected by
fuses or circuit breakers. Electrical circuit design and distri-
bution should also take into consideration actual separation of
conductors which when shorted can produce overheating and fire as
well as physical protection of such circuits within the locations
on vehicles most susceptible to crash damage. Motor Vehicle Safety
Standard (MVPS) #302, Flammability of Interior Materials (effective
September 1, 1972) is an attempt to limit the effects of a fire,
once ignited. More effective fusing, and fail-safe circuit pro-
tection which might tend to overt the origins of a fire is cer-
tainly an area worthy of greater attention than is evident at
present, Certainly limits on "burn rate", as defined in MVPS
Standard #302, may have little effect on an electrical fire in the
passenger compartment of a tightly enclosed vehicle (as is custo-
marily the case in wintertime) which tends to be "oxygen starved"
and conducive to generating fatal concentrations of carbon mon-

oxide.

The case of the motorhome fire*x was one in which the vehicle
driver attempted to prime the engine carburetor with gasoline to
facilitate starting. When the engine backfired through the car-
buretor, it ignited gasoline deposited about the carburetor.

The resultant fire totally destroyed the motor home.

Since recreation vehicles are being added to our highway
vehicle population at an expanding rate, this accident was of
particular interest, The intent of MVPS Standard #302 (Flammability
of Interior Materials) is to reduce occupant death and injury
as a result of vehicle fires, particularly those fires not ignited
by, or fed by gascline. In conventional passenger vehicles, fuel

* Case Study AA-184, "Winnebago Motor Home Fire", May 1972,

100



tank and fuel lines are kept outside the passenger compartment

by metal barriers. In most motor homes, however, this separation

is not as well defined. 1In the Winnebago design, separation of

the passenger and engine compartments is by a fiberglass cover.

In addition, there is a wooden floorboard and other wooden structure
adjacent to the engine compartment. Again, a search of data files
indicates that reported fires in this type of vehicle are relatively
rare, Perhaps the more recent arrival of motor homes on the scene
and their limited numbers is a consideration. Nevertheless, the
fire barrier between passenger and engine compartments inherent

in this type of vehicle design, appears minimal and ineffective.

In regard to Standard #302, it is recommended that recreation vehicles
of the motor home variety be reviewed independently to establish
whether more stringent flammability or fire protection regulations

are required.

A comnent regarding clean air standards is also in order,
regarding the mechanism of the fire in this motor home vehicle.
Manufacturers have chosen one method for reducing exhaust emmission
which involves d=tuning the ignition system.* One effect of this
is to increase the likelihood for the engine to backfire through the
carbuetor, creating the potential for fire. In the motor home firex*x,
it appears that there was some gasoline deposited on the air cleaner
which ignited as a result of priming the gasoline by the driver.
Perhaps this engine tuning method, with it's greater chance for back-
fire has created an additional fire hazard,

The remaining two accidents both involved fatal injuries and
crash deformation to each vehicle which ruptured the fuel tank., Both
accidents were spectacular in nature, and of the variety well docu-
mented in the literature. That is, the fire whose effects may have
been even more devastating than the initial crash, but was neverthe-
less a result of the crash, and reported as a characteristic of the
overall accident. Where a fire is not as a direct result of a crash,
or a crash cf insufficient severity to warrant a police traffic
accident report, it is customary to consider the event as a non-accident,

* Consumer's Report Magazine, April 1972,

** (Case Study AA-18&4,
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In the motor home fire mentioned, the official report was
termed a '"truck fire'" and was filed on a conventional police
complaint form. It is suspected that the apparent few accident
fire cases in the mass data files does not truly represent the
scope and significance of the vehicle fire hazard. Based on our
analysis of data available, coupled with this past year's field
accident experience, we believe that vehicle fires may be of
a more significant magnitude in the vehicle population and a much
greater safety hazard than is currently evident. The comments
relative to more complex wiring systems in vehicles and the effects
of the clean air standards on engine tuning above lead us to believe
that vehicle fires may be increasing at a rate greater than is
commonly accepted at present.
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.5

Railroad-Car Accidents

A total of three railroad train-motor vehicle (or simpel R-V)
collisions were investigated with Level III case studies completed

this past year.

Fatalities occurred in two of these collisions,* with the
passenger car driver seriously injured in the third case.x* A
high fatality rate is typical of this type of accident.

A second unifyving experience in the three accidents is the
disregard for traffic control divices displayed by the drivers.
These control devices ranged from a positive drop gate device (AA-133)
to a warning bell/flashing light system (AA-132) as well as a simple
crossbuck sign (AA-164)., An unusual feature in these accidents is
that the drivers displayed a disregard for the traffic control
devices in proportion to device sophistication - i.e., with the
crossbuck signing the driver apparently did not adequately see or
realize the significance of the signing; whereas with the most posi-
tive control, the driver departed from his traffic lane to actively

ignore the warning!

These interesting factors, coupled with the fact that one
accident site (AA-132) was the site of two other fatal accidents
within a year of the case study, prompted a further examination of
the basic features of railroad-vehicle (R-V) fatal accidents within
Michigan. The source for the bulk of these data used and cited
for this study was the Michigan Fatal Accident File, as maintained by
the Highway Safety Research Institute in cooperation of the Michigan
State Police.

* (Case Studies AA-133 and AA-164.
** Case Study AA-132.
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Detailed Accident Characteristics

In the calendar period 1964-1970, there were 13,458 fatal
automobile accidents in Michigan; of these, 366 were R-V accidents,
accounting for 2.7% of the total fatal accidents in that period.*
The highest number of fatal R-V accidents in a one-year period was
64 (in 1968); the low was 36 in 1964, the earliest year recorded
in the HSRI data bank. This clasé of accidents is not a major one
in the overall accident picture, but is not an insignificant contri-

butor, either.

Table 6.5-1 compares the occurrence frequency for a number of
factors in R-V fatsl accidents to the corresponding figure for the
total fatal accident population in Michigan. Aside from the ex-
pected predominance of single-car involvements in railroad accidents,

several significant differential factors are displayed in this table.

While over one-half of the overall fatal accidents occurred
during the nighttime period, slightly less than a third of the R-V
accidents tock place during nighttime. The occurrence of these
accidents as a function of the time of day is shown in Figure 6.5-1.
The peak accident period is the 4-6 p.m. period, when people are
returning home, Thus, in general, R-V accidents appear to be
more of a daytime phenomena. Fatal accidents during the nighttime
are commonly associated with drinking. For example, among the
13,458 overall fatal accidents, 5504 occurred between the hours of
9 p.m. and 7 a.m., and over 40% of these were coded by the police
as "had been drinking or using drugs.'" Since R-V accidents are
predominantly a daytime phenomena, it would be expected that drink-
ing would play a less important role than in all fatal accidents.

* Of course, more than one death may result from one fatal colli-
sion; in 1970, among overall fatal collisions, there were 1.17
deaths per collision (e.g., 117 deaths in 100 fatal collisions).
Among R-V fatal collisions, there were 1.22 deaths per collision
(e.g., 122 deaths in 100 fatal R-V collisions). The source of
these data is Michigan Traffic Accident Facts, 1970, Michigan
Department of State Police, Lansing, Michigan.
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Figure 6.5-1., Fatal R-V accidents in Michigan by
period of day (based on 366 accidents, January 1964-
December 1970). Note that the time periods shown
vary in duration from 2 to 4 hours, and that ''number
of accidents per hour" is the rate for each time

period, not the total number of accidents that occurred
in the period.
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Figure 6.5-2, Fatal R-V accidents in Michigan
by month of occurrence (based on 366 accidents,
January 1964-December 1970).
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The "Drinking or Drug Use'" percentages presented in Table 6.5-1
contfirm this is indeed the case; drinking is indicated in only
12.6% of the R-V accidents as compared to 26.6% for all fatals,

Other differences of lesser significance occur in driver
sex and in road condition. Railroad accidents involve a somewhat
higher percentage of females than found in the overall fatal
accident picture. It is not known whether this actually
represents some greater tendency for women to be involved
in this type of accident, or simply reflects the fact that
R-V accidents occur more often during the daytime, when
women are more likely to drive. The HSRI Driver Record file
does indicate that in Washtenaw County, Michigan, 46.1% of
registered drivers are female and 53.9% male. On a registra-
tion basis alone, then, women are underinvolved in both types

of accidents.

With respect to road condition, snow or ice conditions

occur twice as often (12.0% vs. 6.8%) among R-V fatal accidents
as they do among the overall fatal accidents. Correspondingly,

as indicated in Figure 6.5-2, the five months which sustain the
highest rate of railroad accidents are all late autumn, winter,

or early spring months (i.e., October, November, December, January,
and March), suggesting that traction may play a role in these
accidents. Of course, 66% of the accidents still occur on dry
roads, and February, a mid-winter month, has the lowest rate for
the year. The February record is in fact much lower than would

be indicated by the shortness of the month.

One of the most interesting facts that may be observed from
Table 6.5-1 is the failure of the driver to observe traffic control
signals (see '"Violations"). In the overall population of all
fatal accidents, '"Failure to Observe a Traffic Control Device' was
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TABLE 6.5-1

Characteristics of Fatal Accidents
in Michigan, 1964-1970%

Rail-Vehicle All

Fatals** Fatals**

Number of Cars Involved

One 98.6% 56.9%

Two 1.4 38.0

Three or More 0.0 5.1
Time of Day

Daytime 63.9% 44.0%

Dawn or Dusk 4.4 4.0

Nighttime 31.7 52.0
Road Condition

Dry 66.1% 72.6%

Wet 21.3 20.6

Snow or Ice 12.0 6.8
Driver Residence

In County 73.8% 69.5%

In State 21.3 24.8

Bordering State 3.0 3.5
Driver Sex

Male 77.3% 83.3%

Female 22.7 16.7
Drinking or Drug Use

Had 12.6% 26.6%

Had Not 39.3 50.1
Violations

None 3.0% 20.3%

Speed too Fast 13.1 40.8

Failure to Yield 15.6 11.1

left of Center 0.0 8.7

Improper Passing 0.0 3.2

Failed to Observe

Traffic Control 52.5 8.2

* Police-reported values.

** Percentages are based on the total number of accidents
in each categgry (i.e., 13,458 total fatal accidents, 366
fatal R-V accidents). 'Other" categories (e.g., missing

data, "unknown,'" etc.) account for the fact tha
do not total 160%, t percentages
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noted for only 8.2% of the cases. However, the violation was noted

for 52.5% of the R-V fatal accident cases.

If these statistics could be accepted at face value, the conclu-
sion would be clear: drivers ignore railroad warning signals. Un-
fortunately, however, it is felt that reporting biases may render
this conclusion less forceful for the purpose of determining causative
factors. For instance, the very fact that a driver has passed a set
of warning devices and been struck by a train suggests that he dis-
regarded the warnings. Consequently (and possibly after the fact),
the violation may be coded simply as failure to observe a traffic
control device when the original, or real violation might have been
"speed too fast for conditions" (ice, limited sight distance, etc.),
or some other more pertinent causative violation that subsequently

prevented the driver from heeding or responding to the warnings.

In spite of such biases, however, the lack of respect that
drivers have for railroad warning devices is probably a significant
factor. In the case mentioned at the beginning of this discussion
for instance, the driver ignored flashing lights and warning bells
and failed to even stop before proceeding into the intersection.

In another fatal railroad crossing accident that occurred on the
same day in Ann Arbor, Michigan, a driver was killed after he de-
liberately drove off the pavement and onto the shoulder of the

road in order to circumvent a drop-gate warning system that offered
positive control of the intersection (nominally positive, at any
rate). Everyone is familiar with the experience of encountering

an operating warning device that is interrupting traffic for a
stopped or nonexistent train. Such experiences erode the public's
respect and confidence in the importance of the railroad crossing
indicator as a valid warning of oncoming danger; instead, the
indicator assumes a ''Yield-Right-Of-Way'" status. Education programs
in conjunction with an improved technology for railroad crossing

devices are needed to re-establish the authority of this device.
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Occurrence Patterns

An investigation was made using spectral analysis techniques*
to determine the occurrence of any characteristic temporal repeti-
tion patterns in R-V fatal accidents. Figure 6.5-3 plots the occur-
rence of these accidents by month for the seven-year period from
1964 to 1970. A study of these accidents both by the month and by
the week showed littile structure, and indicate that the process is

essentially random.

Geographical Distribution

The geographical distribution of railroad-vehicle accidents
in Michigan is best depicted by the HSRI computer plotting program
output shown in Figure 6.5-4. Counties printed with "@'" characters
indicate those jurisdictions that have had between 20 and 40 fatal
R-V accidents. All of these counties are located in the populous
southeast portion of the State. Note that no county north of the
Saginaw Bay-Thumb area has accumulated over four fatal accidents

in the seven-year period.

The ranking of seven heavily populated counties by several
factors pertinent to this study is presented in Table 6.1-2. 1In
this table, the seven most heavily populated of Michigan's 83
counties (according to preliminary 1970 census data) are listed
in order of their population rank (Rank A in Table 6.5-2). This
ranking corresponds closely to the counties having the most regis-
tered vehicles in 1970 (Rank B in Table 6.5-2). Rank C, which
orders the counties by number of R-V accidents, corresponds closely
to the population ranking (with the exception of Genesee County,

which is somewhat overrepresented).

Rankings D and E are based on the number of R-V accidents per
100,000 residents and per 100,000 registrations, respectively.

* J.A. Green, "The Spectral Analysis of Fatal Accident Timeseries,"
HIT-LAB Reports, September, 1971,

110



Number of Fatal R-V Accadents
O o~ W o AN e -]

L 1 L 1 ! 1

1965 Y 19667 1967 Y 1968 7 1969

Month and Year

964 1970

Figure 6.5-3. Fatal R-V accidents in Michigan each
month, January 1964 through December 1970 (J=January).
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These data indicate that the numbers of R-V accidents per capita
or per vehicle for the heavily populated counties are actually
low. When all Michigan counties are ranked according to R-V
accidents per capita or per vehicle, those ranking the highest
have actually had only a few R-V accidents in the past seven
vears. Such data have poor statistical reliability. If we

limit our consideration to those 20 counties that have had at
least seven R-V accidents in the past seven years (i.e., an
average of at least one per year), the resultant ranking by R-V
accidents per capita and per vehicle is that shown in Table 6.5<3.
It is evident from Tables 6.5-2 and 6.5-3 that R-V accidents are
not closely related to pupulation or vehicle registrations. A
pbetter measure of the exposure factor would be obtained if the
number of rail miles or number of grade crossings for each county

were available.

TABLE 6.5-2

Statewide Ranking of Seven Most Heavily Populated

Michigan Counties by Various Criteria.*

Rank**
County A B C D E
Wayne 1 1 1 62 62
Oakland 2 2 3 59 59
Macomb 3 3 4 55 52
Genesee 4 4 2 44 42
Kent 5 5 S 50 49
Ingham 6 7 12 57 58
Washtenaw 7 6 10 51 47

* There are 83 counties in the State of
Michigan.

** Ranking Code:

A-Rank by population,

B-Rank by registered vehicles.

C-Rank by total railroad-vehicle accidents.
D~Rank by R-V accidents per 100,000 population.
E-Rank by R-V accidents per 100,000 vehicle

registrations,
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TABLE 6,5-2

Statewide Ranking of Counties With One or More
R-V Accidents per Year by Various Criteria

Rank*
County A B C
Alpena 44 42 1
Benzie 72 70 2
Antrim 63 64 3
Calhoun 13 12 4
Clare 58 55 5

* Ranking Code:

A-Rank by population.

B-Rank by registered vehicles.

C-Rank by R-V accidents per 100,000
population or per 100,000 vehicle
registrations.
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In view of these findings, it seems reasonable to improve the
technical aspects of the traffic control devices and to better
educate drivers in the importance of their function to reduce the
number of fatalities arising from this type of accident. The mater-
jal accrued in the study of Michigan Railroad-Vehicle Accidents,
also served as the basis for an article in the HSRI publication

HIT-LAB, issue of April 1972.

In conclusion, the investigators described here tend to verify
the significant factors noted in the three Level III case studies
previously identified. These are: (1) The critical impact of the
collisions on human life; and (2) The low regard drivers have for

traffic control devices.
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6.

Truck Accidents

A total of 13 Level III multidisciplinary investigations of
accidents this past year involved trucks. Of these, 9 were tractor
semi-trailer articulated vehicles, one a cab-over-engine stake
truck, two conventional chassis van trucks and one a conventional
chassis stake truck. In comparison with the total Level III case
load for the year, truck accidents involved a relatively higher

injury severity than for the average of non-truck accidents.

Most severe of all injuries were those involved in head-on
collisions with trucks. However, only one of the three truck
drivers involved in these accidents was injured, and the injuries
sustained were minor. It may be belaboring the obvious to point
out that since trucks are generally larger, heavier and structurally
much stronger than passenger cars, passenger car occupants are at
a disadvantage in a head-on collision with a truck. This fact is
well supported by statistical studies. Table 6.6-1* is a tabula-
tion of relative severities of injuries sustained in collisions
of passenger cars with trucks compared with collisions with
other passenger cars. This indicated the more common involvement
of truck and passenger cars to be the rear-end or same-direction
sideswipe collision (as were 2 of the 13 Level III case studies).
It also substantiates the most severe accident type to be that of

head-on collisions between truck and passenger cars. The indices*x

* HSRI Report 001580, '"Statistical Analysis of Truck Accident In-
volvement," by R.E. Scott and J., 0'Day, December, 1971.

** Two indices given in the last two columns show the over-repre-
sentation (by severity) of trucks as compared to cars in the
several kinds of accidents. These are defined as follows:

no. of trucks involve?/no. of trucks involved
in fatal accidents in all accidents

Index #1 - - -
no., of cars 1nvolve3/no. of cars involved in
in fatal accidents in all accidents
no. of fatalities in //no. of trucks involved

Index #2 truck fatal accidents/in all accidents

no, of fatalities in/no. of cars involved
car accidents in all accidents
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in Table 6,6-1 can also be interpreted as the relative probabi-
lity of being killed in a car-truck collision as compared with a

car-car collision of each indicated type.

While the relative severity of these accidents is interesting,
it nevertheless is a measure of the effect of the crash. What
perhaps would be of greater interest is something more in the area
of determining crash causation., Causation factors, both primary
and secondary are included in each case study. However, these tend
to dissect the single, individual case study by itself, and do not
consider the broader group of all the cases in the truck category.

What the 13 truck accidents do appear to have most in common,
is that they point up problems with handling and control of trucks
and tractor-trailors that are causal factors in the accidents. That
is of course, with exception,* but in general, each accident may
have been averted, or reduced in severity, had the handling of the
truck been more responsive to the crash conditions as they developed
for each particular accident. Certainly human error, caused for
example as a result of fatigue, or a lack of understanding of the
handling and control limits of the vehicle, also played a major
role in the cause of the accidents. All five rollover accidentsx**
did however, involve a situation in which the handling limits of
the truck were exceeded. This, to a degree could also be attributed
to the remaining case studies. While there have been various efforts
in the past to model, or simulate passenger car dynamic response
and handling, little has been accomplished to understand and 'quantize"
similar parameters in the world of trucks. The dynamic response
of trucks in maneuvers in the regime of limit performance is less
understood than for passenger cars. There are varied reasons for
this, not the least perhaps is the fact that trucks to a large
degree are much more custom built than passenger cars. Trucks are

* Case Study AA-139 involved a passenger car which crossed a
divided highway median out of control and collided with
a truck without notice.

** Case Studies AA-120, AA-141, AA-157, AA-186, and AA-190.
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commercial vehicles, in which owners and operators must incor-
porate those features which tend to optimize operating economies.
Many manufacturers have established themselves as specialists in
producing a particular component, such as engines, transmissions,
axles, steering gears and chassis units. Thus, the manufacturer
in most instances is more of an assembler. Customizing may be
extended further by the truck owner or operator, through modifications
or component "add-ons" within his own facilities. An additional
axle and wheels may often for example be added by the owner.* Many
times these changes are necessary to correct a deficiency in oper-
ation or to improve performance, based on the operator's experience
(and equipment preferences) over the years. The results of these
variations in truck equipment is to create a broad variety of truck
types and characteristics. This is further accentuated by the
variety of different trailer types coupled to truck tractors,
with further distinctly different handling characteristics depend-
ing on the variations of loading on each trailer. Directional
instabilities of both integral and articulated trucks vary widely
when subjected to severe braking maneuvers resulting in high
decelerations. Studies** have brought out some of the complica-
tions peculiar to these relatively heavier vehicles in terms of
handling. Some of these are:

1. Coulomb friction may be a sizable force in the vehicle

rear suspension, which can lead to a '"frozen" rear

suspension and have a significant effect on ride and
handling characteristics.

2. Time delays and lags in response of air brake systems
can substantially degrade vehicle braking performance.

* In case study AA-174, the International Harvester Fleetstar
2110A tractor when manufactured had one rear axle, but at
the time of the case accident had two rear axles. The post-
manufacture modification was a "TAG" axle behind the drive
axle to permit a higher load rating.

**  Such as HSRI study, '"The Bus, Truck and Tractor-Trailer

Braking System Performance Study'" under DOT contract,
currently in progress.
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3. Interaxle load transfer between axles of a tandem assem-
bly may cause the wheels on one axle to lock prematurely
causing difficulties in braking and handling maneuvers,*
(Trucks equipped with tandem axles comprise a large
segment of the truck population, with their unique char-
acteristics.)

In the majority of Level III truck accident cases, again
particularly those which were rollover accidents as mentioned
above, turning capability and roll stability were a significant
portion of case vehicle factors. This stems primarily from low
values of the ratio; half-track width/c.g. height. Samples of
these ratios for trucks (and buses) derived in a recent HSRI
study** are presented in Figure 6.6-1. These static geometric
measurements establish the potential of these vehicles to roll-
over on a reasonably high coefficient of friction surfgce, simply
by execution of a step steer type maneuver. The truck type in-
volved in the 13 lLevel III accident case studies covered this year,
all fit within the characteristics of the truck types treated in
the HSRI study.

A large number of factors influence roll-over potential.
Some of these have recently been examined in a German paper by H.
Isermann.*** For the case of torsionally rigid tractor and small
articulation angles, findings in this work establish the range

of expected roll-over limits for straight trucks.

In Iserman's work, four separate <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>