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Objectives. Three specific areas were set as objectives in this research: (1} The
causes of motorcycle accidents and injuries need to be determined so that all
contributions of the motorcycle rider, car driver, roadway features, and motorcycle
design are defined, (2) The effectiveness of safety helmets and other protective
equipment must be determined because the motorcycle rider has no crash protection
unless it is being worn on the body, and (3) Countermeasures must be determined
which will prevent motorcycle accidents and reduce Injuries.

Methodology. This research was conducted in Los Angeles, California, from July, 1975
until September, 1980 at the Traffic Safety Center of the University of Southern
California. A specialized team was formed with engineers, psychologists, medical
doctors-pathologists and motorcycle technicians. All members of the research team
were required to have motorcycle riding experience so that they could appreciate and
understand all hazards peculiar to the motorcycle and its accident problems. This
research team underwent six months of special training to achieve a high capability

In reconstructing motorcycle accidents, examining safety helmets, evaluating injuries
interviewing witnesses, etc. In addition, cooperation was obtained from law enforce-
ment agencies, fire department rescue ambulance services, hospitals and. the coroner-
medical examiner, so that'theresearch team could have acces to accident scenes, inter-
view victims and witnesses and collect injury information.

During 1976 and 1977, the motorcycle accident research team conducted on-scene, in-
depth investigations of more than_900 motorcycle accidents by going to the scene of
the accident at all times of the day and all days of the week. Each accident was
completely reconstructed and approximately a thousand data elements were determined
for each occident. Also, 3600 police traffic accident reports were collected in the
same area, at the same time, for comparison with the 900 on-scene, in-depth accident
cases. During 1978 and 1979, these accident cases were analyzed and exposure data
collected at 505 of the 900 reference accident sites. The research teams returned to
the accident sites at the same time of day, same day of week and same environemental
conditions then interviewed 2310 motorcycle riders and examined their motorcycles.
Information was collected about training, experience, education, helmet use, alcohol
and drug use, etc., for all these motorcycle riders who were at the same place at the
same time of day but_not involved in an accident.

The accident data from the 900 on-scene, in-depth cases were analyzed to determine
accident and injury causes. Then the exposure data were compared with accident data

to determine those factors w&lch, were ou_tstaqding For example, only 30% of the
gntinue on additionzl pag s.)
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motorcycles in the accident data had the headlamp on in daylight but 60% of the
motorcycles in the exposure data had the headlamp on in daylight. Such comparison
identifies the use of the headlamp on in daylight as a powerful and effective way
of reducing accident involvement, by making the motorcycle more conspicuous in
traffic.

Motorcycle accidents that occur in Los Angeles are essentially the same as motorcycle
accidents that occur in other locations in the United States. The most frequent use
of a motorcycle is in favorable weather because there is no protection for the motor-
cycle rider in bad weather and the motorcycle lacks stability on slippery roadways.
Most motorcycle accidents occur in this favorable weather simply because of the more
frequent use, and human error is the dominant feature in those accidents. Hence, the
factors identified in this research should be common to motorcycle accidents in other
regions. The only difference is that the favorable weather of the study area allowed
the study of a very large number of motorcycle accidents.

Research Findings. The most common motorcycle accident involves another vehicle
causing the collision by violating the right-of-way of the motorcycle at an inter-
section, usually by turning left in front of the oncoming motorcycle because the car
driver did not see the motorcycle. The motorcycle rider involved in the accident is
usually inconspicuous in traffic, inexperienced, untrained, unlicensed, unprotected
and uninsured and does a poor job of avoiding the collision.

The data of this accident research provide the following principal findings:

(1) Accident and Injury Causes-The automobile driver fails to detect the inconspicuous
motorcycle in traffic. This is due to lack of motorcycle and rider concpicuity and
lack of caution and awareness of the automobile driver. The lack of skill and traffic
strategy increases the motorcycle rider’s involvement in collisions. Injury severity
increases with collision speed, and the lack of head protection accountsfor the most
severe but preventable injuries.

(2) Protective Equipment-The only significant protective equipment is the qualified
safety helmet, and it is capable of a spectacular reduction of head injury severity
and frequency. FMVSS 218 provides a highly qualified safety helmet for use by motor-
cycle riders. This research shows NO reasons for a motorcycle rider to be without a
safety helmet; qualified helmets do not limit vision or hearing in traffic or cause
injury.

(3} Countermeasures-The basic Motorcycle Rider Course of the Motorcycle Safety
Foundation is effective in training motorcycle riders; those trained riders are both
less involved and less injured in motorcycle accidents. This course-or its equivalent-
should be made a prerequisite, or at least corequisite, of motorcycle use and should
be applied in driver improvement for those motorcycle riders who have received

traffic citations or who have been involved in accidents. Licensing of motorcycle
riders should be improved with special motorcycle licenses and improved testing

such as has been developed by NHTSA-Traffic Safety Programs. Law enforcement should
act to enforce license requiremnets, identify alcohol-involved motorcycle riders,
remove dirt bikes from traffic, and effectivel cite and file against culpable
accident-involved automobile drivers as well as motorcycle riders. Most motorcycles
in accidents are inconspicuous, and the use of headlamps on in daylight and high
visibility jackets definitely reduces accident involvement. The use of a qualified
safety helmet reduces head injuries significantly and the accompanying eye

protection attached to the helmet preserves vision and reduces accident involvement.
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1.0 SUMMARY

1.1 Objectives

Mt orcycle accidents are a very special and severe problem  The
fatalities due to notorcycle accidents are approaching five thousand per year
and have the prospect of further increase unless effective countermeasures are
instituted. At present time notorcycle accidents account for approximately
ten percent of the total traffic accident fatalities, but the motorcycle is
only one to two percent of the vehicle population on the street in traffic.

The objectives of this research were to conduct a detailed investigation
and analysis of a |arge number of notorcycle accidents with a highly special-
ized multidisciplinary research team In this way, conplete engineering and
medi cal information could be collected and all of the accident events could be
reconstructed to determne accident and injury causes. This scientific, nulti-
di sci plinary approach coul d provide nuch nore exact and conplete information
than was available frompolice traffic accident reports.

Three specific areas were set as objectives in this research

1. The causes of motorcycle accidents and injuries need to be deter-
m ned accurately so that all contributions of'the notorcycle rider, car
driver, roadway features and notorcycle design are defined

2. The effectiveness of safety helnmets, and other protective equipment,
must be determ ned because the nmotorcycle rider has no crash protection unless
it is being worn on the body.

3. Countermeasures nmust be determ ned which will prevent notorcycle
acci dents and reduce injuries. Mst accidents are preventable, and notor-
cycle accidents are unique and different but preventable if the causes and
cures are known. The purpose of this research was to deternmine exactly those
causes and cures.

1.2 Methodology

This research was conducted in Los Angeles, California fromJuly, 1975
until Septenber, 1980, at the Traffic Safety Center of the University of
Southern California. A specialized research teamwas forned with engi neers,
psychol ogi sts, nedical doctors and data processing specialists. Al mnenbers
of this research teamwere required to have motorcycle riding experience so
that they could appreciate and understand all hazards peculiar to the motor-
cycle and its accident problems. This research team underwent six months of
special training to achieve a high capability in reconstructing nmotorcycle
acci dents, exam ning accident helnets, evaluating injuries, interviewing wit-
nesses, etc. |I" addition, cooperation was cbtained from the |aw enforcenent
agencies, fire departnent rescue ambulance services, hospitals and the medi-
cal examiner-coroner, so that the research team coul d have access to accident
scenes, interview victims and witnesses, and collect injury information.



During 1976 and 1977, the notorcycle accident research team conducted
on-scene, in-depth investigations of nore than 900 notorcycle accidents by going
to the accident scene at all tinmes of the day and all days of the week. Each
accident was conpletely reconstructed and approxi mately a thousand data
elements were deternmined for each accident. Al so, 3600 police traffic acci-
dent reports were collected in the sane area at the sane tine for conparison
with the 900 on-scene, in-depth accident investigations.

During 1978 and 1979, these accident cases were anal yzed and exposure
data were collected at 505 of the 900 accident sites. The research teans
returned to the aecident sites at the sane tinme of day, same day of the week
and sane weather conditions, end interviewed 2310 notorcycle riders and exanined
their notorcycles. Information was collected about training, experience, edu-
cation, helnet use, alcohol and drug use, etc. for all of these notorcycle
riders who were at the sane place at the same time of day but not involved in
an acci dent.

The accident data from the 900 on-scene, in-depth cases were analyzed to
determne accident and Injury causes. Then the exposure data was compared
with the accident data to deternmine what factors were outstanding. For exanple
only 30% of the notorcycles in the accident data had the headlamp on in day-
light, but hO%of the motorcycles In the exposure data had the headlanp on in
daylight. This conparison identifies the use of the notorcycle headl anp on in
daylight as a powerful and effective way of reducing accident involvenment, by
maki ng the notorcycle nore conspicuous in traffic.

Mot orcycl e accidents that occur imlosAngel es areessentially the same as
mot or cycl e accidents occurring in other locations in the United States. The
most frequent use of a motorcycle is in favorable weather because there is no
protection for the notorcycle rider in bad weather and the notorcycle |acks
stability on slippery roadways. Al so, nost motorcycle accidents occur in favor-
abl e weat her sinply because of the nore frequent use, and human error predom
inates in those accidents. The notorcycle accidents studied in Los Angeles are
essentially the same as notorcycle accidents occurring in other locations in
the United States; ihe Los Angeles area sinply had MORE notorcycle accidents
available to investigate and study.

1.3 Research Findings

The nmost common notorcycl e accident involves another vehicle causing the
collision by violating the right-of-way of the notorcycle at an intersection
usually by turning left in front of the oncom ng notorcycle because the car
driver did not see the motorcycle. The motorcycle rider involved in the acci-
dent is usually inconspicuous in traffic, inexperienced, untrained, unlicensed,
unprotected and does a poor job of avoiding the collision.

The data of this accident research provide the follow ng principa
findings:

1. Accident andlnjury Causes. The automobile driver falls to detect
t he inconspicuous notorcycle in traffic. This is due to the lack of motor-
cycle conspicuity and | ack of caution and awareness of the autonobile driver.




The lack of skill and traffic strategy increases the motorcycle rider's
invol vement in collisions. Injury Severity increases with collision speed
but the motorcycle rider's lack of head protection accounts for the most
severe but preventable injuries. Also, notorcycle rider |ack of collision
avoi dance skills increases injury severity.

2. Protective Equipnent. The only significant protective equipment is
the qualified safety helmet, and it is capable of a spectacul ar reduction of
head injury frequency and severity. The Federal Mtor Vehicle Safety Standard
218 provides a highly qualified safety helnet for "se by notorcycle riders.
This research shows NO reasons for a notorcycle rider to be without a safety
hel net; qualified helnmets do not limt vision or hearing in traffic or cause
injury

3. Countermeasures. The basic Mdtorcycle Rider Course of the Mtorcycle
Safety Foundation is effective in training notorcycle riders and those trained
riders are both I ess involved and | ess injured in notorcycle accidents. This
course--or its equivalent--should be nade a prerequisite, or at |east a
corequisite, of notorcycle "se and should be applied in driver |nprovenent
for those motorcycle riders who have received traffic citations. Licensing of
motorcycle riders must be inproved with special motorcycle |icenses and
i mproved testing such as has been devel oped by NHTSA-Traffic Safety Prograns.
Law enforcement should act to enforce license requirenments, identify alecohol-
i nvol ved notorcycle riders, renmove dirt bikes fromtraffic, and effectively
cite and file against cul pable accident-invol ved autombile drivers as well as
motorcycle riders

Most notorcycles in accidents are inconspicuous, and the "se of the head-
lanmp on in daylight and high visibility jackets definitely reduces accident
involvenent. The "se of a qualified safety hel met reduces head injuries sig-
nificantly and the acconpanying eye protection attached to the helmet pre-
serves vision and reduces accident involvement.

Al notorcycle riders need training, licensing. citation-related driver
i mprovenent, headl anps on at all times, bright upper torso garnents, and head
and eye protection to reduce accident involvenent and injury frequency and
severity.



2.0 | NTRODUCTI ON

2.1 Historiecal Overvi ew

The "se of the notorcycle in traffic has increased greatly in recent tine.
During the last ten years, notorcycle registrations have nore than doubl ed and,
unfortunately, the nunber of notorcycle accidents:and injuries has increased
by approximtely the same factor. The nost recent statistics show that the
nunber of fatalities attributed to motorcycle traffic accidents is approaching
five thousand per year. At present time, notorcycl e accidents contribute
nearly 10% of the traffic accident fatalities while mtorcycles are only one
or two percent of the vehicles In traffic. In this way, the motorcycle appears
to be the nost dangerous form of motor vehicle transport.

This problem has not escaped notice, and much research has defined the
obvi ous hazard and reveal ed many of the critical factors in notorcycle acci-
dents. Elenentary considerations clearly established the prospects for injury
of the motorcycle rider involved in collision with another notor vehicle,
sinply because of the lack of a protective envel ope available within the con-
ventional automobile. Also, similar fundanmental considerations established
the beneficial effects of the "se of the contenporary motorcycle safety hel met
in preventing and reducing the deadly injuries to the vulnerable head. In
addition, the lack of conspicuity of the notorcycle in traffic was identified
es a special problemoccurring frequently in accidents, and effectively treated
by the use of the headl anp during daylight and the wearing of high visiblity
cl ot hi ng.

A critical contribution to the state of know edge about motorcycle safety
was the Second International Congress on Autonotive Safety, in which the
conference thene was Motorcycl e and Recreational Vehicle Safety. This confer-
ence was sponsored by the National Mtor Vehicle Safety Advisory Council of
the U.S. Department of Transportation and the Society of Autonotive Engineers.
The literature generated by this activity represented a greet increnent of
progress in motorcycle safety, and provided a true foundation for further
research.

In spite of the critical accident factors being identified by pest research
and col l ected scientific opinions, there was a devel opi ng demand for accident
data to expose the special details of notorcycle accident problenms, es well es
to substantiate those collected scientific opinions and past research. There
were inportant but unanswered questions about motorcycle rider cul pability,
accident injury nmechanisns, safety hel net effectiveness and the possibility of
hel net -i nduced injuries, collision avoidance performance of the notorcycle
rider, aggressive acts toward notorcycle riders by the drivers of autonobiles,
and the factors affecting the conspicuity of notorcycles

It becane apparent that the nost serious questions about notorcycle acci-
dents could not be answered by the research based upon police traffic accident
reports. First, the police traffic accident reports could not he used to
extend and synthesize specialized information on accident and injury causation
and second, the reconstruction of notorcycle accidents required know edge and
skills far beyond the activity typical of a police traffic accident report.



The col lision dynamics and rider kinematics of notorcycle accidents were
defined (Bothwell, 1973}, the peculiarities of motorcycle accident investiga-
tion were described (Hurt, 1973) the linits of police traffic accident appli-
cations were defined {Reiss, Berger and Valette, 1974), and the first notor-
cycle multidisciplinary accident research activity denonstrated the depth of
data available (Newman, 1974).

Wth this foundation, the requirement for extensive accident data was

establ i shed, the nmethodol ogy for data collection and synthesis was devel oped,
and the applications to countermeasures were needed urgently.

2.2 bjectives of the Research

There were three basic objectives of the research. These are listed es
fol | ows:

1. To determine the causal factors of notorcycle accidents and distinguish
t he human, vehicular and environmental factors involved

2. To evaluate safety equipnent, clothing end rider protective devices
and the notorcycle features which contribute to the serious and fatal injuries
to the rider and passenger

3. To identify and define countermeasures that are concl usive, can be
i mpl ement ed, and which would reduce the rate and severity of nmotorcycle
acci dents

In order to support these objectives, it was necessary to conplete the
following investigations:

(On-scene, In-depth Investigations

On-scene, in-depth investigations were conducted on at |east 900 notor-
cycle accidents in the study area. These multidisciplinary investigations
were linmted to focus upon the notorcycle rather than the other vehicle involved
in the collision, and all conponents of precrash, crash and post-crash environ-
mental , vehicle and human factors were exanmned in detail. Both single and
mul tiple vehicle accidents were considered, as were both rural and urban acci-
dents. Al so, special effort was directed to the investigation of at |east
two-thirds of the accidents as soon es possible after the accident event,
before the vehicles had been noved fromthe scene so that perishable evidence
was recorded accurately. Mtor Vehicle Safety Standards and H ghway Safety
Program Standards which related directly to the motorcycle accident were
evaluated for conpliance and effectiveness

The multidisciplinary accident research teem had objectives of accurate
collection and synthesis of data for these on-scene, in-depth investigations
and the team personnel included a Mtorcycle Specialist, Hghway Safety
Engi neer, Interviewer/Psychol ogi st, Medical Doctor/Pathol ogist and various
specialists and consultants in the areas of helnet technol ogy, accident recon-
struction, head and neck injury, and data analysis. In addition, all accident
investigation teem nenbers were required to have extensive experience riding
street nmotorcycles.



Anal ysis of Police Traffic Accident Reports

Exami nation and anal ysis was conducted on at |east 3600 police traffic
accident reports of notorcycle accidents which occurred in the same study area
in the same period of tine as the 900 on-scene, in-depth accident investigations.
These traffic accident reports were collected fromthe cooperating |aw enforce-
ment agenci es and anal yzed and conpared with the results fromthe 900 on-scene,
in-depth accident cases. O course, nost of the 900 on-scene. in-depth accident
cases were included within the set of the 3600 police traffic accident reports.
However, there were some exceptions since a nunber of the on-scene, in-depth
accident investigations did not have a corresponding traffic accident report
because of lack of injury, lack of danage, |ack of reporting, or lack of [|aw
enforcement response because of other priorities. Thus, the 900 on-scene,
in-depth cases do "or represent a conplete subset of the 3600 police traffic
accident reports.

Compari son of Police and On-scene, In-depth Accident Reports

The investigation and analysis of the two sets of accident data included
at least the followi ng variables:

Type of collision Hel net use
Age Injury severity
Sex Weat her conditions
" Time Road surface conditions
Type of notorcycle Accident |ocation

Roadway al i gnnent

Hel net Analysis, Injury Analysis

The acci dent-involved safety helmets were examined in the greatest detai
to determne protection performance. A" original objective was to sanple the
accident popul ation so that about 50% of the 900 on-scene, in-depth cases would
include hel neted notorcycle riders, but this objective had to be nodified sinply
because of the actual underrepresentation of helnmeted riders in the accident
data. Throughout the collection period of the accident data, it was typica
that approximately 50% of the notorcycle riders in traffic were using safety
hel mets but only 40% of the accident-involved riders were wearing a safety
hel met. Consequently, the decision was made to collect the accident data
wi thout specific requirenent for helmet use and to sanple the accidents on a"
"as is" basis to best determne the actual accident involvenent of hel neted
riders.

The records of nedical treatment of injuries were collected and, in nost
cases, the injuries were observed directly at the accident scene or treatment
facility. Special attention was devoted to the detection of any neck injuries
and their possible association with helmet use. Al of the discrete injuries
were encoded using the Occupant Injury Cassification, and the severity was
scal ed using the Abbreviated Injury Scale of the America" Association for
Autonotive Medicine. The reconstruction of accident events defined the injury
produci ng el ements, the sequence of body contacts and the causes of injury to
the nmotorcycle rider and passenger.



Exposure Data

Exposure data el enents were collected et a mininumof 500 of the |ocations
of the 900 on-scene, in-depth accident cases. These |ocations were randomy
sel ected so that the characteristics of the study area would be represented
without bias, and the population-at-risk would be accurately defined. Actu-
ally 505 locations were used to collect traffic characteristics and informa-
tion on 2310 notorcycle riders et the same tine-of-day, same day-of-week, and
sane_environnental conditions as the related accidents

The original objective was to collect such exposure data es soon es
possible after the occurrence of the related accident, but unexpected delays in
funding prevented the tinely collection of these exposure data. Under these
conditions it was possible that significant changes could occur in the popu-
lation-at-risk and degrade the planned conparison of accident and exposure
data. Benchmark data were collected on certain critical itenms such es safety
hel net "se and headlanp "se in daylight, so that reference would be available
for later conparisons

Acci dent and Exposure Data Conpari sons

A conprehensive anal ysis of the accident and exposure data was conducted
and oriented toward determining the relationships between the different vari-
ables of the motorcycle, environment and notorcycle rider. As a result of
t hese anal yses, countermeasures were identified which are practical and can
be applied for the prevention of notorcycle accidents and reduction of injuries.

2.3 The Study Area

Sel ection of the Study Area

The Southern California region contributes a large quantity of notorcycle
accidents, primarily because of a substantial notorcycle population and favor-
abl e weather which encourages year-round "se of notorcycles. However, not all
of this large popul ation of notorcycle accidents is easily accessible for
on-scene, in-depth investigation of those accidents. This aspect of accident
accessibility was the critical factor in defining the study region for this
research.

Les Angel es County records approxinmately five thousand notorcycle acci-
dents per year with about 140 fatal accidents among that group. Wthin
Los Angel es County there are approxi nately sixty |aw enforcenent jurisdictions
or divisions, which conplicates accident accessibility and greatly extends
communications requirements. During the first phase of this research, these
conplications were too greatto allow coverage of the entire Los Angeles
County for accident sanpling.

The study area was then reduced to the Gty of Los Angeles so that com
muni cations and | ogistics could be sinplified and attention could be focused
upon the requirements for accident notification and accessibility. The city
of Los Angeles reports approximately two thousand five hundred notorcycle
accidents per year, with forty to forty-five fatalities within that group



In this study area of the City of Los Angeles there are only twolawenforcement
jurisdictions, the Los Angeles Police Department and the California H ghway
Patrol. Both of these agencies have denonstrated a high | evel of support for
previous accident research activities conducted by the University of Southern
California. Also, within the City of Los Angeles, all rescue anmbul ance

services are provided by the Los Angeles Fire Department, so the dispatch of
emergency medical service to the scene of any notorcycle accident is done by
this single agency.

Chief John C. Gerard provided the cooperation of the Los Angeles Fire
Department through the notorcycle accident notifications provided by Rescue
Anbul ance dispatchers; Chief Daryl F. Gates provided the cooperation of the
Los Angel es Police Department through accident notifications, copies of traffic
accident reports, and access to the scene of accidents; Conm ssioner
Genn B. Craig provided the cooperation of the California H ghway Patrol in
the area with accident notifications, traffic collision reports and access to
the scene of accidents; Dr. Thomas T. Noguchi provided the cooperation of the
Los Angel es County Medical Exami ner-Coroner in the cases of fatal accidents.
The cooperation of these four agencies allowed the research teans to collect
accident data within the area of approximtely 470 square nmiles of the Gty of
Los Angel es.

Representativeness of the Study Area

The study area of the City of Los Angeles is not particulary representa-
tive of other areas of the United States in terns of clinmate and geography.
However, the motorcycle accidents within the study area are essentially
i dentical to motorcycle accidents in other areas of the United States. If is
expected that some general characteristics of motorcycle accidents wll show
regi onal variations, but critical characteristics of various accident types
will be essentially the same.

For exanple, consider weather as a factor in notorcycle accidents. A
critical issue for consideration is that the notorcycle is NOT an all-weather
vehicle and it does NOT have accident characteristics |ike autonobiles. Al
past and present research as well as this present study have shown that
weather sinply is NOT a factor in notorcycle accidents; the weather at the
scene of a notorcycle accident is clear and dry in nore than 904 of the acci-
dent cases. Environnental factors contribute in a mnority of accident cases,
i.e., less than five percent of the accident cases. The notorcycle accidents
whi ch occur in fair weather in other parts of the United States are essentially
i dentical to the notorcycle accidents which occur in fair weather in the
sel ected study area. The few notorcycle accidents which occur in truly adverse
weat her are only a mnute part of the total notorcycle accident problem when
there is snow, ice and water on the road, cars and trucks suffer froma | oss
of traction and are involved in accidents nore frequently, but the notorcycles
are stored in the garage or carport and the motorcycle rider is using some
other form of transportation!

The distinguishing factor for the Los Angeles area is that the high inci-
dence of favorable weather allows greeter use of the motorcycle and this addi-
tional exposure generates nore accidents, but not significantly different
accidents. The nmjor elements of accident and injury causation are well.




represented by the large quantity of accident data fromthis study area of
Los Angel es, since the greatest part of all notorcycle accidents occur under
simlar favorable environmental conditions

The study area is predom nantly urban and suburban, with rural |and use
dimnishing as in simlar netropolitan areas. The street motorcycle is
traditionally a vehicle associated with urban rather than rural life, and the
accident characteristics should be peculiar to the vehicle type rather than
land use. Consequently, the accident data collected and anal yzed here w ||
show accident characteristics of helnmet effectiveness, injury mechanisns,
collision avoidance performance, etc., which are more appropriate to the acci-
dent configuration rather than the land use at the accident site

California does not have laws requiring the use of notorcycle safety
hel nets, eye protection, headlanps on in daylight. etc. Wile this situation
may be unfortunate fromthe standpoint of accident and injury prevention, the
accident population offers a good sanple to evaluate the effectiveness of
those itens as accident and injury counterneasures. California does have a
requirenent for a special nmotorcycle license which is obtained by a specia
written examination and separate skill test, so this factor can be eval uated
for its effectiveness as an accident counterneasure.

These factors describe the study area as generally representative for the
purposes of analyzing the special characteristics of notorcycle accidents,
and the findings, conclusions and recomended countermeasures wll be appli-
cable to the greatest part of motorcycle accidents in the United States. The
speci al characteristics of notorcycle accidents related fromthis research
will be found to be essentially identical to those notorcycle accidents
occurring in other areas.
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3.0 DEVELOPMENT OF THE RESEARCH

3.1 Technical Approach

A notorcycle accident is actually a very conplex event, involving the
interaction of many conplicated human, vehicle, and environmental factors. In
this way, it is no different fromthe nore typical notor vehicle accident
involving the contenporary passenger sedan. However, the notorcycle accident
i nvol ves speci al areag of vehicle systems, vehicle dynamcs, and human factors
and requires special considerations for the accurate collegtion of accident data.

Acci dent investigation methodol ogy for notor vehicles such as autonobil es
and trucks is devel oped and practiced to a high degree of refinenent. The
state-of-the-art is such that most cause factors can be deternined by the
i n-depth anal ysis of the engineering, physiological, psychological, environ-
mental, etc., factors. The very great mgjority of trucks and cars have great
commnal ity of vehicle systens, vehicle dynamcs, and human factors related to
accident causation. \Wen considered carefully, the collision speed analysis of
a truck accident can enploy the same met hodol ogy as is enployed in the speed
anal ysis of a passenger car accident.

The investigation of motorcycle accidents poses different and confoundi ng
problenms even et present time. The nechanical systens of notorcycles are
vastly different fromthe mechanical systems of autonobiles: the stability and
control of' the single-track vehicle is spectacularly different fromthat of the
conventional autonobile; the collision dynam cs of the notorcycle are far dif-
ferent from those of conventional automobiles, and related injury mechanisms
require special study. The analysis of pre-crash speeds, skid marks, crash
contact conditions. and post-crash dynamcs in notorcycle accidents involves
many factors uncommon to the analysis of autonobile accidents. As a result
t he met hodol ogy of notorcycle accident investigation is not well practiced
and the state-of-the-art is such that nost notorcycle traffic accidents receive
only casual or perfunctory investigation. In turn, the entire body of previous
mot orcycl e accident data has |ow credibility and safety countermeasures are
difficult to verify and validate.

There are many serious questions in notorcycle accidents regarding injury
mechani sms, vehicle defects, alcohol involvenment, and validation of vehicle and
program safety standards. The answers to these questions, and the devel opnment
of effective safety counternmeasures strategies, will depend in great part on
the devel opment of a successful accident investigation and anal ysis net hodol ogy.
For these reasons, the technical approach used in this research had to enpl oy
a strategy that produced credible and valid results

In order to produce the required quality of accident data it was neces-
sary to staff and train the research teemfor the specific objectives. The
prerequi site of the research team nmenber was street notorcycle riding experience.
The priority for such experience was established for all teem menbers so that
the critical perspective would be given to all areas of data collection

Also, all menbers of the research teamwere required to devel op a substan-

tial know edge of motorcycle mechanical systens, notorcycle accident injury
mechani sms, and notorcycle vehicle dynamcs. This was necessary so that a
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comon ground of term nology and data would be established throughout the
research team  Consequently, a special training programwas devel oped by and
for teem members. In addition to the nenbers of the proposed research teem

it was necessary and desirable to include personnel fromoutside the teamfrom
cooperating agencies and organi zations. e.g., |aw enforcement, rescue services,
coroner-nedi cal examiner, etc. Special lectures were prepared and conducted
for cooperating agencies

The content of the staff training program was directed to the specialized
areas necessary for the notorcycle accident investigation process. The approxi-
mate content of this special instruction was as follows:

Vehicle Systenms. Electrical systens, ignition, |lights, accessories,
signals, suspensions, forks, danpers, seals, damage, naintenance, shocks, wear
and degradation, swing arm structures, frame integrity. Engines and trans-

m ssions. wear and degradation, clutch and shifter, controls, cable maintenance
and failure analysis, chains and sprockets, shafts and gear housings, surge

and snatch. Fuel systens, slide and CV carburetors, tark integrity, crash
fires, analysis of fire origin. Weels and brakes, spoked and solid wheels,
hubs, drum and disk brakes, controls, mechanical and hydraulic, failure and mal-
function analysis. Tires, tubes, characteristics, street, universal, off-
road, trials and knobbies, skid marks analysis, failure analysis. Motorecycle
defect investigation techniques. Street, eanduro, trail, M desert, etc.

case studies.

Injury Mechanisns. Car-notorcycle collision analysis, motorcycle-
stationary object collision analysis, fall analysis. Motorcycle-rider-car-
object collision contact conditions. Anatomcal matters, injury physiol ogy
associated with notorcycle accidents. Abrasion, inpact, penetration, fracture,
burns, protection technology. Head injury, concussion, fracture, fracture
and depression, brain and skull injury mechanics, vulnerability areas, contre-
coup injury. Safety helnet design end manufacture, relation te standards and
injury protection, ANSI Z-90 SHCA, Smell, FWSS 218; retention, inpact attenua-
tion, penetration resistance. Test qualification, relation to injury analysis,
test process, wire guide and nonorail test systens. Failure analysis, injury
correl ation.

Vehicle Dynamics. Mtorcycle equilibriumconditions, steady and accel er-
ated motion. Normal, side, and traction force requirenments. Anatony of a
turn, transient and steady conditions. Acceleration and braking performance,
representative notorcycles. Tire characteristics, camber and cornering stiff-
ness. Longitudinal notions, two-stroke surge, wheelies, end-overs. Lateral-
directional notions, slide-out or |ow side, high-side, tank-slapper, linmts of
cornering; lateral-directional dynamcs, capsize, weave and wobble nodes,
pi tch-weave, load effects. Applications to accident reconstruction; consider-
ations of vehicle characteristics, defect related areas, effect of rider
experience, roadway conditions, collision avoidance performance of notorcycles.

Accident Reconstruction. Case studies, coIIis[on contact conditions,
injury sources, speed analysis, trajectory calculations, |oss of contro
anal ysi s.

Vehicle Faniliarization. Operation and practice with street bikes, semi-
choppers, etc., skid nmark, serapemark anal ysis.
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Past experience at University of Southern California has shown that
research and teaching activities are best related to public needs when these
activities are guided by the advice of experts in the appropriate field. It
is of great value to provide the research staff with the advice and counsel of
experts who can provide a special |evel of independent consultation.

Because of the concern for devel opi ng educational and research prograns
inthe field of notorcycle safety, a USC Advisory Comrittee for Mdtorcycle
Safety wee forned. This advisory conmttee provides expert advice and counsel
for all present and future activities in motorcycle safety and guarantees that

these activities best serve the public interest.

The menbership of the USC Advisory Committee for Mdtorcycle Safety is es
follows: M. lvan J. Wagar, (Chairnmen), President of Safety Hel net Council of
Anerica, Dr. John P. Stapp, Professor of Humam Factors, USC Institute of Safety
and Systems Managenent, Dr. Cerald A Fleischer, Professor, Industrial and
Systenms Engineering, USC School of Engineering. Mr. Jon S. McKibben, President,
McKibben Engineering Corporation end Lecturer in Safety, USC—Mr. Chet Hale,
Vice President, Technical Division, American Honda Mdtor Co., Inc.,

Dr. lrving Rehman, Professor of Anatony, USC School of Medicine, Dr. David H.
Weir, Consultant, M. H H. Hurt, Jr., Professor of Safety, USC Institute of
Safety and Systens Managenent.

The advisory committee end its individual nmenbers have served to advise
the Institute of Safety and Systens Managenent on all activities in notorcycle
saf ety such as motorcycle accident investigation nethodol ogy, accident cause
factors, injury nechanisms, safety counterneasures devel opnent, safety educa-
ti on courses, and vehicle technol ogy.

This expert counsel and gui dance was given to the Mtorcycle Accident
Research Teem throughout the research operation. The conbination of the broad
qualification plus specialized motorcycle experience of the proposed research
teem and the expert guidance of the advisory committee guaranteed that the
research results would be of high quality.

3.2 Project Schedul e

The mgjor activities of this research took place in the follow ng
schedul e:

July 1975 through Decenber 1975:  Staffing, Devel opment of the data system
Establ i shment of field cooperative agreenents, Teamtraining and practice
operati ons.

January 1976 through December 1977: Accident data collection, Teem
retraining, prelinmnary data quality control, Field cooperative activities,
refining of notification system

January 1978 through Decenber 1979: Accident data case review and quality
control, Data editing, Data analysis and review.

July 1976 through December 1976: Devel opment of exposure data system
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July 1978 through March 1980: Exposure data collection, Exposure data
editing, Data analysis and review

January 1979 through Decenber 1979: Script and production devel opment of
hel net effectiveness film On-scene and studio filmng, FIm editing.

January 1980 through Septenber 1980: Accident and exposure data conpil a-
tion, Final analysis and review, Final report preparation.

Three other reports of these activities were prepared and subnitted:
(1) Phase | Report - January 1976, (ii) Status Report of Accident Data -
January 1979, (iii) Mtorcycle Safety - Helnet Effectiveness, a film presenta-
tion of Status Report findings relating to motorcycle safety helnets.
DOT 2=-001.

3.3 Project Personnel

The project personnel were as follows: Principal Investigator:

H Hurt, Jr., Research Associate: J. V. Ouellet, Mdtorcycle Specialist:

R. Thorn, Project Manager: S. L. Browme, Administrative Coordinator:

J. Bakerink, Research Assistants: V. W. Onens, R A Pollack, W D Kutz,
D. Hurt, E. D. Lougee, J. A Bakerink, G J. Gaham L. Slycord, L. D Rudy,
Y. Tamura, C. J. Dupont, C C Howard. T. J. Fain, L. J. MKenzie, and
Engleman, Programmer Analysts: R Chang, M L. Hanson. Secretarial Staff:
. Lucero, S. DeSheng, D. C. Davidson, Principal Consultant: J. S. McKibben,
dical Consultant: H S. MeMurria, MD., Helnet Technol ogy Consultant:

A, Newran, Ph.D., Data Consultant: G A Fleischer, Ph.D

CEZDOACKHOT

In addition, the personnel of the Air Force Audio Visual Services Center

at Norton Air Force Base produced the videotape film on Mtorcycle Safety-
Hel net  Effectiveness. Lynn W Hi ppl eheuser was the producer and Bob Mack was

head of the witers staff.

3.4 Data Collection Plan

Accident Data Collection

A detailed plan for sanpling of accidents was prepared and subnmitted with
the Phase | report. During the early parts of accident data collection activity
it was clear that such detailed strategic plans could not be followed; the
accident cases collected were linmted by the availability of timely accident
notifications and resources of the research project.

During the two years of accident data collection,approximately 4500 notor-
cycle accidents were recorded by traffic accident reports in the study area.
Timely notification was received by the research team for approximately one-
half of these accidents. The research teem was able to respond to and initiate
on-scene, in-depth investigation on 1126 of these notifications, of which
900 could be conpleted satisfactorily for data purposes. In other words, only
20% of the recorded accident population could be sanpled for the detailed
on~scene, in-depth accident data collection. In view of the basic resources
of this research project, and the relatively large volume of accidents in the
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study area, this 20% sanpling is considered to be the upper limt attainable
for such research data collection activities

Two factors linited the acquisition of accident data for the detailed
on-scene, i Nn-depth investigation. First, nore resources and nore personne
coul d have been enployed to respond to notifications but this would have
i ncreased costs. SOnMe cases were declined "hen the research staff was saturated
with other cases. but this "es actually a rare problem involving |less than
6% of the notifications received. The second factor liniting accident acquisi-
tions "as the performance of the notification system The principal difficulty
is the priority of actions by emergency services; |aw enforcenent control of the
accident scene and nedical care for the injured nmust take place without inter-
ference or interruption. In this way, accident research activities nust oper-
ate conpletely et the periphery of emergency services and accept whatever com
muni cation of notification may be available without conflict. Many different
approaches were tried to inprove the accident notification systemto increase
timeliness and thoroughness of accident event detection, and the linits were
constantly strained. Mintenance of the notification system was the doni nant
effort, inprovement could not be made to increase acquisition beyond 20%

Wth the limtations of accident notification and project resources, the
acquisition of accident cases for on-scene, in-depth investigation "es con-
sidered to be limited sinply by avail abl e acci dents. In this way, the accident
data is considered to be without bias end may be peculiar only to the study
area.

Collection oftraffic accident reparts within the study area "es not
difficult because of the special cooperation of the Los Angel es Police Depart-
ment and the offices of the California H ghway Patrol. However, the collection
"es tedious and required nuch tel ephone communication, travel and tinme. The
3600 police traffic accidentreports were col |l ected, analyzed and processed
without significant difficulty or delay.

Exposure Data Col | ection

The original plan for collection of exposure data had expectation of
returning to the site of each of the 900 on-scene, in-depth accident investiga-
tions et the sane-day-of-week andtine-of-day es soon es possible after the
accident. Procurenent delays and reductions of funds available required altera-
tion of this original plan in calendar time and nunber of data collection sites.

The changes required that the nunmber of sites for exposure data collec-
tion be reduced to 500, and that the exposure data be coll ected approxi mately
two years later. Five hundred accident cases were selected from random groups
so that the monthly distribution approximted the accident distribution, e.g.
6.5% of the OSIDI cases were collected in March so 6.5% of the exposure sites
were selected fromthe March OSIDI accident sites. Locations with significant
environmental changes were omtted. In addition, selected benchmark exposure
data were collected during the tines of accident data collection, when the
del ays of detailed exposure data collection were confirmed. Specific data were
collected on helnet and headl anp use

Actual |y, exposure data collection "es conducted for 505 |ocations, and
data were obtained for 2310 motorcycles and riders
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4.0 RESEARCH METHODOLOGY

4.1 Liaison and Cooperative Agreenents

The acquisition of all the necessary accident data is a conplex task
requiring extensive interaction with a large nunber of agencies and groups.
Basically, there were five critical requirements for the acquisition of accident
i nformation:

1 The team nust receive notification of en accident et the tine the acci-
dent occurs, with reliable identification of motorcycle involvenent

2. once on scene, the data collection team nust gain access to accident
involved parties and vehicles. Such access is the responsibility of the investi-
gating police officer, whose full cooperation was vital.

3. Fol | ow- up of on-scene accidents, and the encoding of data from 3600 police
reports required acquisition of police reports in a consistent, reliable and tinely
manner .

4, Acquisition of injury data required the cooperation of emergency
treatment facilities, hospitals, group and private physicians and the Coroner's
of fice.

5. A thorough exanination of the accident-involved hel net necessitated bringing
the helmet to the office for disassembly and analysis. It was thus critical to find
a way to persuade a rider to donate his safety hel met.

Notification

Because of the size and conplexity of the radi 0 communications systens of the
City of Los Angeles Police Departnent (LAPD) and California H ghway Patrol (CHP),
and the relatively low proportion of accident notifications occurring on these fre-
quencies was ruled out. However, the City of Los Angel es Fire Deparment (LAFD) dis-
pat ches rescue anbul ances to locations throughout the entire 470 square mle study
area over three different radio frequencies. Mst of the accident notifications to
USC were obtained by monitoring these frequencies. A formal cooperative working
agreenment was established with the Los Angeles Fire Department, in which notifi-
cations of motorcycle accidents were broadcast, including the location and tinme of
the accident. Further, intensive efforts were made to contact all rescue ambul ance
personnel on a face-to-face basis in order to explain the research effort. These
efforts resulted in an increased notification rate, as ambul ance personnel often
reported back previously undeternined notorcycle involvement in the accident to the
di spatcher, who then notified USC

A second source of accident notifications was established with the "conpl aint
board" of LAPD. Communications officers receiving telephonic notification of a
mot orcycl e accident froma citizen would first forward the information to the radio
di spatcher and then call to notify the research teem

Normal |y, radio and tel ephone conmuni cations were nonitored constantly by pro-

ject personnel. However, when the teans were in the field, or off duty, telephone
conmmuni cations were recorded with automatic recordi ng equi pnent; radi o comrunications
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were recorded on tape with a carrier-activated monitor. Thus, notifications that
occurred while the teamwas not on call were recorded and then followed up if the
accident net sanpling requirenents.

Notification of fatal accidents was usually by means of tel ephone comunica-
tion with the Coroner's office every norning. to determ ne whether any acquirable -—
accidents had occurred. A nunber of fatalities were acquired through the other
communi cation channels, i.e., LAPD, LAFD and CHP.

Despite the variety of notification sources, the teamwas notified in time
to respond to approximately one-fourth of the reported accidents occurring in the
study area. Even this |level of notification required conscientious attention to
mai ntai ning frequent interaction with the individuals manning radio and tel ephone -
communi cation sources.

- Scene Access

The cooperative agreenents with Los Angel es Police Department and California
H ghway Patrol provided official approval from headquarters for USC investigators
to exam ne accident-involved vehicles and scenes. While this was still subject to —
the discretion of the investigating officer on scene, not a single case occurred
in which the research teem was denied access. In many instances, officers assisted
t eam personnel by introducing investigators to accident-involved parties and
assuring themof the research nature of the investigation, or by escorting USC
personnel into hospital energency rooms for interviews and medical infornation.

A critical part of the accident investigation activities was to gain access to
tow yards and inpound facilities where the accident-involved vehicles — usually the
notorcycles -were often taken. In nost cases, these were Official Police Garages
(0PGs) working under contract with the police department. Establishment of the
of ficial cooperative agreenents with the Los Angel es Police Departnent and California =
H ghway Patrol effectively opened the 0PGs to USC personnel .

Acqui sition of Accident Reports -

Fol | owi ng establishnment of the cooperative agreenments with the Los Angel es
Police Department and the California H ghway Patrol, the flow of accident reports
fromtheir initiation et the accident scene to their final record storage was
studied, and key points for extracting reports fromthe systemwere identified.

This allowed rapid acquisition of traffic accident reports (TARs) for follow up of
in-depth investigations. Those TARs that were not needed for accident followup

and were not extracted early in the flow were generally allowed to proceed to record
storage. The individual California H ghway Patrol offices held all motorcycle

accident reports for regular pick up. Los Angeles Police Department reports that

were not extracted fromthe systeminitially were acquired utilizing conputer identi- =
fication of notorcycle-involved accidents. This assured acquisition of all reports

of notorcycle accidents for tabulation in the 3600 cases.

Injury Data

Injury data was acquired from a variety of sources. In many cases, if the
accident was minor and involved only superficial injuries to the rider, and the
rider expressed no intention of seeing a physician, the injury information was
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taken by the on-scene investigators. \Menever possible, this was followed up with
a phone call some time later to deternmine whether additional injuries had been
discovered after leaving the accident scene.

When the injured rider or passenger was transported to a hospital emergency
room every effort was made to visit the emergency roomto Speak to the injured
rider and acquire initial injury data. This was of great value, since tell-tale
abrasions and skin injuries that can help define rider kinematics are often | unped
together in enmergency roomreports as "multiple abrasions and contusions to the
body." Whenever possible, diagnostic tests such as X-rays were exanined and docu-
mented by notes or photography. Riders who were treated by physicians were usually
foll owed up by one of two resident pathol ogi sts who worked as consultants to the
project. The pathol ogy consultants contacted the treating physician, hospita
personnel, or the injured riders, to verify the nature and location of the injuries

Injury information in the fatal cases cane, of course, fromthe Coroner's
office.  Conpleted autopsy protocols were obtained fromthe Coroner's office in al
fatai accidents, and this was sonetimes augnented by attendance of project personne
at the pest-mortem.

Hel met Acqui sition

In order to obtain the rider's helmet for thorough exam nation and eval uation
after an accident, an agreenment was nade with the Safety Hel met Council of America
(SHCA) for the menmber conpanies to donate a new hel met of equal or superior quality
to the rider who woul d domate his "lucky" helnet to the USC Mtorcycle Accident
Research Project. Although many riders initially wished to keep their accident-

i nvol ved hel net for display on the mantel at home. the offer of a brand new hel net
in trade was crucial in their decision to donate the old helnet to research. In
this way 73.4% of the helmets involved in accidents were brought to the office for
t horough examination, then most were retained for further study.

The cooperation of all these public and private agencies was assured by the
activities of the research teans in providing equival ent support to the cooperating
agencies. For example, guest |ectures were given at local high schools at the
request of Los Angel es Police Department and California H ghway Patrol, training
sessions in skid mark analysis and speed estination were conducted for LAPD, CHP
and Los Angeles Sheriff's Ofice, training sessions in helnet technol ogy were given
for LAPD and CHP, seminars were conducted for Safety Hel met Council of Anerica
menbership on research findings, and technical assistance was given to LAPD and CHP
in accident reconstruction of special cases. These activities were presumed neces-
sary equival ent cooperative assistance.

4.2 Team Traini ng

The first six nonths of the project were used to bring all the research
personnel to a high level of famliarity with all the tasks and background know edge
that would be required to insure maxinmum quality in the collection of accident data
The full range of topics covered has been described in greater detail in the Phase
report of this study (Hurt, 1976), and is described nore briefly here.
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Team Field Relations

Because of the extensive interaction between the private and public agencies
involved in various aspects of notorcycle accidents, a considerable anount of tinme
was spent orienting the team menbers to the official requirements of the public
agencies, the nuances of the specific ways in which the agencies performtheir
jobs and basic "etiquette" for acconplishing research goals while causing m ninmm
di sruption of the normal work of those persons working in cooperating agencies.

Part of the basic orientation was acconplished through lecture and field
work with nenmbers of a" on-going autonobile accident research team al so working
in the USC Traffic Safety Center. This included on-scene investigation of acci-
dents, visits to tow yards, energency rooms, etc.

Team personnel also visited the Los Angel es Police Department and the Los
Angel es Fire Departnent communications centers to watch the specific flow of noti-
fication data and to familiarize comunications personnel with the team notifica-
tion requirenents. Sinmilar visits to tow yards were made to ensure future ease of
access to accident-involved notorcycles and cars to familiarize team menbers with
legal requirements of tow yards. As part of the training, team nenbers rode al ong
with California H ghway Patrol and Los Angel es Police Departnent officers on
routine patrol.

Acci dent |nvestigati on Methodol ogy

O course, 'scientific investigation of notorcycle accidents requires a thorough
famliarity with the el ements of accident investigation methods — general nethods
as well as those peculiar to single track vehicles such as notorcycles. Al the
team menbers were trained, in both lecture and practice, in the basics of accident
investigation. Some of the topics included interviewi ng and eval uation ofw tness
statements, collection and analysis of environmental data, analysis of vehicle
damage, injury causation, photography and photographi ¢ documentaion of evidence,
col l'ision dynam cs, and the reconstruction of collision events from physical
evi dence.

Essentially, the training sequence progressed fromlecture to denonstration
to practice by the teammenbers with critique and feedback frominstruction per-
sonnel and other team nenbers. Part of the training included a" entire day at a
test facility evaluating skids made under a wide variety of conditions of different

ot or cycl es.

Vehi cl e Systens

The mmjor conponents of the motorcycle were reviewed: tires and wheels,
braking systenms, electrical systems, suspension, fuel delivery and exhaust systens,
drive train and so on. Special enphasis was placed on failure and defect analysis,
failure mbdes and the evaluation of evidence that m ght suggest some type of
vehicular defect or failure. Training also focused on the determnation of fuel
and ignition sources in fires and the differentiation of collision damage from
probl ens present in the notorcycle prior to the collision.
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Vehicle Dynanics

Because of the peculiar handling characteristics of single track vehicles such
as motorcycles, nopeds, and bicycles (e.g.. see Hurt, 1973) it was essential that
t eam personnel have a fornal understanding of motorcycle dynamcs and the factors
that influence those dynamics. Those were acconplished |argely through |ecture
and review of case histories. Topics included: turning, acceleration and braking,
instability nodes such es slide-out, wobble, weave, high-side, and capsize, the
effects of notorcycle nodifications, mintenance, tires, passenger involvenent,
etc., es well es the detection and eval uation of evidence indicative of instability
probl ens.

Injury Mechanics

I njury nmechanics training was largely through lecture nethods. To a large
extent, prior biomechanics research in autonobile and aviation accident investiga-
tion provided much of the background information on injury nechanisns. However,
much of the application of this infornation to motorcycle accidents cane sinply
t hrough extensive experience of relating the collision dynanics to vehicle damages
and rider kinematics in practice accident investigations during the latter part of
the training period.

Hel net  Technol ogy

Teamtraining included a thorough famliarization with helmet function, design
and manufacture. Team research personnel visited the manufacturing and test
facilities of a nunber of nmjor helnet nanufacturers in the Los Angeles area to
| earn details of helnet construction nethods, consult with design and test personnel
on the perfornmance characteristics of various materials and designs and to see
hel mets tested in accordance with the various standards

Data Forns

O course, every accident is a unique conbination of factors, and while there
may be nmany points of simlarity between two accidents, each still has critica
differences. (Qoviously, one could sinply wite a narrative description of each
case, but the usefulness of a narrative for retrieval of information and statistica
analysis is very linmted. The requirenent that the accident information be retriev-
able and anmenable to statistical analysis dictated the "se of a conputerized data
system

Many of the factors incorporated in the data forns were sinple "identification"
type factors which required the investigator to identify characteristics of the
environment, the notorcycle, other vehicle, rider, helnet, etc. To a certain extent
these tended to be factors existing prior to the collision.

However, many of the unique aspects of accidents involved the conbination of
relative pre-crash positions, pre-crash notions, evasive actions, collision dynamcs,
rider kinematics and injuries, and helmet damage. The data forns had to satisfy
the conflicting requirements to provide enough detail to define the majer accident
factors, yet not define so many detailed factors as to |ose sight of tﬂe general
characteristics of the accident. In other words, the data forms had to provide
enough detail, but not too nuch. o

21



The devel opnent of the data forms took place during the training period that
preceded the collection of on-scene, in-depth accident data. Many of the factors
selected for investigation were drawn from the research proposal. A given factor
was sel ected, various possible responses were then identified and put into nmutually
exclusive nultiple-choice categories. Somatic injuries were encoded using the
Cccupant Injury Cassification (Marsh, 1973).

Because of the particular interest in head and neck injuries in mtorcycle
accidents, anew data formwas devel oped toencodehead and neck injuries with a
hi gher degree of accuracy. The Head and Neck Injury formwas based on the existing
Cccupant Injury Cassification. Six elenments defined each injury; the first three
el ements were locators which identified the location of the injury. "Region" was
usually defined in terms of the nearest mgjor bony structure. However, because
some injuries might overlap a nunmber of specific bones, nore general |ocators such
es "face", "cervical" (neck), and "brain" were included. The second and third
locators identified the side of the body and the aspect (anterior, posterior
medial, etc.) on which the injury occurred. The fourth factor identified the
injury type; the fifth identified the systemor organ or region involved. The
sixth factor assigned an injury severity score which was taken fromthe Abbreviated
Injury Scale (American Association for Automotive Medicine, 1976). Side, aspect
and injury-type eodings were taken directly fromthe Cccupant Injury Cassification
This system proved to be quite flexible in encoding a wi de range of head injuries.
O course, some detail is lost. The systemdoes not allow the separate specifi-
cation of say, sternomasteid muscle injuries from sternohyoid nmuscle injuries in
the anterior neck, or to distinguish Iesions of the midbrain raphe nuclei from
those of the locus coeruleus. However, such distinctions are not critical for
the present research purposes: nmuscle injuries do not represent a threat to life
and brain injuries tend to be rather diffuse and not restricted to a single cyto~
architectonic region.

When the data fornms had been devel oped they were utilized for practice acci-
dent investigation activities in exactly the same way they would be used for the
collection of the research data. This allowed team menbers to nodify the forns to
accommpdat e unantici pated accident characteristics and to devel op uniform inter-
coder practices.

Practi ce Team Qper ati ons

The training period culmnated in the collection of approxinately fifty on-
scene, in-depth accident investigations purely for purposes of practice at the data
col lection and eval uation methods that had been | earned or devel oped during the
training period. This also served to refine the data forns that woul d be used
for coding accident information during the data collection phase.

Exposure Task

The col l ection of notorcycle exposure data did not entail a fornmal training
period for the personnel involved in the on-scene exposure data collection. The
primary reason was that in the mpjority of exposure cases, at |east one of the data
col lectors was al so experienced in the collection of on-scene, in-depth accident
data. Because the exposure data questions were virtually identical to the accident
data questions, and the same |ogic of responses applied to both, the tasks were
highly simlar and there was a very high level of transfer fromone task to another
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Trai ning of personnel who did not have experience in accident data collection was
by explanation and denonstration of the accident data collectors. Further, acci-
dent investigation personnel were always available for consultation in conplex

i ssues and performed a large part of the exposure data quality control

4.3 Sanpling Plan

Details of the original sanpling plan are available in the Phase | Report
(Hurt, 1976). Essentially, the sanpling plan called for the follow ng:

1. The col l ection of 3600 traffic accident reports fromthe Los Angel es
Police Departnment and California H ghway Patrol and the encoding of the information
on the reports. The sanpling period was defined as January, 1976 through July,

1977 (when it was estimted the 3600 goal would be achieved). This plan would
sinply sanple all reported accidents occurring in the study area.

2. The on-scene. in-depth investigation of 900 notorcycle accidents in
the same tine period. Accidents were to be collected according to a sanpling plan
detailed in the Phase | Report.

3. The exposure data were to be collected on the sane day of the week, same
tinme of day, under simlar weather conditions one week after the accident occurred
There were to be 900 exposure sites, one for each accident investigated in depth
by the team This was later nodified to 505 sites.

Police Reports

The data fromthe 3600 traffic accident reports were collected in accordance
with the plan outlined in the Phase | Report. Accident research personnel stopped
regularly at California H ghway Patrol offices, where all notorcycle accident
reports were held for pickup. A similar nmethod of picking up reports fromthe
various divisions of the Los Angeles Police Department also was used. Additionally,
the conputerized accident reporting systemof the City of Los Angel es allowed the
identifiation of all traffic accident reports involving a motorcycle. A conputer
print-out showing the | ocation and report nunmber of all notorcycle accidents was
obtained on a seni-annual basis. This was crosschecked against reports already
collected by the teamand any nissing reports were obtained fromthe Records
Di vision of the Los Angel es Police Departnent.

Accident Data

The collection of on-scene, in-depth (0SID; data took place during the entire
1976 and 1977 cal endar years. Approximately 1100 investigations were initiated and
900 of these were conpleted. In practice, the notification system even at maxinmum
ef fectiveness, provided notification of only about one-fourth of the recorded
accidents, and this level of notification required nore than six mnths to achieve.
This dearth of notifications precluded the sampling of accidents to neet any pre-
determined sampling system virtually all radio and tel ephone notifications of
accidents were investigated and conpleted. The only linitation presented was
saturation of teem capability. The collection of accidents after notification
all owed the teamto collect accidents occurring during the hours when the team was
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not on duty. The difficulty in immediate notifications also required the extension
of the data collection period from August, 1977 to Decenber, 1977 in order to
acquire the full 900 accident cases for conpletion of data requirenents.

Exposure Data

As a result of delays in procurenent and funding, the collection of exposure
data was nmodified in tw ways: 1) rather than being collected as soon as possible
after the accident, the exposure data were collected from June, 1978 through June,
1979, and 2) data was collected at 505 accident sites, rather than all 900 acci-
dent sites. Exposure sites were selected fromthe accident sites on a random
basi s.

In the collection of rider and notorcycle informati on at each exposure scene,
the sanpling plan was sinply to photograph all notorcycles and riders and, if
the traffic flow and roadway permitted stopping riders for interviews, team per-
sonnel attenpted to attract and interview every passing motorcycle rider. O
course, SONe exposure sites, such as freeways and najor arterials without curb-
side parking, did not lend themselves to interviewi ng, and many riders sinply
refused to stop or gave only limted information about thenselves.

4.4 Field Data Collection Activities

Whenever notification of an accident was received, the teamresponded
immedi ately to the scene of the accident in conspicuously marked research vehicles.
On arrival at the scene, contact was imediately made with the investigating,
officer to gain access to the accident scene. The highest priority was given to
collection of perishable data: The involved car was photographed to define the
col l'i sion danage including motorcycle and rider inpact areas, the car driver was
interviewed, the environnental evidence was photographed and |ater diagrammed.
The notorcycle was exam ned and photographed. Infornmation about.the notorcycle
that could not be determ ned from photographs, such as brake adjustnent, tire
pressure, etc., was determned and recorded on scene.

Envi ronnent al Evi dence

Eval uation of the environnental factors began with the |ocation and careful
exam nation of the notorcycle and other vehicle precrash paths of travel. This
al l owed eval uation of the roadway for view obstructions, pavenent irregularities,
precrash |lines-of-sight, conspicuous marks of precrash evasive actions, solar
glare, etc. Following this evaluation, photographs were taken along the precrash
paths of travel (insofar as traffic conditions allowed) to docunment the findings.
Di agrams of the accident scene were drawn to show the pertinent evidence and
define distances. Finally, environmental data forns were conpleted at the scene
or later during office review of scene photographs

Vehi cl e Evidence

Because autompbiles involved in a collision with a notorcycle were usually
driveable, the driver of the other vehicle usually left the scene soon after the
accident. The other vehicle was usually the first item photographed by the team
personnel at accident scenes. Evaluation of the autonobile was restricted to the
phot ogr aphy of accident damage in instances where drivers were unwilling to be
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interviewed. In followup investigations, the automobile had to be |ocated then
exanined and photographed. In sone instances, repairs had already started, so the
danaged parts were | ocated, examned, and photographed.

Exami nation ofthe notorcycle was most often conpleted at the scene of the
accident. When this was not possible, the notorcycle was exam ned wherever it
was available, e.g.. a tow yard. inpound lot, rider hone, or a repair shop. The
mot or cycl e was phot ographed and neasured and information about it was recorded on
the precoded data forns: identifying information such as manufacturer, type,
year, size, etc., nodifications, tire and wheel types and conditions, condition
of maintenance, collision damage (as separate from general wear-and-tear and
previous accidents). |f a fire was involved, the fuel and ignition sources were
determined and recorded. Tires were evaluated for scuffs and skid patches to
i dentify evidence of braking and [ oss of control node, for violation of tire or
tube integrity, for debris trapped between tire and rim for inflation pressures
or tire wear contributing to loss of control. etc. In some instances, second
and third foll ow up examinations were necessary in order to resolve some critica
question.

Human Factors ~ |nterview ng

On-scene activity involved interviewing of the rider and passenger and ot her
vehicle driver if they were available for interview Wtness interviews were
often utilized to help establish the points of rest of the accident-involved
vehicles and parties if such information could not be determ ned from physica
evi dence alone. Eyewitnesses to the accident were interviewed; their statements
often guided the search for corroborating physical evidence. O course, when
physi cal evidence conflicted with witness statements, the witness statements were
given less significance in favor of the physical evidence. For exanple, witnesses
al most  al ways overestimated motorcycle speeds, usually by 30%to 50%, and ot her
vehi cl es drivers often inproperly identified the precrash location of the notor-
cycle. or said it "came out of nowhere."

Motorcycle riders were usually interviewed shortly after the accident either
at the scene or at the hospital. In fatal cases or those involving severe head
injury, interviews were conducted with a famly menber, friend, riding partner,
cowor ker or some other person who could provide authoritative information about
the injured party. Riders who were seriously injured and unable to participate
inan interviewin the energency roomwere usually interviewed |ater during their
hospi talizati on. O course, sone riders managed to elude the research team

Because nuch of the rider's background information was unverifiable except
on the rider's word, interviewers were careful to cross-check information given
in one answer by asking other sinilar questions, or asking for clarification
For exanmple, a rider mght say he had been riding motorcycles for ten years. More
careful questioning, however, mght reveal that two or three years of his experi-
ence, involved sporadic riding on borrowed notorcycles and anot her year of no
riding at all. Qoviously, these periods differ substantially from periods of
owning and operating one's own metorcycles; as such they would not be counted as
riding experience. Similarly, many riders who claimed to have dirt bike experi-
ence had only occasional dirt riding experience on borrowed notorcycles.
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Ri der statenents about precrash and crash events, and evasive actions
received the sanme careful scrutiny and cross-checking with physical evidence
that other vehicle driver and witness statenents received. For exanple, rider
statements about their precrash evasive maneuvers seemed to reflect either their
i ntended evasive action or sonme sort of wishful thinking; there was a | oW corre-
spondence between rider statenents and physical evidence indicating what evasive
action had actually been taken (or, quite often not taken). Sinilarly, they often
i nvented potholes, and sand or gas or oil spills on the roadway, and stuck throt-
tles, to account for a fall to the pavenent caused by their own lack of skill or
sone unsafe act. The explanations given by the riders were not really deliberate
deception; rather, they represent the rider's efforts to reconstruct and nmake
sense of a painful and bewildering experience.

Phot ogr aphy

Phot ography was the principal nmeans of documenting evidence fromthe acci-
dents.  Equi pment used were Canon FT and Nikkormat 35mm Single lens reflex
caneras equipped with standard 50mm f1.8 |enses (one Nikkormat had an 85mm £3.5
macrolens). Flash units were used not only in night photography but also for
daylight flash-fill photography, in order to reduce the darkness of shadows cast
by the sun on the notorcycle.

Phot ography of the accident scene denmanded a series of photos along the
mot orcycl e path of travel in order to document the roadway conditions — genera
environmental conditions as well as specific characteristics of the roadway as
they appeared to the rider in the imediate pre-crash nonents. Photos along
the nmotorcycle path of travel also allowed the accurate docunmentation of skids
and scrapes that hel ped define the pre-crash evasive actions or |oss of contro
mode of the notorcycle. and the point of inpact. |If a vehicle involved in colli-
sion with the notorcycle left any skids these were simlarly documented. Photos
along the other vehicle pre-crash path of travel hel ped eval uate environmenta
condi tions experienced by the car driver and the pre-crash conspicuity of the
mot or cycl e (by show ng the background agai nst which the rider woul d have been
seen).

Phot ography of the notorcycle involved overall shots of the standing notor-
cycle with eight views around the motorcycle: right, left, front, rear, right-
and left-front, right- and left-rear. \Wile nunerous views created sone redun-
dancy of observation, it was not uncommon for one view to show some critica
item that might not be apparent in another view. For exanple, bending of the
rear shock by the rider's leg being trapped between the rear shock absorber and
a car bunper might showup in a full right side view, but not a right-rear view
The ei ght docunentary photographs were shot from about tank I evel and provided
the elenentary vehicle data for the motorcycle. C ose-up photos were used
sparingly to docunent specific critical data elements such as headl anp filament
condition (indicating headlanp function at the instant of inpact), tire striations
i ndi cative of braking, loss of control, etc., and hair, skin or cloth nmarks
indicating rides contact; vehicle defects related to accident causation were

al so docunent ed.
Phot ographs of the accident-involved autonobile typically documented only

the areas of the car sustaining inmpact either with the rider or the notorcycle.
Close-up photos were usually unnecessary, although in some instances they were
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used to illustrate critical data elements. For exanple, a patter" of motorcycle
front tire striation on a car door might indicate use or "on-use of the front
brake: nearly horizontal scuffs in broadside inpacts show a predom nance of car
motion but little tire notion, indicating that the tire had nearly stopped rolling
as a result of braking at the moment of inpact.

Hel met Anal ysi s

Of course, the analysis of damage to the accident-involved hel met was a
critical part of the accident investigation. Sone elenents of the analysis were
straightforward: identification of the manufacturer, date of manufacture, standard
certifications, construction materials, helmet type, retention system type, etc

I n many i nstances the objects struck by the helmet were easy to identify:
pavenent, tires, glass, and painted nmetal have characteristic patterns of marking
the helnet shell. In other cases identifying a pattern of dammge, or establishing
a chronology of inpacts was quite difficult. For exanple, a faint |inear dent on
a polycarbonate shell can be overlooked easily, or mstaken for |ight gouge; but
if caused by direct pressure perpendicular to the shell, it represents an enornous
crushing load. Simlarly, abrasion damage to the edge bead of the helnet is
common, and usual ly of no great significance, but slight discoloration and defor-
mation can indicate severe inpact forces. \Wen the helnet strikes a soft com
pliant surface such as a car door, the inpact |oad can be spread diffusely by
the deformation of the sheet netal: hence crushing of the foamliner naterial of
the hel met night be focally mniml but spread over a very wide area. 1" al
instances, the analysis of helmet damage required detailed exam nation, identi-
fication of the inpacting surface and the nature of the inpact and the carefu
synthesis of the data.

When helnet ejection occurred, the analysis required determ nation of whether
the hel met had been fastened before the accident and, if so, the retention system
failure mode and the tine in the collision sequence when the helmet canme off.
Details of the analysis of damage to accident-involved safety helmets are avail able
el sewhere (Hurt, Cuellet, and Wagar, 1976; Cuellet, 1979).

Exposure Data

Exposure data were collected at the scenes of previously worked accidents, on
the sane day of the week, sanme time of day, and sinmilar weather conditions
Exposure teans arrived at the exposure site a" hour before the accident tine of
the reference accident case. In the ensuing half hour the appropriate traffic
flows to be counted were identified and verified. canera equi pment prepared, and
signs to attract passing notorcycle riders were placed al ongsi de the roadway
upstream from the exposure site. The signs were 2% ft x 3 ft white reflectorized
sheet netal, with four inch black letters; the three signs read, in order, "Mtor-
cycles Stop Ahead, " "Motoreyele Safety Survey," and "Mtorcycles Stop Here."

The gathering of exposure data began one half hour before the reference
accident tinme and concluded one hour later. For exanple, if the reference acci-
dent occurred at 12:30, exposure data were collected from 12:00 to |:00 Traffic
flow was tabul ated using manual |y operated tally counters mounted on a board.

One cluster of counters was used to count traffic of the other vehicle path of
travel (if there were another vehicle path separate from the notorcycle path of
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travel). Each cluster contained one counter foe each ngjor category of vehicles:
full and internediate size cars, conpact cars, sub-conpact cars, pickups and
trucks, large trucks and buses, and others

Ordinarily, one data collector counted traffic while the other was responsible
for photographing all the passing motorcycles and interviewing the riders. Wen-
ever possible, two photos were taken of the notorcycle that failed to stop for
interview a front-side viewthat permtted identification of the mgjor charac-
teristics of the notorcycle and headl anp function and rider apparel; plus a rear
view that would pernit identification of the |icense plate so that the registered
owner could be identified then contacted later by mail

On-scene interviewswere conducted with those riders who stopped. The
questions were essentially identical to those asked in the accident study and
the same nethods of cross-verifying answers were used. The interviews were
prefaced by an explanation of the purpose of the research, an offer of anonymity
and privilege to the rider, and an explanation of the questions to be asked.
During this initial phase of the interview, research personnel attenpted to estab-
lish a rapport with interviewees and put them at their ease.

Some riders who did not stop for interview were identified by neans of the
motorcycle |icense plate. A questionnaire soliciting the same information taken
in an interview was nailed to the home address of the registered owner. Ques-
tions were in a open-ended form The questionnaires returned to the teamwere
then reviewed and the data encoded as in roadside interviews.

Acci dent Reconstruction

The field collection of data was the critical first element in the research
effort. The second task in each accident was the analysis of the evidence and
synthesis of all the available information to reconstruct the sequence of colli-
sion events, speeds, collision dynamcs, rider kinematics and injury nechanics
to determne the effect of notorcycle nodifications, conspicuity, helmet function
and its relation to head injury, etc. Essentially, every accident was a jigsaw
puzzle, with a thousand or so data elements, that fit together in only one way;
and while there were simlarities anong acci dents, each case was uni que. The
task facing the investigator was to identify the critical data items and deter-
mne the interrelation of these el ements and devel op a coherent mental picture
that related all elements that define exactly how the accident occurred

At the start of reconstruction, the investigator has collected information
including a police report, medical report, twenty or so photos of the accident
scene and vehicles, a diagramof skids and other environmental information, and
partially conpleted data forns that define sone of the environnental, vehicle
and human factors in the accident. The analysis of the accident proceeds then
fromthe selection of those critical factors necessary to resolve a particular
question that cannot be resolved by direct observation

For exanple, speed analysis was sonmetimes a sinple, and other times a very
conpl ex task. Suppose a notorcycle rider overbrakes for a turn, slide:; out, falls
and slides to a stop on the pavenent without hitting any other objects. Here,
the determination of crash speed is based sinply on the coefficient of friction
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of the motorcycle sliding on pavenent, the distance the motorcycle slid, and
the elevation of the roadway. The initial speeds are estimated by use of con-

ventional conputations based on uniformy decelerated notion

In some cases, nultiple estinmates of speed are available to confirmthe
results to the accident reconstruction. For exanple, if a notorcycle rider
runs wi de on an el evated curve such as a freeway overpass and falls to the ground
bel ow while his notorcycle slides to a stop on the roadway. the speed of the
notorcycle can be calculated es above. The speed can al so be cal cul ated by mea-
suring the horizontal distance travelled during the fall divided by the time
required to fall.

Mot orcycl e and automobile collisions were nuch nore conplicated. A common
measure of inpact speed is deformation of front suspension of the notorcycle.
However, the experinents that defined notorcycle deformation as a function of
mot or cycl e crash speed utilized only stationary autonobiles being struck by
moving notorcycles in perpendicular inmpacts. In relating such information to a
real accident, the investigator must take into. account the angle of inpact
relative speeds of the vehicles, vector conmponents of the speeds, nodifications
of the front forks, braking performance, etc.

Simlarly, the analysis of injuries required the determination of the exact
manner in which the collision occurred, the relative notions of the vehicle(s)
in the instants of inpact, and determination of those objects the rider struck.
When the rider was thrown fromthe point of inpact, it was necessary to define
those injuries that occurred as a result of imitial inpact with a car, and those
that resulted from tunbling in the roadway, and perhaps inpacting other objects
The analysis of injuries required famliarity with the typical nechanisns of
injury that had been di scovered in autonobile accident investigation and the
patterns of injury peculiar to motorcycles, e.g., groin injuries and | ower |eg
fractures.

Determ nation of |oss of control nodes was based largely on the pattern of
environmental evidence and damage to the notorcycle. For exanple, the typical
| ocked rear wheel slide-out involves a skidmark that starts rather straight and
narrow, gradually broadens as it curves to one side and becomes faint and
di sappears. As the skid disappears, it is acconpanied in parallel by scrape marks
as the side of the motercycle contacts the pavenent. The notorcycle typically
shows a pattern of damage in which the rear tire shows striations and scuffing on
the same side on which the notorcycle fell, sliding damage to the rear and side
structures of the notorcycle, and turn signals bent in the direction of the fall

By contrast, the front braking slide-out is indicated by a very w de and
heavy skid mark usually ten to fifteen feet long, which hooks off to one side
Like a rear slide out, the front braking slide-out has a region in which the
skid mark is overlapped and paralleled by scrape marks fromthe side of the
motorcycle. The notorcycle front tire shows striations and scuffs, the front
turn signals and headl anp are bent and abraded and the abrasions often are hori -
zontal when the notorcycles is exam ned standing up (because there is usually
| ess yawing of the notorcycle in front-lock slide-outs than in rear |ock
slide-outs)
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on the other hand, rear slide-out loss of control sonetines ends in a high-
side when the notorcycle rider releases the rear brake es the notorcycle is
starting to slide out and fall. This allows the rear wheel to start rolling again,
thereby gaining traction and throw ng the notorcycle to an upright position -
and beyond so that it falls on the "high"side. The critical environnental infor-
mation that defines a "high side" is a gap of several feet between the end of the
skid and the start of the scrapes. The motorcycle will show a skid patch and scuff
marks on one side of the tire but pavenment danmage to the engine, nuffler, pegs etc.
on the cpposite side. Thus the field collection of the data required the judgement
and skill to recognize critical items such as the overlap of skids and scrapes,
whil e reconstruction required the interpretation of small clues that pinpointed -
the collision conditions

The preceding discussion is not intended to provide an exhaustive description
of the process of accident reconstruction; rather, it is intended to illuninate the
variety of factors considered and some of the logic in the reconstruction of notor-
cycle accidents. A nore thorough discussion of sone of the factors involved is
avail able el sewhere (Hurt, 1973; Ouellet, 1979). —

4.5 Quality Control

The investigation and reconstruction of each accident required the deternination
of 582 questions involving 1045 data entries (human factors alone required 658 data
entries). These ranged fromsinple identification factors, such as roadway type -—
or notorcycl e manufacturer, to highly conplex issues such as injury contact surfaces
speed analysis, and the relation between helnmet "se and head injuries

The large amount of data collected and the conmplexity of the effort required -
a high level of quality control to assure the validity and reliability of the data
Quality control procedures took place on virtually every level of the research
effort including data collection and accident reconstruction, as well as editing
of the data and statistical analysis. Rather than being a separate function per-
formed in isolation fromthe other research tasks, quality control was a constant
ongoi ng process integrated into the research effort. Quite often, quality contro
findings in one level of the research led to the alteration of task performance

on another level. Far exanple, reconstruction of accidents to determne injury

contact surfaces nmight reveal that the conposition of photographs taken during

data collection needed inprovenent to better illustrate the characteristics of the —
i npact .

Data Col |l ecti on

Quality control took place in the data collection effort in a "unmber of ways.
In gathering rider background information, responses given by the rider were often
cross-checked against other responses, or clarification was sought. For exanple,
a rider nmight say that he had been attending to traffic on the roadway in front
of himin the precrash phase of the accident, yet be unable to explain howthe
car he struck went frombeing at the side of the roadway to being directly in his
path without his having see" it nove until too late. Simlarly, a rider night say -
he rides "every day" and under closer questioning state that he really commutes
daily and rides only five days a week.
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Injury information was often double or triple-checked. Information mght come
fromthe investigator's direct observations at the hospital, conversation with the
injured party, energency roomreports, follow up checks by the team pathelogy con-
sultants or team personnel, autopsy reports and so on. In many cases, information
came fromewo or three of these sources which were cross-checked against each
other. Additionally, investigation of other aspects of the accident sometines
suggested injuries that were not i medi ately obvious. For exanple, sone riders
were reluctant to admit to having groin injuries, but when told that the notor-
cycle fuel tank showed damage characteristic of groin inpact, they would usually
concede to having suffered such an injury then provide other information about
that injury.

O course, interviews with accident-involved parties generated a variety of
conflicting statements as to how the accident happened. As noted earlier, these
statenents were often used as a guide in searching for corroborating physica
evidence, and in nmany cases led to the discovery of valuable physical evidence
Wher e physical evidence contradicted witness statement, the witness statenent
was di scounted, and when no evidence could be found to support or contradict
witness statenents, the statenents were evaluated in the larger context of the
acci dent.

Mot or cycl e damage and environnental evidence show a correspondence in which
damage and markings on the notorcycle caused by the environnent should be identifi-
able within the environment and evidence in one shoul d suggest evidence in the
other. For exanple, in an accident in which the motorcycle ran wide on a turn
investigation of the environnent may reveal tire scuffs along the curb. In order
to verify that the scuffs came fromthe accident-invol ved notorcycle, the investi-
gator woul d then I ook on the notorcycle tires and wheels for correspondi ng con-
crete abrasions that would confirm 8 lowangle tangential inpact with the curb

Quality Control in Reconstruction

In the early phases of the data collection, the reconstruction and review of
the cases was perforned jointly by all the investigators who had worked a parti-
cular accident. The debates occurring during such teamreviews served to sharpen
the reconstruction skills of the investigators and also allowed for devel opnment
of standardization in resolving issues and encoding conplicated information. During
the later phases of data collection, reconstruction and review of the cases was
typically performed by a single investigator with input fromother investigators
on the case as needed.

Many of the quality control procedures used in data collection were also used
in the reconstruction and review of the cases. Since photographs were the principal
means of documenting accident evidence, photographs were consulted extensively and
cross-checked to verify evidence in the reconstruction of the accident for speeds,
injury contact surfaces, collision kinematics and dynam cs. Followup calls to
accident-involved parties and witnesses were nade as needed to clarify unresol ved
questions. In some cases, consultation was nmade with the treating physician to
resol ve questions concerning the rider's injuries, and in other cases outside
physi cians were consulted to help clarify conplex issues relating to injuries
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Principal Investigator and Consultant Review

Wien team review and reconstruction of a case was conplete the case was sent
to the Principal Investigator for final review Here, many of the sane procedures
used in reconstruction of the accident were utilized: evi dence in photographs
was caretully evaluated and cross-checked to verify precrash speeds and evasive
actions, injury contact surfaces and collision dynamcs. Data forms were checked
for the internal consistency e.g., if the vehicle form stated that the front brake
was being applied at the time of the accident, the hunman factors form should al so
indicate front brake usage as an evasive action. Review of all cases by the
Principal Investigator also helped assure uniformty of coding practices.

Additionally, in a large nunber of cases, accident-involved parties were

contacted by the Principal Investigator and interviewed a second tine. This hel ped
to verify information given in the original interview and allowed clarification
of information contained in the field notes. Further, particular itenms of interest
that arose in the course of the research were investigated on an informal basis.
For exanple. many other vehicle drivers were surveyed to determne the extent of
their famliarity and involvement wth notorcycles, and a nunber of notorcycles
riders were queried to determne the comspicuity characteristics of their upper
torso coverage.

Quality Control in Data Processing

Wien quality control review by the Principal I|nvestigator had been conpleted,
the data were keypunched. O course, any data identifying particular individuals,
vehicles, accident locations etc. was excluded at this point to assure the inacces-
sibility of information regarding a particular accident. This was done to protect
the anonymty of the accident-involved parties and the privileged research. In
order to assure the reliability of the keypunch work. each case was keypunched then
key verified. Any discrepancies that arose in data entries between the two sets
of keypunch data were resolved by careful checking of the accident data forns to
determne the proper entry.

Wien all cases had been keypunched and stored on tape, the next step of quality
control was to take sinple frequency counts of the responses to each question.
Incorrect entries were then identified, checked against the case data form the
error resolved, and the data entry corrected. This process of generating the
sinple frequency counts, locating and correcting inproper data entries, resolving
the error and correcting the data entry was performed several tinmes.

Finally, cross-tabulations of various data elenments were made and unusual data
entries were examined to determine the validity of the entry. Some entries required
correction while other unusual entries sinply reflected accident circunmstances that
were extraordinary in some way.

4.6 Data Processing and Analysis

Data collected in the study were encoded on the preccded field data forns. The
data form usually contained a question about a particular item and a set of nunbered
mul tiple-choice responses. The investigator selected the appropriate response and
entered the corresponding nunber in a box printed next to the question. When the
case had been conpleted and all reconstruction and review by the team and Princi pal
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Investigator "es finished, the data entries were transferred from the data forms
to keypunch cards. Each case "es keypunched and key verified so that inconsistent
entries were noted and resolved. \Wen keypunch "as conpleted, the data "es trans-
ferred to magnetic disk for data processing and storage.

The data described in this report were stored es four independent sets:
1. 3600 Traffic accident report cases

2. 900 On-Scene, In-Depth accident cases

3. 505 exposure site data cases

4, 2310 notorcycle and rider exposure data cases

Wil e the four sets were independent it "es possible to transfer data fromone to
another. For exanple, the 505 exposure site data forns did not specify the inter-
section type. However, Since each exposure took place et the same scene as a
previous on-scene, in-depth accident, it "es possible to transfer that data elenent
from the reference accident case to the exposure data.

Al file creation and manipul ation programs were built using Fortran |V and
the statistical analysis prograns were built using the Statistical Package for the
Soci al Sciences (SPSS). Since there were four independent data sets, four
separate SPSS prograns were built - one for each data set.

Additionally, the injury data fromthe 900 OSID cases were subdivided into two
subsets: somatic injuries -defined roughly es anything bel ow the neck -and
head and neck injuries. Somatic injuries were encoded using the Qccupant |njury
C assification (0IC). Bead and neck injuries were encoded using a systemsinlar
informto the OC but differing in the body part associated with a particul ar
code. For exanple, in somatic injuries the body region designated "P" is the
pelvis; and the head and neck injury form "B" signifies "parietal". Qbviously,
somatic injuries were encoded and anal yzed conpl etely independent of head and neck
injuries, and vice versa

Statistical analysis of the data "es largely through SPSS met hodol ogy. Sinple
frequency counts were made on all variables and, when the interaction of two factors
"es the object of interest, a cross-tabulation of all the various responses "es
generated. Specific questions required specific collection and cross-tabul ations
for analysis.

In many instances, a chi-square test mght not show statistical significance
within a large cross-tabul ation since data were very often nominal as opposed to
ordinal or interval in nature. Nevertheless, it may be highly significant in a
non-statistical sense that, for exanple, one accident in twelve involved under-
cornering and running wide on a turn while one in thirty invol ved overcornering
and grounding out.

An inportant part of the data analysis involved determ nation of the nature
and severity of the nost severe injury. Each accident could have no injuries (in
whi ch case the nobst severe injury is "none" and the severity "0"), or there could
be one or nore injuries. O course, a rider could have sonme injuries with the
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same Severity levels. For exanple, the rider nmight have six somatic injuries with
the following severity scores: 1,1,3,1,2,3. The format followed in selecting the
nmost severe was as follows:

1: Arrange all injuries in order of increasing severity. In the exanple
above, this would be: i,1,1,2,3,3. —

2. Select the last injury on the list es the most severe injury.

When there is nore then one injury at the highest severity level, as in the -
above exanple, the particular injury selected as "nost severe" is somewhat arbitrary.
However, it is precisely this arbitrariness that assures agai nst selective bias
in designating one injury (anong two or more possibilities) es the "mobst severe". -

Some of the data anal yses involved collapsing data elenents into smaller
categories. For exanple, sge was tabulated on a year-by-year basis. But a cross-

tabul ation of, for exanple, helnet use by age is cunbersonme and any trends within
the data may be unclear until the 50 individual year categories are collapsed into
several groups = in this exanple O 16 years, 17-20, 21-26, 27-39, 40-49, 50-59
60-97 years. \WWen cunbersonme data is treated in this nanner, basic trends nay

be nore readily apparent, and this type of treatment has been used in this report

4.7 Research Recommendations

This research demanded a special qualification for the staff: It was mandatory
that the research team menbers have extensive notorcycle experience in addition
to the professional qualifications. |t was vital that the research team nmenbers
have the experience, perspective and sensitivity to the special problens of the
notorcycle rider and the special characteristics of notorcycle accidents. It is
sure that without this special ingredient, the factors critical to notorcycles
woul d NOT have been collected with fidelity.

The conparisons of exposure data and registration data showed great differences. _
Actual motorcycle use differs greatly fromregistration information, e.g., nmany
regi stered notorcycles are stored or are in garages and are not actually in use
on the street by those licensed riders. Alse, the use of traffic accident reports
for notorcycle accident research nust be linmited. Only very basic infornmation is -
avail abl e from such casual and perfunctory investigation; speeds, collision
contacts, injury analysis, culpability, etc. can not be related with acceptable
accuracy.

The chronol ogi cal defect of the exposure data caused difficulty and had the
prospect of reducing the effectiveness of the research findings. Mst of the
major factors of concern in this research were protected by benchnark data or
special analysis. Nevertheless, all accident data collection should be accom
panied by tinely exposure data collection.

The urban popul ati ons have changed greatly during the last ten years and it

is typical that data collection teanms will be required to denonstrate some fluency
in Spanish.
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same severity levels. For exanple, the rider mght have six somatic injuries with
the followng severity scores: 1,1,3,1,2,3. The format followed in selecting the
nmost severe was as follows:

L. Arrange all injuries in order of increasing severity. In the exanple
above, this would be: 1,1,1,2,3,3.

2. Select the last injury on the list as the most severe injury.

When there is more than one injury at the highest severity level, as in the
above exanple, the particular injury selected as "most severe" is sonewhat arbitrary.
However, it is precisely this arbitrariness that assures against selective bias
in designating one injury (anong two or nore possibilities) as the "nobst severe"

Some of the data anal yses involved collapsing data elenents into smaller
categories. For exanple, age "as tabulated on a year-by-year basis. But a cross-
tabul ation of, for exanple. helnet use by age is cunbersome and any trends within
the data nmay be unclear until the 50 individual year categories are collapsed into
several groups - in this exanple O 16 years, 17-20, 21-26, 27-39, 40-49, 50-59,
60-97 years. \Wen cunbersome data is treated in this nmanner, basic trends nay
be nore readily apparent, and this type of treatment has been used in this report

4.7 Research Recommendations

This research demanded a special qualification for the staff: It "as nmandatory
that the research team menbers have extensive notorcycle experience in addition

to the professional qualifications. It "as vital that the research team nenbers
have the experience, perspective and sensitivity to the special problenms of the
nmot orcycl e rider and the special characteristics of nmotorcycle accidents. It is

sure that without this special ingredient, the factors critical to motorcycles
woul d NOT have been collected with fidelity.

The conparisons of exposure data and registration data showed great differences.
Actual notorcycle use differs greatly fromregistration information, e.g., many
regi stered notorcycles are stored or are in garages and are not actually in use
on the street by those licensed riders. Also, the use of traffic accident reports
for motorcycle accident research nust be linmted. Only very basic information is
avail able from such casual and perfunctory investigation; speeds, collision
contacts, injury analysis, culpability, etc. can not be related with acceptable
accuracy.

The chronol ogi cal defect of the exposure data caused difficulty and had the
prospect of reducing the effectiveness of the research findings. Mst of the
maj or factors of concern in this research were protected by benchnmark data or
special analysis. Nevertheless, all accident data collection should be accom
panied by timely exposure data collection,

The urban popul ati ons have changed greatly during the last ten years and it

is typical that data collection teams will be required to denmonstrate some fluency
in Spanish.
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Any future research on notorcycle accidents should include more in-depth
exam nation of characteristics of the driver of the other vehicle involved in
collision with the notorcycle. The donminant culpability of the driver of the
ot her vehicle shown in these data demands further detailed exanination to deter-
mne concisely the causes of the search and detection failures.
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5.0 ACCI DENT CHARACTERI STI CS AND ENVIRONMENTAL FACTORS

This section of the accident data shows the characteristics of the

acci dents and the contribution of the environnental
The single and nultiple vehicle accidents are analyzed for the acci-

events.

factors in the accident

dent time, accident configuration, cause factors and the contribution of the

envi r onnent

to those causes.

For exanple, in the case of the multiple vehicle

collision, it is shown that the driver of the other vehicle is nost often the
cul pabl e party in the accident by violating the right-of-way of the oncomi ng
motorcycle, usually as a result of a detection failure.
and buildings contribute to the inability of the other driver to detect the

motorcycle in traffic, but the significant itemis the lack of conspiculty of

the motorcycle in traffic.
are investigated in special

det ai |

The adj acent

tribution of the upper torso garnment worn by the notorcycle rides.

5.1 USC Acci dent

Data Acquisition

traffic

Those factors relating to the lack of conspicuity
to show the effect of the visibility con-

Table 5.1.1 shows the performance of the USC DOT research teams In the
O the 900 on-scene, in-depth accident

collection of motorcycle accident
(0sIDs), 68.6% were investigated at the accident

cases,

possible after the occurrence of the accident.
most human subj ects were still

at that

dat a.

| ocati on.

| ocati on as scon as

In this way, the vehicles and

The renaining 31.4%of the

detailed investigations were conducted by followup activities within 24 hours

after the accident occurrence.
TABLE 5.1.1 TYPE OF | NVESTI GATI ON BY USC (0SIDs)
Rel ative | Adjusted
Absol ute | Frequency |Frequency
Category Label Code Frequency (%) ()
on-scene 1. 617 68. 6 68. 6
Follow-up in 24 hours 2. 283 31.4 3.14
. TOTAL 900 100.0 100.0

The traffic accident reports (TARs) for notorcycle accidents in the study
area were collected on a regular basis fromthe | aw enforcement jurisdictions

in the study area.

Atotal
approxi mately 320 others have been coll ected for additional

of 3600 were coded and prepared for analysis and
ref erence.

There

were no omssions in this collection procedure, and subsequent data conparisons
showed that this file represented 100% of the reported accidents in the study

area at that tine.
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5.2 Aceident Distribution by Tine, Day, and Month

Tables 5.2.1 and 5.2.2 show the distribution of the accidents by the time
8f day with the greatest concentration of all accidents in the time of 3 to
PM

TABLE 5.2.1. TIME OF DAY OF ACCIDENTS (0SIDs)

Rel ative | Adjusted

Absolute | Frequency | Frequency
Category Label Code Frequency (%) (%)
0001 thru 0100 1 12 1.3 1.3
0101 thru 0200 2 6 0.7 0.7
0201 thru 0300 3 11 1.2 1.2
0301 thru 0400 4 1 0.8 0.8
0401 thru 0500 5 2 0.2 0.2
0501 thru 0600 6 2 0.2 0.2
0601 thru 0700 7 14 1.6 1.6
0701 thru 0800 a 17 1.9 1.9
0801 thru 0900 9 33 3.7 3.7
0901 thru 1000 10 34 3.8 3.8
1001 thru 1100 11 34 3.8 3.5
1101 thru 1200 12 64 7.1 7.1
1201 thru 1300 13 92 10. 2 10.2
1301 thru 1400 14 67 7.4 7.4
1401 thru 1500 15 80 8.9 8.9
1501 chru 1600 16 93 10.3 10.3
1601 thru 1700 17 89 9.9 9.9
1701 thru 1800 18 78 a7 8.7
1801 thru 1900 19 43 4.8 4.8
1901 thru 2000 20 45 5.0 5.0
3.7
S0 thea 5300 7 ik 36 2.6
2201 thru 2300 23. 9 1.0 1.0
2301 thru 2400 24, 12 1.3 1.3
TOTAL 900 100. 0 100.0

The fatal accidents (54) were well distributed throughout the 24 hours
without significant concentration

Correlation was made with the data fromthe traffic accident reports and
the on-scene investigations. Approximtely 10% of the on-scene, in-depth cases
did not have a traffic accident report prepared because of |imted damage to
the other vehicle, limted property damage, or limted injuries to the notor-
cycle rider. It is suspected that many other single vehicle notorcycle acci-
dents occurred and were not recorded wth traffic accident reports and are
unknown in public record because of injuries to the rider only.
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TABLE 5.2.2. TIME OF DAY OF ACCIDENT (TARs)

Rel ative | Adjusted

Absol ute Frequency | Frequency
Category Label Code Frequency (%) (%)
0001 thru 0100 1. 89 2.5 2.5
Q191 thru 0200 2. 57 1.6 1.6
0201 thru 0300 3. 52 1.4 1.4
0301 thru 0400 4, 25 0.7 0.7
0401 thru 0500 5. 8 0.2 0.2
0501 thru 0600 6. 13 0.4 0.4
0601 thru 0700 1. 52 1.4 1.4
0701 thru 0800 8. 134 3.7 3.7
0801 thru 0900 9. 91 2.5 2.5
0901 thru 1000 10. 93 2.6 2.6

1001 thru 1100 11. 127 3.5 3.5
1101 thru 1200 12, 155 4.3 4.3
1201 thru 1300 13. 263 7.3 7.3
1301 thru 1400 14, 201 5.6 5.6
1401 thru 1500 15, 253 7.0 7.0
1501 thru 1600 16. 291 8.1 8.1
1601 thru 1700 17. 374 10. 4 10. 4
1701 thru 1800 18. 345 9.6 9.6
1801 thru 1900 19, 228 6.3 6.3
1901 thru 2000 20. 195 5.4 5.4
2001 thru 2100 21, 194 5.4 5.4
2101 thru 2200 22. 138 3.8 3.8
2201 thru 2300 23. 132 3.7 3.7
2301 thru 2400 24, 85 2.4 2.4

Not Reported 98. 5 0.1 M SSI NG
TOTAL 3600 100.0 100.0

Tables 5.2.3 and 5.2.4 show the accident distribution by day of week with
Friday accounting for the greatest concentration.

Tables 5.2.5 through 5.2.8 show the nonths of accident occurrence for the
data acquired. These data are included to illustrate acquisition perfornmnce
and are not necessarily representative of the distribution of all such acci-
dents. However, these data portray the typical concentration of accidents dur-
ing the summer nonths of June, July, and August.

5.3 bjects Involved in Collision with Mtorcycles

Table 5.3.1 shows those objects involved in collision contact with the
motorcycles in the 900 on-scene, in-depth accident cases. O the cases shown,
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TABLE 5.2.3. DAY OF THE VEEK (0S1Ds)

Relative

Absol ute Frequency
category Label Code Frequency (%)
Monday 1. 137 15.2
Tuesday 2. 132 14.7
\Wednesday 3. 145 16.1
Thur sday 4. 128 14.2
Fri day 5. 153 17.0
Sat ur day 6. 110 12.2
Sunday 1. 95 10.6
TOTAL 900 100.0

TABLE 5.2.4. DAY OF THE WEEK {TARs)

Rel ative

Absol ute Frequency
Category Label Code Frequency (%)
Monday 1. 498 13.8
Tuesday 2. 492 13.7
Wednesday 3. 525 14.6
Thur sday 4, 493 13.7
Fri day 5. 590 16. 4
Sat ur day 6. 524 14. 6
Sunday 1. 478 13.3
TOTAL 3600 100.0
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TABLE 5.2.5. MONTH OF ACCI DENT (0SIDs)

Rel ative

Absol ute Frequency
Category Label Code Frequency &9
January 1. 52 5.8
February 2. 51 5.7
Mar ch 3. 63 7.0
Apri | 4, 87 9.1
May 5. 66 7.3
June 6. 88 9.8
July 7. 109 12.1
August 8. 107 11.9
Sept enber 9. 75 8.3
Cct ober 10. 76 8.4
Novenber 11. 63 7.0
Decenber 12. 63 7.0
TOTAL 900 100.0

TABLE 5.2.6. MONTH OF ACCI DENT (TARs)

Rel ative

Absol ute | Frequency
Category Label Code Frequency (%
January L 319 s.9
February 2. 340 9.4
March 3. 389 10.8
April 4. 394 10.9
May 5. 327 9.1
June 6. 403 11.2
July 7. 237 8.9
August 8. 212 6.6
Sept enber 9. 5.9
Cct ober 10. 246 6.8
Novenber 11. 226 6.3
Decenber 12. 187 5.2
TOTAL [ 7 Seuy 100.0
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TABLE 5.2.7.

MONTH OF ACCI DENT (1976 TARs)

Rel ative
Absol ute Frequency
Category Label Code Frequency ()
January 1. 166’ 4.6
February 2. 140 3.9
March 3. 183 5.1
April 4. 185 5.1
May 5. 199 5.5
June 6. 247 6.9
July 7. 251 7.0
August a. 235 6.5
Sept enber 9. 212 5.9
Cct ober 10. 246 6.8
Novenber 11, 226 6.3
Decenber 12. 187 5.2
(1977 Accidents) 1123 31.2
TOTAL 3600 100.0
TABLE 5.2.8. MONTH OF ACCI DENT (1977 TARs)

Relative

Absolute |Frequency

Category Label Code Frequency (%)

January 1. 153 4.2
February 2. 200 5.6
Mar ch 3. 206 57
April 4. 209 5.8
May 5. 128 3.6
June 6. 156 4.3
July 7. 69 1.9
August 3. 2 0.1
(1976 Accidents) Q. 2477 68.8
TOTA 3600 100.0
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TABLE 5.3.1. OBJECT STRUCK BY MOTORCYCLE (0SIDs)

Relative
Absol ute | Frequency
Cat egory Label Code Frequency (%)

Passenger Car 1. 588 65.3
Q her Motorcyele 2. 27 3.0
Fi xed Qbject 3. 40 4.4
Animal 4, 3 0.9
Roadway 5. 172 19.1
O her 4-wheel Vehicle 6. 48 5.3
QO her 7. 17 1.9
TOTAL | 900 100.0

230 were single vehicle collisions (Table 5.3.2) where the notorcycle did not

make contact with another vehicle. The 230 cases were as foll ows:
Fi xed oject 40
Animal 8
Roadway 172
QG hers (pedestrians, trash, etc.) 10
TOTAL 230
TABLE 5.3.2. MJLTIPLE OR SINGLE-VEH CLE COLLI SI ON (0SIDs)
Rel ative | Adjusted
Absol ute | Freguency Frequency
Cat egory Label Code Frequency (% (%) —
Single Vehicle Collision 1. 230 25.6 25.7
Multiple Vehicle Collision g 667 74. 1 74.3
Unknown ' 3 0.3 Missing -
TOTAL i 900 100.0 100.0
In some of the 230 single vehicle collisions, another vehicle was involved _
in accident causation, e.g., an autonobile turns left in front of the onconing
motorcycle, the notorcycle rider over-brakes, slides out and falls to the road-
way but does not collide with the autonpbile. Forty-nine such cases occurred
so that there were 181 cases where only the motorcycle was involved.
Tabl e 5.3.3 shows the number of vehicles involved fromthe 3600 police
traffic accident reports. Table 5.3.4 shows the collision type for those
3600 accidents. There is generally no precise distinction nade for collision
L]
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TABLE 5.3.3.  NUMBER OF VEHI CLES | NVOLVED (TARs)
Rel ative
Absol ute | Frequency
Cat egory Label Code Frequency (%)
Single Vehicle Accident L 803 22.3
Two Vehicles 2. 2709 75.2
Three Vehicles 3. 79 2.2
Four Vehicl es 4, 7 0.2
Five Vehicles 5. 2 0.1
TOTA 3600 100.0
TABLE 5.3.4  COLLI SI ON TYPE (TARs)
| Relative  Adjusted
Absol ute | Frequency |Frequency
Cat egory Label Code Frequency (%) (%)
Head- On 1 174 4.8 6.3
Rear - End 2, 543 15.2 19.9
Si de- Swi pe 3. 236 6.6 8.6
Angl e 4. 1061 29.5 38.6
Br oadsi de 5. 673 18.7 24.5
Qthers 6. 59 1.6 2.1
Unknown a. 54 1.5 Missing
N.A. Single Vehicle Accident 9. 795 22.1 M ssi ng
[ TOTA 3600 100. 0 100. 0
contact and, as a result, many of the single vehicle accidents nay yet involve

anot her vehicle in causation but not

collision contact.

5.4 Accident Precipitating Factor

Table 5.4.1 shows the accident
in-depth accident investigation cases

sidered to be the primary factor of accident

For simplicity,
causati on.

precipitating factors for the 900 on-scene,
this factor may be con-
Tabl e 5.4.2 shows the

accident precipitating factor for the 230 single vehicle collisions and
Table 5.4.3 shows the accident precipitating factors for the multiple vehicle
col l'i sions.

Phant om Vehicl e was sel ected as the accident precipitating factor when the
only evidence pointed to unsafe action of another vehicle which could be
described but not identified. The unidentified phantom vehicle was NOT invol ved
in collision contact with the notorcycle. As an exanple, one notorcycle rider
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TABLE 5.4.1. ACCI DENT PRECI PI TATI NG FACTOR (All 0SIDs)
Rel ative Adj ust ed
Absol ute | Frequency |Frequency
Cat egory Label Code Frequency (%) ()
Phant om Vehicl e 0. 4 0.4 0.4
MC Error 1. 367 40. 8 40.9
OV Violation of MC ROW 2. 457 50. 8 50.9
Roadway Def ect 3. 18 2.0 2.0
Pedestri an 4, 6 0.7 0.7
Ani nal 5. 10 1.1 1.1
Vehicle Failure 6. 25 2.8 2.8
O her 7. 11 1.2 1.2
Unknonwm 8. 2 0.2 M ssi ng
TOTA 900 100.0 100.0
TABLE 5.4.2. ACCIDENT PRECI PI TATING FACTOR
(Single Vehicle OSIDs Only)
Rel ative
Absol ute |Frequency
Cat egory Label Code Frequency (%
Phant om Vehicle 0. 4 1.7
MC Error 1. 148 64.3
OV Violation of MC ROW 2. 25 10.9
Roadway Def ect 3. 15 6.5
Pedestri an 4, 5 2.2
Ani mal 5. 9 3.9
Vehicle Failure 6. 21 9.1
O her 7. 3 1.3
TOTAL 230 100.0

swerved to the right and off the straight roadway to avoid an onconing
wrong-way aut onobile which was described but not identified by the rider, and
there were no witnesses to support the claimthat another vehicle was actually
present.  Generally, such clains about the phantom vehicle were vague and
questionable and very difficult to support. In this way, it is difficult to
classify such an accident but it is sure that there was only one vehicle
involved in the collision, and that was the notorcycle. Hence. the classi-
fication here includes the phantom vehicle accident as a single vehicle col -
lision. In addition, these "phantom vehicle" accidents are not large in
nunber and conveniently fall into the group of single vehicle collisions.

Motorcycle Rider Error was selected as the accident precipitating factor
when the accident evidence showed that the rider's actions were responsible
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TABLE 5.4.3. ACCI DENT PRECI Pl TATI NG FACTOR
(Mil tiple Vehicle 0SIDs)

Relative Adjusted
Absolute |Frequency | Frequency
Cat egory Label Code Frequency (%) ()

MC Error 1. 219 32.8 32.9
OV Violation MC ROW 2. 430 64.5 64,7
Roadway Def ect 3. 3 0.4 0.5
Pedestrian 4, 1 0.1 0.2
Ani nal 5. 1 0.1 0.2
Vehicle Failure 6. 3 0.4 0.5
O her 1. 8 1.2 1.2

Unknown 8. 2 0.3 Missing
TOTAL 667 . 100.0 100.0

for the collision. As an exanple, an alcohol-involved notorcycle rider enters
a curve at excess speed and runs wide on the turn, running off the roadway and
crashing. In this case, the actions of the rider were the principal factors
in the accident and the error would be assigned to ‘the rider. Table 5.4.2
portrays the expected domi nance of motorcycle rider error in the single vehicle
collision, 64.3% of the 230 cases. Note also that in 10.9% of the single
vehicle collisions, the other vehicle involved in the collision was at fault
Such a case would be represented by an autonobile backing from a parking place
into the right-of-way of an oncoming motorcycle. The notorcycle rider over-
brakes, slides out and falls to the roadway without collision contact with

the offending autonmobile. If there had been sufficient time and distance for
the motorcycle rider to easily avoid collision by proper braking, the accident
precipitating factor may have been determned as notorcycle rider error rather
than the right-of-way violation by the autonobile.

Qher Vehicle Violation of the Mtorcycle Right-of-Way is a predomni nating
factor in the 900 on-scene, in-depth accident cases; 50.9%of all those acci-
dents are attributable to the driver of the other vehicle involved in the
accident. This fact is especially clear when the nultiple vehicle collision
data of Table 5.4.3 show that the 64.9% of those accidents are due to the
actions of the driver of the other vehicle. The typical accident in this
category is portrayed by the autonobile in traffic turning left into the path
of the oncoming motorcycle. In such an accident, the culpability is exclusively
due to the action of the driver of the autonobile. The greatest part of this
acci dent cause factor is related to the failure of the automobile driver to
"see" the onconming notorcycle, or to "see it in time" to avoid the collision.

In the typical accident involving the autonobile driver cul pability, the
post-crash statenent of the autonobile driver is "I signaled to turn left,
and started out when it was clear. Then something hit my car and | later saw
the notorcycle and the guy lying in the street; | never saw himl  Look what he
did to ny car!" The motorcycle rider would usually say "all of a sudden this
car pulled out in front of me. The driver was looking right at me!"




This dom nant cul pability of the driver of the other vehicle is a critica
exposition of the failure to detect a relatively unfamliar vehicle on a
collision path where notion comspicuity i s absent. It enphasizes the specia
need for high contrast conspicuity for the notorcycle and rider. A specia
sanpling of 62 of these cases showed that there were no drivers of the acci-
dent involved automobiles who had any notorcycle experience; hence the notor-
cycle was an unfamiliar as wel|l as incomspicuous target.

Roadway Defect was assigned when sonme severe irregularity of the roadway
surface or traffic control was present. As show' by the acconpanying data
this factor was closely related to a loss of motorcycle control and was nost
likely to cause a single vehicle collision. \Wole roadway defects were only
2.0% of all 900 accidents, this factor appears es 6.5% of the single vehicle
collisions. A typical accident of this sort would be the loss of control by
a" experienced nmotorcycle rider upon encountering a 1-1/2" pavenent ridge
nearly parallel to his path.

Pedestrian action wee the precipitating factor when the pedestrian nmade
some unsafe, darting nove into the path of the notorcycle. This factor was
chose" when it was clear that the pedestrian nmade this unsafe nove away from
traffic controls and crosswal ks

Ani mal invol vement was selected as the accident precipitating factor when
the animal in traffic was actually involved in the collision with the notor-
cycle, or was the principal hazard which caused action by the notorcycle rider
or other vehicle driver. and created the accident.

Vehicle Failure was chosen as the accident precipitating factor when
mechani cal performance of the notorcycle caused the accident. Vehicle failure
was the principal factor in 2.8%of all the 900 accidents, and of course,
those were primarily single vehicle collisions. Typical cases of vehicle
failure involved puncture flats of the tires or a maintenance defect which
caused loss of control

O her was selected for those special cases where sonme strange circum
stances did not allow concise deternmination of the accident cause. For
exanpl e, a station wagon was struck in the side by a" operating but Rl DERLESS
not orcycl e which entered the intersection against traffic controls. No rider
passenger, or owner could be located for the notorcycle.

Table 5.4.4 shows the primary and secondary causes of the 3600 notorcycle

accidents analyzed from traffic accident reports. A conparison of these data
shows that only basic information on causation is available.

5.5 Pre-Crash Vehicle Motions

Table 5.5.1 (Appendix C. 1) shows the precrash notions of the notorcycle
and other vehicle involved in the 900 on-scene, in-depth accident cases. The
outstanding elenents of the data are es foll ows:

1.  The nost frequent accident configuration is the notorcycle proceeding
straight and the autonobile makes a |eft turn (nost usually in front of the
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TABLE 5.4.4. CAUSE OF ACCI DENT (TARs)

Rel ative Adj ust ed
Absol ute | Frequency |[Frequency
Category Label Code Frequency (%) (%3
Primry
No Cause Gted 0. 220 6.1 6.6
MC Driver 1. 1414 40.9 44,2
OV Driver 2. 1641 45. 6 49, 2
Unknown 8. 265 7.4 M ssi ng
TOTAL 3600 100.0 100.0
Secondary
No Cause Cted 0. 3225 89.6 89.8
MC Driver 1. 268 7.4 7.5
OV Driver 2. 100 2.8 2.8
Unknown 8. 7 0.2 M ssi ng
TOTAL 3600 100.0 100.0
oncoming notorcycle). This configuration appears in 26.7% of all the accidents,

or 33.4% of the nultiple vehicle collisions.

2. The second nost frequent accident configuration is wth both vehicles
proceeding straight, and this configuration appears in 10.9% of all the acci-
dents.

Table 5.5.2 (Appendix C. 1) shows the sane details for the 230 single
vehicle «collisions. The involvenent of the other vehicle in these data is
that of causation only since no collision contact occurs. The outstanding
elenents for these data are as follows:

1. The nost frequent configuration was the notorcycle proceedi ng
straight in 60.0% of the notorcycle data.

2. The motorcycle is turning (right, left, or U-turn) in 35.2% of the
mot orcycl e data.

Table 5.5.3 (Appendix C.|) shows the precrash notions for the motorcycle
and the other vheicle involved in the 3600 accident cases analyzed from traffic
acci dent reports. Case-by-case' conparison of traffic accident reports showed
that the traffic accident reports do not accurately portray the precrash
vehicle notions. O course, this disagreenent is obvious from conparison
of the data of Tables 5.5.1 and 5.5.3, and it is recomended that traffic
accident report data not be relied upon te describe any detail of vehicle
precrash nmotions. The typical traffic accident report is no substitute for
the detailed infornmation from a conpetent accident reconstruction.
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Tables 5.5.4 (Appendix C. 1) and 5.5.5 (Appendix C. 1) show the precrash
motion of the motorcycle and other vehicle as a function of accident precipi-
tating factor. An inportant elenent of 5.5.4 is that the notorcycle precrash
motion is straight in 87.3% of those cases where another vehicle violates its
right-of-way. This fact denonstrates that the precrash collision geonmetry
of fers little - if any - notorcycle conspicuity due to motion and that con-
spicuity due to contrast is an essential element of accident prevention for the
nmotorcycle rider. Also, the notorcycle precrash motion is straight in 47.4%
of those cases where notorcycle rider error is the precipitating factor

Table 5.5.5 shows the doninating condition of the other vehicle making a

left turn when it violates the motorcycle right-of-way, 50.5%of that accident
precipitating factor.

5.6 Accident Scene, Type of Area

The urban and suburban areas predoninated in the 900 multidisciplinary
acci dent investigation cases. Truly rural settings (undevel oped open |and and
rural locations) accounted for only 9.4% of the total cases. The data of
Table 5.6.1 show that business-shoppi ng areas were outstandi ng as acci dent

TABLE 5.6.1. ACCI DENT SCENE, TYPE OF AREA

Rel ative Adj ust ed
Absol ute | Frequency | ¥Frequency
Cat egory Label Code Frequency () (%)
0SIDs
| ndustri al 1 72 8.0 8.0
Busi ness/ Shoppi ng 2. 334 37.1 37.2
Apartnents N 84 9.3 9.3
Resi denti al 4 288 32.0 32.0
Undevel oped 5. 19 2.1 2.1
School 6. 36 4.0 4.0
Rur al 7. 66 7.3 7.3
Unknown 8. 1 0.7 M ssi ng
TOTA 900 100.0 100.0
TARS
| ndustri al 1 91 2.5 2.6
Business/Shopping 2 2000 55.6 56.9
School / Pl aygr ound 3 13 0.4 0.4
Par k/ Recreation 4 22 0.6 0.6
Resi denti al 5 1229 34.1 35.0
Rural / Agriculture 6 6 0.2 0.2
Undevel oped 1. 151 4.2 4,
Unknown 8. 88 2.4 Missing
TOTA 3600 100.0 100.0




| ocations for the 900 on-scene, in-depth accident cases. The data show the
sane domnating factor for the 3600 traffic accident report cases although there
is mno agreement in quantification. As in other data, case-by-case conparisons
of the traffic accident reports and the on-secene data showed low reliability of
the traffic accident report description of the area.

5.7 Accident Scene |Illum nation

Table 5.7.1 shows the data for accident scene illumnation for the accident
cases studied. Daytinme and daylight conditions predoninate in both sets of
data. Note that very low light conditions are not a significant part of the
accidents, i.e., about 3%

TAELE 5.7. 1. ACCI DENT SCENE ILLUMINATION

Rel ative Adjusted
Absol ute | Frequency |Frequency
Cat egory Label Code Frequency () (%)
0S8IDs
Dayl i ght 1. 676 75.1 75.1
Pawnor Dusk 2. 59 6.6 6.6
Ni ght - Li ght ed 3. 150 15.6 15.5
Ni ght - Unli ght ed 4. 25 2.8 2.8
TOTAL 900 100.0 100.0
TARSs
Dayl i ght L 2438 67.7 67.8
Dusk- Dawn 2. 90 2.5 2.5
Dar k- Unl i ght ed 3. ilo 3.1 3.1
Dar k- Li ght ed 4, 932 25.9 25.9
Day-Dark=Cloudy 5. 27 0.7 0.8
Unknown 8. 3 0.1 Missing
TOTAL 3600 100.0 100.0

5.8 Accident Scene Weather Conditions at Tine of Accident

Table 5.8.1 shows the weather conditions at the accident scene at the tinme
of the accident. Adverse weather is not a factor in the najority of the notor-
cycle accident data. The data for the 900 on-scene, in-depth investigations
shows favorable weather (clear, cloudy er overcast) in 97.8% of those cases;
the data for the 3600 traffic accident report anal yses shows favorabl e weat her
in 97.1% of the accident cases.
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TABLE 5.8.1 WEATHER CONDI TI ONS

Relative Adjusted
Absolute | Frequency | Frequency
Cat egory Label Code Frequency () ()
0SIDs
Clear 1. 752 83.6 83.6
Rai n 2. 9 1.0 1.0
Drizzle 3. 11 1.2 1.2
C oudy/Partly C oudy 7. B9 9.9 9,9
Qvercast 8. 39 4.3 4.3
TOTAL 900 100.0 100.0
TARs
Clear 1. 3490 96.9 97.1
Rai n 2. 59 1.6 1.6
Fo 3. 6 0.2 0.2
a %ers 4. 38 1.1 1.1
Unknown 8. 7 0.2 Missing
TOTAL 3600 100.0 100.0

O course, these accident data are clearly related to exposure conditions;
motorcycle traffic essentially disappears in adverse weather conditions.

Table 5.8.2 shows the air tenperature at the accident scene on the 900
on-scene, iN-depth accident investigations.

TABLE 5.8.2. TEMPERATURE (0SIDs)
Rel ative Adj ust ed
Absol ute | Frequency |Frequency
Category Label Code Frequency (%) (%)
41 thru 50°F 5 13 1.4 1.5
51 thru 60 6. 118 13.1 13.5
61 thru 70 7. 318 35.3 36.3
71 thru SO 8. 324 36.0 37.0
81 thru 90 9, 91 10.1 10. 4
91 thru 100 10. 11 1.2 1.3
Unknown 98. 25 2.8 M ssi ng
TOTAL 900 100.0 100.0
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5.9 Trip Plan, Mtorcycle Rider and Oher Vehicle Driver

The trip plan for the accident-involved notorcycle rider was determ ned
The origins and destinations are
shown in Table 5.9.1 and in each of those tabulations,
ate. The crosstabul ation of notorcycle rider trip origin and destination is
This crosstabul ati on shows that the hone

for the 900 nultidisciplinary accident

shown in Table 5.9.2 (Appendix C. ).
and work transportation plans include 26.2% of the accidents.
and shopping-errand transportation plans include 48.3% of

cases.

home and work predonin-

The hone, work

the accidents.

TABLE 5.9.1. RIDER TRI P PLAM (QSIDs)

Relative | Adjusted
Absol ute | Frequency | ‘requency
Category Label Code Frequency (%) (Z)

Oigin
Home 1. 315 35.0 38.3
Wor k 2, 163 13.1 19.8
Shoppi ng 3. 89 9.9 10.8
Recreation 4. 77 8.6 9.4
Friends/ Rel atives 5. 120 13.3 14.6
Bar/Drinking Party 6. 18 2.0 2.2
School 1. 41 4.6 5.0
Unknown 8. 65 1.2 M ssi ng
Not Applicable 9. 12 1.3 M ssi ng

TOTAL 900 100.0 100.0
Desti nation
Home 1 274 30. 4 32.9
Wor k 2. 153 17.0 18.4
Shoppi ng 3. 142 15.8 17.1
Recreation 4. 122 13.6 14.7
Friends/ Rel atives 5. 115 12.8 13.8
Bar/Drinking Party 6. 1 0.1 0.1
School 1. 25 2.8 3.0
Unknown 8. 55 6.1 M ssi ng
Not Applicable 9. 13 1.4 M ssi ng

TOTA 900 100.0 100.0

The length of the intended trip for the notorcycle rider is shown in

Table 5.9. 3.

The nedian value of this intended trip is approximately 4 niles.

Section 5.10 describes the time fromthe trip origin to the accident
time is less than 6 ninutes.
it Is typical that the accident situation is nuch nore closely associated with

| ocation and the nmedian val ue of that

the trip origin.

Consequent |y



work transportation plans included 30.8% of the accidents.

and shopping-errand transportation plans included 64.9% of

The home, work
the accidents.

Table 5.9.5 (Appendix C.1) provides a crosstabulation of original and
tion of the other vehicle driver trip plan.

5.10 Time Riding Before Accident

desti na-

Table 5.10.1 shows the distribution of time riding fromtrip originto the
accident location. The nedian value for this distribution is approxi mately
accident location in this study of the

0.1 hours or 6 m nutes.

The typi cal

900 accidents occurs relatively close to the origin of the trip, e.g., 21.2%
occurred at the trip origin less than three mnutes after the departure.
TABLE 5.10.1. TIME RI DI NG MOTORCYCLE BEFORE ACCI DENT (0SIDs)
Rel ative | Adjusted | Cumulative
Absol ute Frequency | Frequency | Frequency
Category Label Code Frequency () () (D)
Hours 0.0 174 19.3 21.2 21.2
0.1 232 25.8 28.2 49.4
0.2 151 16. 8 18. 4 67.8
0.3 112 12. 4 13.6 81.4
0.4 12 1.3 1.5 82.8
0.5 48 5.3 5.8 88.7
0.6 9 1.0 1.1 89.9
0.7 9 1.0 1.1 90.9
0.8 6 0.7 0.7 91.6
1.0 24 2.7 2.9 94.5
1.1 1 0.1 0.1 94. 6
1.2 1 0.1 0.1 94.8
1.3 4 0.4 0.5 95.3
1.5 6 0.7 0.7 96.0
1.7 1 0.1 0.1 96. 1
2.0 12 1.3 1.5 97.6
2.5 2 0.2 0.2 97.8
3.0 4 0.4 0.5 98.3
3.5 2 0.2 0.2 98.5
4.0 4 0.4 0.5 99.0
5.0 5 0.6 0.6 99. 6
5.5 1 0.1 0.1 99.8
6.0 1 0.1 0.1 99.9
7.5 1 0.1 0.1 100.0
Unknown 9.8 78 8.7 M ssi ng 100.0
TOTAL 900 100.0 100.0
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Note that 94.5% of the accidents occurred within one hour. The
concl usion available is that fatigue due to riding is not a factor in these
accidents. Also, the short trip lengths related in Section 5.9 and these
short riding times may be associated with low priorities for rider protective
equi prent such as safety hel nets, eye protection , gloves, etc.

The distribution of riding time for the 54 fatal accidents shown in
Table 5.10.2, and the characteristics are essentially the sane as the entire
900.

TABLE 5.10.2. TIME RI DI NG MOTORCYCLE BEFORE ACCI DENT
(0SID Fatals Only)

Rel ative Adjusted |Cumulative
Absol ute Frequency |Frequency | Frequency
Cat egory Label Code Frequency (%) (%) (%)
Hours 0.0 10 18.5 29.4 29. 4
0.1 8 14.8 23.5 52.9
0.2 5 9.3 14.7 67.6
0.3 7 13.0 20. 6 88.2
0.4 1 1.9 2.9 91.2
0.5 1 1.9 2.9 94.1
0.6 1 1.9 2.9 97.1
1.0 1 1.9 2.9 100.0
Unknown 9.8 20 37.0 M ssi ng 100.0
TOTAL 54 100.0 100.0

5.11 Motorcycl e Roadway

Table 5.11.1 shows the description of the roadway that the notorcycle was
traveling at the accident location. Mjor and mnor arteriazls were the road-
way traveled by the nmotorcycle in 55.9%of the 900 on-scene, in-depth accident
cases. Freeway traffic routes accounted for 10.0% of the cases

Table 5.11.2 shows the intersection type for the 900 on-scene, in-depth
accident cases. Approximately two-thirds of the accidents occurred at inter-
sections. This concentration of accidents at the area of intersections is not
reflected by the data fromanalysis of the 3600 traffic accident reports.
These data specify only 40.0% of the accidents as intersection related. Case-
by-case conparison of the two sets of accident data showed that the traffic
accident reports enployed a strict geographic interpretation related to the
point of impact in the collision. The on-scene, in-depth cases applied a
more |iberal interpretation of intersection or non-intersection traffic
rel ated events rather than strict geographic rules. Consequently, the data
for the 900 on-scene, in-depth cases will nore accurately represent the acci-
dent characteristics.
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TABLE 5.11.1. ROADWAY MOTORCYCLE WAS TRAVELI NG (0SIDs)
Rel ative | Adjusted
Absol ute | Frequency |Frequency
Category Label Code Frequency (% (%)
Freeway Minline 1. 61 6.8 6.8
Freeway On-ranp 2. 6 0.7 0.7
Freeway O f-ranp 3. 12 1.3 1.3
Freeway Transition 4, 9 1.0 1.0
Freeway Frontage, Service Road 5. 2 0.2 0.2
Arterials 6. 503 55.9 55.9
Non-Arteri al 1. 271 30.1 30.1
Tenporary 8. 1 0.1 0.1
Parking Lot 9, 8 0.9 0.9
All ey 10. 10 1.1 1.1
Driveway 11. 8 0.9 0.9
O her 12. 9 1.0 1.0
B TOTAL 900 100.0 100.0
TABLE 5. 11. 2. | NTERSECTI ON  TYPES
Relative
: Absclute |Frequency
Category Label Code Frequency (%)
All 0SIDs
Non- | ntersection Q. 296 32.9
"I Intersection 1. 94 10.4
Cross Intersection 2. 340 37.8
Angle Intersection 3. 30 3.3
Al'ley or Driveway 4. 113 12.6
O fset Intersection 5. 23 2.6
Other 6. 4 0.4
TOTAL 900 100.0
Fatal 05IDs Only
Non- | ntersection 0. 27 50.0
"T" |ntersection 1. 4 7.4
Cross Intersection 2. 12 22.2
Angl e Intersection 3. 2 3.7
Alley or Driveway" 4. 9 16.7
TOTAL 54 100.0
TARs
Intersection 1. 1434 39.8
Non-Intersection 2. 2149 59.7
Unknown, Not Reported 8. 17 g.5
TOTAL 3600 100.0
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The 54 fatal cases show less association with intersections, the fata
accidents nore often involved the notorcycle rider |osing control by running
off the road, usually on a curve.

Table 5.11.3 (Appendix C.|) shows the contamination of the notorcycle
roadway along the motorcycle path in its tire tracks. There was no contam na-
tion in 92.1%of those accident cases and there was no contribution to acci-
dent causation. However, when oil was present in the notorcycle path
di saster was on the way and the contanmination was usually the nain contribu-
tion to causing a slide-out and fall to the roadway. It is also show' that
vehicle residue, truck spills and construction accounted for 58.3% of the
contamination. ’

Table 5.11.4 (Appendix C 1) shows that the notorcycle roadway was dry in
at least 96.0% of all the accident cases

Table 5.11.5 (Appendix C. 1) shows the grade and alignment of the notor-
cycle road of travel. No cases were found related to deficient downhil
braki ng performance or lack of uphill clinbing perfornmance of the vehicle.
Al'so, no curves or corners Were related to limts of vehicle performance. On
the other hand, if any effect were present due to road grade and alignment, it
was possibly related to visual obstacles (see Section 5.15). Note that the
mot orcycl e roadway was |evel (81.3% and straight (80.1% in the great majority
of the accident cases.

Tables 5.11.6 (Appendix C.1) and 5.11.7 (Appendix C 1) relate the |ane
space and lane position of the motorcycle in the precrash time

5.12 Qther Vehicle Roadway

Table 5.12.1 shows the description of the roadway that the other vehicle

was traveling. Mjor and mnor arterials were the roadway traveled by the other

vehicle in 53.1% of those cases involving another vehicle. Freeway traffic
routes accounted for 6.9% of the cases

Table 5.12.2 (Appendix ¢-1) shows that the roadway for the other vehicle
was dry and without contanmination. There was no case where reduced roadway
friction for the other vehicle caused the collision, or nade the collision
unavoi dabl e by the other vehicle driver.

Table 5.12.3 (Appendix C. 1) shows the grade and alignment of the other
vehicle road of travel. As in the previous section 5.11, there were no cases
related to deficient downhill braking or lack of uphill clinbing or turning
performance of the other vehicle. That other vehicle roadway was |eve
(83.5% and straight (87.5% in the great ngjority of the accident cases

Tables 5.12.4 (Appendix €.1) and 5.12.5 (Appendix C.|) relate the |ane
space and lane position of the other vehicle in precrash time
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TABLE 5.12.1. ROADWAY OTHER VEH CLE WAS TRAVELING (ostns)

Rel ative | Adjusted

Absol ute | Frequency | Frequency
Category Label Code Frequency (%) (%)
Freeway Mainline L 33 3.7 4.7
Freeway On-ranp 2, 3 0.3 0.4
Freeway O f-ranp 3. 5 0.6 0.7
Freeway Transition 4. 5 0.6 0.7
Freeway Frontage, Service Road 5. 2 0.2 0.3
Arterials 6. 371 41.2 53.1
Non- Arteri al 1. 245 27.2 35.1
Parking Lot 9. 3 0.3 0.4
Aley 10. 4 0.4 0.6
Dri veway 11, 28 3.1 4.0

Not Applicable 99. 201 22.3 Missing
TOTAL 900 100.0 100. 0

5.13 Traffic Density

Moderate or heavy traffic was the situation at 59.2%of the accidents.

The congestion associated with this traffic underlies the inportance of obstacles
to vision and the role of notorcycle conspicuity.

quencies of traffic.

Table 5.13.1 shows the fre-

TABLE 5.13.1. TRAFFIC DENSITY FOR MOTORCYCLE ROAD OF TRAVEL (0S1Ds)
Rel ative | Adjusted
Absol ute | Frequency [Frequency
Category Label Code Frequency (%) (%

Li ght L. 344 38.2 39.2
Mderate, No Congestion 2, 400 44. 4 45.6
Heavy, Near Saturation 3. 133 14.8 15.2
Not Cbserved a. 17 1.9 M ssi ng
Not Applicable 9. 6 0.7 M ssi ng
TOTAL 900 100.0 100.0

5.14 Traffic Controls

Table 5.14.1 shows that the notorcycle roadway was uncontrolled at the
| ocation of 70.2% of the 900 accidents.
at the location of 25.5% of the accidents.

A conventional traffic signal set was

The acci dent-invol ved motorcycle violated the traffic control in 13.8%
of the accidents where a traffic control
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TABLE 5.14.1. MOTORCYCLE ROADWAY TRAFFIC CONTROLS (OSIDs)

Rel ative Adj ust ed
Absol ute | Frequency |[Frequency
Category Label Code Frequency (%) (%)
Type Control
None 0 632 70.2 70.4
stop sign 1 25 2.8 2.8
4-way stop sign 2 3 0.3 0.3
Si gnal 3 229 25. 4 25.5
O ficer 4 2 0.2 0.2
Yield 6 2 0.2 0.2
Pavenment  Marks 7 2 0.2 0.2
O her 8 3 0.3 0.3
Not Applicable 9 2 0.2 M ssi ng
TOTAL 900 100.0 100.0
Did MC Violate Traffic Control?
Yes 1. 36 4.0 13.8
NO 2. 225 25.0 86. 2
Not Cbserved 8. 4 0.4 M ssi ng
Not  Applicable 9. 635 70.6 M ssi ng
TOTAL 900 100.0 100.0
Was Signal Sensor |nvol ved
On__Roadway?
Yes 1. 1 0.1 0.4
NO 2. 258 28.7 99. 6
Not  Applicable 9. 141 71.2 M ssi ng
TOTAL 900 100.0 100.0

A typical irritant to the nmotorcycle rider in traffic is the traffic signal
which depends on his notorcycle operating the sensor. Wile the matter is
certainly irritating when the notorcycle will not trip the signsl for the
rider, that problem has little accident involvenment, 0.1% of all the accidents
and 0.4% of the accidents where a sensor was involved.

Table 5.14.2 lists the traffic code violations attributed to the notor-
cycle rider as a result of the accident circunstances.

Table 5.14.3 shows that the other vehicle roadway was uncontrolled at
57.9% of the 900 accident scenes. A conventional traffic signal set was at
the location of 28.4% of the accidents.

The other vehicle involved in the accident with the notorcycle violated

the traffic control in 44.9% of the accidents where a traffic control was
present.
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TABLE 5.14.2. MOTORCYCLE VI OLATI ON OF TRAFFIC CODE (0SIDs)

Rel ative | Adjusted
Absol ute [ Frequency |Frequency
Category Label Code Frequency (%) (%)
None 0. 487 54.1 54. 4
Signal s 1. 16 1.8 1.8
Lane Control 2. 32 3.6 3.6
Tai |l gating 3. 62 6.9 6.9
Passi ng 4. 41 4.6 4.6
Fail to Yield ROV 5. 34 3.8 3.8
stop sign 6. 13 1.4 1.5
Pedestrian ROW 7. 1 0.1 0.1
| nproper Turn a. 10 1.1 1.1
| nproper Entry 9. 4 0.4 0.4
Fail to Signal 10. 2 0.2 0.2
Speed 11, 144 16.0 16.1
Par ki ng 12. 1 0.1 0.1
Al cohol or Drugs 13. 19 2.1 2.1
Reckl ess Driving 14. 4 0. 4 0.4
Speed Cont est 16. 7 0.8 0.8
Open Cont ai ner 17. 1 0.1 0.1
Bad Lights 18. 3 0.3 0.3
Bad Tires 22. 1 0.1 0.1
I'llegal passenger 23. 3 0.3 0.3
QO her 97. 10 1.1 1.1
Unknown 98. 5 0.6 M ssing
iL_ TOTAL 900 100.0 100.0

Table 5.14.4 lists the traffic code violations attributed to the other
vehicle driver as a result of the accident circumstances. Conpare these data
with those of Table 5.14.2 to distinguish the culpability of the driver of the
other vehicle in violating the right-of-way of the notorcycle.

5.15 Precrash View Obstructions and Limtations to Vision

These itens were eval uated separately in order to isolate fundanental
accident environmental problems from the motorcycle conspicuity problem  The
mot orcycl e conspicuity problemrelates to seeing the notorcycle if the view
path is clear; this environnental problem defines the availability of that clear
path of view

Tables 5.15.1 and 5.15.2 describe the view obstructions and visibility
limtations for the notorcycle rider in the time just before the collision.
Note that parked or noving vehicles affect the notorcyclist's view of the
traffic hazard. The last table of 5.15.2 shows the conbined effects of
stationary and nobile view obstructions and visibility limtations for the
nmotorcycle rider. The three factors conbine to prevent the rider's clear view
of the traffic hazard in 23.5% of the accident cases.
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TABLE 5.14.3. OTHER VEH CLE TRAFFIC CONTROL (0SIDs)
Rel ative | Adjusted
Absol ute | 'requency | Frequency
Category Label Code Frequency (%) (%)
Type Traffic Control
None 0. 404 44.9 57.9
stop Sign 1. 91 10.1 13.0
4-way sStop 2. 2 0.2 0.3
Signal 3. 198 22.0 28.4
Oficer 4. 2 0.2 0.3
Q her . a. 1 0.1 0.1
Not Applicabl e 9. 202 22. 4 M ssi ng
TOTAL 900 100. 0 100.0
Did OV Violate Control?
Yes 1. 129 14. 3 44,9
NO 2. 158 17.6 55.1
Not Cbserved 8. 4 0.4 M ssing
Not Applicabl e 9, 609 67.7 Missing
TOTAL 100.0 100.0
TABLE 5.14.4. OTHER VEH CLE VI OLATI ON OF TRAFFIC CODE (0OSIDs)
Rel ative | Adjusted
Absol ute | Frequency |Frequency
Category Label Code Frequency ¢ (%)
None 0. 194 21.6 27.3
Signal s 1 41 4.6 5.8
Lane Control 2. 49 5.4 6.9
Tai |l gating 3. 16 1.8 2.3
Passing 4, 4 0.4 0.6
Fail to Yield ROW 5. 283 31.4 39.8
Stop Sign 6. 45 5.0 6.3
Inproper Turn 8. 29 3.2 4.1
| mproper Entry 9. 12 1.3 1.7
Fail to Signal 10. 10 1.1 1.4
Speed 11. 13 1.4 1.8
Par ki ng 12. 3 0.3 0.4
Al cohol or Drugs 13. 8 0.9 1.1
Reckl ess Driving 14. 3 0.3 0.4
Bad Lights 18. 1 0.1 0.1
Unknown 98. 1 0.1 M ssing
Not Applicabl e 99. 188 20.9 M ssi ng
TOTAL 900 100.0 100.0
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TABLE 5.15.1. MOTORCYCLE VI EW OBSTRUCTI ONS (0SIDs)
Rel ative | Adjusted
Absol ute | *requency | IFrequency
Category Label Code Trequency (%) (%
Stationary
None 0. 776 86. 2 86.2
Bui | di ngs L 10 1.1 1.1
si gns 2, 1 0.1 0.1
vegetation 3. 18 2.0 2.0
Wl ls, Fences 4. 10 1.1 1.1
Hill 5, 6 0.7 0.7
Curve 6. 11 1.2 1.2
Parked Vehicles 7. 68 1.6 7.6
TOTAL 900 100.0 100.0
Mobi | e
None 0. 799 88.8 89.9
Vehi cl es 1. 88 9.8 9.9
Constructions 4. 2 0.2 0.2
Unknown 8. 11 1.2 M ssi ng
TOTAL 900 100.0 100.0
TABLE 5.15.2. MOTORCYCLE VISIBILITY AND PATH VI EW LI M TATI ONS (0SIDs)
Rel ative Adj ust ed
Absol ute | Frequency |Frequency
Category Label Code Frequency (%) ¢4)
Visibility Limtations for M
None 0. 886 98.4 98.6
Fog 2. 1 0.1 0.1
Glare 5. 9 1.0 1.0
Q her 6. 2 0.2 0.2
Not Applicable 9. 1 0.1 0.1
Unknown a. 1 0.1 M ssi ng
TOTAL 900 100.0 100.0
MC Path View - Visual
Qostructions
None 0. 682 75.8 76.5
Yes . 1 209 23.2 23.5
Not Applicable 9. 9 1.0 M ssi ng
TOTAL 900 100.0 100.0




The crosstabul ation of Table 5.15.3 shows the significant contribution
of parked and noving vehicles to view obstructions.

TABLE 5.15.3. MOTORCYCLE MOBI LE VI EW OBSTRUCTI ONS BY STATI ONARY
VI EW OBSTRUCTI ONS (0SIDs)

Stationary Obstructions
Count
Row Pct

MC View Cal Pect Walls, Parked Row
Obstruction Tot Pet | Nome | Buildings | Signa | Vegetation| Fences | Hill | Curve Vehicles | Total
None 690 10 1 17 9 6 10 56 799
" 86.4 1.3 0.1 2.1 1.1 0.8 1.3 7.0 §9.9

89.8 100.0 10Q.0 100.0 90.0 | 100.0 | 100.0 83.6

7.6 1.1 0.1 1.9 1.0 0.7 1.1 6.3
- 88

Vehicl 77 0 0 o] 1 0 0 10
chieses 87.5 0.0 0.0 0.0 1.1 0.0 0.0 11.4 9.9

10.0 0.0 0.0 0.0 10.0 0.0 0.0 14.9

8.7 0.0 0.0 0.0 0.1 0.0 0.0 1.1
2

Conatruction 1 0 0 0 0 0 c 1
marmerte 50.0 0.0 0.0 g.0 0.0 0.0 0.0 50.0 0.2

0.1 0.0 6.0 0.0 0.0 0.0 0.0 1.5

0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Column 768 10 1 17 10 6 10 67 889
Total 86.4 1.1 0.1 1.9 1.1 0.7 1.1 7.5 100.0

Tables 5.15.4 and 5.15.5 describe the view obstructions and visibility
limtations for the driver of the other vehicle involved in the notorcycle
accidents. As for the motorcycle rider, parked and noving vehicles affect the
other vehicle driver's view of the hazard. The last table of 5.15.5 shows the
conmbi ned effects of stationary and nobile view obstructions and visibility lim-
tations for the driver of the other vehicle. These three factors combine to
prevent the driver's clear view of the mbtorcycle in 32.2% of the accident
cases which involved another vehicle.

The crosstabul ation of Table 5.15.6 shows the significant contribution of
parked and noving vehicles to view obstructions.

Table 5.15.7 shows the interaction of the conbined obstructions and lim -
tations to the precreash views of the traffic hazards. The outstanding result
is that both the notorcycle rider and the driver of the other vehicle had no
clear view of the hazard in 23.9% of those cases

These findings provide inportant conponents for a traffic strategy for
a motorcycle rider. The notorcycle rider nust locate himself (or herself)
intraffic to insure a clear path of view to all prospective hazards. If such
| ocation is not possible, every intersection offers the possible challenge of
the notorcycle right-of-way.
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TABLE 5.15.4. OTHER VEH CLE VI EW OBSTRUCTI ONS (0SIDs)

Relative | Adjusted
Absol ute | Frequency ! Frequency
Cat egory Label Code Frequency (%) (%)
Stationary
None 0. 558 62.0 80.1
Bui | di ngs L. 17 1.9 2.4
Si gns 2. 4 0.4 0.6
vegetation 3. 21 2.3 3.0
Valls, Fences 4, 8 0.9 1.1
Hill 5. 6 0.7 0.9
Curve 6. 4 0.4 0.6
Parked Vehicles 1. 78 a. 7 11.2
O her 9. 1 0.1 0.1
Unknown 98. L 0.1 M ssi ng
Not Applicable 29, 202 22.4 M ssi ng
TOTAL 900 100.0 100.0
Mobile
None 0 586 65.1 85.7
Vehi cl es L 97 10. 8 14.2
Construction 4 1 0.1 0.1
Unknown 8 14 1.6 M ssi ng
Not Applicable 9. 202 22.4 M ssi ng
TOTAL 900 100.0 100.0
A representative accident case illustrates this problem A notorcycle

is proceeding in the curb lane and a van i s travelling ahead in the parallel
fast lane. Approaching an intersection, another autonphile in onconming traffic
waits until the van clears and turns left es it passes. The left-turning auto-
mobile then noves into the right-of-way of the notorcycle. In such case, the
cul pability is clearly that of the autonobile driver but both the notorcyclist
and automobile driver had view obstruction (the van) before the crash. The
strategy appropriate for the motorcycle rider is to ride abreast, or ahead, or
nuch farther behind the van so that he (or she) could see_and he seen. The
strategic position is inmportant to insure a clear view of prospective chal-
lenges of right-of-way and high conspicuity shoul d increase the likelihood of
bei ng seen.

According to Table 5.4.1, there were 457 cases where the other vehicle
viol ated the motorcycle right-of-way. According to the data of Table 5.15.5,
221 accident cases had a significant limtation or obstruction of the view from
the other vehicle to the notorcycle. This inplies a considerable part of that
accident precipitating factor is due to view linmtation or obstruction.
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TABLE 5. 15. 5.

OTHER VEH CLE VI SIBI LI TY/ PATH VI EW LI M TATI ONS (0S1Ds)

Absol Relative Adjusted

sol ute Frequency {Frequenc

category Code Frequency (% ?7:) 7

Visibility Limtations

None 0. 687 76.3 98.3

Fog 2. 1 0.1 0.1

Smoke 3. 1 0.1 0.1

Glare 5. 10 1.1 1.4

Unknown 8. 1 0.1 M ssi ng

Not Applicable 9. 200 22.2 M ssi ng
TOTAL 900. 100.0 100.0

Visual Chstruction of OV Path

View

1§eo;1e 0. 465 51.7 67.8

. 1 221 24.6 32.2

Not Applicable 9. 214 23.8 Missing

TOTAL 900 100.0 100.0
TABLE 5.15.6. OTHER VEH CLE MOBI LE VI EW OBSTRUCTI ONS BY STATI ONARY

VI EW OBSTRUCTI ONS (0S1IDs)

Stationary View Obstructions

Count
Row Pct
Mobile View Col Pot Walls, Parked Row
Obgtruction Tet Pet None | Buildings | Signs | Vegetation | Fences | Hill | Curve Vehicles | Other | Total
None 473 11 2 19 8 [} 3 62 1 585
80.9 1.9 0.3 3.2 1.4 1.0 0.5 10.6 0.2 ] 85.7
86.5 68.8 50.0 95.0 100.0 | 100.0( 75.0 80.5 106.0
69.3 1.6 0.3 2.8 1.2 0.9 0.4 9.1 0.1
Vehicles 73 5 2 1 [ o 1 15 [+] 97
73.3 5.2 2.1 1.0 0.0 0.0 1.0 15.3 0D.0f l4.2
13.3 31.3 50.0 5.0 Q0.0 0.0} 25.0 19.5 0.0
16.7 9.7 0.3 0.1 0.0 0.0{ 0.1 2.2 0.0
Construction 1 o 0 0 0 0 o 1] 0 1
100.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.1
0.2 0.0 0.0 0.0 0.0 0.0} 0.0 0.0 0.0
Q.1 0.0 0.0 0.0 0.0 g.0]| 0.9 0.0 0.0
547 16 & 20 8 & & 77 1 683
80.1 2.3 0.6 2.9 1.2 0.9 0.8 11.3 0.1(100.0

64




TABLE 5.15.7.

MOTORCYCLE- OTHER VEH CLE

PRECRASH VI EW OBSTRUCTI ON (0SIDs)

Rel ative Adj ust ed
Absol ute [ Frequency| Frequency
Cat egory Code Frequency (% (%)
None 0. 446 49. 6 65. 3
MC Pat h Only 1. 17 1.9 2.5
OV Path Only 2, 57 6.3 8.3
MC & OV Paths 3. 163 18.1 23.9
N.A, No OV 9. 217 24.1 Missing
TOTAL 900 100.0 100.0
5.16 Aninal |nvol vement

O the 900 on-scene,
1.2%, invol ving animals.

dogs, and one cat.
and eight

i n-depth accident cases, there were 10 cases, or
The ani nmal s involved were two smal |
Three of the big dogs were pursuing the notorcycle rider,
cases involved the notorcycle neking crash contact with the animal.

dogs, seven big

The highest injury severity to the rider in animal-involved accidents was

AIS-5. The data are shown in Table 5.16.1.
TABLE 5.16.1. ANIMAL | NVOLVEMENT (0SIDs)
Relative | Adjusted
Absol ute | Frequency| Frequency
Cat egory Label Code Frequency (7 €3]
Lype
Snal | Dog 1. 2 0.2 20.0
Large Dog 2. 7 0.7 70.0
cat 3. 1 0.1 10.0
N. A 9. 890 98.9 Missing
TOTAL 100.0 100.0
s Animal Pursuing Mtorcycle?
Yes 1. 3 0.3 30.0
NO 2. l 0.8 70.0
N A 9. 890 98.9 Missing
TOTAL 900 100.0 100.0
WAS Animal Struck by Mdtorcycle?
Yes 1 8 0.9 80.0
NO 2. 2 0.2 20.0
N. A 9. 890 98.9 Missing
TOTAL 100.0 100.0
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5.17 Conspicuity

The pre-crash conspicuity of the motorcycle "es evaluated al ong the
pre-crash |ine-of-sight of the driver of the other vehicle, for the anbient
light and background-conditions. For exanples of the category |abels,
"out st andi ng" woul d be characterized by the mtorcycle headl anp on (w thin
the 11 to 1 o'clock sector), color contrast for the fairing or upper torso
garnent, contrast with the background, ambient light falling on the sighted
surfaces; "inconspi cuous” woul d be characterized by no headl anp on, no col or
contrast for fairing or upper torso garment, no contrast with the background
surfaces. A police notorcycle with headlanp on and red lights flashing could
be "outstanding" end a snell notorcycle. headlanp off, rider "earing a surplus
arny jacket, in the shade, could be "incouspicuous". Table 5.17.1 shows a
conpi lation of those conspicuity evaluations forthe nmotorcycle, and the other
vehicle involved in the accident

TABLE 5.17.1. PRR-CRASH CONSPI CDI TY (0SIDs)

Rel ative Adj ust ed
Absol ute | Frequency| Frequency
Category Label Code Frequency ¢9] (%)
Motorcycle
Qut st andi ng 1, 34 3.8 5.0
Aver age 2. 334 37.1 49.0
'LO' Conspiculty 3. 281 31.2 41.3
Inconspicuous 4, 32 3.6 4.7
Not Cbserved 8. 5 0.6 M ssi ng
Not Applicable 9. 214 23.8 Hi ssing
TOTAL 900 100.0 100.0
G her Vehicle
Qut st andi ng 1 239 26.6 34.7
Aver age 2 413 45.9 60.0
LO" conspicuity 3 31 3.4 4.5
Inconspicuous 4 5 0.6 0.7
Not Cbserved 8. 5 0.6 M ssi ng
Not Applicable 9. 207 23.0 M ssi ng
TOTA 900 100.0 100.0

Only the contrast aspect of conspicuity was eval uated because the inmediate
precrash conditions elimnate the angular notion aspect. Thus, the evaluations
of conspicuity in Table 5.17.1 relate only the contrast of the rider-notorcycle
configuration with the anbient |ight and background. No relative notion within
that anbient field is considered as contributing to the conspicuity evaluation

The nmotorcycle conspicuity in pre-crash conditions was |ow, or "as com

pletely inconspicuous in 46.0% of those accidents where conspicuity "es critical
e.g., other vehicle violation of the motorcycle right-of-way.
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The conspicuity problemfor notorcycles In traffic is in some ways
sinple and in other ways very conplex. For exanple, only two of the ‘accident
invol ved notorcycle riders were "earing high visibility upper torso garments,
e.g., a bright yellow Yamaha jacket. e of the riders was al cohol -invol ved
and the other "as driving in an obscure location traffic. On the other
hand, the nore typical rider with a low |evel of conspicuity would be "ear-
ing an arny surplus, olive-drab jacket, the unintentional but_effective
canouf | age.

Tabl e 5.17.2 shows the use of very high or very |ow visibility upper
torso garnents by the ‘motorcycle rider. The high visibility yellow or orange
jacket "as encountered 0.2% of those cases but the low visibility arny surplus
olive drab jacket "as encountered 3.6% of those cases.

TABLE 5.17.2. MOTORCYCLE RIDER HI/LO VISIBILITY UPPER
TORSO GARMVENT (0SiDs)

Rel ative | Adjusted
Absol ute | Frequency| Frequency
Category Label Code Frequency (%) (%)
Not Remarkabl e L 854 94.9 96. 2
Very Hi gh Contrast 2. 2 0.2 0.2
very LO" Contrast 3. 32 3.6 3.6
Unknown a. 12 1.3 Missing
TOTAL 900 100.0 100.0

The conplexity of the conspicuity problemis illustrated by those cases
where the notorcycle conspicuity "as average, or outstanding. Such a case
could be a law enforcenent nmotorcycle in pursuit of a traffic violator. The
mot orcycl e has the headl anp and flashing red lights on, and is slowed to
approxi mately 35 nph going through an intersection. Just past the intersec-
tion, an automobile driver pulls out froma driveway into the path of the

motorcycle. The motorcycle rider says "the autonobile driver |ooked right
at me and | thought we had eye contact". The autonobile driver "as not
al cohol Involved or otherwise inpaired, or aggressively oriented. Sinmlar

situations appeared so often in the data collection that it is clear that
high contrast conspicuity alone will not guarantee detection by the auto-
nmobile driver. The notorcycle rider nmust not accept apparent eye contact as
some significant communication, relating that the autonobile driver has
detected his presence in traffic.

The motorcycle conspicuity problem is serious. The violation of the
mot orcycl e right-of-way by the other vehicle accounted for 64.7%of the
nmultiple vehicle accidents. The failure of the other driver to "see" the
motorcycle is the overwhelming part of these accidents. Any nmalicious and
deliberate action of the other driver to "attack" the motorcycle rider is
negligible in conparison to those fundamental detection failures; only two
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of the 900 on-scene, in-depth cases involved an aggressive, malicious attack
on the motorcycle rider and both were husband-wife disputes.

The contribution of the headl anp-on in daytinme is described in detail
in sections 6.11 and 114.
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6.0 VEH CLE FACTORS

This section of the accident data shows the factors related to the vehicle
involved in the accident. The motorcycle and autonobile were examined for all
nmechani cal factors related to the precrash and crash events. O course, the notor-
c%cle was correctly identified for type, size, manufacturer, modifications, etc.
then examned for precrash and crash damage. The col lision damage to the notor-
c%cle and autonobile, and the trajectories of the vehicles and occupants allowed
the accident to be conpletely reconstructed so that collision contacts were
defined, precrash lines-of-sight were analyzed, and precrash and crash speeds
were determned. Al nechanical elements were evaluated so that the effects of
vehi cl e conponents and nodifications could be determned;, did crash bars help,
did side stands ground out, did tire failure contribute to accident causation,
where are the hazards, etc.?

6.1 Mdtorcycle Size and Type

Table 6.1.1 shows the motorcycle engine displacenent for the 900 on-scene
i n-depth (0s1D) accident investigation cases. Table 6.1.2 shows the notorcycle
engi ne displacement for the 3600 cases analyzed from police traffic accident
reports (TAR). The nDtorcycle engine displacements were not noted in a |arge
nunber of the traffic accident report cases (>40%) because that el enent was not
required data on any law enforcenent jurisdiction report form Also, nost police
traffic accident investigators are not particularly famliar with notorcycle
equi prent, unless they happen to be notorcyclists thensel ves.

Table 6.1.3 shows the notorcycle engine displacenent for the 54 fatal
acci dents of the 900 on-scene, in-depth accident investi?ations. Note that the
| arge notorcycles (750ec and above) represent approxinmately one-third of all the
accidents but are involved in approximately one-half of these fatal accidents.

Table 6.1.4 shows the motorcycle type for the 900 on-scene, in-depth accident
cases, and those fatal accidents in that group (54). O course, the mgjority of
those notorcycles are conventional street notorcycles, essentially as manufactured
but often with mnor nodifications. Genuine off-road notorcycles (dirt bikes) are
not street legal because they are not equipped with lights, license, horn, nmuffler
street tires, etc., but they do participate in traffic accidents. Enduro, or
dual purpose design notorcycles, encountered in these accidents were being used
mainly as street bikes. The sem-chopper was the motorcycle nodified with extended
front forks, pull-back handlebars, and perhaps custom seat and "Harley" rear wheel
The seni -chopper and chopper were distingui shed because of the potential for dif-
ferentcol lision avoi dance handling or crashworthiness characteristics. Cafe racers
were noted separately also because of these same differences.

. Table 6.1.5 shows the engine type and nunber of cylinders for the notorcycles
in the 900 on-scene, in-depth accident cases. O course, no simlar infornation
was available fromthe traffic accident reports

One particular feature available fromall of the accident cases anal yzed from

the 3600 traffic accident reports was the distinction of the notorcycle rider and
owner. Table 6.1.6 shows that 21.8% of the notorcycles were being ridden by a
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TABLE 6.1.1. MOTORCYCLE MODEL SIZE OR ENGINE DI SPLACEMENT (0SIDSs)
| Rel ative | Adjusted [unul ative
Absol ute |Frequency | Frequency |Frequency
Category Label Code Frequency (%) %) (%)
Engi ne Di spl acenent, 49. 3 0.3 0.3 0.3
cc. 50. 12 1.3 1.3 1.7
60. 3 0.3 0.3 2.0
70. 7 0.8 0.8 2.8
73. 1 0.1 0.1 2.9
75. 3 0.3 0.3 3.2
80, 7 0.8 0.8 4.0
83. 1 0.1 0.1 4.1
90. 22 2.4 2.4 6.6
100. 24 2.7 2.7 9.2
120. 1 0.1 0.1 9.3
125. 35 3.9 3.9 13.2
127. 1 0.1 c.1 13.3
150. 4 0.4 0.4 13.8
160. 2 0.2 0.2 14.0
175. 31 3.4 3.4 17.5
180. 1 0.1 0.1 17.6
185. 2 0.2 0.2 17. 8
200. 10 1.1 L1 18.9
250. 33 3.7 3.7 22.6
305. 11 1.2 1.2 23.8
350. 127 14.1 14.1 37.9
360. 37 4.1 4.1 42.0
380. 7 0.8 0.8 42. 8
400. 52 5.8 5.8 48. 6
450, 31 3.4 3.4 52.1
500. 62 6.9 6.9 59.0
550. 38 4.2 4.2 63.2
600. 4 0.4 0.4 63. 6
650. 29 3.2 3.2 66. 9
750. 157 17. 4 17.5 84.3
800. 1 0.1 0.1 84.4
850. 9 1.0 1.0 85. 4
900. 33 3.7 3.7 89.1
1000. 31 3.4 3.4 92.5
1200. 67 7.4 7.5 100.0
Unknown 9998. 1 0.1 M ssi ng
TOTAL 900 100.0 100.0
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TABLE 6.1.2. MOTORCYCLE MCDEL SIZE OR ENG NE DI SPLACEMENT (TARs)
Relative | Adjusted [Cunul ative
Absol ute| Frequency| Frequency Frequency
Category Label Code Frequency ) (%) (%)
Engine Displ acenent. 40. 1 0.0 0.0 0.0
cc. 50. 12 0.3 0.6 0.6
60. 3 0.1 0.1 0.7
65. 1 0.0 0.0 0.8
70. 16 0.4 0.7 1.5
72. 1 0.0 0.0 1.6
73. 1 0.0 0.0 1.6
74, 1 0.0 0.0 1.7
75. 7 0.2 0.3 2.0
80. 17 0.5 0.8 2.8
90. 54 1.5 2.5 5.3
100. 58 1.6 2.7 8.0
120. 2 0.1 0.1 8.1
125. 102 2.8 4.8 12.9
150. 5 0.1 0.2 13.1
160. 3 0.1 0.2 13.4
165. 1 0.0 0.0 13.4
170. 1 0.0 0.0 13.5
175. 98 2.7 4.6 18.0
180. 3 0.1 0.1 18.2
185. 10 0.3 0.5 18.6
190. 1 0.0 0.0 18.7
200. 20 0.6 0.9 19.6
210. 1 0.0 0.0 19.7
220. 6 0.2 0.3 19.9
250. 109 3.0 5.1 25.0
100. 4 0.1 0.2 25.2
305. 21 0.6 1.0 25.2
350. 414 11.5 19.3 45.5
360. 95 2.6 4.4 50.0
380. 6 0.2 0.3 50.3
400. 123 3.4 5.7 56.0
450. 88 2.4 4.1 60. 1
500. 114 3.2 5.3 65. 4
550. 62 2.3 3.8 '69.3
600. 3 0.1 0.1 69.4
650. 65 1.8 3.0 72. 4
750. 384 10.7 17.9 90.4
755. 1 0.0 Q.0 90.4
850. 27 0.7 1.3 91.7
860. 1 0.3 0.0 91.7
866. 1 0.0 0.0 91.8
900. 68 1.9 3.2 95.0
1000. 45 1.2 2.1 97.1
1200. 61 1.7 2.8 99.9
1600. 1 0.0 0.0 100.0
2400. 1 0.0 0.0 100.0
Unknowm 9998. 1459 40.5 Missing
TOTAL 3600 1NN A luuau Luu.y
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TABLE 6.1.3. MOTORCYCLE MODEL SI ZE OR ENG NE DI SPLACEMENT
(FATAL 0SIDs ontyY)
Relative | Adjusted |[Cumulative
Absolute | Frequency | Frequency | Frequency
Category Label Code frequency (%) (%) (%
Engi ne Displacenent, 80. 1 1.9 1.9 1.9
cc. 90. 1 1.9 1.9 3.7
17.5. 3 5.6 5.6 9.3
250. 1 1.9 1.9 11.1
350. 4 7.4 7.4 18.5
360. 4 7.4 7.4 25.9
380. 1 1.9 1.9 27.8
400. 2 3.7 3.7 31.5
450. 2 3.7 3.7 35.2
500. 5 9.3 9.3 44. 4
550. 2 3.7 3.7 48. 1
650. 1 1.9 1.9 50.0
750. 17 31.5 31.5 81.5
900. 1 1.9 1.9 83.3
1000. 2 3.7 3.7 87.0
1200. 7 13.0 13.0 100.0
TOTAL 54 100.0 100.0 100.0
TABLE 6.1.4. TYPE OF MOTORCYCLE (0sSIDs)
Relative
Absol ute | Frequency
Category Label Code Frequency 43!
| Al | _0s1Ds
Street OQEM* 1 623 69.2
Drt Bike 2, 14 1.6
Endurc 3. 100 11.1
Semi - Chopper 4. 64 7.1
Chopper 5. 49 5.4
Caf e Racer 6. 28 3.1
Qt her 22 2.4
TOTAL 900 100.0
Fatal 0sips
Sstreet O 1. 36 66. 7
Drt Bike 2, 2 3.7
Enduro 3. 6 11.1
Seni - Chopper 4, 4 7.4
Chopper 5. 3 5.6
Cafe Racer 6. 3 5.6
TOTAL 54 100.0
*OEM refers to Original Equipme Manufacture
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TABLE 6.1.5. MOTORCYCLE ENG NE CHARACTERI STICS (0SIDs)
W Rel ative { Adjusted
Absol ute | ¥Frequency | Frequency
Category Label Code Frequency (%) (%)
Nurmber of Cylinders
Two 2. 424 47.1 47.2
Thr ee 3. 33 3.7 3.7
Four 4. 262 29.1 29.1
Unknown 8. 1 0.1 M ssing
TOTAL 900 100.0 100.0 |
Type of Engine 1.
4-cycle 2. 722 80. 2 80. 2
?-cycle 178 19.8 19. 8
TOTAL 900 100.0 100.0
TABLE 6.1.6. MOTORCYCLE RIDER SURNAME SAME AS OMER (TARs)
Rel ative | Adjusted
Absol ute |[Frequency [Frequency
Category Label Code Frequency (%) (%)
Yes 1. 2642 73.4 78.2
NO 2. 736 20.4 21.8
Unknown 8. 222 6.2 M ssing
TOTAL 3600 100.0 100.0
person with a surnanme different from the registered owner. A special investigation
of the cases showed that at least half of these cases were delays in the |egal
change of ownership. The other half was attributable to a variety of reasons with
stolen notorcycles representing less than half a percent of those accident cases.

6.2 Manufacturer of

the Accident-Involved Mtorcycle

Table 6.2.1 shows the nmanufacturer of
in-depth cases.

Table 6.2.2 shows the nanufacturer of
analyzed from police traffic accident reports.

In general, the distributions
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TABLE 6.2.1. MOTORCYCLE MANUFACTURER (0s1IDs)

Relative | Adjusted
Absol ute | Frequency |Frequency
Category Label Code Frequency (%) (%

BMWV 3. 14 1.6 1.6
BSA 4, 8 0.9 0.9
Bultaco 6. 1 0.1 0.1
cz 8. 2 0.2 0.2
CAT- HPE 9. 1 0.1 0.1
Ducati 14, 2 0.2 0.2
Bar | ey- Davi dson 20. 95 10. 6 10.6
Honda 23. 501 55.7 55.7
| ndi an 25. 1 0.1 0.1
Jawa 26. 3 0.3 0.3
Kawasaki 28. 73 8.1 8.1
Moto Guzzi 35. 7 0.8 0.8
Nor t on 40, 6 0.7 0.7
Puch 44, 1 0.1 0.1
Ri versi de 46, 1 0.1 0.1
Sachs 50. 2 0.2 0.2
Sears-Allstate 51. 1 0.1 ‘0.1
Suzuki 54, 40 4.4 4.4
Triunph 55. 18 2.0 2.0
Vespa 60. 7 0.8 0.8
Yamaha 62. 110 12.2 12.2
G hers 65. 6 0.7 0.7

TOTAL 900 100.0 100.0

Tabl e 6.2.3 shows the manufacturer of the notorcycles involved in the
54 fatal accident cases studied. O course, those manufacturers of those more
nunerous or larger displacenent notorcycles show the higher representation.

6.3 Year of Manufacture, or Mdel Year

Table 6.3.1 shows the year of manufacture, or equivalent nodel year, for the
900 on-scene, in-depth accident Investigation cases

Tabl e 6.3.2 shows the year of manufacture, or equival ent nodel year, for the
3600 police traffic accident report cases

6.4 Predominating Color of the Mdtorcycle

Table 6.4.1 shows the notorcycle colors fromthe 900 in-depth accident
i nvestigation cases.

Tabl e 6.4.2 shows the sanme information collected fromthe analysis of the
3600 police traffic accident reports
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TABLE 6.2.2. MOTORCYCLE MANUFACTURER (TARs)
Rel ative [ Adjusted
Absolute |Frequency |Frequency
Category Label Code Frequency (%) (%

BMW 3. 45 1.2 1.3
BSA 4, 26 0.7 0.7
Bri dgest one 5. 1 0.0 0.0
Bul t aco 6. 4 0.1 0.1
Benelli 1. 3 0.1 0.1
cz a. 2 0.1 0.1
Cushman 11. 9 0.2 0.3
Ducat i 14, 5 0.1 0.1
Eagl e 15. 1 0.0 0.0
Gem ni 17. 1 0.0 0.0
Har | ey- Davi dson 20. 321 8.9 9.1
Hodaka - 22 4 0.1 0.1
Honda 23. 1872 52.0 53.0
| ndi an 25. 7 0.2 0.2
Jawa 26. 8 0.2 0.2
KTM 27. 2 0.1 0.1
Kawasaki 28. 329 9.1 9.3
Moto Guzzi 35. 39 1.1 1.1
Nor t on 40. 30 0.8 0.8
Rickman 45, 1 0.0 0.0
Ri versi de 46. 1 0.0 0.0
Sachs 50. 1 0.0 0.0
Suzuki 54, 155 4.3 4.4
Tri unph 55. 122 3.4 3.5
Vaspa 60. 18 0.5 0.5
Yanaha 62. 482 13. 4 13.7
Zundapp 64. 1 0.0 0.0
O her 65. 41 1.1 1.2

Unknown 98. 69 1.9 M ssi ng
TOTAL 3600 100.0 100.0

TABLE 6.2.3. MOTORCYCLE MANUFACTURER (0SID FATALS)
Relative Adjusted
Absolute |[Frequency | Frequency

Category Label Code Frequency (%) (%)

BWW 3. 2 3.7 3.7

Par | ey- Davi dson 20. a 14.8 14.8

Honda 23. 31 57.4 57.4

| ndi an 25. 1 1.9 1.9

Kawasaki 28. 2 3.7 3.7

Suzuki 54, 2 3.7 3.7

Triunph 55. 1 1.9 1.9

Yamaha 62. 7 13.0 13.0

r' TOTAL 54 100.0 100.0




TABLE 6. 3. 1.

MOTORCYCLE YEAR OF MANUFACTURE (0SIDs)

Ep———

Relative Adjusted
Absol ute |Frequency |F requency
Category Label Code ' requency (%) (%)
Year, 19 37. 2 0.2 0.2
o 40. 1 0.1 0.1
47. 3 0.3 0.3
48. 2 0.2 0.2
49. 1 0.1 0.1
51. 2 0.2 0.2
52. 3 0.3 0.3
56, 1 0.1 0.1
58. 3 0.3 0.3
59. 2 0.2 0.2
60. 2 0.2 0.2
62. 2 0.2 0.2
63. 4 0.4 0.5
64. 5 0.6 0.6
65. 11 1.2 1.2
66. 17 1.9 1.9
67. 14 1.6 1. 6
68. 21 2.3 2.4
69. 35 3.9 3.9
70. 56 6.2 6.3
71. 80 8.9 9.0
72. 112 12. 4 12.6
73. 93 10.3 10.5
74, 110 12.2 12. 4
75 157 17. 4 17.7
76. 96 10.7 10.8
7. 49 5.4 5.5
78. 3 0.3 0.3
Unknown 98. 13 1.4 Missing
TOTAL 900 100.0 100.0
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TABLE 6. 3. 2. MOTORCYCLE YEAR OF MANUFACTURE (TARs)
Rela tive Adjusted
Absol ute |Frequency |Frequency
Category Label Code ‘requency (%) (%)

Year, 19 27, 1 0.0 0.0
37. 1 0.0 0.0
39. 1 0.0 0.0
40. 1 0.0 0.0
41. 3 0.1 0.1
42. 2 0.1 0.1
45, 1 0.0 0.0
46. 4 0.1 0.1
47. 4 0.1 0.1
43. 4 0.1 0.1
49. 4 0.1 0.1
50. 6 0.2 0.2
51. 4 0.1 0.1
52. 5 0.1 0.1
53. 1 0.0 0.0
54. 3 0.1 0.1
55. 4 0.1 0.1
56. 9 0.2 0.3
57. 6 0.2 0.2
58. 5 0.1 0.1
59. 9 0.2 0.3
60. 7 0.2 0.2
61. 11 0.3 0.3
62. 6 0.2 0.2
63. 12 0.3 0.3
64. 26 0.7 0.7
65. 35 1.0 1.0
66. 57 1.6 1.6
67. 65 1.8 1.9
63. 83 2.3 2.4
69. 150 4.2 4.3
JO. 246 6.8 7.1
71. 316 8.8 9.1
12. 387 10.7 11.1
73. 425 11.8 12.2
74. 417 11.6 12.0
75. 694 19. 3 20.0
76. 377 10.5 10. 8
77. 83 2.3 2.4

Unknown 98. 125 3.5 M ssi ng
TOTAL 3600 100.0 100.0
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TABLE 6.4.1. MOTORCYCLE PREDOM NATI NG COLOR (0SIDs)
Rel ative Adjusted
Absol ute "requency | ‘requency
Category Label Code Trequency (%) (%
White 1. 44 4.9 4.9
Yellow 2. 44 4.9 4.9
Orange 3. 93 10. 3 10. 4
Bl ack 4. 109 12.1 12.1
Browm 5. 70 7.8 7.8
Blue 6. 163 18.1 18.2
Red 7. 199 22.1 22.2
Purpl e 8. 32 3.6 3.6
Green 9, 66 7.3 7.3
Silver 10. 23 2.6 2.6
Gol d 11. 42 4.7 4.7
Metal  Fl ake/ Chrome 12. 3 0.3 0.3
Q her 13. 10 1.1 1.1
Unknown 98. 2 0.2 Missing |
TOTAL 900 100.0 100.0
TABLE 6.4.2. MOTORCYCLE PREDOM NATI NG COLOR (TARs)
Relative A\djusted
Absolute |Frequency | 'requency
Cat egory Label Code ‘requency (%) (%)

White L. 93 2.6 2.8
Yel | ow 2. 168 4.7 5.0
Orange 3. 259 7.2 7.3
Bl ack 4, 563 15.6 16.9
Brown 5. 223 6.2 6.7
Bl ue 6. 577 16.0 17.3
Red 7. 746 20.7 22. 4
Purpl e 8. 73 2.0 2.2
Green 9. 295 8.2 8.8
Silver 10. 37 1.0 1.1
G ey 11 62 1.7 1.9
Gol d 12. 145 4.0 4.3
Chrone- Metal Fl ake 13. 2 0.1 0.1
Others 14, 93 2.6 2.8

Unknown 98. 264 7.3 M ssi ng
TOTAL 3600 100.0 100.0
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The data relate that the darker colors are present in accidents; the sum of
bl ack, blue, brown, purple, and green represent at least half of the notorcycles.

6.5 Collision Contact on the Mdtorcycle

Figure 6.5.1 shows the collision contact points for the 900 on-scene, in-depth
accident cases. Because of the configuration of the typical notorcycle, there is
a tendency for the collision contact to be located at the front wheel, fender,
and forks. In 30.5% of those cases, the collision contact was at the very front
tire and wheel, and another 31.4% (16.7 + 14.7) were at the right or left front of
motorcycle. So the notorcycle accident has a collision contact configuration
that is predomnately frontal inpact, 61.9% of all cases.

The initial collision contacts have a central side orientation in 31.9% of
the collision cases (17.7 + 14.2).

Collision contact at the back of the motorcycle occurs in only 2.6% of those
cases, and when the right and left back sides are included (1.5 + 2.1}, the total
involvement is only 6.2% of the accident cases. This low frequency of rear inpacts
is far below that of other types of motor vehicles and represents a low threat.

The higher involvenent of the left side collision contact is due to the

domi nant accident configuration of the onconmng other vehicle turning left in
front of the nmotorcycle.

6.6 Mdtorcycle Mdifications

There were nodifications to the notorcycles in the 900 on-scene, in-depth
accident investigation cases as foll ows:

8.9% had extended fork tubes, 1.3% had extensions wth slugs.
8.2% had accessories, e.g., radios, tape, stereo, etc.

6.3% had saddl ebags.

16. 6% had |uggage box or boot.

30.1% had nodified exhaust systens.

4.1% had nodified front wheel and tire.

19.9% had nodified rear wheel and tire.

13.0% had nodified rear suspension.

18.1% had elevated foot rests or highway pegs.

6.1% had nodified triple clanps.

5.6% had frame nodifications.

18. 1% had crashbars.

27.1% had sissybars (but sissybars had no significant injury association)
24.6% had nodified seats.

6.1% had nodified gas tanks.

12.0% had w ndshields (with or wthout fairings)

2.4% had frame-mounted fairings.

6.3% had steering-nounted fairings.

Only one notorcycle was equipped with a sidecar.
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6.7 Fuel System Crashwort hi ness

Fuel Spills

Fuel spills (high flow strean) were present in 17.1% of the 900 on-scene,
in-depth accident investigations; fuel leaks (low internmittent flow) occurred in
44.7% of the accidents. The total of 61.9% significant fuel spills or |eaks
represents a post-crash fire hazard far beyond the accident experience of other
types or road vehicles. It is a typical post-crash posture of the notorcycle
to be lying down on one side, far from the normal containment orientation of the
fuel system Consequently it is expected that sone sort of fuel loss will occur.

The source of fuel spills and leaks is shown in Table 6.7.1. The fuel tank
cap and carburetor vents dom nate as a source of fuel spills and |eaks. The
mot or cycl e post-crash point of rest is reliably distinguished by the spill spots
fromthe tank cap and carburetors. Also, the post-crash orientation of the notor-
cycle and novenent in vehicle recovery can be distinguished in nost accident cases
where fuel spills occur.

TABLE 6.7.1. FUEL LEAKAGE/ SPI LLAGE (0SIDs)

Relative Adjusted
Absolute |Frequency |Frequency
Categery Label Code Frequency {Z) %)

Fuel Spillage _
Yes 1. 149 16.6 17.1

No Z. 720 80.0 8§2.9
Unknown 8. 31 3.4 Missing
TOTAL 900 100.0 100.0

Fuel Leakage

Yes 1. 385 42.8 44.7
No 2. 477 53.0 55.3
Unknown 8. 38 4.2 Missing
TOTAL 900 100.0 100.0
Source of Fuel Spill or Leak
Tank 1. 347 38.6 71i.1
Fuel Lines 2. 36 4.0 L4
Fuel Filter 3. 1 0.1 0.2
Carburetor 4, 104 11.6 21.3
Unknown 8. 55 6.1 Missing
N.A. 9. 357 39.7 Missing
TOTAL {900 | 100.0 | 100.0
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Fuel Tank Crashwort hiness

Retention: Table 6.7.2 shows that 3.2%of the 900 accident cases involved parti al
separation of the fuel tank fromthe motorcycle; 2.1%of the accidents resulted
in conplete separation of the tank from the notorcycle.

Deformation: Table 6.7.2 also shows 45.4% of the 900 cases invol ved no defor-
mation or danmage to the fuel tank; 36.8%suffered nild deformation, 13.1%suffered
moderate deformation, and 4. 7% experienced severe deformation of the tank. Severe
deformation of the tank would be characterized by et |east 1/3 reduction of the
tank volume, and a high potential for fuel |oss.

TABLE 6.7.2. FURL TANK STATUS (0OSIDs)
Rel ative | Adjusted
Absolute |Frequency | Frequency
Category Label Code Frequency (%) )
Tank Retention
Conpl ete L. 850 84.4 94.1
Parti al 2. 29 3.2 3.2
Total Separation 3. 19 2.1 2.1
Unknown a. 2 0.2 M ssi ng
TOTA 900 100.0 100. 0
Tank Deformation
None 0. 408 45.3 45.3
Mld 1. 331 36.8 36.8
Moder at e 2. , 118 13.1 13.1
Severe 3. 42 4.7 4.7
Unknown 1 0.1 M ssi ng
TOTAL 900 t'100.0 100.0
Violation: Table 6.7.3 shows that 4.2% of the fuel tanks experienced intrusion

or penetration of the tank volune so that

Tank Cap:

the crash inpact.

flip-up type caps.
Fires

As shown in Table 6.7.4,

occurred in 11 of the 900 on-scene,

Table 6.7.3 also shows that 3.7%of the fuel
The mpjority of those tank caps opening were forward-hinged

a severe fuel

| oss would occur.

tank caps opened during

crash firesoccurred in 3 and post-crash fires

i n-depth acci dent cases, i.e., 1.2%of the

accidents. This frequency of fire occcurence is | ow when conpared with the high
availability of fuel fromspills and | eaks (61.9% of the accidents). The fuel
tank cap opening was the predonminating fuel source in these fires, and such a
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TABLE 6.7. 3.

FUEL TANK VI OLATI ON AND CAP SECURITY (0SIDs)

Rel ative | Adjusted
Absol ute |Frequency |Frequency
Category Label Code Frequency (%) (%)
Tank Violation
— None 0. 861 95.7 95.8
Yes 1. 38 4,2 4.2
Unknown 8. 1 0.1 Missing
TOTAL 900 100.0 100.0
Cap Renmin Secured?
— Yes 1. 859 95.3 96.3
NO 2. 33 3.7 3.7
Unknown 8. 8 0.9 Missing
TOTAL I 900 100.0 100.0
— TABLE 6.7.4. FIRE OCCURRENCE ( CSI Ds)
Relative | Adjusted
Absol ute |Frequency | Frequency
Cat egory Label Code Frequency (%) (%)
Did Precrash Fire Cccur?
NO 2. 900 100.0 100.0
TOTAL 900 100.0 100.0
B Did Crash Fire Qccur?
Yes 1. 3 0.3 0.3
99.7 99,7
TOTAL 100.0 100.0
Did Postcrash Fire Occur or
Crash Fire Continue?
Yes 1. 11 1.2 1.2
NO 2, 889 98.8 98.8
TOTAL 900 100.0 100.0
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source would provide a high volume of fuel when

ignition sources are available.

The fuel and ignition sources are shown in Table 6.7.5.
TABLE 6.7.5. FUEL/IGNITION SOURCES (0SIDs)
Relative | Adjusted
Absolute |Frequency {Fregquency
Category Label Code Frequency (%) (%)
Fuel Source for Fire
Tank Cap Separation 2. 9 1.0 81.8
Car bur et or 3. 1 0.1 9.1
Petcock 3. 1 0.1 9.1
Not Applicable 9. 889 98.8 Migsing |
TOTAL 900 160.0 100.0
Ignition Source
Electrical System 1. 3 0.3 27.3
Exposed Exhaust 2. 1 0.1 9.1
Friction Sparks 3. 4] 0.7 54.5
Other 4, 1 .1 9.1
Not Applicable 9. 889 98.8 Missing
TOTAL 900 100.0 100.0

The |ow occurrence of fires in the presence of high fuel availability
(Table 6.7.1) is explained by the fact that the nbst common ignition source
available is friction sparks from the sliding motorcycle. If the fuel concen-
tration is low at the ignition source, there is no fire; if the fuel concentration
is high only at the point of rest, the ignition source is depleted and there is
no fire. As the notorcycle reaches the post-crash point of rest, the usual
sources are depleted and a low volume f|ow fuel source is not ignited.

6.8 Pre-Crash and Crash Speeds

Table 6.8.1 (Appendix C 2) shows the distribution of

pre-crash speeds for

The nmedian speed

is 29.8 mles

the notorcycles involved in the 900 accident cases.
per hour for all cases. The single and multiple vehicle collisions are presented
separately.

Table 6.8.2 (Appendix C 2) shows the distributions of
The nedian speed

the notorcycles in the 900 accident cases.
hour for all cases.
marized in Table 6.8.3,

characterized by generally nore frequent

and these data show that

a4

the crash speeds for

is 21.5 mles per
The single and multiple precrash and crash speeds are sum
the single vehicle accidents are
high precrash and crash speeds.
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TABLE 6.8.3. summarY OF PrRECRASE AND crase SPEEDS FOR Sl NGLE
MULLTI PLE VEHI CLE COLLI SI ONS

Single Vehicle | Miltiple Vehicle
Collisions Collisions Unknown
Precrash Speeds (208) (661} (31)
O 10 nph 17 (.082) 46 (.070) 2
11-20 23 (.111) 77 (.116) 4
21-30 47 (.226) 238 (.360) 12
31-40 42 (.202) 221 (.334) 6
41-50 36 (.173) 59 (.089) 5
51-60 22 (.106) 14 (.021) 2
61-70 14 (.067) 1 ¢ 0) 0
71-80 1 (.005) 0(¢ 0) 0
>80 2 (.010) o0 ¢ 0) 0
Unknown 4 (.019) 5 ¢.007) 0
Crash Speeds

O 10 mph 18 (.087) 62 (.094) 3
11-20 61 (.293) 273 (.413) 15
21-30 50 (.240) 215 (.325) 5
31-40 38 (.183) a5 ¢(.129) 6
41-50 14 (.067) 17 (.026) 1
51- 60 14 (.067) 9 (.014) 1
61-70 9 (.043) 0( 0) 0
71-80 2 (.0L0) 0¢ 0) 0
>80 0{( 0) e (¢ 0) 0
Unknown 27 (.01O) 0( 0) 0

Each of the 900 cases was conpletely reconstructed analgtically and the
vehicle dynamcs defined to determne the pre-crash and crash speeds. \ehicle
damage anal ysis, post-crash trajectories, and skid and scuff marks were used to
determne these speeds. No sinmilar information was available from exanination of
the 3600 police traffic accident reports

The distribution of the pre-crash and crash speeds i s shosm in Figure 6.8.4.

Note the median speeds of 29.8 and 21.5 mles per hour, and the one-in-a-thousand
crash speed is approximtely 86 mles per hour.

6.9 Contributory Tire Conditions

Table 6.9.1 shows the frequencies of contributory tire conditions for the
front and rear tires of the accident Involved notorcycles examned for the on-scene

in-depth data collection. The greatest part of accident causation by vehicle
failure (2.8% was tire failure, primarily by puncture flats. Al of those tires
invol ved were tube-type and the deflation was usually sudden, causing inmediate

control distress.
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TABLE 6.9.1.  CONTRI BUTORY TI RE CONDI TI ONS (0SIDs)

Rel ative [ Adjusted
Absol ute Frequency | Frequency
Cat egory Label Code Frequency (%) (%)
Front Tire
None 0. 859 95.4 95.6
Puncture Fl at 1. 2 0.2 0.1
Wrn Snoot h 3. 4 0.4 0.4
Low Pressure 4, 23 2.6 2.6
High Pressure 5. 9 1.0 1.0
Others 7. 2 0.2 0.2
Unknown a. 1 0.1 Missing
TOTA 900 100.0 100.0
Rear Tire
None 0. 837 93.0 93.0
Puncture Flat 1. 12 1.3 1.2
Wrn Snoot h 3. 11 1.2 1.2
Low Pressure 4, 22 2.4 2.4
Hi gh Pressure 5. 12 1.3 1.3
Valve Failure 6. 1 0.1 0.1
O hers 1. 5 0.6 0.6
TOTAL 900 100.0 100.0

Dynamic tire failure was not involved in the majority of puncture flats. In
the mpjority of cases, loss of control occurred before the tire bead unseated, or
the tire bead did not unseat at all. As a result, there is no obvious require~
ment for conplicated wheel design or bead retention devices. The dynanic tire
failure problemis of mnor inportance when conpared to the major accident and
injury causation problens of conspicuity, rider error, head protection, etc.

Tires worn snooth contributed reduced traction with contamnated roadway and
were accounted for only when that reduced traction was involved in the accident
events.

Tires with pressures excessively high or low coul d reduce braking or cornering
ability. Wen those pressures deviated more than 30% from standard pressures,
and that hard or soft tire contributed to the accident involvenment, those data
were so noted. As an exanple, one accident studied involved a semn-chopper
750cc notorcycle with a front tire inflated to 58 psi. Front brake application
during collision avoidance action resulted in premature front wheel |ock-up,
slide-out and fall. This result was made nore likely by this hard, over-inflated

tire.

Approxi mately 6%of those vehicles examined had tires in poor or marginal
condirion, but there was no direct contribution to accident causation since out-
right nechanical tire failure nodes were not encountered.
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Tables 6.9.2 (Appendix €.2) and 6.9.3 (Appendix C. 2) illustrates the effect
of the presence of a passenger on the contributory front and rear tire conditions.
These data show the additional involvenent of the passenger-carrying notorcycle
experiencing puncture flat of the rear tire.

6.10 Cornering C earance

Tabl e 6.10.1 shows the frequencies of accident involved cornering clearance
problems. The sidestand wee involved nore then any other conponent, and three of
these cases involved failure to retract the sidestand after starting off and
entering traffic. Each of these three cases involved a significant attention
probl eminvolving the motorcycle rider (passenger, traffic, alcohol involvenent)
and one case of an unhelneted rider resulted in fatal injuries.

TABLE 6.10.1. CORNERI NG CLEARANCE | F ACClI DENT- | NVOLVED

Rel ative | Adjusted
Absol ute Frequency [Frequency
Cat egory Label Code Frequency (%) (%
Al |l 0SIDs
Si dest and 1. 9 1.0 32.1
Cent er st and 2. 6 0.7 21. 4
Foot Pegs 3. 6 0.7 21. 4
Muf f | ers- Pi pes 5. 2 0.2 7.1
Crash Bars 6. 2 0.2 7.1
Q hers 3 0.3 10.7
Unknown 8. 1 0.1 M ssi ng
Not Applicable 9, 871 96.8 M ssi ng
TOTAL 900 100.0 100.0
Fatal 0siDs
Si dest and L. 1 1.9 33.3
Foot Pegs 3. 1 1.9 33.3
Q hers 6. 1 1.9 33.3
Not Applicable 9. 51 94.4 M ssi ng
TOTAL 54 100.0 100.0

6.11 Pre-Crash Line-of-Sight

As a matter of the conplete reconstruction of the accident dynamics, the
pre-crash and crash speeds and directions were determned for the notorcycle and
the other vehicle involved in each of the on-scene, in-depth accident cases. At
that point in the accident events corresponding to the accident precipitating
event, the line-of-sight fromthe mtorcycle rider to the other vehicle was deter-
m nded and recorded as a "clock face" direction. For exanple, consider the notor-
cycl e approaching an intersection and an autonobile in opposing traffic just
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beginning to turn left in front of the motorcycle. In this case, the typical
pre~crash | i ne-of-sight from the motorcycle to that autonobile woul d be approxi-
mately "eleven o' clock". It is inportant to distinguish this pre-crash line-cf-
sight fromvehicle paths, or any other element of the pre-crash orccllision
dynami cs.

The pre-crash line-of-sight relates several factors inportant in accident
prevention. The principal application is in the detection of hazards by the notor-
cycle rider. The search and detection priorities are defined by the distribution
of these hazards around the notorcycle rider. Aso, the reciprocal of each line~
of -sight defines that part of the notorcycle exposed to view by the driver of the
other vehicle. For exanple, if the pse-crash line-of-sight to the left turning
autonobile is "eleven o' clock” then that front left side of the nmotorcycle is that
surface nost related to motorcycle conspicuity in that particular accident

Table 6.11.1 shows the distribution for the pre-crash |ines-of-sight for the
900 on-scene, in-depth accident cases. There were 716 of these accidents which
invol ved another vehicle (or pedestrian, animal, etc.) and 184 which were single
vehicle accidents with nothing involved but the notorcyclist. Hence, no data
were recorded for those 184 single vehicle collisions. A special feature of these
data are the concentrations at 11, 12, and 1 o'clock pre-crash lines-of-sight,
with the sum being 77.0% The highest concentration is at 11 o' clock (43.4%;
that pre-crash line-of-sight is characteristic of the autonobile turning left
in front of the onconing notorcycle. The high concentrations of the 11, 12 and
{ o' clock positions illustrate the sensitivity of the accident situation to rider
attention and the clear orientation to the motorcycle path. In other words,
"motorcycle rider, watch where you are going; that is where at least three-fourths
of the accidents are coming from"

It is seem that the extrene peripheral fields are of little significance in
hazard detection.

On rider's right,
At 3 o'clock, 0.8% of the hazards
4 o' clock, 0.4% of the hazards
5 o'clock, 0.8% of the hazards

On rider's left,

At 9 o'clock, 2.7% of tehazards
8 o'clock, 0.3% of the hazards
7 o'clock, 1.3% of the hazards

And, Prom directly behind the rider,
At 6 o'clock, 3.4% of the hazards
The extrenely |ow incidence of hazards in the peripheral field denies the

need for wi de eye space in safety helmets; there is no need for lateral visua
space greater than the current standard of 105° from the mdaagittal plane.
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TABLE 6.11.1. BEARING OF OTHER VEHI CLES AS SEEN FROM MOTORCYCLE (0SIDs)

Rel ative |Adj usted
Absol ute Frequency | Frequency
Category Label Code Frequency (%) (%)
One o' cl ock 1. 120 13.3 16.8
Two o' cl ock 2. 43 4.8 6.0
Three o' cl ock 3. 6 0.7 0.8
Four o' cl ock 4, 3 0.3 0.4
Five o' clock 5. 6 0.7 0.8
Six o' clock 6. 24 2.7 3.4
Seven o' cl ock 7. 9 1.0 1.3
Eight o' cl ock 8. 2 0.2 0.3
Ni ne o' clock 9, 19 2.1 2.7
Ten o' cl ock 10. 53 5.9 7.4
El even o' cl ock 11 311 34.6 43. 4
Twel ve o' cl ock 12. 120 13.3 16.8
N. A 99. 184 20. 4 M ssi ng
TOTAL 900 100.0 100.0

The sumof the 10, 11, 12, 1 and 2 o' clock precrash |ines-of-sight is 90.4%.
This clearly establishes the conspicuity problemof the motorcycle as one of the
front surfaces. Al conspicuity treatments should focus upon this frontal region
of the motorcycle-rides configuration because this is the surface nost often
presented to the driver of the other vehicle.

The predonminating pre-crash line-of-sight orientations of 1l1+12+1 o' cl ock
relates the feeble contribution possible by side reflectors on notorcycles. The
reflector orientation is ineffective and no light source fromthe other vehicle is
directed at the reflector. Active sidelanps with the forward oblique - rather
than lateral - alignment have the potential of effective conspicuity contribution
A good exanpl e of effective design for this favorable effect is the Vetter Wnd-
jammer fairing Wi th "Leadi ng Edge Lights."
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Retroreflective material on the notorcycle has the sane shortcomng as any
reflectorized surface; the contribution to conspicuity is dependent upon the other
vehicle light source aimed at that reflector on the motorcycle. This situation is
absent in daytine and rare at nighttine. O course, the retroreflective material
will respond to ambient |ight but that source has obvious |imts for daylight
consideratioas.

Table 6.11.2 shows the distribution of the precrash lines-of-sight for the
anbient light at the accident scene. Daytine and daylight predominate with 552
or 77.1% of those accidents. Dawn-dusk light conditions existed for 42 or 5.9%
and 122 or 17.0% of those accidents occurred at night.

Table 6.11.3 shows the relationship between notorcycle headl anp equi prent
and function for the pre-crash line-of-sight for all of the nultiple vehicle
collisions (716) in the total of on-scene, in-depth accident investigations (900).
Table 6.11.4 illustrates these data for all nultiple vehicle accidents for al
24 hours of the day, i.e., daylight + dusk + dawn + night. The nunbers collected
at each clock position are as follows,(for exanple, at 11 o'cl ock):

PERCENT OF ALL ACCIDENTS WHICH
HAD 11 O0’CLOCK PRECRASH LINE-OF
SIGHT, i.€., 3110F 715

/ PERCENT OF MOTORCYCLES WITH NO

HEADLAMP, INOPERATIVE HEADLAMP,
OR NOT ON AT THE TIME OF THE
ACCIDENT

§ PERCENT OF MOTORCYCLES WITH HEAD.

LAMP ON AT THE TIME OF THE
ACCIDENT.

PERCENT OF UNKNOWN OR UNDETER-
MINED HEADLAMP FUNCTION

Tables 6.11.5 and 6.11.6 show those pre-crash |ine-of-sight distributions
for night conditions. |In these data, the predomi nant orientation is the 11 o'clock
position, which is nost |ikely the onconming autompbile turning left in front of the
motorcycle. Also, the total of 11, 12, and 1 o'clock pre-crash |ine-of-sight
frequencies is 77.9% of all orientations

The peripheral fields illustrate extrenely | ow frequencies; the headl anp use
is high, but the non-use of headlanp noted in the 11 and 12 o'clock positions is
the sinplest explanation for nighttime accident involvenent. The 6.6% of precrash
line-of-sight at 6 o'clock inplies sone need for nore conspicuous rear |anps.

Tables 6.11.7 and 6.11.8 show these data for dusk-dawn anbient |ight conditions.
The sum of the precrash |ine-of-sight frequencies for 11, 12, and 1 o'clock is

78. 6%
Tables 6.11.9 and 6.11.10 show those data for daylight conditions. The sum

of the precrash line-of-sight frequencies for 11, 12, and 1 o'clock is 76.6% and
the peripheral regions have only insignificant contribution. The nost inportant
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TABLE 6.11.4. MOTORCYCLE RIDER PRE- CRASH LI NE- OF- SI GHT TO THE
OTHERVEHI CLE
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TABLE 6.11.8. MOTORCYCLE RI DER PRE- CRASH LI NE- OF- SI GHT TO
TRE OTHER VEHI CLE (0SIDs)

DUSK-DAWN ONLY {42)
11 +12+1: 78.6%
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BEARI NG OF OTHER VEHI CLE AS seex FROM MOTORCYCLE

VERSUS MOTORCYCLE HEADLAWP OPERATI ON

TABLE 6.11.9.

STITNAA

TANAA a1 10 Rt 1eaa

—~ om (=] Wy Oy o~ - LS vy~ o ™ 3 v~ o o 3 - a o o Q
L 3 ] L= P » . . — . — =t - ™ . L= B AN
Mt O ~ =] o =] ™ - o o~ ~ o~ Ny ™~ w9
o - - ~ o
(=] =it
OW L I I I T T o I = B P 0000 QOO0 OCOoOQ DOOO cood cooo 0000 00O NAHNS MO En|Mg
[l + . + L] L] » + . 0 . L] + + - * - L] . - . . ) . - - L] wed .
..mf Moo O 000 (=N =01 (=R~ =] (=R [ =) [~ coo [= = ) NGO Mo o~
CRs ™~ - ~ o
=
« 0
..m.m MEMY QMY HO0HN 0000 CO000 0000 0000 0000 AhHd OSSO WEO O M| gan
“ o4 . . e ' .« = I « o . Y B
a o O 5#40 o~0 [on o e} [ o Y oo [ R e Lo i ) [ R R } o0 000 o)y o~ qu..o o
N R - « = -
o =
el
o
-]
AN
W. HE |gont N0 C0COC COCC CCOC NMOG NMET MONT Ao SO OO0 gm0~
wea |& . . . v . 'R ' M A s s . s e ] o tr
- ~ O o W e coo oo oo Mo ™ - OO woo e D o o~ BBl EXE=]
m. mm ™ ot o~ ™ « o o I EL R 1l (5]
—
-]
3
= ..m CWOmM MINAN FTOMNMR SOOI NOWE FOMO T COOCD MhMd FHNM NONM WM nm
(%] [ o T TR - R S > = » = . " = om * s = " e L Y B P a D] allm .
L] Y o w P~ T =N -] WGG =R =1 =] D ed - 0O SO o ey s H N ~O oo
~ %.o ] [Ta] =] 1= 0 \a 0 n R ] W ]
o = — —
P
o
M
$|.is ,
.
uﬂ.. ..m.%. 0000 HinNko OO0O OOO0QD OO0 oeoo oooo ocoo ODDO NI RO D000 H4
. P . v . . ' . e PR . . . .
W. 000 o™~ [ = o o) oo D OO0 000 000 000 000 1%0 3“)..1 (=] ] o
L 4 —
B O
¥
3
r_W RN MASn 000D 0000 O0QC AN 0000 [=R=R=Re} 0000 Med N NS OO0 |M g
: e e e . o . B « .. v s P P S )
um.m_. _“me 7...2..0 (=N =N (=N =] (=N =] ] L= ] coo (=N = ] coo 7?..0 2”0 ocoo ~
oo
[PRTRTHT] . . . . . . . . . ml
TR — ~ ™ ~t vy -] ™~ ] ol =] — o~ n
3 - - - -
nw o nwo
nwo =
2]

76.6%

Daylight Only (552 Cases)
11 + 12 + 1 o'clock:
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TABLE 6.11.10. MOTORCYCLE RIDER PRE-CRASH LI NE-OF-SIGHT TO
OTHER VEH CLE (0SIDs)

DAYLIGHT ONLY (5521
11+12+1:76.6%
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factor related by these figures is the effectiveness of the headlanp being on in
daytime as an accident counterneasure. It is clear that the headlanp is nost
likely to be effective along those |ines-of-sight where the headl anp woul d of fer
hi gh contrast conspicuity, i.e., Tonly 11, 12, and 1 o#elock orientations. e
daytime data show

C ock |ine-of-sight 11 12 |
Acci dent Frequency 42.4 17.9 16.3
Headl anp not equi pped,

or of f, or inoperative 67.1 57.6 56. 7
Headl anp on 28.2 37.4 37.8
Unknown/ Undet er ni ned 4.7 5.0 5.5

Exposure data show that at |east 60% of the population-at-risk had headl anps on
in the daytime. Consequently, those notorcycles with headlanps on in daylight
woul d be under-represented in the accident popul ation and the counterneasure is
effective. Also, it is possible that the voluntary use of the headlanp on in
the daylight is an indication of the nore know edgeabl e or cautious motorcycle
rider, who would be |ess accident-involved. However, the overall effect showm
in these data is a great potential of reduced accident involvenent by headl anp
use in daylight.

Wi le data were not recorded for all 900 accident cases, a sanple of vehicle
exaninations showed that those notorcycles with the headlanmp on had the follow ng:

Low beam sel ected 87%
H gh beam sel ected 6%
Unknown or undeterm ned 7%

So. the data related for headlanp effectiveness naybe assumed in the nmgjority
to represent the contribution of |ow beam operation.

6.12 Crash Bar Effectiveness

The effectiveness of crash bars "as investigated by conparing notorcycle
equi pnent and the incidence of injuries to the rider's ankle-foot, |ower |eg,
knee and thigh regions. Table 6.12.1 shows the motorcycle crash bar equi pnent
for the 900 on-scene, in-depth accident investigation cases. This table shows
that 163 accident-involved motorcycles were equipped with some kind of crash bars,
i.e., 18.1% Engine "case-savers" were not counted as crash bars since those
accessories serve only to protect the mechanical conponents and offer no sub-
stantial obstacle to an injury source. Note also that 230 (25.6% of those
mot or cycl es were not involved in collision with another vehicle, although another
vehi cl e may have been involved in accident causation in approximately fifty of
those cases; collisions with other vehicles were Involved in 667 (74.1%.

There "as no attenpt to evaluate the crash bar configuration on an individual

acci dent case; sonme crash bars were flimsy tube structures attached with U bolts
or hose clanps while others were substantial integral structures. |ndividual cases
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TABLE 6.12.1. CRASHBAR EQUI PPED VERSUS MULTI PLE/ SI NGLE
VEH CLE ACCI DENT (QSIDs)

count
Row Pct
Col Pct jingle Multi- Row
Crashbar Tot Pct Vehicl e Vehicl e Unknown Tot al
None 193 540 3 736
26. 2 73.4 0.4 81.8
83.9 81.0 100.0
21. 4 60.0 0.3
36 127 0 163
22.1 77.9 0.0 18.1
15.7 19.0 0.0
4.0 14.1 0.0
Unknown 1 0 0 1
100.0 0.0 0.0 0.1
0.4 0.0 0.0
0.1 0.0 0.0
Column 230 667 3 900
Total 25.6 74. 1 0.3 100.0

showed exanples of success as well as failure of the mninmum strength crash bars
and then failure as well as success of the more substantial crash bars.

Table 6.12.2 shows the investigator's evaluation of the crash bar damage. In
18 of the crash bar equipped notorcycles, the crash bars were agents of injury,
accounting for 22 discrete injuries as the contact surface.

TABLE 6.12.2. DAVMAGE TO CRASH BARS (0SIDs)

Rel ative Adj ust ed
Absol ut e Frequency |Frequency
Category Label Code Frequency (%) ()
No Damage 0. 9 1.0 3.5
Damage, No Injury 1. 136 15.1 83.4
Damage + Injury 2. 18 2.0 10.9
Damage, Injury Unknown 7. 2 0.2 1.2
Unknown d. 1 0.1 M ssing
N.A., No Crashbars 9. 734 81.6 M ssing
TOTAL 900 100.0 100.0
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Crash bars have the prospect of protecting the lower linbs in the event of
collision with another vehicle, or during a fall to the roadway. The regions of
the body nost likely to be involved are the somatic regions of the thigh (T},
knee (K), lower leg (L), and ankle-foot (Q)}. In the 900 accident cases, there
were 1321 discrete injuries to these "protectable" regions. Table 6.12.3 shows the
distribution of these individual injuries to the protectable regions, for the 900
notorcycles with and without crash bars. The notorcycles equipped with crash bars
(16.19% accounted for a" equivalent share (17.9% of the injuries to those regions
of the body that are assuned to be protectable by crash bars. Consequently, no
advantage is obvious from the use of crash bars.

TABLE 6.12.3. I NJURY SEVERI TY TO PROTECTABLE REG ONS (T + K + L + Q)
BY MOTORCYCLE CRASHBAR USACE (0SIDs)

Count
Row Pct Injury Severity
Col Pet
Crashbar Tot Pct Minor Moderate Severe Serious Critical Unknown Total
None 822 163 64 34 1 1 1085
75.8 15.0 5.9 3.1 0.1 0.1 82.1
82.2 83.6 75.3 87.2 100. 0 100.0
62.2 "12.3 4.8 2.6 0.1 0.1
Yes 178 32 21 5 0 0 236
75.4 13.6 a.9 2.1 0.0 0.0 17.9
17.8 16. 4 24.7 12.8 0.0 0.0
13.5 2.4 1.6 0.4 0.0 0.0
Column 1000 195 a5 39 1 1 1321
75.7 14.8 6.4 3.0 0.1 0.1 100.0

some expl anation of the severe, serious and critical injuries will give
perspective to these extrene injuries. The one case of AIS:5 was traumatic high
anputation of the thigh due to leg entrapment in the collision surface. The great
part of the AIS:4 and AIS:3 injuries are in that region of the lower leg, and
because of the nature of those injuries, the two severity levels should be con-
sidered together rather than separate and distinctly different injury levels. For
exanpl e, a conpound, comminuted fracture of the tibia (AI5:3) differs only slightly
intotal effect froma conpound, comminuted fracture of the tibia and fibula with
severe tissue destruction (given ALS:4 in these data).

Addi tional details of crash bar performance are shown in Table 6.12.4, where
the severity of injuries to the protectable regions ate shown for the single and
nul tiple vehicle collisions. Recall from Table 6.12.1 that the notorcycles were
crash bar equipped in 15.7% of the single vehicle collisions and 19.0% of the
nul tiple vehicle collisions. This conparison shows no favor or advantage te the
use of crash bars in either single or nultiple vehicle collisions. A popular
concept of past time was that crash bars would support the notorcycle if it falls
to the roadway thereby preventing injury to the rider's leg which could be trapped
bet ween the notorcycle and the roadway. The data offers no support for this
concept.
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TABLE 6.12.4. CRASHBAR EFFECTIVENESS IN SINGLE AND MULTIPLE VEHICLE
COLLISIONS LEG INJURY SEVERITY BY CRASHBAR USAGE

Single Vehicle Collisions
Count .
Row Pct Injury Severity
Col Pct
Crashbar Tot Pct Minor | Moderate Severe Serious Critical Unknown Total
None 161 as 5 1 0 0 202
79.7 17.3 2.5 0.5 0.0 0.0 84.5
831.9 85.4 100.0 100.0 0.0 0.0
67.4 14.6 2.1 0.4 0.0 0.0
Yes 31 6 0 Q ¢ 0 37
83.8 16.2 0.0 0.0 0.0 0.0 15.5
16.1 14.6 0.0 0.0 0.0 0.0
13.0 2.5 0.0 0.0 0.0 0.0
Columm 192 41 5 1 0 0 239
Total 80.3 17.2 2.1 0.4 0.0 0.0 100.0
Multinle Vehicle Collisions
None 658 127 59 33 1 1 879
74.9 14.4 6.7 3.8 0.1 0.1 81.5
81.7 83.0 73.8 86.8 100.0 100.0
61.0 11.8 55 3.1 0.1 0.1
Yes 147 26 21 5 0 ] 199
73.9 13.1 10.6 2.5 0.0 0.0 18.5
18.3 17.0 26.3 13.2 0.0 0.0
13.6 2.4 1.9 0.5 0.0 0.0
Column 805 153 80 38 1 1 1078
Total 74.7 14.2 7.4 3.5 0.1 0.1 100.0

Another popular concept of past time was that crash bars could prevent the
intrusion of an automobile bumper or front corner and prevent injury to the
rider's leg which could be trapped between the motorcycle and the automobile. In
some cases wnere Chereisno initiai " collision  contact other than the leg entrapment
injuries would be limited only if some very substantial structure were between the
rider leg and the automobile. In present time, the only structure of sufficient
substance is the heavy cylinder of a horizontally opposed engine, e.g.,

Contemporary crash bars do not have the strength, coverage, or (in many
instances) the opportunity to have any significant effect in reducing injuries to the
protectable regions. If the collision contact for the motorcycle is at the front,
or front sides, of the motorcycle (61.9%), the impact response of the rider is to
slide forward above the tank. Also, the pitching response at impact lifts the
rear of the motorcycle thus partly vaulting the rider and elevating the protectable
regions of the body. Of course, less vaulting of the motorcycle occupant(s)
occurs due to motorcycle pitching when a passenger is present.

104



An exam nation of the injuries to the individual regions provides an added
perspective of crash bar effectiveness. Tables 6.12.5 6, 7 and 8 show that
crash bar equipped notorcycles (18.1% accounted for 19.4% of the thigh injuries,
20.1% of the knee injuries, 19.9% of the lower leg injuries, but only 9.4% of the
ankle-foot injuries. The advantage of reduced ankle-foot injuries is |ost by
the disadvantage of increased knee, lower leg, and thigh injuries. In other
words, crash bar performance in this study shows that crash bars help sone, but
al so hurt some and the overall effect is no advantage.

TABLE 6.12. 5. | NJURY SEVERITY TO TH GH UPPER LEG ONLY
BY CRASHBAR USAGE

count
Row Pet Injury ¢ erity
Col Pct
Crashbar Tot Pet | Minor | Moderate Severe Serious Critical Total
None 129 26 12 2 1 170
75.9 15.3 7.1 1.2 0.6 80.6
81.1 81.3 70.6 100.0 100.0
61.1 12.3 5.7 0.9 0.5
YOS 30 6 5 0 0 41
73,2 14,6 12.2 0.0 0.0 19.4
18.¢9 18.8 29.4 0.0 0.0
14.2 2.8 2.4 0.0 0.0
Col um 159 32 17 2 1 211
Tot al 75.4 15.2 8.1 0.9 0.5 1.00.0
TABLE 6. 12. 6. | NJURY SEVERI TY TO KNEE ONLY
BY CRASHBAR USAGE
Count
Row Pct Injury Severity
Col Pct
Crashbar Tot Pctlinor Moderate | Severe Serious Tot a
None 302 32 9 2 345
87.5 9.3 2.6 0.6 79.9
80.5 76.2 69. 2 100.0
69.9 7.4 2.1 0.5
Yss 73 10 4 0 a7
83.9 11.5 4.6 0.0 20.1
19.5 23.8 30. 8 0.0
16.9 2.3 0.9 0.0
Col umm 375 42 13 2 432
Tot al 86. 8 9.7 3.0 0.5 100.0
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TABLE 6.12.7. INJURY SEVERI TY TO LONER LEG ONLY
BY CRASHBAR USAGE

Count
Row Pct Injury Severity
Col Pct
Crashbar Tot Pct Minor Moderate Severe Serious Unknown Total
None 237 42 29 29 i 338
70.1 12.4 8.6 8.6 0.3 80.1
80.3 79.2 74.4 85.3 100.0
56.2 10.0 6.9 6.9 0.2
Yes 58 11 10 5 v 84
69.0 13.1 11.9 6.0 0.0 19.9
19.7 20.8 25.6 14.7 0.0
13.7 2.6 2.4 1.2 0.0
Column 295 53 39 34 1 422
Total 69.9 12.6 9.2 8.1 0.2 100.0

TABLE 6.12.8. INJURY SEVERITY TO ANKLE-FOOT ONLY
BY CRASHBAR USACE

Count .
Row Pct Injury severity
Col Pct .
Crashbar Tot Pet M nor Mbder at e Severe Serious Tot a
None 154 63 14 1 232
66. 4 27.2 6.0 0.4 90.6
90.1 92.6 87.5 100.0
60. 2 24.6 5.5 0.4
Yes 17 5 2 0 24
70.8 20.8 8.3 0.0 9.4
9.9 7.4 12.5 0.0
.A 2.0 0.8 0.0
Iiigh | %A % ey 04 |15

The only truly substantial structure which could interrupt the intrusion of
an automobil e bunper or front corner is an engine cylinder (or two). Table 6.12.9
shows the injuries to the thigh, knee, |ower leg, and ankle-foot for all BMW
mot orcycl es encountered in this study. Al BMN's in the study were the two-cylinder
hori zontal |y opposed cylinder configuration, and the BMNs were 1.6% of the
accident case notorcycles but accounted for 0.83%of the injuries in the "protec-
tabl e" regions.
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Injury
Count .
- Row Pet Severity
Col Pct M nor ROW
B Tot Pet 1 Total TABLE 6.12.9. CRASHBAR USAGE VERSUS
[ NJURY TO TH GH, KNEE, LOWER LEG
Crashbar ANKLE- FOOT FOR BMW
_ None 2 2
100.0 18.2
18.2
18.2
- Yes 9 9
100.0 81.8
81.8
—_ 81.8
Column 11 11
. Total 100.0 100.0

Tabl e 6.12.10 shows the injuries to the thigh, knee, lower |eg and ankle-foot
for the Honda G.-1000 which was the 4-cylinder horizontally opposed cylinder
‘configuration. The GL-1000 accounts for 1.1% of the accident popul ation and
accounted for 1.1% of the injuries in the "protectable" regions.

TABLE 6.12.10. CRASHBAR USAGE VERSUS | NJURY
TO TH GH, KNEE, LOAER LEG ANKLE- FOOT
FOR HONDA G- 1000

_ Rgzugzt Injury Severity
Col Pct Minor Moderate Severe Row
Tot Pect 1 2 3 Total
Crashbar
None 6 1 1 8
75.0 12.5 12.5 57.1
— 66. 7 33.3 50.0
42.9 7.1 7.1
3 2 1 6
50.0 33.3 16.7 42,9
33.3 66. 7 50.0
21. 4 14.3 7.1
- Column 9 3 2 14
Tot al 64. 3 21.4 14.3 100.0
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Table 6.12.11 shows the injuries to the same regions for all Moto Guzzi
mot orcycl es encountered in the accident study. Al Moto GQuzzis in the study
were the V-twin engine configuration with shaft drive. The Moto Quzzis were
0.8% of the accident population and accounted for 0.68% of the injuries to the
"protectable” regions.

TABLE 6.12.11. CRASHBAR USAGE VERSUS | NJURY
TO THIGH. KNEE, LOWER LEG ANKLE- FOOT
FOR MOTO GUZZI

count Injury Severity
Row Pet
Col Pet M nor Moder at e Severe ROW
Tot Pet 1 2 3 Tot a
Crashbar
None 0 1 1 ‘2
0.0 50.0 50.0 22.2
0.0 100.0 50.0
0.0 11.1 11.1
Yes 6 0 1 7
85.7 0.0 14. 3 77.8
100.0 0.0 50.0
66. 7 0.0 11.1
Col umm 6 2 9
Tot al 66.7 | 11.: 22.2 1 100.0

For that whole group of motorcycles having large, heavy cylinders in positions
whi ch could conceivably protect the rider's |egs (BMd + G.-1000 +MG}, those notor-
cycles conprised 3.5% of the accident population and accounted for 2.61% of the
injuries to the protectable regions

Tables 6.12.12 and 13 show the distribution and severity of somatic injuries
in the single vehicle collisions. Tables 6.12.14 and 15 show the distribution
and severity of somatic injuries in the multiple vehicle collisions. Crashbar
equi pped notorcycles have | ess than their share of ankle-foot injuries, especially
in the nultiple vehicle accidents. It appears that the crashbar equi pment on
t hese accident-involved motorcycles has a favorable effect only in limting injuries
to the region of the ankle-foot.

6.13 Vehicle Defects

In general, vehicle defects are rare and the contribution to accident causation
is small. Vehicle Failure of the notorcycle was the accident precipitating factor
in 2.8% of the on-scene, in-depth accident investigation cases. The great part of
the cases involved tire puncture flats and obvious maintenance defects
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TABLE 6.12.12.

SINGLE VEH CLE SOMATIC I NJURY DI STRI BUTI ON (0S1IDs)

Count
Row Pct | Upper Lower Whole | Pelvic
Col Pct Arm Back | Chest Elbow | Knee Leg Abdomen | Body Hip Row
Crashbar Tot Pct A B A E 14 L M o] P Tatal
None 20 18 61 30 85 48 33 2 34 589
3.4 3.1 10.4 5.1 4.4 8.1 5.6 0.3 5.8 86.0
80.0 31.8 96.8 75.0 | 83.3 B5.7 94.3 100.0 77.3
2.9 2.6 8.9 4.4 12.4 7.0 4.8 0.3 5.0
Yes 5 4 2 14 17 8 2 0 10 96
5.2 4,2 2.1 10.4 17.7 2.3 2.1 0.0 10.4 14.0
20.0 18.2 3.2 25.0 16.7 14.3 5.7 0.0 22.7
0.7 0.6 0.3 1.5 2.5 1.2 0.3 0.0 1.5
Column 25 22 63 40 162 56 35 2 44 685
Total 3.6 3.2 9.2 5.8 14.9 8.2 5.1 0.3 6.4 100.0
Count
Row Pce Ankle Wrist/ Upper
Col Pet Foot | Forearm | Shoulders | Thigh |[Unknown Hand | Extremities | Trunk Row
Crashbar Tot Pet qQ R 5 T d W X Y Toral
None 41 51 41 28 1 95 0 L 589
7.0 8.7 7.0 4.8 0.2 16.1 0.0 a.2 86.0
B87.2 86.4 83.7 82.4 100.0 92.2 0.0 50.0
6.0 7.4 6.0 4.1 0.1 13.9 0,0 0.1
Yes 6 g 8 6 0 8 1 1 96
6.3 3.3 8.3 6.3 0.0 8.3 1.0 1.0 t4.0
12.8 13.6 16.3 17.6 3.0 7.8 100.0 50.0
¢.9 1.2 1.2 0.9 0.0 1.2 0.1 0.1
Column &7 59 49 14 [ {ik} 685
Total 6.9 B.6 7.2 5.0 0. 15.0 0.1 0.3 [00.0
TABLE 6.12.13. SING.E VEH CLE SOVATIC I NJURY SEVERITY (0SIDs)
Count
Row Pct
Col Pet tinor | Moderate | Severe | Sericus | Critical Fat al Row
Crashbar Tot Pet 1 2 3 4 5 6 Total
437 90 i3 17 10 2 589
74.2 15.3 5.6 2.9 1.7 0.3 86.0
84.2 88.2 97.1 94.4 106.0 100.0
63.8 13.1 4.8 2.5 1.5 0.3
82 12 1 1 0 0 96
85.4 12.5 1.0 i.o 6.0 0.0 14.0
15.8 11.8 2.9 5.6 6.0 0.0
12.0 1.8 0.1 0.1 6.6 6.0
Colum | 519 | 102 l 34 18 10 2 685
Total 75.8 14.9 5.0 2.8 1.5 0.3 | 100.0
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TABLE 6. 12. 14.

MULTI PLE VEH CLE SOVATIC INJURY DI STRI BUTI ON (0s1Ds)

Count
Row Pet | Upper Lower Whole | Pelwvic
Col Pect Arm Back | Chest | Elbow | Knee Leg Abdomen | Body Hip Row
Crashbar Tot Pct A B c E K L M 0 P Total
None 61 85 109 10% 259 288 144 3 100 1881
3.2 4.5 5.8 05.8 [ 13.8 15.3 7.7 0.2 5.3 81.1
83.6 77.3 75.7 85.8 | 78.7 79.1 80.4 100.0 76.9
2.6 1.7 4.7 4.7 F11.2 12.4 6.2 0.1 4.3
Yes 12 25 35 18 70 76 35 0 30 438
2.7 5.7 8.0 4,1 16.0 17.4 8.0 0.0 6.8 18.9
16.4 | 22,7 24,3 14,2 | 21.3 20.9 19.8 0.0 23.1
0.5 1.1 1.3 0.8 3.0 3.3 1.5 0.0 1.3
Column 73 i10 144 127 329 364 179 3 130 2319
Total .1 4.7 6.2 5.5 | 14,2 15,7 7. 0.1 5.6 100.0
Count
Row Pct Ankle Wrise/ Upper
Col Pet Foot Forearm Shoulders | Thigh Unknown Hand Extremities | Trunk Row
Crashbar Tot Pet Q R 5 T o W X Y Toral
None 191 96 38 141 2 199 & 2 1851
10.2 5.1 4.7 7.5 0.1 10.6 0.2 0.1 81.1
91.4 84,2 78.6 a0.1 66.7 83.6 80.0 b6.7
8.2 4.1 3.8 6.1 a.1 B.& 0.2 0.1
Yes 18 18 24 is I 39 1 1 438
4.1 4.1 5.5 8.0 0.2 8.9 D.2 2.2 18.9
8.6 15.8 21.4 19,9 33.3 6.4 20.0 33.3
0.8 0.8 1.0 1.5 D.0 I.7 0.0 0.0
Column 209 114 112 176 238 5 3 2319
Total 9.0 .9 4.8 7.6 0.1 10.3 0.2 0.1 | 100.@
TABLE 6.12.15. MULTIPLE VEH CLE SOVATIC | NJURY SEVERITY (0sIbs)
Count
Row Pect
Col Pct | Minor | Moderate | Severe |Serious | Critical | Facal | Unknown Row
Crashbar Tot Pct 1 2 3 4 5 6 8 Total
None 1418 229 135 67 23 a 1 1881
75.4 12.2 7.2 3.6 1.2 0.4 0.1 8l.1
81.6 81.8 75.0 82.7 76.7 80.0 100.0
61.1 9.9 5.8 2.9 1.0 0.3 0.0
Yes 319 51 45 14 7 2 0 438
72.8 11.6 10.3 3.2 1.6 0.5 0.0 18.9
18.4 18,2 25.0 17.3 23.3 20.0 0.0
13.8 2.2 1.9 0.6 0.3 0.1 0.0
Column 1737 280 180 81 30 10 1 2319
Total 74.9 12.1 7.8 3.5 1.3 0.4 0.0 100.0
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The evaluation of the nechanical condition of the motorcycle showed no

significant relation to accident causation. For exanple, tire condition was
eval uated as "poor™ or "fair" for less than 10% of the tires exam ned on the

acci dent-involved notorcycles. Al but two cases were unrelated to accident
causation; one case involved an ineffective repair of a previous puncture f| at
and the other case involved a defective butt splice in a tube which caused an
(undetected) slow |eak and eventual flat.

The system of the notorcycle were without failure and wi thout contribution
to accident causation. Therewere no cases of exploding batteries, electrical
failures at night, engine or transmssion failures, waterlogged brake surface, or
"stuck" throttles. In tw cases the riders stated that a "stuck" throttle caused
then to | ose control and run wide on a turn. A thorough investigation of the
accident circunstances and detailed exam nation of the notorcycle proved these
contentions to be false and sinply inaccurate reconstructions by the rider.

Vehi cl e dynanics problens of "speed wobbles" or "weaves" were clearly
attributable to an obvi ous maintenance defect or nore fundanental rider control
problems. i.e., rides |ost wheelie or ran wide on a turn and ran off the road.

Mrrors were never criticized directly by the rider as accident related in
performance or function. Evaluation of the accident events showed that detection
of hazards by mirrors was not a factor in those very few acci dents where the
hazard was in that rearward direction.

Turn signals did not contribute adversely in any way.
buttons had no favorabl e or unfavorable contribution

Kill switches or kill
in the accident events.

The motorcycle horn has little function or favor in the precrash events.
Table 6.13.1 shows that the notorcycle horn is rarely used in an attenpt to ward
off the hazard (6.7%. \en the horn is needed, it is usually a feeble aural
message that fails in warning. For exanple, the motorcycle in a traffic lane
stops behind a van stopped at a traffic signal. The van has intruded into an
occupi ed crosswal k and backs up to the distress of the motorcycle rider. Frantic
use of the weak horn and rapi d paddling backwards do not prevent a | ow energy
collision contact.

TABLE 6.13.1. MOTORCYCLE HORN USE (0SIDs}
Rel ative Adj ust ed
Absol ute Frequency |Frequency
Cat egory Label Code Frequency (%) (%)
Did MC Use Horn to Warn OV?

Yes 1. 47 5.2 6.7

No 2, 656 72.9 93.3
Unknown a. 38 4.2 M ssi ng
Not Applicable 9. 159 17.7 M ssi ng

TOTA 900 100.0 100.0




A review of the 3600 police traffic accident cases showed a contrast in the

eval uation of vehicle defects.
were judged defective. O course,

Tabl e 6.13.2 shows that 8.2% of the notorcycles
those cases with obvious puncture flats were

appropriately included but an extraordinary nunber of cases included nmotorcycles

with tires judged to have inadequate tread depth.
i n-depth cases showed this judgment to be unqualified and al so
There was no credibility

900 on-scene,
unrel ated to the accident

events and acci dent

causati on.

A cross check between the

established for the evaluation of defects by the traffic accident reports.
TABLE 6.13.2. MOTORCYCLE CONDI TI ON {TARs)
Rel ative | Adjusted
Absol ute Frequency |Frequency
Cat egory Label Code Frequency (%) (%)
K 1 2939 81.6 91.8
Def ective 2. 264 7.3 9.2
Unknown 8. 397 11.0 M ssi ng
TOTAL 3600 100.0 100.0
6.14 Other Vehicle Involved in the Accident with the Mtorcycle
Table 6.14.1 shows the object in collision contact with the notorcycle for —

the on-scene, in-depth accident cases. Those data are shown for the 900 cases then

for the 54 fatal cases within the basic data. The involvenent wth other notor-

cycles was exclusively in parallel paths with |ow energy contact but subsequent

| oss of control by the motorcycle rider. -

Table 6.14.2 (Appendix C.2) shows the manufacturer of the autonobile involved

in collision contact with the motorcycle. —
Table 6.14.3 (Appendix C. 2) shows the nodel type for the 900 on-scene, in-depth
acci dent cases.

Table 6.14.4 (Appendix C. 2) presents the vehicle size information for both
the 900 on-scene, in-depth accident eases and the 3600 traffic accident reports.

Table 6.14.5 (Appendix C. 2) shows the collision coatact points (not
necessarily injury surfaces) on the other vehicle Involved in collision with the

motorcycle. Certain areas of collision contact are summarized as fol |l ows:
Front and Front Corner
XFO1 121
xFo3 61
Xs01 21
Xs03 _44
TOTAL 247 (36.9% of nmultiple vehicle accidents)
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Side Fender, Door & Pillars

Xs02 65

Xs06 59

Xs12 10

xsl14 49

TOTAL 183 (27.3% of nultiple vehicle accidents)
Tires, Wheels & Undercarriage

Xs21 29

XB27 2

Xs27 4

TOTAL 35 (5.2% of multiple vehicle accidents)
Ot her Mdtorcycles, own Handl ebars, Forks, Front Wheel

MCO5 4

MC08 L

MC11 4

TOTAL 9 (37.5%of the 24 contacts with M C conponents)

TABLE 6.14.1. OBJECT STRUCK BY MOTORCYCLE
Rel ative | Adjusted
Absol ute Frequency [Frequency
Cat egory Label Code Frequency (%) {%)
0SIDs
Passenger Car 1 588 65. 3 65. 3
QG her Mtorcycle 2 27 3.0 3.0
Fi xed Qbject 3 40 4.4 4.4
Ani mal 4 8 0.9 0.9
Roadway 5 172 19.1 19.1
O her 4-\Weel Vehicle 6. 48 5.3 5.3
Q her 7. 17 1.9 1.9
TOTA 900 100.0 100.0
Fatal 08IDs Only
Passenger car 1. 27 50.0 50.0
QG her Mtorcycle 2. 4 7.4 7.4
Fi xed Object 3. 11 20. 4 20. 4
Roadway 5. 7 13.0 13.0
O her 4-Wheel Vehicle 6. 5 9.3 9.3
: TOTAL ! 54 100.0 100.0




7.0 MOTORCYCLE RIDER, PASSENGER, AND OTHER VEH CLE
DRI VER CHARACTERI STI CS

This section deals with the human factors involved in the notorcycle
accidents. The general data describe the characteristics of the notorcycle
rider, i.e.. age, experience, license, training, education. height, weight
etc. In addition, there are included more specific data synthesized or col-
|l ected which relates to the collision avoidance performance of the notorccle
rider, e.g., front brake use, collision avoidance decisions, time for collision
avoi dance, alcohol and drug involvement, etc. OF course, it is expected that
any rider involved in an accident did not demonstrate success in collision
avoi dance performance, and the data collected here attenpt to define and
describe the errors made by the motorcycle rider in those precrash events.

7.1 Mdtorcycle R der Age

Ri der age distributions were deternmined for three groups of data.

Table 7.1.1 shows the distribution of notorcycle rider age for the 900
on-scene, in-depth accident investigation cases. The nedian age is 24.8 years,
and the age group of 17 through 26 is 54.8% of the accident-involved riders.

Table 7.1.2 shows the distribution of notorcycle rider age for the 54 fatal-
ities of the 900 on-scene, in-depth accident cases. The nedian age is 26 and
the age group of 17 through 26 is 50.X of the fatally injured notorcycle riders

Table 7.1.3 shows the notorcycle rider age fromthe 3600 traffic accident

reports analyzed. The nedian age is 22.9 years and the age group of 17 through
26 is 62.6% of the accident-involved riders

7.2 Mtorcycle Rider Sex, Marital Status, Children

Table 7.2.1 (Appendix C. 3) shows that the nale notorcycle riders are
96.2% of the total; female riders are 3.8%of the 900 on-scene, in-depth
cases. Analysis of the 3600 traffic accident reports shows fenale riders
were 2.9% of that accident population.

The one case of the on-scene, in-depth investigations where rider sex was
unknown was a Hol | ywood noped rider

Table 7.2.2 (Appendix C 3) shows the marital status of the notorcycle
rider for the 900 on-scene, in-depth accident cases

Table 7.2.3 (Appendix C. 3) shows the nunmber of children for the accident-
i nvol ved notorcycle rider.
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MOTORCYCLE RI DW AGE {0SIDs)
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TABLE 7.1.2. MOTORCYCLE RIDER AGE, FATAL CASES (0SID FATALS ONLY)

Rel ative | Adjusted Curul ati ve
| Absolute | Frequency | Frequency Frequency

Category Label Code Frequency (%) (%) (%)

Age, Years 18. 2 3.7 3.7 3.7
19. 1 1.9 1.9 5.6
20. 4 7.4 7.4 13.0
21. 4 7.4 7.4 20. 4
22. 1 1.9 1.9 22.2
23. 4 7.4 7.4 29.6
24, 3 5.6 5.6 35.2
25. i 5 9.3 9.3 44. 4
26. 3 5.6 5.6 50.0
28. 1 1.9 1.9 51.9
29. 1 1.9 1.9 53.7
30. 3 5.6 5.6 59.3
31 1 1.9 1.9 61.1
32. 2 3.7 3.7 64.8
33. 3 5.6 5.6 70. 4
34, 2 3.7 3.7 74.1
35. 2 3.7 3.7 77.8
36. 1 1.9 1.9 79.6
38. 1 1.9 1.9 81.5
42. 2 3.7 3.7 85.2
44, 2 3.7 3.7 88.9
49, 1 1.9 1.9 90.7
56. 2 3.7 3.7 94.4
70. 1 1.9 1.9 96. 3
75, 1 1.9 1.9 98.1

Unknown 98. 1 1.9 1.9 100.0

TOTAL | 54 100.0 100.0
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TABLE 7.1.3. MOTORCYCLE RIDER AGE (TARs)
Relative Adjusted Cumulative
Absolute Frequency Frequency Frequency
Category Label Code Frequency ) (2 %
Age, Years 1a. 2 0.1 0.1 0.1
11. 1 0.0 ¢.0 0.1
12. 3 0.1 0.1 0.2
13. 6 0.2 0.2 0.3
14. 11 0.3 0.3 0.7
15. 22 0.6 0.6 1.3
i6. 62 1.7 1.8 3.1
17. 149 4.1 4.3 7.3
18. 207 5.7 5.9 13.2
19. 279 7.7 8.0 21.2
20, 270 7.5 7.7 28.9
21. 256 7.1 7.3 36.2
22. 272 7.6 7.8 44.0
23. 231 6.4 6.6 50.6
24, 173 4.8 4.9 55.5
25, 191 5.3 5.5 60.9
26. 160 4,4 4.6 65.5
27. 115 3.2 3.3 658.8
28. 125 3.5 3.6 72.4
29, 121 3.4 3.5 75.8
30. 107 3.0 3.1 78.9
31. 38 2.4 2.5 8l.4
3z. 67 1.9 1.9 83.3
33. 68 1.9 1.9 B5.2
34, 51 1.4 1.5 86.7
35. 59 1.6 1.7 38.4
36. 46 1.3 1.3 39.7
i7. 35 1.0 1.0 90.7
38. 29 0.8 0.8 91.5
a9, 27 0.7 0.8 92.3
40. 28 0.8 0.8 93.1
41. 20 0.6 0.8 93.7
42. 11 0.3 0.3 94.0
43, 23 .6 0.7 94,6
44, 15 Q.4 0.4 95.1
45, 14 a.4 0.4 95.5
46. 18 ¢.5 a.5 96.0
4t 11 0.3 0.3 96.3
48. 14 0.4 0.4 96.7
49. 16 0.4 Q9.5 97.1
50. g 0.2 0.3 97.4
51. 4 0.1 0.1 97.5
52. 14 0.4 0.4 97.9
53. 11 0.3 0.3 98.2
54, 13 0.4 G.4 98.6
55. 9 0.2 0.3 98.9
36. 2 0.1 0.1 98.9
57, 7 0.2 0.2 99.1
58. 7 0.2 0.2 99.3
39. 5 0.1 0.1 99.5
60. 4 0.1 0.1 99.6
6l. 3 0.1 0.1 99.7
62. 1 0.0 0.1 99.7
63. 3 0.1 0.1 99.8
64, 2 0.1 D.1 99.8
65. 2 0.1 Q.1 99.9
66. 1 0.0 0.0 99.9
77. 1 Q0.0 0.0 99.9
78. 2 0.1 0.1 100.0
Unknown 98. 97 2.7 Mizsing 100.0
TOTAL 3600 12¢.0 100.0
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7.3 Mdtorcycle R der Height and Wi ght

Table 7.3.1 (Appendix C. 3) shows the height distribution for the
accident-involved notorcycle riders. The nedian height is 69.2 inches.

Table 7.3.2 (Appendix C. 3) shows the weight distribution for the acci-
dent-involved notorcycle riders. The nedian weight is 159.4 pounds.

7.4 Motorcycle Rider CQccupation and Education

Table 7.4.1 shows the occupations of the 900 notorcycle riders in the
on-scene, in-depth accident cases. Students are the largest conponent,
(21.2%), and craftsnen (17.7% and | aborers (15.8% conbined to represent
one-third of the total. The unenpl oyed group (10.5% was approxinately repre-
sentative of the local enployment situation, and most of these unenpl oyed were
| aborers or craftsnen when enpl oyed.

TABLE 7.4.1. RI DER OCCUPATI ON (081Ds)

Rel ativel Adjusted
Absol ute Frequency Frequency
Cat egory Label Code Frequency (%) (%)

Pr of essi onal 2. 64 7.1 7.3
Mgr., Administrator 3. 24 2.7 2.7
Sal es Wor ker 13 1.4 1.5
Cerical 4. 62 6.9 7.1
Craftsman 5. 155 17.2 17.7
(peratives, Non-Trans. 6. 8 0.9 0.9
Transport Qperatives 1. 27 3.0 3.1
Laborers 8. 138 15.3 15. 8
Service WWrkers 11. 85 9.4 9.7
Housewi f e 13. 3 0.3 0.3
St udent 14. 185 20.6 21.2
Mlitary 15. 13 1.4 1.5
Retired 16. 5 0.6 0.6
Unenpl oyed 17. 92 10.2 10.5

Unknown 98. 26 2.9 M ssi ng
TOTAL 900 100.0 100.0

Table 7.4.2 shows the equival ent infornmation obtained fromthe exani nation
of the 3600 police traffic accident reports.

Table 7.4.3 shows the educational background for the notorcycle riders in
the 900 on-scene, in-depth accident cases.

The characteristics from the on-scene, in-depth data are agreeable with
the traffic accident report data, except for the unknown data of the traffic

acci dent reports.
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TABLE 7.4.2. MOTORCYCLE RIDER OCCUPATI ON (TARs)
Relative Adj ust ed
Absol ute Frequency Frequency
Category Label Code Frequency (%) (%)
Pr of essi onal 1. 184 5.1 7.8
Admi ni strator 2. 116 3.2 4.9
Sal es Worker 3. 62 1.7 2.6
Cerical 4. 121 3.4 5.2
Craftman 5. 312 a.7 13.3
Operatives 6. 64 1.8 2.7
Tran- Equi p Operative 7. 92 2.6 3.9
Laborers a. 433 12.0 18.5
Farmers 9. 1 0.0 0.0
Farm Laborers 10. 4 0.1 0.2
Service \Wrker 11. 283 7.9 12.1
Househol d Wr ker 12. 1 0.0 0.0
Housewi f e 13. 8 0.2 0.3
St udent 14 486 13.5 20.7
Mlitary 15. 16 0.4 0.7
Retired 16. 5 0.1 0.2
Unenpl oyed 17 156 4.3 6.7
Unknown- Not  Reported 98 1256 34.9 M ssi ng
TOTAL 3600 100.0 100.0
TABLE 7.4.3. RI DER EDUCATI ON (0SIDs)
Rel ative | Adjusted
Absol ute Frequency |Frequency
Category Label Code Frequency (%) (%)
23
G aduate School L. 43 16 48 5 16
Col l ege G aduate 2.
Partial College 3. 297 33.0 35.9
Hi gh School G aduate 4. 230 25.6 27.8
Partial High School 5. 203 22.6 24.5
Junior H gh School 6. 17 1.9 2.1
Less Than 7 Years 1. 14 1.6 1.7
Unknown a. 73 8.1 M ssing
TOTA 900 100.0 100.0
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Table 7.4.4 shows the Hollingshead | ndex of Soci al
Al nost one-fifth of the cases shown are "unknown"

the 900 motorcycle riders.
because of the difficulty of obtaining financial
of the sensitivity of such questioning by the interviewer,

assigned to this information.

i nformation. Also,

Position conputed for

because

low priority was

TABLE 7.4.4. RIDER INDEX OF SOCI AL POSI TI ON (0SIDs)
Rel ative Adjusted | Cumul ative
Absol ute | Frequency Frequency| Frequency
Category Label Code Frequency (7> %) (%)
Cass | 11-17 1. 11 1.2 1.7 1.7
Cass Il 11-27 2. 38 4.2 6.0 7.8
Class Il 28-43 3. 103 11.4 16.3 24.1
Cass IV  44-60 4. 275 30.6 43.5 67.6
Cass V 61-77 5. 205 22.8 32.4 100.0
Unknown a. 270 19.8 M ssi ng 100.0
TOTAL 900 100.0 100.0

7.5 Mdtorcycle Rider License Qualification

Table 7.5.1 shows the |icense qualification for the 900 notorcycle riders
in the 900 on-scene, In-depth accident cases. The standard notorcycle |icense
endorsement or permt was held by 54.5% of these notorcyclists; 10.1% had no
license or permt of any sort, 30.6% had an operator's |icense for other vehicles
but no motorcycle |icense endorsenent. and 1.8% were operating with a |icense
revoked because of cunulative violation experience.

Al'so shown in Table 7.5.1 are the equival ent data devel oped fromrevi ew of
the 3600 police traffic accident reports.

Table 7.5.2 conpares notorcycle rider license qualification with the acci-
dent precipitating factor for the 900 on-scene, in-depth accident cases. Those
accidents involving notorcycle rider _error_show the extra participation of those
riders without the notorcycle license endorsement.

Table 7.5.3 (Appendix C. 3) shows the state of issue of the driver |icense
for the 900 accident cases. Qut-of-state drivers (32) were 3.4% of those

cases.

7.6 NMotorcycle Rider Traffic Violation and Accident Experience

Table 7.6.1 shows the recent previous traffic violation experience for the
motorcycle riders involved in the 900 on-scene, in-depth accident cases. Also
included is the violation experience for the 54 fatal cases within the 900
acci dents.

120



TABLE 7.5.1. CLASS OF R DER DRI VER LI CENSE (0SIDs)

Relativa Adj ust ed
Absol ute | Frequency| Frequency
Cat egory Label Code Frequency (%) (%)
None 0. 90 10.0 10.1
Cass 1 - Commerci al 1. 14 1.6 1.6
O ass 2 - Chauffeur 2. 1 0.1 0.1
Cass 3 - Standard 3. 256 28.4 28.9
Class 4 - Motorcycle 4, 483 53.7 54.5
Learner Permit 5. 27 3.0 3.0
O ass 3 - Revoked 6. 14 1.6 1.6
O ass 4 - Revoked 7. 2 0.2 0.
Unknown a. 13 1.4 Missing
TOTA 900 100.0 100.0
Driver License Mdtorcycle Qualified (TARs)
Rel ative Adj ust ed
Absol ute | Frequency| Frequency
Category Label Code Frequency €9 (%)
Yes L 1589 44,1 49.2
NO 2. 1075 29.9 33.3
96 2.7 3.0
Baknotn-Qddty Report ed a. 467 13.0 14.5
N.A, No License 9. 373 10.4 M ssi ng
TOTAL 3600 100.0 100.0
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TABLE 7.6.1. NUMBER OF RIDER VI CLATIONS LAST 2 YEARS (0S1Ds)

Rel ative | Adjusted |Curulative
Absol ute |Frequency |Frequency | Frequency
Cat egory Label Code Frequency (%) (%) (%)
Viol ations 0. 325 36.1 38.6 38.6
L 217 24.1 25.8 64. 4
2. 129 14.3 15.3 79.8
3. 68 7.6 8.1 87.9
4, 38 4.2 4.5 92.4
5. 23 2.6 2.7 95.1
6. 14 1.6 1.7 96. 8
P 7 O Mre 7. 27 3.0 3.2 100.0
. _Unknown 8. 59 6.6 M ssi ng 100. 0
| TOTA 900 100.0 100.0
: Nunber O Rider Violations Last 2 Years, Fatals Only
Relative | Adjusted |[Cunulative
Absolute |Frequency [Frequency | Frequency
Category Label Code Frequency (%) (% (%)
Viol ations 0. 15 27.8 32.6 32.6
L 13 24. 1 28.3 60.9
2. 4 ‘7.4 a. 7 69. 6
3. 3 5.6 6.5 76.1
4, 6 11.1 13.0 89.1
5. 2 3.7 4.3 93.5
6. 1 1.9 2.2 95.7
7 O Mre 7. 2 3.7 4.3 100.0
Unknown 8. 8 14.8 M ssi ng 100.0
B TOTAL 54 100.0 100.0

Table 7.6.2 shows the recent previous accident experience for the
motorcycle riders involved in the 900 on-scene, in-depth accident cases. Also
included is the accident experience for the 54 fatal cases within the 900
acci dents.

Table 7.6.3 (Appendix C. 3) is a crosstabulation of notorcycle rider license
qualification and traffic violation experience.

Table 7.6.4 (Appendix C 3) shows a crosstabul ati on of motorcycle rider

traffic violation and previous accident experience for the 900 accident cases.
A condensation of Table 7.6.4 is es follows.
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TABLE 7.6.2. NUMBER OF RIDER ACCI DENTS LAST 2 YEARS (0SIDs)
Relative | Adjusted |Cunulative
Absol ute | Frequency |Frequency | Frequency
Category Label Code Frequency (%) % (2)
Acci dents 0. 587 65. 2 69. 2 69. 2
L. 200 22.2 23.6 92.8
2. 41 4.6 4.8 97.6
3. 18 2.0 2.1 99.8
4. 2 0.2 0.2 100.0
Unknown 8. 52 5.8 M ssi ng 100.0
TOTAL 900 100. 0 100.0
Nunber OF Rider Accidents Last 2 Years, Fatals Only
Relative | Adjusted |Cunulative
Absol ute [ Frequency [Frequency | Frequency
Category Label Code Frequency (%) (%) (%
Acci dents 0. 31 57.4 67. 4 67.4
L 10 18.5 21.7 89.1
2. 2 3.7 4.3 93.5
3, 3 5.6 6.5 100.0
Unknown 8. 8 14.8 M ssi ng 100.0
TOTAL 54 100. 0 100.0
Viol ations
Acci dents None | -7 Total
None 267 316 583
1 or more 38 198 256
TOTAL 325 514 839

For these accident-involved notorcycle riders, the traffic violation
experience is shown to be the nore critical

associ ation.

Table 7.6.5 (Appendix C 3) shows a crosstabul ation of the traffic viola-
tion experience and accident precipitating factor for the 900 accident cases.
A rearrangement of this tabulation separates the two nost frequent accident
precipitating factors:

Traffic Violation
Experi ence
No previous violations
1 or more
2 or nore
3 or nore
TOTAL

Acci dent Precipitating Factor

Mot orcycl e Rider Error

137

200

119
_63
(337)
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OV Viol ati on of ROW

158
275
157

91
(443)




In general, these data show that the notorcycle riders with no moving
violations in the previous two years are nore associated with accidents pre-
cipitated by motorcycle rider error.

Table 7.6.6 (Appendix C. 3) shows a crosstabul ation of accident experience
with accident precipitating factor. A rearrangement of this tabulation
separates the two nost frequent accident precipitating factors.

Acci dent Precipitating Factor

Traffic Accident

Experience Motorcycle Rider Error OV Violation of ROV
No previous accidents 246 291
1 or more 94 145
2 or nore 20 36
3 or nore 8 _11
TOTAL (340) (436)

| " general, these data show the tendency of previous accident involvenent
to be nore associated with other vehicle culpability. An inplicationis
either the donminant cul pability of the other vehicle driver, or the failure
of the accident-involved notorcycle rider to develop a" effective traffic
strategy.

7.7 Motorcycle R der Training Experience

Table 7.7.1 shows the training (not) received by the 900 notorcycle
riders in the multidisciplinary study. Those riders who had |eaned from

famly and friends, or who were self-taught, were 92.0% of the total. This
represent* a spectacular gap in the transfer of vital accident and injury infor-
mat i on. | magi ne one notorcycle rider |earning anything val uabl e from anot her

ri der who has no appreciation of head and eye protection and no understanding
of the vital performance of the front brake in collision avoidance. This situ-
ationis clearly the weak link in the devel opnent of defensive riding strate-
gies and accident prevention.

Table 7.7.1 also shows the recommendations of those accident-involved
riders to avoid or prevent accidents. Note that there were no recommenda-
tions in 52.0% of those cases, and it was apparent that those riders were
(at that time) still confused about the accident circunstances and had not
reconstructed those events for culpability. The very low reconmendation for
mot orcycl e safety courses and inproved licensing is associated with the |ack

of perceived and actual culpability for the notorcycle rider. Education of the
autonobil e drivers for awareness of npbtorcycles in traffic was suggested by
26.5% In nost cases of this response, punitive action was popular. Punitive

action for cul pable autonobile drivers was a nmajor part of the "other" recom
mendations, which were 14.2% of the total.

7.8 Mditorcycle Rider Dirt Bike Experience

Table 7.8.1 shows that 28.6% of the motorcycle riders claimed significant
experience on dirt bikes by recreational trail and desert riding. It is
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TABLE 7.7.1. RIDER MOTORCYCLE TRAI NI NG (0S1Ds)
Relative | Adjusted| Cumulative
; Absol ute | Frequency |Frequency| Frequency
Category Label : Code Frequency (%) (%) (%
Selt Taught | o 400 44. 4 49. 5 49.5
Fr i ends- Fani | y 1. 343 38.1 42.5 92.0
Mot or cycl e Course 2. 41 4.6 5.1 97.0
By Professionals 3, 20 2.2 2.5 99.5
Q her 4, 4 0.4 0.5 100.0
Unknown a. 92 10. 2 M ssi ng 100.0
TOTAL 900 100. 0 100. 0
Rider Recommendations To Avoid Accidents (0SIDs)
Relative | Adjusted | Cunulative !
Absol ute | Frequemey krequency| Frequency !
Category Label Code Frequency (%) (%) (%)
None 0. 395 43.9 52.0 52.0
Education O ov L. 201 22.3 26.5 78.5
Mot or cycl e Li censing 2. 15 1.7 2.0 80.5
Mot orcycl e Safety Course 3 40 4.4 5.3 85.8
BhRABwn % 133 8.9 Imddidg £68: 8
TOTAL 900 100.0 100. 0
TABLE 7.8.1. RIDER DI RT BlI KE EXPERI ENCE {0SIDs)
Relative | Adjusted |Cumulative
Absol ute [Frequency |Frequency | Frequency
Category Label Code Frequency (%) (%) (%
Yes L. 238 26. 4 28.6 28. 6
NO 2. 595 66. 1 71.4 100. 0
Unknown 8. 67 1.4 M ssi ng 100.0
TOTAL 900 100.0 ., 1co.0
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estimated that far less than half of these riders had any conpetition experience
such as enduro, motorcross, Scranbles, TT, desert, etc.

A popular proposition is that dirt bike experience prepares the notorcycle
rider for hazardous traffic events, especially those relating to road hazards
and vehicle problens. Table 7.8 2 shows the crosstabul ation of rider dirt
bi ke experience and vehicle involvement. These data show that the riders with
dirt bike experience are only slightly underrepresented in the single vehicle
collisions. The basic proposition would contend an advantage of high signifi-
cance i n reducing accidents due to loss of control, etc., and this advantage
I's not shown here.

TABLE 7.8.2 RIDER FIRST BIKE EXPERI ENCE BY MULTI PLE/ SINGLE VEH CLE (0S1IDs)

count
Row Pct
Dirt Bike Col Pct Single Multi- Row
Experience  Tot ret | Vehicle Vehicle Unknown | Tota
Yes 48 176 14 238
20. 2 73.9 5.9 26.4
23.1 26. 6 45.2
5.3 19.6 1.6
NO 141 439 15 595
23.7 73.8 -2.5 66. 1
67.8 66. 4 48. 4
15.7 48. 8 1.7
Unknown 19 45 2 66
28.8 60. 2 3.0 7.3
9.1 6.8 6.5
2.1 5.0 0.2
N A 0 1 0 |
0.0 100.0 0.0 0.1
0.0 0.2 0.0
0.0 0.1 0.0
Column 208 661 31 900
Tot al 23.1 73.4 3.4 100.0

Table 7.8.3 shows the notorcycle rider dirt bike experience with the acci-
dent precipitating factor for the 900 accident cases. This table shows the
motorcycle rider with dirt bike experience is slightly underrepresented in the
acci dent cases involving notorcycle rider error and vehicle failure.
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TABLE 7.8.3 RIDER DI RT Bl KE EXPERI ENCE BY ACCI DENT
PRECI PI TATI NG FACTOR (0S1IDs)

Factor
Count -
Row Per W Viola-
Dirt Bike Col P¢t | Phantom MC tiom of Roadway Vehicle Row
Exparience Tor Pct | Vehicle | Errox MC ROW Defect [ Pedestrian | .nimal | Failure | Other | Unknown | Total
Yes 2 81 128 6 3 4 5 6 1 238
0.8 4.9 53.8 2.5 1.3 1.7 2.1 2.5 0.4 26.4
50.0 22.¢ 28.0 33.13 50.0 40.0 20.0 54.5 50.0
0.2 9.2 4.2 0.7 Q.3 a.4 0.6 0.7 0.1
Na 1 249 300 11 3 ] 20 5 Q 595
0.2 41.4 50.4 1.8 0.5 1.0 3.4 0.3 0.0 66,1
25.0 67.9 65.6 61.1 50.0 6.0 0.0 45.5 0.0
0.1 27.7 33.3 1.2 0.3 a.7 2.2 0.6 G.0
Unknown 1 34 29 1 0 0 0 o] 1 66
1.5 51.5 43.9 1.5 2.0 0.0 0.0 g.0 1.5 7.3
25.0 9.3 6.3 5.6 a.0 0.0 0.0 0.0 | 50.0
0.1 3.3 3.2 0.1 0.0 0.0 0.0 0.0 0.1
N/A 0 1 Q o 0 [ 0 s} 0 1
0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 n.o 0.1
G.0 0.1 0.0 0.0 0.0 0.0 G.o Q.0 Q.0
0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Columm 4 367 457 18 [ 10 25 11 2 940
Tokal 0.4 40.8 50.8 2.0 0.7 1.1 2.8 1.2 0.2 100.0
7.9 Mtorcycle Rider Street Bi ke Experience

Talbe 7.9.1 shows the days per week that the accident-involved rider rides
motorcycles. Note that 56.5%of the riders claimed to ride all seven days per
week, inplying high utility of the notorcycle and dependi ng upon the notorcycle
as a mpjor article of transportation. (Note:  "0" was the code used when the
accident-involved rider had not ridden previously, or had ridden only
infrequently.)

TABLE 7.9. .. DAYS PER WEEK RI DER RI DES MOTORCYCLE (0SIDs)
Relative | Adjusted jCumulative
Absolute |Frequency |Frequency | Frequency
Cat egory Label Code Frequency (%) (%) (%)
{
Days per ek 0. 61 6.8 | 7.4 7.4
1 33 3.7 1 4.0 11.3
2. 45 5.0 [ 5.4 16.8
3. 54 6.0 f 6.5 23.3
4, 43 4.8 | 5.2 28.5
5. 86 9.6 10.4 38.8
6. 39 4.3 4.7 43.5
7. 468 52.0 56.5 100.0
Unknown 8. 68 7.6 M ssi ng 100.0
N. A 9. 3 0.3 M ssi ng 100.0
TOTAL 900 100.0 100.0
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Table 7.9.2 (Appendix C 3) shows the nonths of street motorcycle riding
experience claimed by the accident-involved rider. The median experience is

approxi mately three years.

Table 7.9.3 (Appendix C. 3) shows the nonths of experience on the acci-
dent-involved motorcycle by the rider. The nedian experience i s approximately
font hs. Note the-distinction between the total street notorcycle riding
experience and the riding experience on the accident-involved notorcycle. In
general, the nedian experience for total street motorcycle riding experience
I's al nost 3 years, but the median experience on the accident-involved motor-
cycle is less than 5 nmonths.

Table 7.9.4 has the experience data condensed in increments of experience
for conparison.

TABLE 7.9.4 AMOUNT OF RIDER STREET MOTORCYCLE
R DI NG EXPERI ENCE (0sIDs)

Rel ative | Adjusted | Cumulative
Absol ute | Frequency| Frequency| Frequency
Category Label Code Frequency (%> (%) (%>
06 Mnths L 156 17.3 19.1 19.1
7-12 Months 2. a3 9.2 10.1 29.2
| -2 Years 3 107 11.9 13.1 42.3
2-3 Years 4, 93 10.3 11. 4 53.7
3-4 Years 5. 64 7.1 7.8 61.5
Mre Than 4 Years 6. 315 35.0 38.5 100.0
unknown 8. a2 9.1 M ssi ng 100.0
TOTAL 900 100. 0 100.0
Experience On Accident-Involved Mtorcycle (0SIDs)
Rel ative | Adjusted | Cumulative
Absol ute | Frequency| Frequency | Frequency
Category Label Code Frequency (%) ) (%)
06 Mnths L 491 54.6 57.4 57.4
7-12 Mont hs 2. 136 15.1 15.9 73.3
1-2 Years 3 112 12. 4 13.1 86. 4
2-3 Years 4, 63 7.0 7.4 93.8
3-4 Years 5. 26 2.9 3.0 96. 8
Mre Than 4 Years 6. 27 3.0 3.2 100.0
Unknown a. 45 5.0 M ssi ng 100.0
TOTAL 900 100.0 100.0
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Of course, there are special problems in obtaining accurate estimates
of rider experience by personal interview |t would be an incredible situa-
tion for the accident-involved nmotorcycle rider to respond to the interview
with "ne, | don't know nuthin' about bikes; |'ve never ridden a notorcycle
before in nmy whole life!" The more |ikely situation is that the rider tries
to "shuck and jive" the interviewer with great reconstructions of dirt bike
experience, racing experience, and the old Honda, BSA, or Harley he used to
own. It was critical that the Interviewer have his own considerable notor-
cycle experience to qualify the Interview information. For these reasons
the experience in the accident-involved motorcycle is the more realistic
measure of street notorcycle riding experience

These data portray the accident-involved rider as not |acking in experience.
Those motorcycle riders with O to 6 nonths street riding experience are only
19.1% of this accident population. Note that far nore than one-third (38.5%
of the accident-involved notorcycle riders had nmore than 4 years experience.
These riders have experience, but not on the accident-involved notorcycle.

A special contradiction shown here is that these notorcycle riders have
experience, but nq training.

7.10 Mdtorcycle Rider Famliarity with Roadway

Table 7.10.1 shows the nunmber of tines that the accident-invol ved notor-
cycle rider traversed that roadway at the accident site. The data are shown
for the 900 on-scene, in-depth accident cases, and the 54 fatal accidents of
that group.

Wil e nmost cases show that the rider was fanmiliar with the roadway, it is

surprising that 10.3% of the accident cases Involved a roadway which the rider
had never traveled before

7.11 Moetorcycle R der Hand Preference

The detailed interviews with the accident-involved notorcycle riders
reveal ed that 10.8% were left-handed. This factor inplies limtations of front
es well as rear brake use during the energency conditions of collision avoid-
ance. Table 7.11.1 also shows that 3.8% of those accident involved notor-
cycle riders claimed to be ambidextrous

7.12 Motorcycle Rider Al cohol and Drug |nvol venent

Table 7.12.1 shows the rider alcohol and drug involvement for the 900
on-scene, in-depth accident cases. A total of 11.5%of the accident-involved
riders had some sort of involvement end some degree of inpairment. Table 7.12.2
shows that al cohol and drug involvenment for the 54 fatal accidents in the 900
cases. O those fatal accidents, 40.9% involved rider inpairnent.

Tables 7.12.3 and 7.12.4 show the rider.blood al cohol level at the tine
of the accident for the 900 on-scene, in-depth cases and the 54 fatal cases

130



TABLE 7.10.1. R DER FAMLIARITY WTH ROADWAY NUMBER OF TIMES
RI DER TRAVERSED ROADWAY
Rel ative | Adjusted
Absol ute | Frequency | Frequency
Cat egory Label Code Frequency (%) (%)
900 0SIDbs
Never Before 0. 85 9.4 10. 3
Dai | y L 386 42.9 46. 8
| -4 Tines Weekly 2. 205 22.8 . 24.9
-3 Times Monthly 3. 73 8.1 8.9
|-2 Times Quarterly 4. 20 2.2 2.4
| -3 Tines Annually 5. 33 3.7 4.0
Less than Anually 6. 22 2.4 2.7
Unknown a. 76 6.4 M ssi ng
TOTAL 900 100.0 100.0
0SI D Fatals Only
Never Before 0. 1 1.9 2.5
Dai |y 1. 20 37.0 50.0
| -4 Tines Weekly 2. 8 14.8 20.0
-3 Times Monthly 3. 3 5.6 7.5
1-2 Times Quarterly 4. 3 5.6 7.5
| -3 Times Annually- 5. 3 5.6 7.5
Less than Annually 6. 2 3.7 5.0
Unknown 3. 14 25.9 M ssi ng
TOTAL 54 100.0 100.0
TABLE 7.11.1. RIDER HAND PREFERENCE (0SIDs)
Rel ative | Adjusted
Absol ute | Frequency| Frequency
Cat egory Label Code Frequency (%) (%)
Ri ght 1 712 79.1 85. 4
Left 2. 90 10.0 10. 8
Anbi dext r ous 3. 32 3.6 3.8
Unknown 8. 66 7.3 M ssi ng
TOTAL 54 100.0 100.0
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TABLE 7.12.1.

RI DER ALCOHOL OR DRUG | NVOLVEMENT (0SIDs)

Rel ative | Adjusted | Cunulative
Absol ute | Frequency| Frequency| Frequency
Category Label Code Frequency (%) (%) (%)

HBD, Not Under I nfl uence 1. 35 3.9 4.0 4.0
HBD, Under Influence 2. 37 4.1 4.2 8.2
HBD, |npairment Unknown 3. 23 2.6 2.6 10. 8
Drug Influence 4. 3 0.3 0.3 11.1
Conbi nat i on 5. 5 0.6 0.6 11.7

Unknown 8. 24 2.7 M ssi ng Missing
N. A. 9. 773 85.9 88.2 100.0

TOTAL 900 100. 0 100.0
TABLE 7.12.2. RIDER ALCOHOL OR DRUG | NVOLVEMENT, FATAL ACCI DENTS

ONLY (0SID FATALS ONLY)

Rel ative | Adjusted | Cumulative
Absolute | Frequency| Frequency | Frequency
Category Label Code Frequency (%) (%) (%)

HBD, Not Under | nf | uence L 7 13.0 13.7 13.7
HBD, Under Influence 2. 12 22.2 23.5 37.2
HBD, | npairment Urcknown 3 1 1.9 2.0 39.2
Drug Influence 4. 1 1.9 2.0 41.2
Conbi nat i on 5. 1 1.9 2.0 43.1

Unknown 8. 3 5.6 M ssi ng M ssi ng
N. A 9. 29 53.7 56.9 100.0

TOTA 54 100.0 100.0
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TABLE 7.12.3. RIDER BLOOD ALCOHOL LEVEL AT Tl ME OF ACCIDENT (0SIDs)

Category Labe

Code

Absol ute
Frequencs

Relative
Frequency
(%

Adj ust ed
Frequency

(%)

Bl ood Al cohol Level, %

Medi an of Al coho

[ nvol ved Riders

Unknown

.00
.01
.02
.03
04
.05
.06
.07
-08
.09
.10
.11
.12
.13
14
.15
.16
.17
.18
.18
.20
.21
.22
.28
.30
.31
.98

~
~
o

OFRrFRPFP NP PFPORFPPFPNOPRPRPRPNNRERONDRPEFENDNEFEWRE -

(oo}

8

PO OO 00000 0000000000000 0OD

9

PPN RPRFRPRARFPERPNORARRPRPNORPBERENNDENRERPRR RGO

.1
Missing

TOTAL

900

Ol OFrRPrPFPFLPNMNRRRPRPRFRPOPRPPNORPEPENRRRPODPRFPNDNRPORREREDN

100.

100.0
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TABLE 7.12.4. RIDER BLOOD ALCOHOL LEVEL AT TIME OF ACCI DENT
(0SID FATALS ONLY)

| | L Relative  Adjusted | Cumulative
Absol ut ¢ Freauency Freguencyl Frequency

Category ____Label Code Frequencvi (%) T(Z) §e3)

Blood Alcochol, % .00 29 53.7 59.2 59.2

.02 1 1.9 2.0 61.2

.03 2 3.7 4.1 65. 3

.05 1 1.9 2.0 67.3

.07 1 1.9 2.0 69. 4

.08 1 1.9 2.0 71.4

.09 1 1.9 2.0 73.5

W11 2 3.7 4.1 77.6

Medi an O Al cohol .12 1 1.9 2.0 79.6

I nvol ved Riders " 13 1 1.9 2.0 81.6

W14 1 1.9 2.0 83.7

.15 1 1.9 2.0 85.7

.19 1 1.9 2.0 87.8

.21 3 5.6 6.1 93.9

.22 1 1.9 2.0 95.9

.30 1 1.9 2.0 98.0

.31 1 1.9 2.0 100.0

Unknown .98 5 9.3 M ssi ng 100.0
TOTAL 54 100.0 100.0

The nedian value for the 900 cases is 0.1252, and the distribution of the

54 fatals has the same nedian value. |n the fatal accident cases, the blood

al cohol |evel was obtained from toxicological analysis; in the non-fatal cases,

the blood al cohol |evel was taken from|aw enforcement test records when

breath, blood or urine tests ware made. When no such test record was avail abl e,
cal cul ations were performed based on drinks consuned, body weight, and el apsed

time in order to have a suitable estimate

Tables 7.12.5 and 7.12.6 shows the rider use of drugs other than al coho

and identifies the type of drug involved. The nost frequent depressant
i nvol ved was Quaal ude.

Table 7.12.7 shows the rider alcohol involvenent for the 3600 traffic acci-
dent reports analyzed. The circunstances of the accidents and the criteria for
notation of al cohol involvenment on the police traffic accident report relate
an actual involvenent higher than shown in this table. In conparing the sane
accident results, it was obvious that al cohol involvenent was noted on the
police traffic accident report only when the inpairment was severe and
sufficient for prosecution
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TABLE 7.12.5. RIDER USE OF DRUGS OTHER THAN ALCOHOL (08IDs)
Rel ative | Adjusted
Absol ute |Frequency |Frequency
Category Label Code Frequency (%) (%)
None 0. 811 90.1 95.9
Prescription 1 18 2.0 2.1
Non- Prescription 2. 17 1.9 2.0
Unknown 8. 54 6.0 M ssing
TOTAL 900 100.0 100.0
Ri der Use of Drugs--Type of Drug (0SIDs)
telative | Adjusted
Absol ute requency |Fregquency
Category Label Code Frequency (%) (%)
None 0. 810 90.0 96. 2
Mari j uana 1 9 1.0 1.1
Stimulants 2. 2 0.2 0.2
Depressant s 3. 15 1.7 1.8
Depressant Anti hi stamni ne 5. 3 0.3 0.4
Stimulant Antihistam ne 6. 1 0.1 0.1
Multiple 1. 2 0.2 0_. 2
Unknown 8. 58 6.4 M ssing
TOTAL 500 100.0 100.0
TABLE 7.12.6. RIDER USE OF DRUGS OTHER THAN ALCOHOL
(0SID FATALS ONLY)
Rel ative | Adj usted
Absolute | Frequency [Frequency
Cat egory Label Code Frequency (%) (%)
Prescription/ Non-prescription sfatus
None, 0. 47 87.0 94.0
Prescription 1. 2 3.7 4.0
Non- Prescri ption 2. 1 1.9 2.0
Unknown 8. 4 7.4 Missing
TOTAL 54 100.0 100.0
Type of Drug
None 0. 47 87.0 94.0
Depressant s 3. 2 3.7 4.0
Miltiple 7. 1 1.9 2.0
Unknown 8. 4 7.4 M ssi ng
TOTA 54 100.0 100.0

135




TABLE 7.12.7. RIDER ALCOHOL AND DRUG | NVOLVEMENT (TARs)
Rel ative Adjusted |Cunul ative
Absolute [Frequency | Frequency | Frequency
Cat egory Label Code Frequency (%) (%) (%)
Had Not Been Drinking L 3221 89.5 94.2 94.2
HBD- | nf | uence Unk. 2. 187 5.2 5.5 99.6
Under Drug Influence 3. 12 0.3 0.4 100.0
Unknown/Not Report ed 8. 180 5.0 M ssi ng 100.0
TOTAL 3600 100.0 100.0
7.13 Motorcycle Rider Physiol ogi cal Impairment

Table 7.13.1 shows the pernmanent physi ol ogi cal

i mpai rment of the

accident-involved notorcycle riders. The specific items which deserve explama-
tion are as foll ows:
Code 3. Brain (2) - Epileptics
Code 5. Vision (3) - Blind or nmissing one eye
Code 8. Loss of Linbs (1) - Lower left leg prosthesis as a result of
an industrial accident
Code 9. O her (3) - Deaf (1) and Deaf Mite (2)
TABLE 7.13.1. RIDER PERMANENT PHYS| OLOG CAL | MPAI RVENT (0SIDs)
Rel ative | Adjusted
Absol ute | Frequency |Frequency
Cat egory Label Code Frequency (%) (%)
None 0. 886 98.4 98.4
Di abet es 2. 2 0.2 0.2
Brain 3. 2 0.2 0.2
Car dl o- Vascul ar 4. 3 0.3 0.3
Vi sion 5. 3 0.3 0.3
Loss O Linbs 8. 1 0.1 0.1
Q her 9. 3 0.3 0.3
TOTAL 900 100.0 100.0

Table 7.13.2 shows the tenporary physiol ogical
i nvol ved notorcycle riders.

ther investigation.

dent.

i mpai rment for the accident-
Fati gue and hunger predomi nated and required fur-
Table 7.13.3 (Appendix C.3) provides a crosstabul ati on of
this rider tenporary physiol ogical

impairment with time riding before the acci-
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TABLE 7.13.2. RIDER TEMPCRARY PHYSI OLOG CAL | MPAI RVENT (0SIDs)

Rel ative | Adj ust ed

Absol ute | Frequency | Frequency
Category Label Code Frequency (%) (%)
None a. 826 91.8 91.8
Fatigue L 20 2.2 2.2
Hunger 2. 20 2.2 2.2
Thi r st 3. 2 0.2 0.2
Siesta Syndrone 4, 1 0.1 0.1
Elimnation urgency 5. 3 0.3 0.3
M nor Ml ai se 6. 3 0.3 0.3
O her or Unknown 8. 25 2.8 2.8
TOTAL 900 100.9 LLACA RV (Y

related to the effects of the motorcycle riding tasks, helmet use, etc.
Ni nety percent of those two conditions are noted to occur within 0.5 hours of
riding tine and are clearly pre-existing conditions.

7.14 Motorcycle Rider Characteristics, Tattoos

The tattoo is the traditional mark of the person with risk-taking ten-
dencies, and the nunber of tattoos "es recorded as human factors data for each
of the accident cases.

Table 7.14.1 shows the tattoos for all accidents (900) and the fatal
accidents of that group (54).

Table 7.14.2 shows the tattoocs for the acconpanying passengers who were
involved in the accidents.

7.15 Mtorcycle Rider Performance, Rider Attention to Driving Task

Table 7.15.1 relates the rider attention to the driving task in the pre=
crash events. Adjacent traffic, non-traffic itens, and notorcycle operation
held the attention of riders in 21.8%of the 900 on-scene, in-depth accident
cases. The notorcycle rider was In the inattentive mode in 19.1% of the cases.
This total of 40.9% of the cases depicts a significant contribution of distrac-
tion and inattention in the pre-crash events. Mtorcycle safety training can
focus on this problemby developing skills and traffic strategy to concentrate
attention to the tasks of traffic.

Also, Section 6.11 portrays the greatest part of the accident hazards
in the line-of-gight of 11, 12 and 1 o'clock. In other words, the requirenents
for rider attention to the driving task are conpletely conventional in orien-
tation. There are no special attention requirenents in the lateral spaces.
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TABLE 7.14.1.

MOTORCYCLE RIDER

RODY TATTNNR (900 QSIDs)

Rel ative | Adjusted
Absol ute | Frequency| Frgquency
_ Category Label Code Frequency (%) (%)
Tattoos 0. 631 70.1 80.0
1 75 8.3 9.5
2. 43 4.8 5.4
3 15 1.7 1.9
4. 8 0.9 1.0
5. 2 0.2 0.3
6. 4 0.4 0.5
7 O Mre 7. 11 1.2 1.4
Unknown 8. 111 12.3 M ssi ng
TOTAL 900 100.0 100.0
(54 Fatals Only)
Rel ative Adj ust ed
Absolute  Frequency| Frequency
Cat egory Label Code Frequency (%) (%)
Tat t oos 0. 38 70. 4' 7.7
1 6 11.1 11.3
2. 3 5.6 5.7
3 2 3.7 3.8
4. 1 1.9 1.9
5. 1 1.9 1.9
6. 1 1.9 1.9
7 O Mre 7. 1 1.9 1.9
Unknown 8. 1 1.9 M ssi ng
TOTAL 54 100.0 100.0
TABLE 7.14.2. BODY TATTOOS- PASSENGER (0SIDs)
Rel ative | Adjusted
Absolute | Frequency |Frequency
Cat egory Label Code Frequency (%) (%)
Tat t oos 0. 87 9.7 88.8
L 4 0.4 4.1
2. 3 0.3 3.1
3. 1 0.1 1.0
4, 1 0.1 1.0
6. 1 0.1 1.0
7 O Mre 7. 1 0.1 1.0
Unknown 8. 54 6.0 M ssi ng
N. A 9. 748 83.1 M ssi ng
TOTAL 900 100.0
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TABLE 7.15. 1.

RI DER ATTENTION TO DRI VING TASK (0SIDs)

| lelative Adj ust ed umulative
' Absolute requency | Frequency | 7requency
Categor@€ Labelo d e | Frequency () (%) (Z)
1
Attention diverted to 1. 106 11.8 12.6 12.6
surrounding traffic
Attention diverted to 2. 43 4.8 5.1 17.7
non-traffic item
Attention diverted to 3. 35 3.9 4.2 21.8
mot or cycl e operation
| nattentive Mde 4. 161 17.9 19.1 40.9
Unknown 8. 57 6.3 M ssi ng Missing
N. A Attention to driwv 0. 498 55.3 50.1 100.0
ing task not a factor
TOTAL 900 100.0 100.0

7.16 Mtorcycle Rider Performance,

Ri der Stress on Day of Accident

Table 7.16.1 shows the type of stress which was detectable by the

research personne

during the 900 on-scene,

in-depth investigations.

The

out standi ng factor contributing to rider stress which was observed was due to
conflict with relatives and close friends, who were menbers of the inmediate

househol d.
some speci al beneficia
day, €.0., pronotion.

new motorcycle,

etc.

The second nost significant factor was that stress related to
event which generated pressure affecting events of the
These stresses were in fact related

to those notorcycle riders being inattentive during the precrash tine.

TABLE 7.16.1. RIDER STRESS- DAY OF ACCI DENT (0SIDs)
Rel ative | Adjusted
Absolute | Frequency [Frequency
Category Label Code Frequency (%) (%)

None 0. 781 86. 8 86. 8
Rel atives Conflict 1. 38 4.2 4.2
Work Conflict 2. 4 0.4 0.4
Death, Illness 3. 3 3.3 0.3
Fi nanci al 4, 9 1.0 1.0
School , Work 5. 17 1.9 1.9
Legal, Police 6. 14 1.6 1.6
Soci al Agency 1. 1 0.1 0.1
Rewar d 8. 33 3.7 3.7
TOTA 900 100.0 100.0
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7.17 Mtorcycle Rider Cdllision Avoidance Perfornmance

O course, the collision avoidance perfornance of an accident-involved
motorcycle rider is expected to show problens and failures. Each one of the
900 on-scene, in-depth accident cases "as conpletely reconstructed to pro-
vide all details of the precrash events. The notorcycle rider's precrash
actions were determned and evaluated to determine the collision avoi dance
per f or mance.

One of the nost critical factors in reconstructing the sequence of pre-
crash events is the chronology of those events. The speeds, accelerations
di stances and directions were determned in each case and the time available
for collision avoidance "as deternmined. The tinme available to the notorcycle
rider for collision avoidance begins with the initiation of the precipitating
event and termnates with the crash inpact. For exanple, en autonobile in
traffic approaching the nmotorcycle path begins a left turn in front of the
oncoming notorcycle, the rider later detects that notion, decides on rear
braking, applies the rear brake and skids into the left-turning autonmobile
That total tinme fromthe automobile beginning the left turn until crash inpact
is derived for each of the 900 on-scene, in-depth investigations

Table 7.17.1 shows that time available for collision avoidance for al
900 cases. The median value is less than 1.9 seconds. It is typical that
the motorcycle rider nust detect, decide and react to a traffic hazard in
less than two seconds. Any significant delay in the hazard detection, decision
and control action will preclude success of the collision avoi dance

Consi der that typical case specified where the autonmobile turns left In

front of the oncoming notorcycle. [If the motorcycle initial speed is 35 nph,
an attainable braking distance is 50' if both front and rear brakes are used
well. If the rider requires 1 second total reaction time for detection

deci sion and neuromuscul ar and vehicle reaction, then a total of 3 seconds and
100" are required for a safe stop. The fundamental problemis a serious |ack
of time for success in collision avoidance; two seconds are available but three
seconds are required. The proper evasive action nust be taken and executed

wel | without any del ay.

But the accident-involved notorcycle riders nmade errors of the collision
avoi dance action and execution. Table 7.17.2 shows the evasive action taken
by the rider and evaluates the execution and choice of action. Wthin the
data shown are several basic problens. Emergency braking skills are required
for success in collision avoi dance maneuvers, however both brakes were used in
only 17.0% of the accidents (and nmany times not used well). The mpst common
action "as to use the rear brake only (18.5% or the rear brake and swerve
(11.7%. This failure to use the front brake is a critical element in colli-
sion avoi dance because proper use of the front brake woul d have avoi ded many
of the collisions or greatly reduced the severity.

The execution of the evasive action was correct in 15.6% of the accident
cases, or 23.8% of the time sone evasive action "es attenpted. A typica
probl em woul d be as follows: An oncom ng autonobile turns left in front of
the motorcycle; the rider |ocks up the rear wheel by overbraking, slides out
and falls to the roadway, and slides into the automobile. Another exanple
would be as follows: with a violation of his right-of-way, the motorcycle rider
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TABLE 7.17.2. MOTORCYCLE EVASI VE ACTI ON (0SIDs)

Rel ative | Adjusted
Absol ute | Frequency'} Frequency
Category Label Code Frequency (%) (%)
Evasive Action Taken
None 0. 283 31. 4 31.9
Rear Brake Only 1. 164 la.2 18.5
Front Brake Only 2. 7 0.8 0.8
Bot h Brakes 3. 151 16.8 17.0
swerve Only 4, 74 a. 2 a. 4
Lay Dowm & Slide 5. 8 0.9 0.9
Accel erate 6. 8 0.9 0.9
Rear Brake & Swerve 1. 104 11.6 11.7
Front Brake & Swerve 8. 4 0.4 0.5
Bot h Brakes & Swerve 9. 77 8.6 a. 7
Accel erate & Swerve 10. 1 0.1 0.1
O her 12. 5 0.6 0.6
Unknown 98. 14 1.6 M ssi ng
TOTAL 900 100.0 100.0
Evasive Action Properly Executed?
Yes 1. 140 15.6 23.8
Na 2. 449 49.9 76.2
Unknown a. 14 1.6 M ssi ng
N. A 9. 297 33.0 M ssi ng
TOTAL 900 100.0 100.0
Evasive Action Proper for Situation? |
Yes 1. 263 29.2 43.7
Probabl e 2. 7 0.8 1.2
Undeci ded 3. i 0.1 0.2
| npr obabl e 4, 4 0.4 0.7
NO 5. 327 36. 3 54.3
Unknown a. 9 1.0 M ssi ng
N. A 9. 289 32.1 M ssi ng
TOTAL 900 100.0 100.0
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applies both brakes, overbrakes at the front. locks up the front wheel, slides
out end falls to the roadway. Skidding from overbraking was the nmost conmon
execution problem and usually resulted in a loss of control of the motorcycle.
Many acci dent-involved riders would describe their pre-crash action as "laying
the bike down" to avoid the crash, when in reality the accident evidence pointed
toa sinple case of overbraking at the rear wheel, slide out and fall with a
conplete loss of control by the rider. A controlled "lay down and slide" was
verified in only 8 accident cases and in fact was the wong choice of evasive
action in 6 of those 8 cases.

In the pre-crash actions shown in Table 7.17.2. it is seen that the
accident-involved rider denonstrates poor choice of evasive action and executes
that choice poorly. Overbraking at the tear wheel and underbraking at the front
wheel is a common conbination of errors. But forempst in these data is the
fact that 31.9%of the riders did NOTHING in the way of evasive action in the
precrash tine.

Table 7.17.3 provides a crosstabul ati on of collision avoi dance action and
the evaluation of that choice of action. Note that the use of the rear brake
only was a very poor choice, as were mpst of the decisions made by the accident-
i nvol ved riders.

Table 7.17.4 eval uates the execution of the chosen collision avoi dance
action. Mst of the execution failures in braking involved skidding, particu-
larly for the rear wheel since it was utilized the most often. The attenpts
to swerve were very badly executed. with nmost failures illustrating no concise
col lision avoidance capability of the accident-involved rider. The ability to
intentionally counter-steer and generate the sudden swerve was generally
unknown by these riders.

These data are not intended to substantiate any need for high speed, high
performance rider training es a countermeasure in accident prevention. How
ever, they show that these accident-involved riders did not denpnstrate sone
basic notorcycle riding skills in that instant when a hazard was presented.

For conparison, the notorcycle rider was asked about his own braking habits,
and in particular, the frequency of front brake use. Table 7.17.5 shows the
accident-involved rider's utilization of the front brake, which is far greater
than that shown in the analysis of the accident events. Those riders state
that they "usually" or "always" use the front brake a total of 73.5%of the
time. This would indicate relatively high use of the front brake and an
expectation of the notorcycle to have acceptable stopping performance. The data
shown previously in Tables 7.17.2, 7.17.3, and 7.17.4 regarding front brake
use did not rely upon rider opinion or statement. Suspension displacements,
control positions, skid patches, skidmarks, tire circunferential striations, etc.
were anal yzed by the research teemto distinguish the actual function of the
front brake to provide these data.

Regardl ess of the circunstances, the accident-involved rider is nost
likely to reconstruct the accident events w thout qualification or objectivity
and respond affirmatively. Such opinions regarding brake use rmust not be

consi dered factual.
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MOTORCYCLE EVASI VE ACTI ON TYPE BY PROPER EXECUTI ON

TABLE 7.17. 4.
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TABLE 2.17.5. FREQUENCY OF FRONT BRAKE USE (0SIDs)
Rel ative Adj ust ed
Absol ute | Frequency | Frequency
Category Label Code Frequency (%) (%
0.
Never 1. 23 2.6 3.3
soneti mes 159 17.7 23.1
Usual | y 2. 192 21.3 27.9
Al ways 3. 314 34.9 45. 6
Unknown i 8. 180 20.0 Missing
N. A 9, 32 3.6 M ssi ng
TOTAL 900 100.0 100.0

The prewash phase of an accident is an environnent where very basic human

reactions take place.

In addition, the great nmajority of notorcycle riders have

not had effective or regular training which prepares themfor collision aveid-

ance actions.
will

Consequent |y,

the precrash performance of nmost notorcycle riders
relate some very basic human factors problens.

Table 7.17.6 shows the collision avoi dance action taken by the driver of

the other vehicle involved in collision with the notorcycle.
In great part. this situation is explainable by
where the driver of the other vehicle "did not see the
see it

thirds (68.9% did nothing.
the detection failure,
mot orcycle", or "did not

unt i

it was too late".

More than two-

TABLE 7.17.6. EVASIVE ACTI ON TAKEN BY OTHER VEHI CLE (0SIDs)

Rel ative | Adjusted
Absolute | Frequency | Frequency
Category Label Code Frequency (%) ¢3]
None 0. 472 52.4 68.9
Br aki ng . | 159 17.7 23.2
Steering 2. 4 0.4 0.6
1 and 2 3. 29 3.2 4.2
Accel erate 4, 18 2.0 2.6
Accel erate and Steer | 5. 3 0.3 0.4
Unknown i a: 15 1.7 M ssi ng
N. A [ 9. 200 22.2 M ssi ng
r TOTAL 900 100.0 100.0

Table 7.17.7 conpares front brake use and rear brake use for the precrash
tinme of the 900 in-depth accident

trol positions,

mechani sns for contro

_transfeys,
associated |inbs.

cases.
was made by analysis of skid marks, tire tread circunferentia
tire inpact

Reconstruction of the accident events
striations,

con-

suspensi on di spl acenments, and injury

These factors determ ned the function




TABLE 7.17.7. MOTORCYCLE REAR BRAKE OPERATI ON BY
FRONT BRAKE OPERATI ON (0SIDs)

Count Fror Brake
Row Pct
Col Pct Not Equip., Oper, On at Equip., Unknown Row
Rear Brake Tot Pet | Equipped | Not Oper | Not On | Accident | Not Known if On Total
Not Equipped 1 0 0 0 0 0 1
100.0 0.0 6.0 0.0 0.0 0.0 0.1
4.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 0.0 0.0 0.0
Equip., a 0 1 4 0 0 5
Not Oper 0.0 0.0 20.0 80.0 0.0 0.0 0.6
0.0 0.0 0.2 1.7 0.0 0.0
0.0 0.0 0.1 0.4 0.0 6.0
Oper, 11 14 322 8 2 0 i57
Mot On 3.1 3.9 90.2 2.2 0.6 0.0 39.8
44.0 30.9 57.1 3.4 40.0 0.9
1.2 1.6 35.9 0.9 0.2 0.0
On at 13 22 239 222 1 14 511
Accident 2.5 4.3 46.8 43.4 0.2 2.7 57.0
52.0 61.1 42.4 94.9 20.0 43.8
1.5 2.5 26.7 24.8 0.1 1.6
Unknown 0 0 2 0 2 18 22
if On 0.0 0.0 9.1 0.0 9.1 B1.8 2.5
0.0 0.0 0.4 0.0 40.0 56.3
0.0 0.0 0.2 0.0 0.2 2.0
Column 25 36 564 234 5 32 896
Total 2.8 4.0 62.9 26.1 0.6 3.6 100.0

and operation of the front and rear brakes in these prewash conditions. The
rear brake was not equi pped or not operational for 0.7%of the accident
invol ved notorcycles. The rear brake was used in 57.0% of the accidents

The front brake was not equi pped or not operational for 6.8%of the acci-
dent Involved motorcycles. The front brake "as used in 26.1% of the accidents

The data relate to the one special problemof braking for collision avoid-
ance; the motorcycle riders in these accidents underbrake at the front wheel and
usual ly ova-brake at the rear wheel. The result is an Inability to develop con-

tenporary standards of emergency deceleration and collision avoi dance. A
vulnerability for accident involvement is sure to be the result.

The deficient collision avoi dance braki ng performance has sone obvi ous
renedies. Bonafide experience in collision avoidance braking is rare for nost
street motorcycle riders. Such experience may be beneficial to develop and
i mprove front wheel brake use and reduce rear wheel overbraking control prob-
lems. In addition, rider technique and strategy can be inproved to enhance
collision avoidance braking performance. Experienced riders usually ride in
traffic with a coupleof fingers already extended to the front brake |ever.

The reaction time for front brake use is reduced and the utility of front wheel
braking is increased. H gh stress and panic reactions are predom nantly
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contraction. Thus, extending the fingers to the lever in precrash time requires
training and conditioning and is not the untrained typical performance, i.e.

the rider would typically grip the throttle nore tightly. If the fingers are

al ready extended to the |l ever, the contraction reaction is natural and typical

Antilock or antiskid braking systems have the potential of elimnating
control problems fromfront or rear wheel overbraking, and perhaps pronoting
front wheel brake use. The greatest part of these accidents occurred on dry,
high friction surfaces so the advantage of amtileck or antiskid would be elim
ination of control problens and restoring deceleration on high friction surfaces.
O course, the benefits for |owfriction surfaces would be available but those
environnmental conditions are not highly associated with accidents.

Interconnected front and rear brakes for simultaneous operation by a single
control may be an advantage in collision avoidance conditions. However, nost
riders Seemto prefer the individual controls for ordinary operation. The
Moto Quzzi T-3 brake Systemis the only System available for study in these
data. It would be useful if some additional future analysis could distinguish
any advantage for that interconnected T-3 brake systemof the Mto Quzzi.  How-
ever, that equipnent is of very low representation in these data, and that fact
alone may be significant!

The obvi ous renedy for poor braking performance in collision avoi dance
action is either experience of training. The data for the 900 on-Scene, in-depth
accident cases were separated for various levels of notorcycle Street experience
and various training received by the rider. Tables 7.17.8 (Appendix C. 3)
through 7.17.13 (Appendix C. 3) portray the various experience |evels.

Tables 7.17.14 (Appendix C 3) through 7.17.18 (Appendix C. 3) portray the various
training received by theriders.

Table 7.17.19 summarizes the rider use of.the brakes in collision avoidance
maneuvers. Front brake use increases with experience, except et high experience
levels. GCenerally the same inpression is accurate for rear brake use. Com=-
bined front and rear brake use also increases wth experience, except at high
experience levels. The benefits of training received by these aceident-
involved riders is not clear, because no favorable brake use patterns appear
for the few trained riders.

Table 7.17.20 shows the precrash control operations for the 900 accident
cases.

Table 7.17.21 shows an evaluation to determne if those precrash contro
operations interfered with collision avoidance action.

Table 7.17.22 (Appendix C. 3) is a crosstabulation of these data to distin-
guish the interfering activities involved with accelerating and turning. In
these cases, the accelerating actions preceded a possible demand for braking
and the turning actions preceded a need for braking or reversal of turn for
col lision avoidance
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TABLE 7.17.19.

PERCENT OF BRAKE USE BY RIDER IN
COLLI SI ON AVOl DANCE ACTI ON

Experience
All 06 7-12 1-2 2-3 3-4 More Than 4
Brake Use Levals Months | Months Years Years Years Years
Front 26.1 20.5 28.9 31.8 32.3 34.4 26.6
Rear 57.0 50.6 67.5 63.6 60.2 64.1 58.7
Front & Rear 24.8 17.9 27.7 29.9 32.3 32.8 25.3
Total cases 696 156 83 107 93 64 312
Training
Motorcycle
all Self Friendsa/ Motoreyele o Professional
Brake use Training | Taught Family Courge Professional | Other |+ Other
Frout 26.1 29.6 24.3 29.3 25.0 25.0 27.7
Rear 57.0 59.4 58.2 56.1 55.0 100.0 58.5
Front & Rear 24.8, 27.6 23.4 26.8 25.0 25.0 26.2
Total cases 896 399 342 41 20 4 65
TABLE 7.17.20. MOTORCYCLE PRECRASH CONTROL OPERATI ONS (0SIDs)
Rel ative Adj ust ed
Absol ute | Frequency| Frequency
Cat egory Label Code Frequency ¢3) (%)
None 0. 379 42.1 45.0
Accel erating 1. 218 24.2 25.9
Downshi fting 2. 61 6.8 7.2
Br aki ng 3. 49 5.4 5.8
Fuel Adj ust ment 4. 6 0.7 0.7
Throttle Change 5. 29 3.2 3.4
Turning 7. 99 11.0 11.8
Q her 9. 1 0.1 0.1
Unknown 98. 58 6. 4 M ssi ng
TOTAL 900 100.0 100.0
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TABLE 7.17.21.

DI D CONTROL OPERATI ONS | NTERFERE?

Rel ative | Adjusted
Absol ute | Frequency Frequency
Category Label Code Frequency (%) (%)
Yes 1. 60 6.7 11.7
No 2. 447 49.7 87.1
Possi bl y 3. 6 0.7 1.2
Unknown a. 64 7.1 M ssi ng
N A 9. 323 35.9 M ssi ng
TOTAL 900 100.0 100.0
7.18 Mtorcycle Rider Loss of Control
Table 7.18.1 shows the frequency of the rider loss of control. A great

part of these primary (rider) control

acci dents.

failures occurred in single vehicle

TABLE 7.18.1. LOSS OF CONTROL MODE (0SIDs)
Rel ative Adj ust ed
Absolute [Frequency [Frequency
Cat egory Label Code Frequency (%) ¢3)
Capsi ze 1. 42 4.7 11.8
Vobbl e 2. 5 0.6 1.4
Weave 3. 2 0.2 0.6
Lost Wheelie 4, 9 1.0 2.5
Slide Qut 5. 202 22.4 56. 6
H gh Side 6. 19 2.1 5.3
Wde On Turn 7. 77 8.6 21.6
End Over 8. 1 0.1 0.3
unknown 98. 4 0.4 M ssi ng
N. A 99. 539 59.9 M ssi ng
TOTAL 900 100.0 100.0

Table 7.18.2 shows the occurrences of these

and multiple vehicle collisions.

The [ oss of control
contact with another vehicle, a
of control
mass.

The wobbl e |oss
the notorcycle front
a previously damaged
accessories.

control

fixed object, or animal.

problenms in the single

by capsize (11.8% usually occurred after collision

(1.49 was that unstable oscillatory notion of
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TABLE 7.18.2. LOSS OF CONTROL MODE BY SINGLE/MULTIPLE
VEHI CLE ACCI DENT {0SIDs)

Count
Row Pct

Col Pct Singl e-Vehicl e Mul ti-Vehicle ROW
Tot Pet Col l'i sion Col l'i sion Tot al
Capsi ze 19 23 42
45.2 54.8 11.8

9.0 16.0

5.4 6.5
Wobbl e 5 0 5
100.0 0.0 1.4

2.4 0.0

1.4 0.0
Weave 2 0 2
100.0 0.0 0.6

0.9 0.0

0.6 0.0
Lost Wheelie 7 2 9
77.8 22.2 2.5

3.3 1.4

2.0 0.6
Slide Qut 113 87 200
56. 4 43.5 56. 3

53.6 60. 4

31.8 24.5
Hi gh Side 12 7 19
63.2 36.8 5.4

5.7 4.9

3.4 2.0
Wde on 52 25 77
Turn 67.5 32.5 21.7

24.6 17. 4

14. 6 7.0
End Over 1 0 1
100.0 0.0 0.3

0.5 0.0

0.3 0.0
Column 211 144 355
Tot al 59. 4 40. 6 100.0
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The weave loss of control (0.64) cases were not associated wth high
speed but were associated with puncture flats and resultant |oss of rear
tire side force stiffness.

The lost wheelie was sinple to detect in some cases and difficult in
others. (One sinple case involved the tread print of a Dunlop F-6 front gire
on an alley fence beginning 44" above the road surface. Another, nore complex
case. "a* first described by the rider of a high performance 750cc bike ag a
"hi gh speed wobble". However, factual investigation uncovered a first gear
wheelie from a" intersection stop, shift to second continuing to lift the
front wheel. the" in third gear, the front wheel dropped crooked onto the
roadway at 80 nph.

No fundanental |ateral-directional dynanic problens of vehicle design
were present in these | oss of control accidents. O course, vehicle speeds
in these accidents were generally far below the very high speeds necessary
to generate the classical lateral-directional stability problens.

The slide out and high side |oss of control were generally associated
W th errors of braking, usually overbraking and skidding of the rear wheel.
The total of 61.9%represents this factor as the nost typical problemi.n |oss
of control. The accident-involved motorcycle riders contributed nuch to their
own accident participation by these serious errors then loss of control.

Running wide on a turn was involved in 21.6% of the |oss of control
probl ems and was usually related to excess speed entering a turn and under-
cornering in that turn rather than sliding out. Mst cases of running wde
on a turn were Single vehicle accidents where the notorcycle ran off the
road then collided with sone parts of that environnent. Qther cases involved
the motorcycle running wide on a turn and crossing into other traffic and
colliding with a" oncom ng vehicle.

Table 7.18.3 shows the effect of mbtorcycle rider training for these
accidents involving loss of control. Note that those motorcycle riders wth-
out significant training were 91.6% of this group (52.9% sel f-taught and
38.7% taught by friends-famly). One special feature of these data is that
all of the lost wheelies and weaves were accounted for by these untrained
riders. Also,mest of the losses of control by running wide on a.turn
(97.0% were attributable to these untrained riders. Unfortunately, signifi-
cant training does not show the same advantage in the nost frequent |oss of
control, the slide out, where the untrained riders account for only their fair
share of those accident* (92.0%.

Table 7.18.4 shows the effect of motorcycle rider experience for these
aceidents involving |oss of control. Generally these data show no distinction
for high or |ow experience, and even though the inexperienced rider appears
over-represented on running wde on a turn, the quantity is not statistically
significant.

I nvestigator opinions in the analysis of these |oss of control accidents

provi ded some additional insight into the problens. Those riders involved in
slide out loss of control invariably appeared to have no skill or know edge
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TABLE 7.18.4. R DER EXPERI ENCE ON ACC DENT | NVOLVED
MOTCRCYCLE BY LGSS OF CONTROL MODE

Count Experience
Row Pect
Col Pet More Than| Row
Tot Pct | 0-6 Months | 7-12 Months | 1-2 Years | 2-3 Years | 3-4 Years | 4 Years | Total
Capsize 23 7 7 1 0 2 40
51.5 17.5 17.5 2.5 0.0 5.0 11.7
11.0 14.9 16.7 5.3 0.0 14,3
6.7 2.0 2.0 0.3 0.0 0.6
Wobble 3 0 0 0 2 0 5
60.0 0.0 0.0 0.0 40.0 0.0 1.5
1.4 0.0 0.0 0.0 18.2 0.0
0.9 0.0 0.0 0.0 0.6 0.0
Waave 0 1 0 0 0 1 2
0.0 50.0 0.0 0.0 0.0 50.0 0.6
0.0 2.1 0.0 0.0 0.0 7.1
0.0 0.3 0.0 0.0 0.0 0.3
Lost 6 0 1 1 1 0 9
Wheelie 66.7 0.0 11.1 11.1 11.0 0.0 2.6
2.9 0.0 2.4 5.3 9.1 0.0
1.7 0.0 0.3 0.3 0.3 0.0
slide CQut 120 29 24 12 5 6 196
61.2 14.8 12.2 6.1 2.6 3.1 57.1
57.1 61.7 57.1 63.2 45.5 42.9
35.0 8.5 7.0 3.5 1.5 1.7
High Side 11 5.: 3 0 3 1 19
57.9 15.8 0.0 15.8 5.3 5.5
5.2 2.1 7.1 0.0 27.3 7.1
3.2 0.3 0.9 0.0 0.9 0.3
Wide On 46 9 1 5 0 4 71
Turn 64.8 12.7 9.9 7.0 0.0 5.6 20.7
21.9 19.1 16.7 26.3 0.0 28.6
13.4 2.6 2.0 1.5 0.0 1.2
End Over 1 0 0 0 0 0 1
100.0 0.0 0.0 0.0 0.0 0.0 0.3
0.5 0.0 0.0 0.0 0.0 0.0
0.3 0.0 0.0 0.0 0.0 0.0
Column 210 47 42 19 11 14 343
Total 61.2 13.7 12.2 5.5 3.2 4.1 100.0

devel oped for collision avoidance braking, and gave the inpression of having
no strategy or plan for traffic hazards. In great part, these riders gave
the inpression that they had nade no nental preparation for traffic conflicts
and were unprepared to deal with the precrash conditions as they devel oped

Also, those riders involved in running wide.on a turn |oss of control gave
the same Inpressions of having no plan or strategy for traffic hazards. In
those cases where the rider entered a curve at excess speed, the ability to
brake effectively was always absent. Also it appeared that nost of these
riders would | ean adversely (they would straighten up rather than [ean into
the turn) and thereby reduce ground clearance and cornering ability, and
many of the collision contact conditions confirmed this inpression
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These data for the |oss-of-control accidents show no real _
experience and any isolated advantages for the trained notorcycle rider.

benefit of

This

information should not be applied to deny that there is a significant benefit
of training because these data conpare those riders involved in 1less-of-

control accidents.

7.19 Motorcycle Passenger Sex

( - Training in collision avoi dance braking, cornering, and
traffic strategy is sure to reduce accident involvement.

Passengers were involved in 17.1%of the 900 on-scene, in-depth accident
cases and 14.8% of the 3600 cases exam ned fromthe police traffic accident

reports. Two of the on-scene, in-depth accident cases involved Two passengers
as well as the rider on the accident-involved notorcycle. Table 7.19.1 shows
these data.
TABLE 7.19.1. PASSENGER INVOLVEMENT (0S1Ds)
Rel ative | Adjusted
Absol ute | Frequency| Frequency
Cat egory Label Code Frequency (%) 9]
0. 744 82.7 82.9
L. 152 16.9 16.9
2. 2 0.2 0.2
Unknown a. 2 0.2 M ssi ng
I |  TOTAL | 900 |  100.0 | 100.0 |
was Mbtorcycle Carrying Passenger? (TARs)
Relative | Adjusted
Absol ute | Frequeancy | Frequency
Cat egory Label Code Frequency (%) (%)
Yes L. 529 14.7 14.8
No 2. 3044 84.6 85. 2
Unknown- Not  Report ed 8. 21 0.7 Missing
TOTAL 3600 100. 0 100. 3

Table 7.19.2 shows that 48.7%of the passengers identified in the 900

on-scene, in-depth cases were fenale,
3600 accident reports.

7.20 Mtorcycle Passenger Hei ght and Vi ght

as were 47.9% of the passengers in the

Table 7.20.1 (Appendix C 3) shows the heights of the passengers fromthe

900 on-scene, in-depth accident cases
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TABLE 7.19.2. PASSENGER SEX (0S1Ds)
Rel ative | Adjusted
Absol ute | Frequency|Frequency
Category Label Code Frequency (%) z)
Male L. 78 8.7 51.3
Femal e 2. 74 a.2 48.7
N.A. No Passenger 9. 748 83.1 Missing
TOTAL 900 100.0 100. 0
Passenger Sex (TARY)
Rel ative | Adjusted
Absolute | Frequency |Frequency
Category Label Code Frequency ¢4 (9]
Fenal e F. 252 7.0 47.9
Mal e M. 274 7.6 52.1
Unknown 8. 30 0.8 M ssi ng
N. A, No Passenger 9, 3044 84.6 M ssi ng
TOTAL 3600 100. 0 100. 0

Table 7. 20. 2 ﬁopenm x C3)
epth acmdent cases,

900 on-scene,

shows the weights of the passengers from the

7.21 Nbtorcycle Passenger Occupation

Tabl e 7.21.1 shows the occupation of the passenger from the 900 accident
cases. Themost frequent occupation stated was student,

7.22 Mtorcycle Passenger

Experi ence

38. 2%

Table 7.22.1 (Appendi x C 3) shows the prior experience of the passenger

on the nmotorcycles of the 900 on-scene,

the passenger is

i n-depth accident cases.
"or experienced, with approximtely two-third* of the

Usual Iy,

acci dent-invol ved passengers riding as passenger only occasionally, or "ever

bef ore.

experience riding with a passenger.

Al'so. Table 7.22.1 shows that the motorcycle rider usually has little

The carrying of a passenger can interfere with the driving task in nmany
ways. The capabilities for braking and the swerving for collison avoi dance

are not significantly degraded b

passenger carrying.

is much nore likely during a brake skid or puncture flat.
ger i nvol venent was the distraction of the

quently encountered with passen
rider fromthe driving task,

ucing attentiveness to traffic.

However | oss of control

Also, a factor fre-

The data of

Table 7.22.1 show such a passenger interference in 27.2% of the passenger-

i nvol ved acci dents.
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TABLE 7.21.1. PASSENGER OCCUPATI ON (0SIDs)
Rel ative Adj ust ed
Absolute | Frequency| Frequency
Category Label Code Frequency (%) (%)
Pr of essi onal 1. 8 0.9 5.9
Sal es \orker 3. 3 0.3 2.2
Cerical 4, 13 1.4 9.6
Craftsman 5 9 1.0 6.6
Transport  Qperat or 7. 1 0.1 0.7
Laborers a. 20 2.2 14.7
Service Wrkers 11. 8 0.9 5.9
Housew f e 13. 4 0.4 2.9
St udent 14. 52 5.8 38.2
Mlitary 15. 1 0.1 0.7
Unenpl oyed 17. 17 1.9 12.5
Unknown 98 15 1.8 M ssi ng
N.A  No. Passenger 99. 748 83.1 Missing
TOTAL 900 100.0 100.0
7.23 Mdtorcycle Passenger Al cohol and Drug |nvol venent
Table 7.23.1 (Appendix C.3) shows the passenger alcohol involvenent for
the 900 on-scene, in-depth cases. O the 154 passengers, 16 (or 10.4% had
been drinking, but the exact involvenment was difficult to determ ne.
Table 7.23.2 (Appendix C.3) shows the data collected for passenger drug
i nvol venent shows 3 cases of the passenger use of prescription or non-
prescription drugs. These cases were independent of alcohol involvenent.

The total involvenment was 12.3% of the accident

.24 O her Vehicle Driver Age

Table 7.24.1 shows the age of the driver of
collision with the motorcycle in the 900 on-scene,
The median age shown in this distribution is 34.4 years.

Table 7.24.2 shows the age of the driver

the other
i n-depth acci dent

of the other

i nvol ved passengers.

vehicle involved in

cases.

vehicle involved in

collision with the notorcycle in the 3600 cases exanmined from police traffic

The nedian age shown

accident reports.

7.25 OQher Vehicle Driver Sex, Marital Status,

in this distribution

Chi |l dren

Table 7.25.1 shows the sex of the driver
collision with the motorcycle. The distribution for
cases shows that 33.0% were fenale;
dent report cases shows that 34.5% were fenale.
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TABLE 7.24.1.

OTHER VEHICLE DRIVER AGE (0SIDs)

' TOTAL

Relative Adjusted Cumulative
Absolute Fraquency Frequency Frequency
| _Category Labal Coda Frequency (%) (%) [¢3)
Age, yaars 15, L Q.1 g.2 0.2
17. 4 0.4 0.6 0.8
18. 10 1.1 1.6 2.4
19. 17 1.9 2.8 5.2
20. 19 2,1 3.1 8.3
21, 28 3.1 4.5 12.8
22, 25 2.8 4.1 16.9
23, 22 2.6 3.7 20.86
24, 20 2.2 3.2 23.8
25. 27 3.0 4.4 28.2
26, 19 2.1 3.1 31.3
27. 18 2.0 2.9 34.2
28. 17 1.9 2.8 37.0
29, 18 2.0 2.9 39.9
30. 9 1.0 1.5 41.3
31. 13 1.4 2.1 43.4
32. 17 1.9 2.8 46.2
33. 10 1.1 1.6 47.8
34. 9 1.0 1.5 49.3
35. 12 1.3 1.9 51.2
36. 10 1.1 1.6 52.8
37. 11 1.2 1.8 54.6
38. 11 1.2 1.8 56.4
39. 11 1.2 1.8 58.2
40. 10 1.1 1.6 §59.8
4l. 6 0.7 1.0 60.8
42, 10 1.1 1.6 62.4
43. 4 0.4 0.6 63.0
. 14 1.6 2.3 65.3
§5. 7 10 1.1 1.6 66.9
46. 12 1.3 1.9 68.9
47. 6 0.7 1.0 69.%
48, 12 1.3 1.9 71.8
49, 9 - 1.0 1.5 73.3
\ 50. 7 0.8 1.1 74.4
51. ] 0.7 1.0 75.4
52. 7 0.8 1.1 76.5
53, 12 1.3 1.9 78.4
54. 8 0.9 1.3 79.7
55. 4 0.4 0.6 30.4
56. 7 0.8 1.1 81.5
57, & 0.7 1.0 82.5
58, 7 0.8 1.1 83.6
59. 5 9.7 1.0 B4.6
60. 7 0.8 1.1 85.7
61. 8 0.9 1.3 87.0
62, 3 0.7 1.0 88.0
63, 3 Q0.7 1.0 8%.0
64. 7 0.8 1.1 30.1
65, 12 1.3 1.9 92.1
66. 5 0.7 1.0 93.0
67. 3 0.3 0.5 83.5
§8. 5 0.6 0.8 94.3
69, 5 0.6 0.8 95.1
70. 2 0.2 0.3 95.5
71. 1 0.1 0.2 95.6
72. 1 0.1 0.2 95.8
73. 1 0.1 0.2 95.9
74, 3 0.3 0.5 96.4
75. 4 0.4 0.8 97.1
76. 3 0.3 Q.5 97.6
77. 2 0.2 0.3 97.9
78. 4 0.4 0.5 98.5
82. 2 0.2 0.3 98.9
83. 1 0.1 0.2 59.0
85. F3 0.2 0.3 99.4
B6. 3 0.3 0.5 59.8
91. 1 0.1 0.2 100.0
TUnknown . 98. 73 B.1 Missing 100.0
Hot Applicable 99. 210 23.3 Missing 100.0
300 100.0 1G60.0
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TABLE 7.24.2. OTHER VEHICLE DRIVER AGE (TARs)

Relative Adjusced Cumulacive
Absoluta Fraquency Fraquency Preaquency

Cateagory Label Code Praquancy (2) [¢ 4] [£3]
Age, years 3. 1 0.0 2.0 0.9
. 6. 5 0.1 Q.2 0.2
7. 1 0.0 0.0 0.3
8. 1 0.0 0.0 0.3
9. 2 0.1 0.1 Q.4

. 10. 3 G.1 D.2 a.6
11. L3 0.1 0.2 0.8
12. 4 0.1 0.2 Q.%
13. 3 a1 0.2 1.1
1a. 3 g.1 0.1 1.3
15. 1 .0 0.0 1.1
16. 9 Q.2 0.4 1.7
17. 45 1.2 1.8 3.5
18, 66 1.8 2.7 6.1
1%. 840 2.2 3.2 9.4
20. 76 Z.1 3.1 12.4
1. 89 2.5 3.6 16.0
i2. 80 2.2 3.2 1%.2
23. 84 2.3 3.4 22.6
24. 79 2.2 3.2 25.8
25. a7 2.4 A5 29.3
26. 65 1.8 1.6 1.9
27. 63 1.7 2.5 34.5
8. 85 2.4 34 37.9
29. 68 1.9 2.7 40.7
3n. 67 1.9 2.7 43.4
31. 66 1.B 2.7 46.0
32. 58 1.6 2.3 48.4
33. 43 1.2 1.7 50.1
34, 59 1.8 2.4 52.5
35. 45 E.2 1.8 54.13
6. 42 1.2 1.7 36.0
37. kL] 1.0 1.5 57.4
a8. 35 1.0 1.3 58.9
19. 42 I.2 1.7 60.6
40. 37 1.0 1.3 62-1
4l. 37 1.0 1.5 83,4
42. 28 G.8 1.1 64.7
43. 45 1.2 1.8 66.5
44, 28 0.3 L.l 67.6
45, 32 1.1 L.6 69.2
46. 24 0.7 1.0 7%.2
47. 36 1.0 L.5 71.6
44, i6 1.3 1.9 73.5
L9, 7 G.7 1.1 T7h.6
50. as 1.1 1.5 76.1
51. 4 1.3 1.9 78.0
52. 36 1.0 1.5 79.4
53. 37 1.0 1.5 80.%
54. 36 1.0 1.3 32.9
55, 13 4.6 0.9 83.2
56. - 28 g.3 1.1 84.4
57. 40 1.1 1.6 86.0
33. 3 9.7 1.9 47,1
59. n Q.9 1.3 88.2
60, 22 d.6 4.9 89.2
51, 16 0.4 8.6 89.8
&2, 17 0.5 a4.7 90.5
63, 20 g.8 0.8 91-3
64, 286 Q.7 1.0 92.4
65, 16 0.4 4.6 93.0
66. 17 0.5 a.7 93,7
67, 22 0.6 0.9 94.6
68. 135 0.4 Q.6 95.2
69, 18 0.4 0.6 95.8
70. 5 0.1 4.2 56.4Q
1. 7 0.2 9.3 96.3
72. 14 0.3 a.4 8.7
1. 1a D.4 0.8 9.4
T4, 11 0.3 Q.4 57.8
75. 14 D.4 0.6 98.4
- 76, 5 0.1 0.2 99.6
77. 11 D.3 a.4 99.0
40. 2 0.1 0.1 39.1
8l. 7 0.2 0.3 99.4
B2. 1 |+ +] a.p 89.4
83. 3 0.1 0.1 9%.6
. 84, 2 0.1 0.1 9.6
85. 3 0.1 0.1 99.8
B6. 1 0.0 0.0 39.8
B7. 1 0.9 0.0 99.8
B9, 1 0.0 0.0 99.9
0. 3 0.9 0.0 99.9
92. 1 0.9 p.o 160.0
104, 1 0.0 0.0 190.0
uknown & Not Applicabla 99, 1121 il Misaing 100.0

Single Vahicle Acc) TOTAL 7500 100.0 100.0
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TABLE 7.25. 1.

OTHER VEHI CLE DRIVER SEX (0OSIDs)

Rel ative | Adjusted
Absol ute | Frequency| Frequency
Cat egory Label Code Frequency (%) (%)
Male 1 444 49.3 67.0
Femal e 2. 219 24.3 33.0
Unknown a. 29 3.2 M ssi ng
N.A.-No Qther Vehicle 9. 208 23.1 Missing
TOTAL 900 100.0 100.0
O her Vehicle Driver Sex (TARs)
Relative | Adjusted
Absol ute | Frequency | Frequency
Cat egory Label Code Frequency (%) (%)
Female F 891 24.7 34.5
Mal e M 1691 47.0 65. 5
Unknown- Not  Report ed a 217 6.0 M ssi ng
N.A  Single Veh ace 9 801 22.2 M ssi ng
TOTAL 3600 100.0 100.0

Table 7.25.2 shows

the narital

involved in collision with the notorcycle in the 900 accident cases.

status of the driver of the other vehicle

TABLE 7.25.2. OTHER VEH CLE DRI VER MARI TAL STATUS (0SIDs)
Rel ative Adj ust ed
Absol ute | Frequency| Frequency
Cat egory Label Code Frequency (%) (%)
Single 1 217 24.1 41.2
Married 2. 257 28.6 48.8
Separ at ed 3. 11 1.2 2.1
Di vor ced 4. 31 3.4 5.9
W dowed 5. 7 0.8 1.3
Cohabi tating 6. 4 0.4 0.
Unknown 8. 164 18.2 Missing
N.A -No Qher Vehicle 9. 209 23.2 M ssi ng
TOTAC 900 T00. 0 T00. 0
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Table 7.25.3 shows the nunber of children for the driver of the other
vehicle involved in collision with the notorcycle in the 900 accident cases.

TABLE 7.25.3. OTHER VEH CLE DRI VER CHI LDREN (0SIDs)

Rel ative | Adjusted Kumulative

Absol ute | Frequency | Frequency ]Frequency
Category Label Code | Frequency (%) %) (%)
None 0 230 25.6 47.5 47.5
1 75 8.3 15.5 63.0
2 85 9.4 17.6 80.6
3 54 6.0 11.2 91.7
4 25 2.8 5.2 96.9
5 8 0.9 1.7 98.6
6 4 0.4 0.8 99.4
Seven Or Mor e 7 3 0.3 0.6 100.0
Unknown 8 207 23.0 Missing 100.0
N.A -No Qther Vehicle 9, 209 23.2 Missing 100.0

TOTAL 900 100.0 100.0

7.26 O her Vehicle Driver Education and Octupation

Table 7.26.1 shows the educational background for the drivers of the other
vehicle involved in collision with the notorcycle in the 900 on-scene, in-depth
acci dent cases.

TABLE 7.26.1. OTHER VEH CLE DRI VER EDUCATI ON (0SIDs)

Rel ative | Adjusted
Absol ute | Frequency| Frequency
Cat egory Label Code Fr equency (%) (%)
G aduate School 1. 47 5.2 9.6
College/Univ. Graduate 2, 58 6.4 11.9
Partial College 3. 134 14.9 27.5
H gh School 4. 138 15.3 28.3
Partial H gh School 5. 77 8.6 15. 8
Jr. High School 6. 16 1.8 3.3
Less Than 7 Years 7. 18 2.0 3.7
Unknown 8. 203 22.6 M ssi ng
Not Applicable 9. 209 23.2 M ssing
TOTA 900 100.0 100.0
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Table 7.26.2 shows the occupation of the driver of the other vehicle in
the 900 on-scene, in-depth cases; Table 7.26.3 shows the occupation of the
driver of the other vehicle in the 3600 traffic accident report cases. The
distributions are conparable for those occupations noted wth high frequency.

TABLE 7.26.2 OTHER VEH CLE DRI VER OCCUPATI ON {0SIDs)

Rel ative Adj ust ed
Absol ute Frequency| Frequency

Cat egory Label Code Frequency (%) &9
Pr of essi onal 1. 78 8.7 13.1
Mgr.,/Administrator 2. 37 4.1 6.2
Sal es Worker 3. 23 2.6 3.9
Cerical 4, 52 5.8 8.7
Craftsman 5. 54 6.0 9.1
Operatives, Non-Tram 6. 4 0.4 0.7
Transport Qperator 1. 27 3.0 4.5
Laborers a. 73 8.1 12.2
Service Wrkers 11. 31 3.4 5.2
Housew f e 13. 55 6.1 9.2
St udent 14, 70 7.8 11.7
Military 15. 2 0.2 0.3
Retired 16. 35 3.9 5.9
Unenpl oyed 17. 55 6.1 9.2

Unknown 98. 95 10. 6 M ssing

N.A.-No OV 99. 209 23.2 M ssi ng
TOTAL 900 100.0 100.0

Table 7.26.4 (Appendix C. 3) shows the Hollingshead | ndex of social positon
for the other vehicle driver in the 900 acci dent cases.

7.27 Oher Vehicle Driver License Qualification

Table 7.27.1 (Appendix C 3) shows the license qualification of the driver
of the other vehicle involved in collision with the notorcycle in the 900 acci-
dent cases. Unlicensed drivers conprised 6.1% of this accident-involved group.

Table 7.27.2 (Appendix C 3) shows the state of issue of that |icense

qualification for the driver of the other vehicle. Qut-of-state drivers were
3.6% of this group.

7.28 O her Vehicle Driver Experience

Table 7.28.1 shows the total driving experience of the driver of the other
vehicle involved in collision with the motorcycle in the 900 on-scene, in-depth
accident cases. Only 9.4% clained |ess than 2 years experience, and the
medi an experience was nore than 8 years.
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TABLE 7.26.3. OTHER VEH CLE DRI VER OCCUPATI ON (TARs)
[ Relative | Adjusted
Absol ute | Frequency| Frequency
3 Category Label Code Frequency (%) (%)
R gissi 0a@br 1 182 5.1 11.2
2 132 3.7 8.1
Sal es Wrker 3 70 1.9 4.3
Cerical 4, 152 4.2 9.3
Craf tsman 5, 134 3.7 8.2
Qper at i ves 6 41 1.1 2.5
Tram Equi p. Qperative 7 53 1.5 3.3
Laborers 8. 212 5.9 13.0
Farm Laborers 10. 1 0.0 0.1
Service Wrker 11. 144 4.0 8.8
Housewi f e 13. 142 3.9 a.7
St udent 14. 190 5.3 11.7
Mlitary 15. 4 0.1 0.2
Retired 16. 63 1.7 3.9
Unenpl oyed 17. 108 3.0 6.6
Unknown- Not  Report ed 98. 1171 32.5 M ssi ng
N.A -Single Veh. Ace. 99. 801 22.2 M ssing
TOTAL 3600 100.0 100.0

Table 7.28.2 shows the other vehicle driver experience with the aceident-
invol ved vehicle. 10.3% had less than 2 weeks experience with that vehicle

but the nedian experience was 17.7 nonths.

Table 7.28.3 shows the accident history of the driver of the other
vehicle. During the previous 2 years, 17.4% of those drivers had at |east one

reportable traffic accident.

An additional special survey was made for 68 of the drivers of the other
vehicles involved in collision with the motorcycles in the 900 on-scene, in-depth
acci dent cases. The objective was to recontact those drivers previously inter-
viewed and determine their famliarity with notorcycles. O course, the
riders of the other motorcycles involved in collision with the notorcycles were
not included. The results were as follows:

Yes Re Unknown
Does Q'V driver have motorcycle 2 62 4
experience?
Is a notorcycle owned by anyone 1 61 6
in inediate famly?
I's anyone in imrediate fanmly a 3 59 4
regul ar motorcycle rider or
passenger ?
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OTHER VEH CLE DRI'VER TOTAL DRI'VING EXPERI ENCE (0SIDs)

TABLE 7.28.1.
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TABLE 7.28.2. OTHER VERICLE DRI VER EXPERI ENCE W TH
ACCI DENT- | N\VOLVED VEH CLE (0SIDs)

Relative Adjusted Cumilative
Absolute Fraquency Frequency Frequency
Category Label Code Frequaency (%) (%) (%)
Experience, months 0. 52 5.8 10.3 10.3
1. 33 3.7 6.5 16.8
2. 17 1.9 1.4 20.2
3. 13 1.4 2.6 ‘ 22,7
-~ 4. 18 2.0 1.6 | 26.3
5. 4 0.4 0.8 27.1
6. 16 1.8 3.2 30.2
7. 10 1.1 2.0 32.2
8. 8 0.9 1.6 33.8
9. 13 1.4 2.6 36.4
10. 4 0.4 0.8 37.2
11. 2 a.2 0.4 37.5
12, 35 3.9 6.9 44.5
- 13. 2 Q.2 0.4 44.9
1. 2 a.2 0.4 45.3
15. 3 0.3 g.6 45.8
16. 3 0.3 0.6 46.4
17. 1 0.1 0.2 46.6
18. 23 2.6 4.5 51.2
19. 3 0.3 0.6 51.8
20. 2 0.2 0.4 52.2
21. 2 0.2 0.4 52.6
22. 1 0.1 0.2 52.8
23. 2 0.2 0.4 53.2
24. 44 4.9 8.7 61.9
26. 3 0.3 0.6 62.5
27. 2 0.2 0.4 62.8
28. 3 0.3 0.6 63.4
29. 1 0.1 0.2 63.6
30. 12 1.3 2.4 66.0
34. 1 a.1 Q.2 66.2
36. 52 5.8 10.3 76.5
— 7. 1 ag.1 0.2 76.7
38. 3 0.3 0.6 77.3
40, 2 Q.2 0.4 77.7
41. 1 0.1 g.2 77.9
42. 4 0.4 0.8 78.7
— 45. 2 Q.2 0.4 79.1
47. 1 0.1 0.2 79.2
48, 18 2.0 3.8 82.3
49. 1 0.1 0.2 83.0
51. 1 0.1 0.2 83.2
—_ 54. 1 0.1 0.2 83.4
56. 3 0.3 0.6 B&4.0
60. 15 1.7 3.0 B7.0
63. i 0.1 9.2 87.2
_ 64. 2 0.2 0.4 87.5
67. 1 0.1 0.2 B7.7
69. 1 0.1 Q0.2 87.9
70. 1 0.1 0.2 88.1
72, 13 1.4 2.6 90.7
73. 1 0.1 0.2 90.9
75. 1 0.1 0.2 9t.1
78. 2 0.2 0.4 91.5
82. 1 0.1 0.2 91.7
84, 9 1.0 1.8 93.5
— 87. 1 0.1 0.2 93.7
90. 1 0.1 0.2 93.9
96. 10 1.1 2.0 95.8
97. 21 2.3 4.2 100.0
Unknowm 98. 185 20.6 Missing 100.0
N.A.-No Other Vehicle 99. 209 23.2 Missing 100.9
- TOTAL 900 100.40 100.0
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TABLE 7.28.3 NUMBER OF OTHER VEH CLE DRI VER ACCI DENTS WITHIN
LAST 2 YEARS (0OSIDs)

Relative \djusted
Absolute Frequency requency
Cat egory Label Code Frequency (%) (%)
Acci dent s 0. 462 51.3 82.6
1. 77 8.6 13.8
2. 12 1.3 2.1
3. 6 0.7 1.1
4. 2 a.2 0.4
Unknown a. 132 14.7 M ssi ng
N. A 9. 209 23.2 M ssing
TOTAL 900 100.0 100.0

These results generally show that the motorcycle is an unfamliar object
in traffic. This fact may be critical in the detection of traffic hazards
the notorcycle may be an unfamiliar as well as inconspicuous object in
traffic.

7.29 O her Vehicle Driver Al cohol and Drug |nvol verent

Table 7.29.1 shows the al cohol and drug involvenent for the drivers of
the other vehicle involved in collision with the notorcycle. The data for the
900 on-scene, in-depth accident cases shows that 44 other vehicle drivers had
sone involvenent, which is 6.4%of the 691 cases with another vehicle driver.
The data for the 3600 traffic accident report cases shows 3. 7% had sone
i nvol venent.

Table 7.29.2 shows the blood alcohol |evel for those drivers of the
other vehicles involved in the 900 accident cases

Tabl e 7.29.3 shows the drug invol venent for the other vehicle driver.
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TABLE 7.29.1. oTHER VEH CLE DRIVER ALCOHOL- DRUG | MPAI RVENT (0SIDs)
Relative | Adjusted |Cumulative
Absol ute | Frequency| Frequency | Frequency
Category Label Code Frequency (%) (%) (%)
HBD, Not Under Infl. 1 12 1.3 27.3 27.3
HBD, Under Influence 2. 23 2.6 52.3 79.5
HBD, | npairment Unk. 3. 7 0.8 15.9 95.5
Conbi nati on 5. 1 0.1 2.3 97.7
Qt her 6. 1 0.1 2.3 100.0
Unknown a. 78 a. 7 M ssi ng 100.0
N.A, No |npairnent 9. 778 86. 4 M ssing 100.0
or Single Veh. Acc.
TOTAL 900 100.0 100.0
O her Vehicle Driver A cohol-Drug Inpairment (TARs)
Relative [ Adjusted |Cunulative
Absol ute | Frequency| Frequency |Frequency
Category Label Code Frequency (%) (%) (%)
HN\BD 1 2387 66. 3 96.2 96.2
HBD- I nf | uence Unk. 2. 88 2.4 3.5 99.8
Drug Inf luence 3. 6 0.2 0.2 100.0
Unknown ‘ a. 315 8.7 M ssi ng 100.0
N. A, Single Veh. Acc. 9, 804 22.3 M ssing 100. 0
TOTAL 3600 100.0 100.0
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TABLE 7.29.2. ot#ErR VEH CLE DRI VER BLOOD ALCOHOL LEVEL (PERCENT) (OSIDs)
Relative | Adjusted |Cumulat ive
Absol ute | Frequency| Frequency | Frequency
Categorv Label Code Freauency (%) (%) (%)
Bl ood Al cohol, (%) .00 562 64. 2 96. 6 96. 6
.07 1 0.1 0.2 96. 7
.10 2 0.2 0.3 97.1
11 1 0.1 0.2 97.3
.14 1 0.1 0.2 97.4
.16 1 0.1 0.2 97.6
.17 3 0.3 0.5 98.1
.18 1 0.1 0.2 98.3
.19 3 0.3 0.5 98.8
.22 2 0.2 0.3 99.1
.23 1 0.1 0.2 99.3
.25 1 0.1 0.2 99.5
.27 1 0.1 0.2 99.7
.29 1 0.1 0.2 99.8
.36 1 0.1 0.2 100.0
Unknown .98 100 11.1 M ssi ng 100.0
N A .99 218 24.2 M ssing 100.0
TOTAL 900 100.0 100.0
TABLE 7.29.3. OTHER VEH CLE DRI VER USE OF DRUGS OTHER
THAN ALCOHOL (0SIDs)
Relative | Adjusted [Cumulative
Absol ute | Frequency| Frequency |Frequency
Category Label Code | Frequency (%) (%) (%)
|
Prescription Status
None 0. 561 62.3 99.1 99.1
Prescription 1 4 0.4 0.7 99.8
Non- Prescri ption 2, 1 0.1 0.2 100. 0
Unknown 8. 118 13.1 M ssi ng 100.0
N. A 9, 216 24.0 M ssing 100. 0
TOTAL 900 100.0 100.0
Type of Drug
None 0. 559 62.1 99.1 99.1
Marijuana 1. 2 0.2 0.4 99.5
Stinul ant 2. 1 0.1 0.2 99.6
Depressant~
Anti hi stam ne 5. 1 0.1 0.2 99.8
Ml tiple 7. 1 0.1 0.2 100.0
Unknown 8. 127 14.1 M ssing 100. 0
N A 9. 209 23.2 M ssing 100.0
TOTAL 900 100.0 100.0
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8.0 HUMAN FACTORS — | NJURI ES

This section deals with the injuries suffered by the mtorcycle riders and
passengers in the accidents which were investigated and anal yzed. The npst accu-
rate data were available from the 900 on-scene, in-depth accident cases, where the
injuries were observed directly, obtained from record or interview of the treating
physician, or recorded from autopsy. These injuries are analyzed for body region,
system severity and mechanism so that cause and severity can be studied for
appropriate counterneasures.

8.1 Injuries - General Characteristics

Table 8.1.1 shows the status of injuries for the 900 notorcycle riders and
152 notorcycl e passengers involved in the 900 on-scene, in-depth cases, and dis-
tingui shed for the nultiple and single vehicle collisions. A special feature of
these data is that the riders and passengers suffered some kind of injury In 98%
of the multiple vehicle accidents and 96% of the single vehicle accidents. This
very high involvenent of injury may be due in great part to the character of the
accidents as acquired, since accident notification was dependent primarily upon
di spatch of a rescue ambul ance.

TABLE 8.1.1. I NJURY STATUS FOR THE MOTORCYCLE RI DERS
IN THE 900 0SIDIs

Multiple Vehicle Collisions Single Vehicle Collisions
Ri der Passenger Tot al Ri der Passenger Tot al
No Injury 12 4 16 9 2 11
I njury 619 102 721 203 38 241
Fat al 36 2 38 18 3 21
Tot al 667 108 775 230 43 273
(Note:  Unknown status for 2 riders and 1 passenger)

Also shown in Table 8.1.1 is that the incidence of fatal injury is 4.9% of
the multiple vehicle accidents and 7.7% of the single vehicle accidents.

Table 8.1.2 shows the frequency of injury severity for the nost severe
injuries suffered by the 900 notorcycle riders and the 152 notor cycle passengers
involved in the 900 on-scene, in-depth accident cases. The high injury rate
typical of motorcycle accidents is shown in these data by the fact that 45.1% of
the riders and passengers suffered sonmething mere than a minor injury, and 24.1%
had an injury which was severe, serious, critical or fatal.
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TABLE 8.1.2. FREQUENCY OF I NJURY SEVERI TY FOR
MOST SEVERE | NJURY, ALL REG ONS RI DERS
AND PASSENGERS

Count
Most Raw Pct
Severe Col Pct Row
I njury Tot Pet | Rider Passenger Tot al
None 21 5 26
80. 8 19.2 2.5
2.3 3.3
2.0 0.5
M nor 457 94 551
62.9 17.1 52.4
50. 8 61.8
43. 4 a.9
Moder at e 197 24 221
89.1 10.9 21.0
21.9 15.8
18.7 2.3
Severe 105 17 122
86.1 13.9 11.. 6
11.7 11.2
10.0 1.6
Serious 51 4 55
92.7 7.3 5.2
5.7 2.6
4.8 0.4
Critical 37 7 44
84.1 15.9 4.2
4.1 4.6
3.5 0.7
Fat al 30 1 31
96. 8 3.2 2.9
3.3 0.7
2.9 1
Unknown 2 0 2
.00.0 0.0 0.2
0.2 0.0
0.2 0.0
Column 900 152 1052
Tot al 85.6 14. 4 100.0
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Table 8.1.3 shows the regions of these npbst severe injuries for the riders
and passenger® i nvolved in the 900 on-scene, in-depth accident cases. Note that
injuries to the extremties are 45.5% of these nost severe Injuries in each acci-
dent. However, these injuries to the extrenmities are surely frequent but never
any threat to life. The next most frequent set of injuries in these datais to
the head, neck and face, which conprise a total of 28.5% of the total of nost
severe injuries.

Note that the areas of the passenger body which benefit from seme shiel ding
by the rider body in frontal Inpact have lower incidence, e.g., extrenmties,
pel vis and abdomnen.

8.2 Rider and Passenger Positions on the Mdtorcycle at Crash | npact

Table 8.2.1 shows the rider position on the notorcycle at crash inpact. The
great majority, 91.1% of the notorcycle riders, were in the normal riding position
at the time of crash inmpact. In reaction to the Inmminent collision sone riders
stood up on the foot pegs (2.6%), some riders made a head or shoul der check (2.1%},
and sorme riders were in the process of "bailing out."

Table 8.2.2 shows a cross tabulation of this rider precrash action and the
overal | Severities Sum SS = £(a18)2. These data show a significantly |ower
injury Severities Sum for those riders who were disnounting in advance of the
collision. Two such cases should be described to explain this advantage show'

One case involved a" extremely aware and athletic rider who intentionally vaulted
over the hood of a car that suddenly blocked his path of travel, the" tunmbled and
rolled to a stdp with only nminor abrasions and contusions. Another case involved
the sinple but effective action of a rider who lifted his right leg and began dis-
mounting to the left, thereby avoiding the inpact of an automobile front corner
and bunper on the right I|eg.

Interpretation of these data allow speculation of great and skillful reactions
which are beyond the great ngjority of motorcycle riders. The precrash events
happen in very short tine and rider strategy should focus first on preventing acci-
dent involvenent, then inmproving collision avoidance action. Dismounting in the
precrash tine is a last resort, and needs to be reserved for those appropriate
times. "Bailing out" into the path of a" eighteen wheel er when you have a puncture
flat may not be the correct choice -but there may not be alternatives.

The most inportant inpressions fromthese data are that close proximity to
the motorcycle at the point of inpact is injurious indeed, and the majority of the
riders do nothing and crash in the nornal seated position.

Table 8.2.3 shows that the great nmmjority of the accident involved passengers
(94.6% were in the normal riding position at the tine of the crash inpact.
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TABLE 8.1.3. REG ON OF MOST SEVERE | NJURY

RIDERS AND PASSENGERS

Count
Row Pet
Col Pet Row
Regi on Tat Pet Passenger Tota
No Injury 5 26
. 19.2 2.5
. 3.3
2.0 0.5
Extremties 419 60 479
87.5 12.5 45.5
46. 6 39.5
39.8 5.7
Pelvis 62 8 70
88. 6 11.4 6.7
6.9 5.3
5.9 0.8
Abdonen 48 4 52
92.3 7.7 4.9
5.3 2.6
4.6 0.4
Chest 97 25 122
79.5 20.5 11.6
10. 8 16.4
9.2 2.4
Face 53 10 63
84.1 15.0 &0
5.9 6.h
5.0 1.0
Neck 30 1 37
81.1 18.9 3.5
3.3 4.6
2.9 0.7
Head 168 32 200
84.0 16.0 19.0
18.7 21.1
16.0 3.0
Unknown 1 0 1
00.0 0.0 0.1
0.1 0.0
0.1 0.0
¥hole Body 1 1 2
.0 50.0 0.2
1 0.7
1 0.1
Column 0 152 1052
Total .6 14. 4 00.0




TABLE 8.2.1. RIDER POSITION ON MOTORCYCLE AT CRASH | MPACT

Relative | Adjusted

Absol ute Frequency | Frequency
Category Label Code Frequency (%) (%)
Normal Seated 1 813 90.3 91.1
Standing on Pegs 2 23 2.6 2.6
Head Down 3 5 0.6 0.6
Check Left 4 5 0.6 0.6
Check Right 5 8 0.9 0.9
Di smount i ng 6 32 3.6 3.6
Qt her 7 6 0.7 0.7

Unknown 8 8 0.9 M ssi ng
TOTAL 900 100.0 100.0

8.3 Mdtorcycle. Rider and Passenger Mtion After Collision Contact

Table 8.3.1 shows the nmotion of the notorcycle after collision contact for
the 900 on-scene, in-depth accident cases. Table 8.3.2 shows the nmotion of the
motorcycle rider after collision contact for the 900 accident cases

Table 8.3.3 shows the tine when the notorcycle and rider separated. The 2.7%
of the notorcycle riders who separated fromthe motorcycle in the precrash time did
so intentionally and were disnmounting in reaction to the immnent collision. Note
that 11.9% of the accidents did not involve separation and the metorcycle and rider
were together at the point of rest. A great part of these riders were trapped
under the notorcycle.

Table 8.3.4 shows the motion of the accident-involved passenger after colli-
sion contact

Wthout exception those motorcycle riders and passengers trapped or dragged
by the other vehicle had severe or serious injuries (AIS: 3 or 4).

8.4 n-Scene Medical Assistance and Injury Status, Mtorcycle Rider and
passenger

Table 8.4.1 shows the nedical assistance given to the accident-involved
notorcycle rider at the accident scene. Table 8.4.2 describes the details of that
on-scene nedical treatnent given to the motorcycle rider. Table 8.4.3 shows the
injury status for the notorcycle rider. These data show that 56.4% of the
accident-involved notorcycle riders had no injury, or required only limted treat-
ment for mnor injuries, but 36.3% had injuries requiring significant nedical care
Mst of the fatally injured riders were dead shortly after the accident, usually
at the accident scene.
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TABLE 8.2.3. PASSENGER POSI TION ON MOTORCYCLE AT CRASH IMPACT
(0SIDs)
Rel ative | Adjusted
Absol ute Frequency| Frequency
Category Label Code Frequency (%) (%)
Nor mal Seat ed 1 139 15. 4 94. 6
St andi ng 2. 2 0.2 1.4
Head Down 3. 1 0.1 0.7
Check Right 5. 2 0.2 1.4
Di smount i ng 6. 3 0.3 2.0
Unknown a. i 4 0.4 Missing
N. A 9, 749 83.2 Missing
TOTAL 300 100.0 100.0
TABLE 8.3.1. MOTORCYCLE POST- CRASH MOTI ON
Rel ative | Adjusted
Absol ute Frequency| Frequency
Category Label Code Frequency (%) (%)
Remai ned at POI 0. 235 26.1 26. 2
Defl ected to Side L 263 29.2 29.3
Became Airborne 2. 1 0.8 0.8
Slid to Stop 3. 309 4.3 | 344
End-Overs 4, 13 1.4 1.4
Ot ppped by OV 6. 6% 0.2 0.2
Unknown a. 2 0.2 | Missing
TOTAL 900 100.0 100.0
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TABLE 8.3.2. MOTORCYCLE RIDER POST- CRASH MOTI ON
Relative | Adjusted
Absol ute | Frequency| Frequency
Category Label Code Frequency (%) (%
St opped Near POT 0. a2 9.1 9.3
Vaulted From MC L 240 26.7 27.1
Fell From MC 2. 233 25.9 26.4
Tunbl ed or Rol | ed 3. 115 12.8 13.0
Slidto Stop 4. 103 11. 4 11.7
Trapped Under MC 5 79 a.8 a.9
Trapped Under OV 6. 21 2.3 2.4
Struck and Dragged by OV 1. 11 1.2 1.2
Unknown a. 6 0.7 M ssi ng
NA 9. 10 1.1 M ssing
TOTAL 900 100.0 100.0
TABLE 8.3.3. MOTORCYCLE AND RI DER SEPARATI ON
Rel ative
Absol ute | Frequency

Category Label Code Frequency (%)

Pre-Crash 1. 24 2.7

Crash 2, 457 50.8

Post - Crash 3 305 33.9

Unknown a. 7 0.8
NA, No Separation 9, 107 11.9 !
100.0 l
TIQTA eTo o S I ]
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TABLE 8.3.4. PASSENGER POST- CRASH MOTI ON
Relative | Adjusted
Absolute  Frequency | Frequency
Category Label Code Frequency | (%) (%)
Stopped Near POI 0. 22 | 2.4 14.3
Vaulted From MC L 33 i 3.7 21. 4
Fell From MC 2. 48 s 5.3 31.2
Tunbl ed or Rolled 3. 22 - 2.4 14.3
Slid to Stop 4, 15 1.7 9.7
Trapped Under MC 5. 1 0.8 4.5
Trapped Under OV 6. 6 0.7 3.9
Struck and Dragged by ov 1. 1 0.1 0.6
Unknown 8. 1 0.1 Missing
NA 9. 745 82.8 Missing
TOTAL 900 100.0 100.0
TABLE 8.4.1. MEDI CAL ASSI STANCE TO MOTORCYCLE RI DER
Relative | Adjusted
Absol ute | Frequency Frequency
Category Label Code Frequency (%) (%)
Nomne 0. 118 13.1 13.1
Private Anbul ance L 9 1.0 1.0
Public Ambul ance 2. 736 81.8 82.2
MD. On-Scene 3. 1 0.1 0.1
Coroner 4, 18 2.0 2.0
Private Party 5 9 1.0 1.0
i Police 6. 6 0.7 0.7
I O her 1. 1 0.1 0.1
| Unknown 8. 2 0.2 Missing
l TOTAL 900 100.0 100.0
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TABLE 8.4.2. MOTORCYCLE RIDER ON- SCENE MEDI CAL TREATMENT
Relative Adjusted
Absolute | Frequency | Frequency
Category Label Code Frequency (%) (%)
Hemorrhage Control — Rider
None 0. 521 57.9 6l.4
Yes 1. 327 36.3 33.6
Unknown 8. 52 5.8 Missing
TOTAL 900 100.0 100.0
Splinting of Linbs — Rider
None 0. 576 64.0 8.1
Yes 1. 270 30.0 31.9
Unknown 8. 54 6.0 Missing
TOTAL 300 100.0 100.0
Resuscitation — Rider
None 0. 815 90.6 96.0
Yes 1. 34 3.8 4.0
Unknown 8. 51 5.7 Migsing
TOTAL 900 100.0 100.0
I.V. or Injections — Rider
None 0. 741 82.3 88.4
Yes L 97 10.8 11.6
Unknown 8. 62 6.9 Missing
TOTAL 900 100.0 100.0
Cardio Vascul ar RX — Rider
None 0. 828 92.0 97.4
Yes 1 22 2.4 2.6
Unknown. 8. 50 5.6 Mssing
TOTAL 900 100. 0 100. 0
BX of Head Wounds — Rider
None 0. 769 85. 4 90.0
Yes 1. 85 9.4 10.0
Unknown 8. 46 5.1 M ssi ng
TOTAL 900 100.0 100.0
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TABLE 8.4.3. MOTORCYCLE RIDER | NJURY STATUS

Relative  Adjusted

Absol ute | Frequency Frequency
Category Label Code Frequency (%) (%)
First A d-Scene 1. 80 8.9 10.1
Treated, Released 2. 328 36.4 41.6
Hos. < 24 #rs 3. 29 3.2 3.7
Hosp. Significant Rx 4. 219 24.3 27.8
Qutpatient Care 5. 79 8.8 10.0
Dead on Scene 6. 31 3.4 3.9
Dead on Arrival 1. 10 1.1 1.3
Fatal Cther Wthin Fatal 24 Hs ) I 1.0 1.1
0.4 0.5

Unknown 98. 4 0.4 Missing

N A No Injury or No Treatnent 99. 107 11.9 Misgsing
TOTAL 900 100.0 100.0

Table 8.4.4 (Appendix C 4) shows the nedical assistance given to the
152 passengers involved in the 900 on-scene, in-depth accident cases. Table 8.4.5
(Appendi x C. 4) describes the details of that on-scene nedical treatnent given to
the passengers. lable 8.4.6 (Appendix C 4) shows the injury status for the notor-
cycl e passengers. The passenger data show that 37.9% of the notorcycle passengers
had injuries requiring significant nedical care.

The high participation of public rather than private anbulance activity was
due to the fact that the Los Angeles Fire Department provides the public anbul ance
response to the scenes of traffic accidents. The victins were transported to the
enmergency roons of nearby hospitals under contract to the Gty of Los Angeles for
enmergency nedical service

8.5 Somatic (Body) Region Injuries

Table 8.5.1 shows the notorcycle rider injury severity for the 3600 traffic
accident report cases. Table 8.5.2 shows the location of the rider somatic
injuries defined by those 3600 traffic accident reports. (In these data
"somatic" is used to describe everything other than head and neck.)

Table 8.5.3 shows the notorcycle passenger injury severity for the 3600 traf-
fic accident report cases. Table 8.5.4 shows the location of the passenger
somatic injuries defined by those 3600 traffic accident reports

In general, the extraction of injury data fromthe traffic accident reports
was difficult and required truly excess effort in interpretation. Case-by-case
conparison with the 900 on-scene in-depth cases showed a low fidelity of injury
representation by the traffic accident reports. As an extrene, it would be
expected that the fatal accident cases would be closely represented by the traffic
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TABLE 8.5.3.

MOTCRCYCLE PASSENGER | NJURY SEVER 1Y

(TARs)
Rel ative | Adjusted
Absol ute | Frequency | Frequency
Category Label Code Frequency (%) (%)
Maj or A 5: 1.6 11.0
M nor B 234 7.9 54.7
Conpl aint of Pain C 114 3.2 22.0
Fat al K 3 0.1 0.6
None 0 62 1.7 11.8
Unknown-Not Reported 3 37 1.0 Missing
H.A.-Ho Passenger 9 3044 84.6 ‘lissing
TOTAL 3600 100.0 100.0
TABLE 8.5.4. MOTORCYCLE PASSENGER SOVATI C | NJURY LOCATI ON
(TARg)
Relative | Adjusted
Absol ute | Frequency | Frequency
Category Label Code Frequency (%) (%)
MC Passenger Torso Injury
None 0. 327 9.1 70. 3
Yes 1 138 3.3 29.7
Unknown-Kot Reported 8. 91 2.5 Missing
N.A.-No Passenger 9, 3044 84.6 M ssi ng
TOTAL 3600 100.0 100.0
Mc Passenger Arm |Injury
None 0. 301 8.4 64.7
Yes 1. 164 4, 6 35.3
Unknown- Not Reported 8. 91 2.5 Missing
¥.A.-No Passenger 9, 3044 84.6 Migsing
TOTAL 3600 100.0 100.0
Mc Passenger Leg Injury
None 0. 206 5.7 44.3
Yes 1. 259 7.2 55.7
Unknown-Yot Reported 3. 32 2.6 Missing
%.A.-No Passenger 9, 3043 84.5 Missing
TOTAL 3600 100.0 100.C
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accident reports. This was not the case here. The fatal accident cases in the
900 on-scene, in-depth investigations are contained conpletely within the 3600
traffic accident reports examned. For conparison, exam ne the follow ng:

900 08IDs 3600 TARs
Mot orcycl e Rider 54 44
Fatalities
Passenger Fatalities 5 3

A conparison of the two data sets confirns that the traffic accident reports
do not report those deaths that occur sone time (e.g. 48 hours) after the accident,
as in the case of a later death due to burns or head injury.

Table 8.5.5 shows the body region of injuries to the notorcycle riders
involved in the 900 on-scene, in-depth cases. These 900 riders suffered 3016 dis-
crete injuries to the body (not including head and neck regions). The regions of
hi ghest frequency were the knee (14.3% and the lower leg (14.1% . These injuries
to the knee and [ower leg were very common, and sometines serious or severe, but
never a threat to life. Those serious and severe injuries to the knee and | ower
|l eg generally showed |ong periods of recovery and/or disablement for the victim

In order to conmpare the data of Table 8.5.5 with the previous data fromthe
3600 traffic accident reports, these injuries are conbined as follows:

ARMB LEGS TORSO
A 3.3% K 14.3 B 4.4
E 5.6 L 14.1 C 6.9
R 538 Q 85 M 7.1
S 5.3 T 7.5 0 0.2
w 11.3 P 5.8
X 0.2 Yy 0.2

31. 5% 44. 4% 24. 6%

Then conpari ng,

900 0s1IDs 3600 TARs
3016 Injuries Any Injury
ARVE 31. 5% 38.2%
LEGS 44, 4% 61. 1%
TORSO 24. 6% 31. 8%

Thus, the traffic accident reports data seemto excessively represent somatic
injury information.
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TABLE 8.5.5. SOVATIC | NJURY BODY REG ON

(0SIDs)

Relative | Adjusted

Absol ute | Frequency |Frequency
category Label Code Frequency (7) (%)
Upper Arm A 93 3.2 3.3
Back B 132 4.4 4.4
Chest C 207 6.9 6.9
El bow E 168 5.6 5.6
Knee K 432 14.3 14.3
Lower Leg L 424 14.1 14.1
Abdomnen M 215 7.1 7.1
Whol e Body 0 6 0.2 0.2
Pelvis/Hip P 176 5.5 5.2
Ankl e/ Foot Q 256 5.5 8.5
Forearm R 174 5.8 5.8
Shoul ders S 16: 5.3 5.3
Thi gh T 211 7.0 7.0
Unknown U 4 0.1 0. :
Wi st/ Hand W 341 11.3 11.3
Upper Extremties X 6 0.2 0.2
Trunk Y 5 0.2 0.2
TOTAL 3016 100.0 100.0

Chest injuries were frequent (6.9% and had the greatest prospect for
critical or fatal results. Typical life-threatening injuries to the chest were
rib fractures associated with | acerated lungs and maj or bl ood vessels, and circu-
latory system parts which were |acerated and ruptured from inpact inertial
| oadi ng.

Tabl e 8.5.6 shows the side of the rider somatic injury for the 900 on-scene,
in-depth accident cases. The distribution of these injuries shows no dom nance
of right or left side injuries; the distribution shows essentially symetrica

injuries

TABLE 8.5.6. SIDE OF RIDER SOVATIC | NJURY

(0S1Ds)
Relative | Adjusted
Absol ute | Frequency |Frequency
Cat egory Label Code Frequency (%) (%)
Bil ateral B 390 12.9 13.0
Central C 229 i.6 7.6
Left L 1207 40.0 40. 2
Ri ght R 1175 39.0 39.2
Unknown T 15 0.5 Missing
TOTAL 3016 100.0 100.0
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Table 8.5.7 shows tha type of lesion for the 3016 discrete somatic injuries.
As expected for the exposed, and sonetines lightly protected somatic regions,
abrasions predominate as 37.2% of all injuries. o course in many of the minor
accidents, abrasions were the only injury. |t was rare that the abrasion injury
had high severity since any substantial clothing will reduce abrasion injury.
The outstanding case of high severity abrasion involved a mtorcycle rider wear-
i ng ohnly a Speedo bathing suit and falling on the abrasive asphalt paving at
32 nph.

Fractures and dislocations accounted for 16.0%of all injuries to the
accident-involved notorcycle riders.

Table 8.5.8 shows the system or organ involved in the 3016 somatic injuries.
It is clear that the exposed outer body surface of the notorcycle rider sustained
the greatest part of these injuries; the abrasions, contusions and |acerations of
the integument accounted for 64.7% of all the somatic injuries. Fractures, dis-
| ocations sprains, etc., of the skeletal structure (and joints) accounted for
22.7% of all the somatic injuries. O course, those less frequent injuries to the
arteries and heart were a far greater threat to |life and were associated with
much more severe accident inpacts.

Table 8.5.9 shows the severity of the 3016 discrete somatic injuries. 75. 1%
of those injuries were ninor, and nost were integumentary abrasions. nly 12 of
the injuries were fatal, although the data include 54 rider fatalities. The
mejority of those 54 fatalities were due to the conbined effects of several
injuries, many of which were critical injuries.

TABLE 8.5.7. R DER SOMATI C | NJURY. SYSTEM ORGAN | NVOLVED

{0SIDs)
Rel ative
Absol ute Frequency

Category Label Code Frequency (%)

Abr asi on A 1123 37.2
Burn B 11 0.4
Cont usi on C 663 22.0
Di sl ocation D 33 1.1
Fracture F 449 14. 9
Swel i ng G 25 0.8
Henor r hage H 22 0.7
Laceration L 352 11.7
Anput ation M 5 0.2
Crushi ng N 5 0.2
O her 0 2 0.0
Pai n P 200 6.6
Rupt ure R 17 0.6
Sprain S 89 3.0
Unknown u 4 0.1
Avulsion \ 16 0.5
TOTAL 3016 100.0
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TABLE 8.5.8. RIDER SOWATIC INJURY, TYPE OF LESION

(0S1Ds)
Rel ative | Adjusted
Absolute | Frequency | Frequency
Category Label Code Frequency (%) (%)
Arteries A 17 0.6 0.6
Di gestive D 6 0.2 0.2
Urogeni t al G 119 3.9 4.1
Hear t H 17 0.6 0.6
I nt egument ary | 1872 62.1 64.7
Joints J 195 6.5 6.8
Ki dney K 1 0.2 0.2
Liver L 19 0.6 0.6
Muscle M 78 2.6 2.7
Nervous System N 1 0.0 0.0
Pul monary/ Lung P 37 1.2 1.3
Spl een 0 17 0.6 0.6
Respiratory R 1 0.0 0.0
Skel et al S 420 13.9 14.5
Unknown U 120 3.9 Missing
Vertebrae % 40 1.3 1.4
Al Systenms in Region W 50 1.7 1.8
TOTAL 3016 100. 0 100.0
TABLE 8.5.9. RIDER SOVATIC INJURY SEVERITY
(0SIDs)
Rel ative
Absolute | Frequency
Category Label Code Frequency (%)
M nor 1 2263 75.0
Moder at e 2 384 12.7
Severe 3 216 7.2
Seri ous 4 99 3.3
Critical 5 40 1.3
Fat al 6 12 0.4
Unknown 8 2 0.0
TOTAL 3016 100.0

Table 8.5.10 shows the rider somatic injuries collected according to
manufacturer of the accident-involved notorcycle.

The last colum of this table conpares the frequency of that nDtorcKcIe_
nmake in the accident population. From this conparison it is seen that there is

no significant over- or under-representation &t’irjuries; eaéh make accounts ror
its approximate fair share of injuries.

185



Table 8.5.11 shows the rider somatic injuries collected according to the
engi ne displacenent of the accident-involved notorcycles. Detailed exam nation
of these data and conparison with the accident-involved population provides the
follow ng information:

(1) Motorcycles of 250cc or less-are 22.6% of the accident popul ation and
account for 20.9% of these rider somatic injuries.

(ii) Mtorcycles of 500cc or |ess are 55.9% of the accident popul ation and
account for 57.4% of these rider somatic injuries.

(iii) Mtorcycles of 750ce or greater are 33.0% of the accident popul ation
and account for 35.1% of these rider somatic injuries.

(iv) 350cc motorcycles are 14.1% of the accident population and account for
13.9% of these rider somatic injuries.

(v) 750ce motorcyecles are 17.5% of the accident popul ation and account for
19.2% of these rider somatic injuries.

(vi) 1200ece notorcycles are 7.3%of the accident popul ation and account for
8.3% of these rider somatic injuries.

TABLE 8.5.10. R DER SOVATI C | NJURIES AND MOTORCYCLE MANUFACTURER

(0SIDs)
Rel ative Adj ust ed Mot orcycl e
Absol ute Frequency Frequency | Popul ation

Category Label | Code | Frequency (%) (Z) (%)
BWMW 3 47 1.6 1.6 1.6
BSA 4. 28 0.9 0.9 0.9
Bultaco 6. 2 0.1 0.1 0.1
cZ 8. 6 0.2 0.2 0.2
Cat - HPE 9. 5 0.2 0.2 0.1
Ducati 14. 8 0.3 0.3 0.2
Har | ey- Davi dson 20. 343 11.4 11.4 10.5
Honda 23. 1636 54.2 54.2 55.7
I ndi an 25. 2 0.1 0.1 0.1
Jawa 26. 11 0.4 0.4 0.3
Kawasaki 28. 234 7.8 7.8 8.1
Moto Guzzi 35. 25 0.8 0.8 0.8
Norton 40. 24 0.8 0.8 0.7
Puch 44, 3 0.1 0.1 0.1
Riverside 46. 3 0.1 0.1 0.1
Sachs 50. 8 0.3 0.3 0.2
Suzuki 54, 148 4.9 4.9 4.4
Tri unph 55. 60 2.0 2.0 2.0
Vespa 60. 23 0.8 0.8 0.8
Yamaha 62. 378 12.5 12.5 12.2
Motobecane 65. 22 0.7 0.7 0.4

OTAL 3016 100. 0 100.0
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TABLE 8.5.11. RIDER SOVATIC INJURIES AND MoTORCYCLE Sl ZE
(0SIDs)
Relative | Adjusted |Cumulativ
Absol ute | Frequency | Frequency | Frequencs
Category Label Code Frequency (%) (%) (%)
Engi ne Displ acenent, 49. 14 0.5 0.5 0.5
e 50. 41 1.4 1.4 1.8
60. 1 0.2 0.2 2.1
70. 19 0.6 0.6 2.7
73. 6 0.2 0.2 2.9
75. 5 0.2 0.2 3.1
80. 19 0.6 0.6 3.7
83. 5 0.2 0.2 3.8
90. 55 1.8 1.8 5.7
100. 2 2.4 2.4 8.1
120. 1 0.0 0.0 3.1
125. 127 4.2 4.2 i2.3
127. 2 0.1 0.1 12.4
150. 16 0.5 0.5 12.9
160. 6 0.2 0.2 13.1
175. ar 2.9 2.9 16.0
130. 3 0.1 0.1 16.1
185. 5 0.2 0.2 16. 3
200. 27 0.9 0.9 17.2
250. 115 3.5 3.5 21.0
305. 25 0.3 0.8 21.8
350. 420 13.9 13.9 35.]
360. 130 4.3 4.3 40.1
380. 26 0.9 0.9 40.9
400. 183 6.1 6.1 47.0
450. 107 3.5 3.6 50.5
500. 209 6.9 6.9 57.5
550. 115 3.5 3.3 61.3
600. 1 0.2 0.2 61.5
650. 99 3.3 3.3 64. 3
750. 577 19.1 19.2 34.0
300. 2 0.1 0.1 84,0
550. 30 1.0 1.0 85.0
900. 94 3.1 3.1 8%.2
1000. 107 3.5 3.6 91.7
120c. 250 8.3 5.3 100.0
nknown 9993. 3 0.1 Missing 100.0
TOTAL 3016 100.0 100.0
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These comparisons show that the smaller motorcycles account for slightly
less than their fair share of rider somatic injuries, and the |arger motorcycles
account for slightly more than the accident population and the statistical sig-
nificance is |ow.

This slight overrepresentation of the larger nmotorcycles in somatic injury
attribution inplies that mptorcycle size is only a weak indicator of somatic
injury severity, and it is likely that other factors wll show a nore significant
association with injury frequency or severity.

An alternative perspective for the evaluation of notorcycle rider somatic
injuries is the selection of the most severe somatic injury in each of the 900
on-scene, in-depth accident cases. For this sort of evaluation, the rider somatic
injury of highest severity (highest AIS) is selected for each case and tabul at ed.
Table 8.5.12 shows the body regions for the rider's npbst severe somatic injuries.

TABLE 8.5.12. RIDER MOST SEVERE SOVATIC | NJURY REG ON

(0S1IDs)
Rel ative Adj ust ed
Absol ute [ Frequency |Frequency

Cat egory Label Code Frequency (%) (%)

Upper Arm A 26 3.0 3. ¢
Back B 35 4.0 4.0
Chest C 52 6.0 6.0
El bow E 35 4.0 4.0
Knee K 113 13.0 13.1
Lower Leg L 173 20.0 20. 3
Abdorren M 45 5.2 5.2
Whole Body 0 2 0.2 0.2
Pel vic/H p P 57 6.6 6.6
Ankel/Foot 0 36 9.9 9.9
Forearm R 45 5.2 5.2
Shoul der S 46 5.3 5.3
Thi gh T 59 6.8 6.8
Wi st/ Hand W 89 10. 3 10. 3
Upper Extremties )4 1 0.: 0.1
Trunk Y 2 0.2 0.2
TOTAL 866 100.0 100.0
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Note that this perspective amplifies the significance of lower leg injuries since
they are 20.0% of those nmost severe somatic injuries. Aso, fromthis tabulation
note that the sumof hip, thigh, knee. lower leg, and ankle-foot injuries is

56. 4% of those npst severe rider somatic injuries.

Al'so, fromthe evaluation of those data of Table 8.5.12, it is noted that the
riders in 34 (3.8% of the accidents, incurred no somatic injury.

Table 8.5.13 shows that the nost severs rider somatic injuries are essen-
tially symetrical

Tabl e 8.5.14 shows the type of lesion for the nmotorcycle rider nost severe

somatic injury. As in the previous Table 8.5.7, abrasion injuries are nost fre-
quent but fractures plus dislocations are 28.1% of the nost severe injuries

TABLE 5.5.13. SIDE OF MOst seEVErRE RI Der SOMATIC | NJURY

(0SIDs)

Rel ative | Adjusted

Absol ute | Frequency |Frequency
Category Label Code Frequency ) (%)
Bi | at eral B 72 5.3 8.3
Central C 62 7.2 7.2
Left L 352 40. h 40. 6
Ri ght R 380 43.9 43.9
TOTAL 866 100.0 100.0

TABLE 8.5.14. RIDER MOST SEVERE SOWATI C | NJURY, Leston TYPE

(0SIDs)
L
Rel ative | Adjusted
Absol ute | Frequency | Frequency

Category Label Code Frequency (%) (%)

Abrasi on A 231 26.7 26.7
Burn B 4 0.5 0.5
Cont usi on C 155 17.9 17.9
Di sl ocation D 20 2.3 2.3
Fracture F 223 25.8 25.8
Swel I'i ng G 5 0.6 0.6
Hemorrhage u 4 0.5 0.5
Laceration L 33 10.2 10.2
Amputation M 3 0.3 0.3
Crushing N 3 0.3 0.3
Q her 0 1 0.1 0.1
Pai n P 67 7.7 7.7
Rupt ure R b 0.7 0.7
Sprain ) 45 5.2 5.2
Inknown U 1 0.1 -D.1
Avulsion v 10 1.2 1.2
TOTAL 866 100.0 100.0
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Tabl e 8.5.15 shows the systemorgan involved for the rider most Severe
somatic injuries, and the integument injury dominates with 49.1% of these nost
severe somatic Injuries. Joint and skeletal injuries combine for 37.0% of the
total.

Table 8.5.16 shows the severity of the rider nost severe somatic injury. O

course, when the "nmost severe"” injuries are analyzed, the nore severe |evels
become relatively more frequent. Conpare these data with Table 8.5.9.

TABLE 8.5.15. RIDER M0ST SEVERE SOMATIC IMJURY, SYSTEM/ORGAN INVOLVED

(0SIDs)
Rel ative Adj ust ed
Absol ute | [Frequency | Frequency
Category Label Code Frequency (%) (%)
Arteries A 11 1.3 1.4
Di gestive D 1 0.1 0.1
Ur ogeni t al G 22 2.5 2.6
Hear t H 12 1.4 1.5
Integumentary I 405 46. 8 49.1
Joints J 83 i0.2 i0.7
Ki dney K 2 0.2 0.2
Liver L 3 0.3 0.3
Muscl es M 32 3.7 3.9
Nervous System N 1 0.1 0.1
Pul monar y/ Lungs P 5 0.6 0.6
Spl een Q 5 0.6 0.6
Respiratory R 1 g.1 0.1
Skel et al S 210 24. 2 25. 4
Unknown U 40 4.6 Migsing
Vert ebrae v 8 0.9 0.9
Al Systems in Region W 20 2.3 2.4
TOTAL 366 100.0 100.0
TABLE 8.5.16. RIDER MOST SEVERE SOVATI C INJURY SEVERITY
(0S1IDs)
Rel ative
Absol ute | Frequency
Cat egory Label Code Frequency (%)
M nor 1 491 56.7
Mbder at e 2 183 21.1
Severe 3 107 12. 4
Serious 4 54 6.2
Critical 5 20 2.3
Fat al 6 11 1.3
TOTAL 866 100.0
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Table 8.5.17 provides a crosstabulation of the body region and severity for
the rider npbst severe somatic injury. The outstanding feature is the high fre-
quency of chest injury as the nost severe injury for critical and fatal injuries.

Table 8.5.18 (Appendix C. 4) provides a crosstabulation of the body region
and type of lesion for the rider nobst severe somatic injuries. Note that distri-
bution of the nobst severe chest injuries with fractures and lacerations predom
inating. Also, note that abrasions predonminate as the mest severe somatic injury,
except for the lower |leg and ankle-foot where fractures predomninate

Single vehicle collisions were 230 (25.6% of the 900 on-scene, in-depth
accident cases. Those single vehicle collisions accounted for 685 (22.8% of the
3004 discrete somatic injuries identifiable in this distinction. The frequency
of all somatic injury in single vehicle accidents is not significantly bel ow that
of multiple vehicle accidents. Table 8.5.19 shows these data.

There are expected differences in the frequency of somatic injury in single
and multiple vehicle collisions. The asterisks added to the data of Table 8.5.19
illustrate the following differences

(1) There is anoutstanding and significantly higher frequency of |ower Ieg
injury in multiple vehicle collisions.

(ii) There is a significantly higher frequency of ankle-foot injury in
multiple vehicle collisions.

(iii) There are significantly higher forearmand wist-hand injuries in
single vehicle accidents.

Table 8.5.20 shows the rider somatic injury severity for the single and
multiple vehicle collisions. The only significant difference is indicated by the
asterisk at the level of AIS:3 for the multiple vehicle collision. This differ-
ence between single and nultiple vehicle collision somatic injury severity is due
to the nore frequent severe (AIS:3) lower leg injury occurring in the multiple
vehicle accident.

Tabl e 8.5.21 (Appendix C.4) shows the body region of injuries to the passen-
gers involved in the 900 on-scene, in-depth accident cases. These passengers
suffered 401 discrete injuries to the body (not including head and neck regions).

Table 8.5.22 (Appendix C. 4) shows the side of the passenger somatic injuries,
and these injuries are essentially symetrical

Table 8.5.23 (Appendix C 4) shows the type of lesion for the 401 discrete
somatic injuries of passengers.

Table 8.5.24 (Appendix C. 4) shows the system or organ involved in the 401
passenger sommtic injuries; Table 8.5.25 (Appendix) shows the severity of those
injuries.

Table 8.5.26 shows a crosstabulation of somatic injury body region and injury

severity for the passengers involved in the 900 on-scene, in-depth cases.
Table 8.5.27 provides that equivalent crosstabulation of somatic injury body
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MOST SEVERE INJURY

RI DER SOVATI C REG ON BY | NJURY SEVERITY,
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TABLE 8.5.19. RIDER SOVATIC INJURIES, BODY REG ON
SINGLE axp MULTI PLE VEH CLE COLLI SI ONS
(0S1Ds)
\
Single Vehicle Ml tiple Vehicle
Category Label Code |Fr equency % Frequency % Tot al
Upper Arm A 25 3.6 73 3.1 98
Back B 22 3.2 110 4.7 132
Chest C 63 9.2 144 6.2 207
El bow E 40 5.8 127 5.5 167
Knee K 102 14.9 329 14.2 431
Lower Leg L 56 8.2 364 * 15.7 420
Abdonen M 35 5.1 179 7.7 214
Whol e Body 0 2 0.3 3 0.1 5
Pel vi ¢ P 44 6.4 130 5.6 174
Ankl e- Foot Q 47 6.9 209 * 9.0 256
Forearm R 59 * 8.6 114 4.9 173
Shoul der S 49 7.2 112 4.8 161
Thi gh T 34 5.0 176 7.6 210
Unknown U 1 0.1 3 0.1 4
Wi st - Hand W 103 * | 15.0 238 10.3 341
Upper Ext. X 1 0.1 5 0.2 6
Trunk Y 2 0.3 3 0.1 5
TOTAL 685 100.0 2319 100.0 3004
TABLE 8.5.20. RIDER SOVATIC I NJURY SEVERITY
SINGLE AND MULTIPLE VEHI CLE COLLI SI ONS
(0SIDs)
Single Vehicle Miltiple Vehicle

Category Label Frequency % Frequency % Tot al

A1S: 1 Mnor 519 75.8 1737 74.9 2256

2 Moderate 102 14.9 280 12.1 382

3 Severe 34 5.0 180 = 7.8 214

4 Serious 18 2.6 81 3.5 99

5 Critical 10 1.5 30 1.3 40

6 Fatal 2 0.3 10 0.4 12

8 Unknown 0 0 1 0.0 1

TOTAL 685 100.0 2319 100.0 3004
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PASSENGER SOVATI C | NJURY REG ON BY | NJURY SEVERI TY

TABLE 8. 5. 26.
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RIDER SOMATIC I NJURY REG ON BY INJURY SEVER TY

TABLE 8.5.27.
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region and injury severity for the nmotorcycle riders of the 900 on-scene, in-depth
acci dent cases. O course there are considerable simlarities between the passen-
ger and rider somatic injury data, and this is expected because of essentially
equivalent exposure to injury surfaces. However, the differences outstanding in
these data are as follows:

(1) Passengers suffer relatively less frequent ankle-foot and abdom na
injury

(ii) Passengers suffer relatively less frequent |acerations but nore
abrasi ons.

(iii) Passengers suffer |ess frequent urogenital injuries.

These differences are expected in some ways since the notorcycle rider usu-
ally precedes the passenger into the collision inpact area, and the passenger can
expect some benefit at the expense of the notorcycle rider

8.6 Head and Neck Injuries

A separate file was prepared and maintained for the head and neck injury data
This separation of head and neck injury data fromthe somatic injury data was
necessary so that special attention could be given to the nore conplex details
typical of head and neck injury. In these data, head and neck injury data include

face injury data

One source of head and neck injury data was the 3600 traffic accident report
cases. Table 8.6.1 shows the data for notorcycle rider head and neck injuries
collected from analysis of the traffic accident report cases. Table 8.6.2 shows
the equivalent data collected for the passengers involved in those 3600 traffic
accident report cases. These data show a distinction between head and neck and
face injury so that the total injury to the head (including face) and neck will be
equal to or less than the sum of the two injury data elenents. Table 8.6.1 shows
that the highest frequency of head (and face) and neck injury for the accident-

i nvol ved notorcycle riders would be 35.8% Table 8.6.2 shows that the highest fre-
quency of head and neck injury for the accident-involved passengers would be 31.4%

The head and neck injury data collected for the motorcycle riders in the 900
on-scene, in-depth cases showed a total of 861 discrete injuries to the head and
neck regions. The nost outstanding feature of these injury data is that those
nmotorcycle riders wearing helnets (39.8% of the accident-involved notorcycle
riders) had far less than their fair share of head and neck injuries (22.8%.

Tabl e 8.6.3 shows the region of the head and neck where the 861 injuries were
| ocated. A special feature of these injuries is the expected donmi nance of the
forward orientation of the injuries; the sum of frontal, face-general, nandible,
nasal, orbit, sphenoid, maxilla, and zygoma regions injuries is 52.0% The fronta
region is the nost frequently involved region, and is that region which could be
protected by a safety helmet. The regions of face-general, nandible, nasal, orbit,
sphenoi d, maxilla and zygoma could be protected only with the forward structure of
a full facial coverage safety hel net.
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TABLE 8.6.1. MOTORCYCLE RIDER HEAD AND NECK | NJURIES
(TARs)
Rel ative | Adjusted
Absolute | Frequency|Frequency
Category Label Code Frequency (%) (%)
Head Neck Injury -
None 0. 24097 69.4 79.4
Yes L. 649 18.0 20.6
Unknown- Not  Repor t ed 8. 454 12.6 Missing
TOTAL 3600 | 100.0 | 100.0
Face Injury
None 0. 2657 73.8 34.8
Yes L. 477 13.2 15.2
Unknown- Not Reported 8. 466 12.9 M ssi ng
TOTAL 3600 100.0 100.0
TABLE 8.6.2. MOTORCYCLE passtNGER HEAD AxD NECK | NJURI ES
( TARS)
Rel ative | Adjusted
Absol ute | Frequency. | Frequency
Category Label Code Frequency (%) (%)
Mc Passenger Head/ Neck |njury
None 0. 361 10.0 77.6
Yes 1 104 2.9 22.4
Unknown-Not Reported a. 91 2.5 Missing
¥.A.=-No Passenger 9. 3044 84.6 Missing
TOTAL 3600 100.0 100. 0
MC Passenger Face Injury
None 0. 423 11.7 91.0
Yes L. 42 1.2 9.0
Unknown- Not  Reported a. 91 2.5 Missing
N. A.-No Passenger 9. 3044 84.6 M ssi ng
TOTAL 3600 100.0 100.0
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TABLE 8.6.3. RIDER EEAD AND NECK INJURY REGION

(0SIDs)

Relative Adjusted

Absolute | Frequency | Frequency
Category Label Code Frequency (% (%)

Head- Neck Regi on

Basal B 39 4.5 4.5
Cervi cal - Gener al C a1 9.4 9.4
Front al F 119 13.8 13.8
Foramen Magnum B 1 0.1 0.1
Face- Gener al K 48 5.6 5.6
Mandible M 99 11.5 11.5
Nasal N 49 5.7 5.7
Ccci pital 0 51 5.9 5.9
Parietal P 61 7.1 7.1
Br ai n- Gener al Q 103 12.0 12.0
Obit R 48 5.6 5.6
Sphenoi d S 1 0.1 0.1
Tenpor al T 44 5.1 5.1
Unknown u 8 0.9 0.9
Wol e Regi on W A 0.5 0.5
Maxi | | a X 40 4.6 4.7
Thr oat Y 6 0.7 0.7
Zygoma Z 43 5.0 5.0
Cervical Vertebra 1 8 D.9 0.9
Cervical Vertebra 2 2 0.2 0.2
Cervical Vertebra 5 2 0.2 0.2
Cervical Vertebra 6 2 0.2 0.2
Cervical Vertebra 7 1 0.1 0.1

None<N.A. 0 1 0.1 Missing
TOTAL 861 100.0 100.0

Tabl e 8.6.4 shows the side of the motorcycle rider head and neck injury for
the 900 on-scene, in-depth accident cases. These data show that the injuries are
essentially symmetrical and there is no significant tendency to right or left side
injury

Table 8.6.5 shows the type of lesion for the motorcycle rider head and neck
injury for the 900 accident cases. Note that |acerations (23.9% are nost fre-
quent, followed by abrasions (18.4% fractures (15.7% and concussions (10.39.

Table 8.6.6 shows the systemorgan involved in the 861 notorcycle rider head
and neck injuries. Note that the integumentary injuries, such as |acerations,
abrasions, and contusions of the skin of the head and neck, dom nate as 55.7% of
those 861 injuries. This fact clearly exposes the prospect of protection by the
use of a safety helmet. Any qualified safety helmet could attenuate or prevent
| acerations and abrasions of the covered regions. This sort of protection would
represent the mininum capability of any contenporary safety hel net
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TABLE 8.6.4. R DER reap AND NECK [ NJURY SI DE
(0SIDs)
Rel ative | Adjusted
Absol ute | Frequency [Frequency
Category Label Code Frequengy (&) (%)
B f¢
| [ateral B 251 29.2 30. 3
Central C 131 15.2 i5.8
Left L 212 24.6 25.5
M 1 0.1 0.1
Ri ght R 236 27.4 28.4
Unknown U 30 3.5 0.0
TOTAL 861 100.0 100.0
TABLE 8.6.5. RIDER HEAD AND NECK INJLRY — TY?" OF LESION
(0S1IDs)
- Rel ative | Adjusted
Absol ute | Frequency | Frequency
Category Label Code Frequency (%) (%)
Lesi on
Abr asi on A 158 18.4 18. 4
Burn B 2 0.2 0.2
Cont usi on C ad 9.8 9.3
Di sl ocation D 2 0.2 0.2
Fracture F 135 15.7 15.7
- Swel i ng G 4 0.5 0.5
Hemorrhage H 38 4.4 4.4
Hematoma J 44 5.1 5.1
Concussion K 89 10.3 10,3
Laceration L 206 23.9 23.9
Anput ation M 2 0.2 0.2
- Crushi ng N 3 0.3 0.3
Other 0 1 0.1 0.1
Pai n P 61 7.1 7.1
Macer ation 8 4 0.5 0.5
Rupture 4 0.5 0.5
Sprain S 10 1.2 1.2
Her ni ation T 1 0.1 0.1
— Inknown U 1 0.1 0.0
Avulsion V 12 1.4 1.4
TOTAL 861 100.0 100.0
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TABLE 8.6.6. RIDER HEAD AND NECK | NJURI ES — SYSTEM/(QRGAN INVOLVED

(0S1IDs)

Relative Adjusted

: Abgolute | Frequency ] Frequency
Category Label Code Frequency (%) %)
Arteries A 4 0.5 0.5
Pans- Medul | a B 12 1.4 1.5
Cer ebel | um c 6 0.7 0.7
Dural-Extradural D 7 0.8 0.8
Integumentary I 452 52.5 55.7
Joints J 4 0.5 6.5
Audi tory Apparat us K 1 0.1 0.1
Lar ynx- Trachea- Esophagus L 1 0.1 0.2
Muscles M 24 2.8 3.0
Neural Tissues N 112 13.0 13.8
Oral Soft Tissues 0 12 1.4 1.5
Pi ar achnoi d- Subdur al P 19 2.2 2.3
Spinal Cord 0 1 0.1 0.1
Skel et al ] 120 13.9 14.8
Teeth T 18 2.1 2.2

Unknown Li] 50 5.8 Missing
Vertebra v 1 0.1 0.1
Al Systems in Region W 13 1.5 1.6
Eye Y 1 0.1 0.1
Subcortical Structure Z 3 0.3 0.3
TOTAL 861 100.0 100.0

While there were 48 injuries in the region of the orbit (Table 8.6.3), there
was only 1 injury to the eye itself. Consequently, these data relate no signifi-
cant requirenent for physical protection of the eye! The use of glasses, goggles
and face shields is nost essential in the protection fromw nd blast to preserve
vision;, the mechanical protection fromcollision injury i s not a significant
factor. —_—

Injuries to the central nervous system accounted for 18.5% of all the head
and neck injuries, and architectural injuries accounted for 14.5% O course
these are the injuries of greater severity and can be reduced or prevented only by
| ocation of an energy absorbing nmedium at the inpact site

Table 8.6.7 shows the severity of the 861 head and neck injuries. The criti-
cal and fatal injuries were 8.4% of the total, indicating the vulnerability of the
head and neck conpared to the somatic regions

Table 8.6.8 shows a crosstabul ati on of head and neck region and injury
severity for the 861 rider injuries. The injuries to areas that are closely asso-
ciated with the central nervous system indicate the far greater contribution to the
serious critical and fatal injuries. On the other hand, the injuries to areas that
are renote to the central nervous system have an insignificant contribution to
those serious, critical and fatal head and neck injuries. For exanple, note the
hi gh frequency of critical and fatal injury at the first cervical vertebrae (C1)



.

TABLE 8.6.7. R DER HEAD AND NECK INJURY SEVERI TY

{(0SIDs)

Rel ative Adj ust ed |Cunu|ative

&sol ute | Frequency | Frequency  Frequency
Category Label Code Frequency (%) (% | (%)
M nor 1 572 66. 4 66. 4 66.4
Moder at e 2 112 13.0 13.0 79.4
Severe 3 74 3.6 8.6 £3.0
Seri ous 4 30 3.5 3.5 91.5
Critical 5 49 5.7 5.7 97.2
Fat al 6 23 2.7 2.7 99.9
Unknown a 1 0.1 0.1 100.0

TOTAL 861 100.0 100.0

but no contribution at the other locations (C2, C5, C6 and C7). Also note that the
basal , occipital, tenporal, parietal, frontal and brain-general regions have high
frequency of serious, critical and fatal injury because those areas are wthin or
immediately adjacent to the extrenely vulnerable central nervous system The
injuries to the face-general, mandible, nasal, maxilla, =zygoma and orbit show ZERO
contribution to serious, critical and fatal injuries. In words, the plastic sur-
geon can provide repair to non-lethal facial injuries but the neurosurgeon can only
limit the life-threatening injuries to the central nervous system

In actuality, there is a deadly Interaction between the recorded non-letha
facial injuries and the life-threatening injuries to the central nervous system
If the notorcycle rider suffers a severe inpact to the point of the jaw, the result
could be a displaced fracture of the mandi ble (AIS:3). In addition, and renote
fromthe point of inpact, the transmission of force through the mandible could
produce a displaced basal skull fracture with laceration of the base of the brain
(AIS:5) or brain stem contusion (AIS:5).

Addi tional perspective of mptorcycle rider head and neck injury can be
obtai ned by exanmination of the nost severe head and neck injury in each accident.
Table 8.6.9 shows the nost severe head and neck injury for the notorcycle riders in
the 900 on-scene, in-depth accident cases. |" 508 cases, the notorcycle rider did
not have any head or neck injury, the extreme of which is shown in Table 8.6.9.
Here the nost frequent, nost severe injury is that region of the brain-general
19.1%, and the second nost frequent is the frontal region. O course both regions
could be protected by a qualified safety hel net.

Table 8.6.10 shows the side of the npst severe head and neck injury. In these
data the nost severe injuries are not symetrical, and there is a significant
excess of right side injuries. The cause of this asymmetry of data is unknown, and
explanation is not readily available from review of these data

Table 8.6.11 shows the type of lesion for that nobst severe head and neck

injury. In these data, the lacerations still are the dominant injury but concus-
sion is now the second ranking injury in this perspective of injuries.
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TABLE 8. 6. 8.
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TABLE 8.6.8 (continued)
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TABLE 8.6.9.

RIDER M0sT SEVERE HEAD AND NECK | NJURY REG ON

(0SIDs)
Rel ative | Adjusted
Absolute | Frequency | Frequency
category Label Cade Frequency ) (%)
Basal B 8 0.9 2.1
Cervi cal - Gener a: C 36 4.0 9.3
Front al F 66 7.3 17.1
Foramen Magnum H 1 0.1 0.3
Face-General K 11 1.2 2.8
Mandible M 40 4.4 10. 3
Nasal N 27 3.0 7.0
Ceci pi tal 0 24 2.7 6.2
Parietal P 31 3.4 8.0
Br ai n- Gener al Q 74 8.2 19.1
Obit R 18 2.0 4.7
Tenpor al T 22 2.4 5.7
Whol e Regi on W. 1 0.1 0.3
Maxilla X 6 0.7 1.6
Zygoma VA 14 1.6 3.6
Cervical Vertebra 1 6 0.7 1.6
Cervical Vertebra 2 1 0.1 0.3
Cervical Vertebra 6 1 0.1 0.3
Unknown M 5 0.6 M ssing
None- N. A 0 50 8 56. 4 Missing
TOTAL 900 100.0 100.0
TABLE 8.6.10. RIDER MOST SEVERE HEAD AND NECK | NJURY S| DE
{0SIDs)
Relative | Adjusted
Absolute | Frequency |Frequency
Category Label Coda Trequency (%) (%)
Bi | at eral B 124 13.8 32.9
Central C 58 6.4 15.4
Left L 783 8.7 20.7
M dline M 1 0.1 0.3
R ght R 116 12.9 3C.8
Unknown U 15 1.7 Missing
None-N.A. 0 508 56.4 Missing
TOTAL 900 100.0 130.0
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TABLE 8.6.11. RIDER MOST SEVERE HEAD AND NECK | NJURY =
TYPE OF LESION

(0SIDs)

Rel ative Adj ust ed

Absol ute ‘requency | Frequency
Category Label Code ‘requency (%) (%)
Abr asi on A 66 7.3 16.9
Burn B 1 0.1 0.3
Cont usi on C 27 3.0 6.9
Fracture F 40 4.4 10.2
Henor r hage H 17 1.9 4.3
Hematoma J 26 2.9 6.6
Concussi on K 67 7.4 17.1
Laceration L 95 10. 6 24. 3
Anput ati on M 1 0.1 0.3
Crushi ng N 2 0.2 0.5
G her 0 1 0.1 0.3
Pain P 34 3.8 8.7
Maceration Q 3 0.3 0.8
Rupt ure R 1 0.1 0.3
sprain S 3 0.3 0.8
Herniation T 1 0.1 0.3
Avulsion V 6 0.7 1.5

Unknown U 1 0.1 M ssi ng

None- N. A. Q 508 56. 4 M ssi ng
TOTAL 900 100.0 100.0

Table 8.6.12 shows the systemlorgan involved in those 492 cases wth nost
severe head and neck injury. Integumentary injuries still domi nate as 55.4% of
those 492 nost severe injuries.

Tabl e 8.6.13 shows the severity of the npbst severe head and neck injuries.
Here the critical and fatal injuries are 5.4% of the total of mpst severe head and
neck injuries.

The passengers involved in the 900 on-scene, in-depth accident cases received
a total of 136 discrete head and neck injuries. The helnet use for the accident
i nvol ved passengers was far below that of the notorcycle riders. 39. 6% of the
riders wore helnmets but only 9.6% of the passengers wore helnmets. Al so passengers
were present in 17.1% of the accidents but their injury frequency was 15.8% ["
many accident configurations the passenger is sonewhat protected by the rider, and
the rider tends to absorb some of those frontal inpacts.

Table 8.6.14 (Appendix C 4) shows the head and neck region of the 136 injuries
to the passengers. Approximtely half of these injuries have the forward orienta-
tion of frontal inmpact. Table 8.6.15 (Appendix C 4) shows the passenger head and
neck injuries to be approximately symmetrical. Table 8.6.16 (Appendix C.4) shows
the type of lesion for the passenger head and neck injuries, and abrasions are nost
frequent. Table 8.6.17 (Appendix C.4) shows the systemorgan involved for the
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TABLE 8.6.12. RI DER MOST SEVERE HEAD AND NECK | NJURY —
SYSTEM ORGAN
(0SIDs)
Rel ative | Adjusted
Absol ute | frequency | Trequency
category Level Code Frequency (%) (%)
Arteries A 1 0.1 0.3
Pans- Medul | a B 7 0.8 1.9
Cer ebel | um C 2 0.2 0.6
Dural=-Extradural D 2 0.2 0.6
Integumentary | 200 22.2 55. 4
Joints J 1 0.1 0.3
Auditory Apparatus K 1 0.1 0.3
Muscles M 9 1.0 2.5
Neural Tissues N 79 8.8 21.9
Oral Soft Tissues 0 3 0.3 0.8
Pi ar achnoi d- Subdur al P 11 1.2 3.0
Skel et al S 36 4.0 10.0
Teet h T 2 0.2 0.6
Al Systens in Region W 6 0.7 1.7
Subcortical Structure z 1 0.1 0.3
Unknown U 31 3.4 M ssi ng
None 0 508 56. 4 M ssi ng
TOTAL 900 100.0 100.0
TABLE 8.6.13. RIDER MOST SEVERE HEAD AND NECK | NJURY SEVERI TY
(0S1Ds)
Rel ative | Adjusted | Cumulative
Absol ute | Frequency |Frequency| Frequency
Category Label Code Frequency (%) (%) (%)
None 0 508 56. 4 56.5 56.5
M nor 1 256 28. 4 28.5 85.0
Moder at e 2 59 6. 6 6.6 91.5
Severe 3 18 2.0 2.0 93.5
Seri ous 4 9 1.0 1.0 94.5
Critical 5 29 3.2 3.2 97.8
Fat al 6 20 2.2 2.2 100.0
Unknown 8 1 0.1 M ssi ng 100.0
TOTAL 900 100.0 100.0
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passenger head and neck injuries, and integunent injuries dominate with 57.5%
Table 8.6.18 (Appendix C. 4) provides a crosstabulation of passenger heed and neck
injury region and injury severity. The characteristics are generally sinilar to
the rider head and neck injury severity patterns.

8.7 Injury Mechanisms

The nost inportant factors in the mechanism of injury are the contact sur-
faces, which were identified in the analysis of the discrete injuries for the 900
on-scene, in-depth accident cases. For exanple, an autonpbile turns left in front
of the onconming notorcycle and the rider's lower left leg is trapped in inpact
between the autonobile front bunper and the notorcycle engine-transnission cases.
The resulting injury to the left lower leg would be analyzed and described for data
pur poses by body region, side, aspect, |esion, and severity. Also, the contact
surfaces which are responsible for that injury are described for data purposes,
e.g. the car front bunper (CF0l) and the notorcycl e engine-transn ssion cases
(MC22) so that the injury nechanismis thus defined. In this way it is possible
for one, or two, surfaces to be associated with each discrete injury. In the
analysis of the 3016 motorcycle rider somatic injuries, 5067 contact surfaces were
identified; in the analysis of the 861 notorcycle rider head and neck injuries,
1290 contact surfaces were identified

Table 8.7.1 (Appendix C. 4) shows the codes used to identify the contact sur-
faces of the vehicles and environnent.

Table 8.7.2 (Appendix C. 4) shows the frequency of the various contact codes
related to the 5067 contact surfaces causing the notorcycle rider somatic injuries.
These tables list the followi ng data

Mot or cycl es: 1961 contact surfaces
Gt her Vehicles: 1421 contact surfaces
Aut os: 1265 contact surfaces
Pi ckup Trucks: 70 contact surfaces
Large Trucks: 48 contact surfaces
Buses: 1 contact surface
Vans: 37 contact surfaces
Envi ronnent : 1668 contact surfaces
Unknown 17 contact surfaces
TOTAL 5067 contact surfaces

Tabl e 8.7.2a shows the 1961 notorcycle contact surfaces related to the rider
somatic injuries. It should be noted here that these surfaces identified as injury
agents are not necessarily dangerous or w cked surfaces. In greet part, the par-
ticipating surfaces were present sinply as the surface adjacent to the injured area.
In other words, a nice snooth gas tank is a relatively "friendly" surface until it
impacts the genitals in a crash. However, agas tank with sharp corners and edges
or a protruding flip-up type tank cap can cause injuries far nore serious than any
smooth, conmpliant surface. But in any case, it will be likely that the gas tank
can participate as an injury contact surface. Table 8.7.2a shows that the gas tank
(MC02) acted as an injury surface 321 times, 6.3% of the rider somatic injuries.

In nost of these cases the smooth surface did not aggravate the injuries beyond the
expected contusions, abrasions, etc. In a few cases the protruding gas tank cap
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exaggerated the injury, especially if the forward-hinged, flip-up type tank eap
opened to provide a sharp lacerating surface and also spill fuel

A soft netal tank side is relatively friendly to the knees of a motorcycle
rider. In many instances, the participation of the fuel tank in knee injury was
favorable, with the tank thereby denting and absorbing some part of knee impact
from another outside surface. In general, the smooth netal gas tank with recessed
tank cap did not participate in the exaggeration of rider somatic injuries.

The notorcycle handl ebars acted as the nost frequent notorcycle injury agent,
869 times or 17.2% of the rider somatic injuries. The dynanmics of nost notorcycle
acci dent configurations nmake it very likely that the handl ebars will participate
as an injury contact surface. Sometimes this participation is at a |low level, as
in thigh contusions as the rider vaults forward in a frontal inpact; sone rare
times this participation is at a high level when the handl ebar end pierces the
chest. There is a real contrast between the requirenent for the control function
and the crashworthiness of handlebars. Accurate and precise control requires
rigid handl ebars, but crashworthiness favors flexible or movable handl ebars.
Ideally, the handlebars are stiff and rigid for control operations but upon crash
i npact the handl ebars should fold, rotate, bend, flex or twist to reduce injury
contribution. In general, the shorter, more rigid handl ebars, e.g., drag bars,
contributed nore in injury causation when they were so involved. The nore flexible
handl ebars, e.g., six-bend high-rise pullbacks, contributed notably less in injury
causation when they were so involved. The high-rise handl ebars were then more
likely to rotate in the clanps and provide |ess resistance when inpact forces were
applied in a-crash.

The wi ndshield (MCO7) and the fairing (MC17) participated as somatic injury

contact surfaces 73 tinmes. It was extrenely rare that the fairing or wndshield
was an active agent of injury. In nost cases the fairing or wndshield acted
sinply as a replacenent surface, i.e., the notorcycle rider hits the w ndshield

which is against the side of the involved autonobile.

Motorcycle mrrors {MCO9) acted as injury agents 47 tines, and were outstand-
ing only when sharp edges or posts were exposed and clanp-on accessories.

The rear suspension (MC12) participated as an injury surface 90 tines, pri-
marily by the rear shock absorber-spring set acting as the inside surface contact-
ing the knee, lower leg, or ankle-foot. The turn signals (MC21) were the injury
agents 37 tines in the same way by the protrusion of the rear turn signals on rigid
stal ks or nounting brackets. The nore nodern flexible stalk mountings were seen
during several accident investigations but there was no instance of injury contri-
bution of that flexible nounting and that design configuration seens very
crashwort hy.

The notorcycl e engi ne-transmi ssion cases (MC22) acted as the injury contact
surface 256 tinmes. In general, this contact surface was one of two surfaces pro-
ducing injury to the lower leg and ankle-foot. For exanples, in an angle collision
the rider's ankle-foot and |lower leg would be trapped in contact between the auto-
nobil e rear corner and the notorcycle engine-transm ssion side, or in a slide-out
and fall the rider's ankle-foot and lower leg would be trapped in contact between
the pavenent and the notorcycle engine-transm ssion side. A notable exception
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where the motorcycle engine-transmssion did not_participate in such injury was the
engine configuration with horizontally opposed cylinders, €.g. BMW (See sec-
tion 6.12, Crash Bar Effectiveness).

Motorcycle batteries did not contribute as injury agents: only the sharp
edges of the battery side cover participated as an injury agent in 3 instances.

Tabl e 8.7.2b shows the autonobile contact surfaces related to the motoreyele
somatic injuries. The front surfaces and front sides of the cars forward of the
front wheel account for half of the somatic injury contact surfaces. The rear
and rear corners of the automobile account for 11.4% of the somatic injuries

Table 8.7.2c shows the rider somatic injury contact surfaces for the pickup,
truck, bus and van invol venent.

Table 8.7.2d shows the rider somatic injury contact surfaces contributed by
the environnent. Note that the pavenent (EAQ1, EC01) contributes 1384 or 82.9% of
the total injury surfaces from the environment.

Table 8.7.3 (Appendix C. 4) shows the cross-tabulation of the contact surface
with the body region of the rider somatic injuries. The application of these data
explains the function of the contact surfaces in generating the region injury.

For exanple, the car front bunper (CFOl) is specially associated with injuries to
the lower leg and ankle-foot, 100 of the 139 contact surfaces are with those body
regions and the results were usually severe. Note that the gas tank, uc02, has

t he highest association with those body regions close to it; the knee (75), thigh
(52), and abdomen (115) associate nost frequently, and the abdomen is entirely that
inferior aspect involving urogenital injury.

Table 8.7.4 (Appendix C. 4) shows the cross-tabulation of the contact surface
with the injury severity for the rider somatic Injuries. The application of these
data explains the function of the contact surfaces in generating severe Injury.

The essential facts presented here are that rigid, sharp surfaces do in fact gener-
ate the nore severe injuries. A special perspective is available by examning the
contact surfaces nost frequently involved at AIS>3, i.e. severe, serious, critica
and fatal injuries. The followng data Illustrate that involvenent for sone
identifiable rigid surfaces:

contact Surface AIS 2 3
Front Bunper 41
(CFO1, PFO1, VFO1)

Front Cor ner 68
(CF03, CS03, etc.)

Pavement, Curb 55
(EAO1, ECOl, EC06)

Trees, Poles, Barriers, Guardrails 59
(EW02, EWD4, EM02, EMQ4)

Mtorcycle Rigid Metal Parts 207

(Mco2, MX03, Mco5, MX06, M7, —
MC12, MC20, MC22)

TOTAL 430
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These data show that the participation of the notorcycle rigid surfaces is
approxi mately half of the total, and the other vehicles and environment contribute

their half. 1In other words, the two agents participating in the accident process
seem to contribute their approximate share of the nore severe rider somatic
injuries

Table 8. 7.5 (Appendi x C.4) shows the frequency of the various contact codes

related to the 1290 contact surfaces causing the rider head and neck injuries
These tables list the follow ng data

Mot or cycl es: 91 contact surfaces

O her Vehicles: 471 contact surfaces
Aut os: 403 contact surfaces
Pi ckups: 29 contact surfaces
Trucks: 19 contact surfaces
Buses: 2 contact surfaces
Vans: 18 contact surfaces

Envi ronnent ; 721 contact surfaces

O hers, Unknown 7 contact surfaces

TOTAL 1290 contact surfaces

Tabl e 8.7.5a shows the 91 notorcycle contact surfaces related to the rider
head and neck injuries. Note that the wi ndshield (MXO7) and fairing (MC17) par-
ticipated as head and neck injury surfaces a total of 24 tinmes, and the participa-
tion was essentially identical to that of the somatic injuries. -It was extremely
rare that the windshield or fairing was an active agent of injury, the surface
acted nostly as a replacenent for the participating other vehicle or environnent.
The handl ebars (Mco5) were the nost frequent surface of the motorcycle acting as
an agent of injury to the rider head and neck

There are four cases noted where the notorcycle safety hel met (MC38) partici-
pated as the injury surface. Al four cases involved only mnor, "Band-aid" type
injuries to the nese (2}, jaw (1) and neck (1) when a severe inpact occurred at
sone other location on the helnet.

Tabl e 8.7.5b shows the 403 autonobile contact surfaces related to the rider
head and neck injuries. The front surfaces and front sides of the cars forward of
the front wheel account for 122 or 30.3% of those head and neck injury contacts.
The nost frequent regions of contact with hard structures were associated with the
upper perineter primary vehicle structures, e.g. headers, rails, and upper pillars.
Note the frequency from the follow ng data

Contact Surface Frequency
Front CFO9 4
CF19 8
Side c¢s11 34
cs09 18
csl5 9
CS29 18
Back CB19 9
CB29 6
TOTAL 106
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These 106 contact surfaces (26.3% represent some of the hardest surfaces on
the automobil e exterior,in the proxinmity of the rider's head and n