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Psychology of Trip Geography

HEINZ HABER, ROBERT BRENNER, and SLADE HULBERT
Institute of Transportation and Traffic Engineering,

University of California

THE authors deductively analyze highway accident focal points in terms of pos-
sible causative factorsrelated to driver behavior. A concept is developed which
the authors call "psychology of trip geography." This concept demonstrates that
known psychological-behavior patterns can combine with the geography of the
area over which a particular trip. is planned to produce driver conditions con-
ducive to accidents. Some of the recognized psychological behavior patterns
considered are: the setting of aspiration levels, the rigid adherence to pre-
viously made plans, the general performance let-down incident to nearing com-
pletion of a task. Trip geography has reference not only to terrain and weather
but also to the spatial layout of origins and destinations coupled with logical
stopping places en route.

The authors state their belief that the psychology of trip geography leads to
prolonged driving and other unsafe driving practices which, in turn, increase the
likelihood of an accident. In this context, seeminglyunrelated accident-caus-
ing factors, such as reduced tactile sensitivity, highway hypnosis, and hypoxia
(mountain sickness), are demonstrated to fit meaningfully into the framework
provided by the new concept. Prolonged driving reduces the tactile sensitivity
of the driver; the importance of tactile cues for the driving task is discussed.
Arguments are advanced for the increased likelihood of hypnotic and hypoxic
effects also resulting from prolonged driving.

Pertinent literature in the fields of psychology, physiology, aviation med-
icine, and highway safety is cited in support of the various hypothesesadvanced

by the authors.

@ONE of the explanations for the con-
tinued occurrence of accidents on the open
road is that higher speeds prevail there.
It is true that the severity of an accident
usually will increase with increasing
speed; however, speed per se does not
necessarily explain the occurrence of
the accident. Moreover, many accidents
involve late model cars in good mechani-
cal condition. Furthermore, there are
an increasing number of accidents on
modern freeways and other types of well-
designed, limited-access roads. The
conclusion must follow that there is some
causative factor for open-road accidents
that 1s not found in speed itself or in the
condition and design of the vehicle or the
road. It is reasonable to conclude that
this causative factor can well be sought
in the physiological and psychological con-
ditions underlying the behavior of the
driver operating his vehicle, be it an old
or late model, be iton a good or poor
road.

There are any number of. factors that
can affect the condition of a driver and
reduce his ability to drive safely. These
factors can be considered as force com-
plexes. Alcohol, for one, has been the
subject of many studies, and its impor-
tance if fully recognized; fatigue, also,
has received widespread attention, al-
though its role is not as well understood
as that of alcohol; road hypnosis and so-
called hypnagogic effects have been dis-
cussed in recent years; hypoxia (mountain
sickness) has been considered, partic-
ularly in the mountainous western states;
and, no doubt, others could be added to
this list. Yet, to the best knowledge of the
authors, no single framework has ever
been formulated into which any of these
complexes, or any combination of them,
would fit logically. Such a framework
would have to show how individual com-
plexes can combine to produce cumulative
effects and, most important, why drivers
permit themselves, either knowingly or
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unknowingly, to fall victim to the effects
of any of these complexes. Once sucha
framework were identified, knowledge of
its existence would provide invaluable
assistance to persons planning accident-
prevention programs. An analytical study
was accordingly initiated by staff members
of the Institute of Transportationand Traf-
fic Engineering of the University of Cali-
fornia to look for some framework that
would satisfy these conditions.

At the outset, it became apparent that
meaningful results would most likely be
achieved by studying some section or
sections of our highways where there are
high frequencies of accidents. The rea-
soning was that such sections mark lo-
cations where the force complexes are
maximum and hence where a framework
within which they operate would most
easily be recognized. Such sections have
been occasionally referred to in the past
as "accident-prone mileage."” However,
for our present purpose the expression
''accident focal point" appears preferable.

Attention of the authors was directed
by traffic authorities of New Mexico to
what seemed to be an accident focal point,
namely the 160 miles of US 66 from the
Arizona-New Mexico border to Albuquer-
que. In 1952 the fatal accident rate on this
road was 18.5 fatal accidents per 100
million vehicle miles. The death rate
(number of deaths per 100 million ve-
hicle miles) can be expected to be greater
than this fatal accident rate of 18.5. The
National Safety Council reports 1n the
1953 edition of "Accident Facts" that the
national rural death rate for 1952 was
9.8. It was accordingly decided to study
this section of road in detail with a view
to attacking the general problem of the
framework of vehicle accident causation.

POSSIBLE FRAMEWORK OF ACCIDENT
CAUSATION

By definition, a particular section of
road becomes an accident focal point by
reason of the high frequency of accidents
occurring there. It follows that there
is some unique characteristic of the sec-
tion that distinguishes it from other sec-
tions of the same road, and from sections
of other roads. But if the causative fac-
tor is to be sought in the physiological
and psychological state of the driver, then
a seeming impasse is reached, since

accident focal points are established in
terms of unique characteristics of the
road. The impasse would be heightened
if it were established that the population
of drivers using the accident stretch was
the same as that using other sections of
the same road and, similarly, that road
design, condition of vehicles, and sur-
rounding countryside were the same over
all sections of the road.

The impasse, however, can be partially
resolved by postulating that physiological
and psychological changes take place in
the driver as he proceeds along on a road
and that such changes are relatedto space-
time considerations unique to the road. To
state this in another way: A driver would
not be in the same psychological and
physiological state from one space-time
point to another and the extent of the dif-
ference is somehow related to the road in
question. This space-time-psychological
framework immediately makes evident
an interaction between geography, trip
plans, and driver conditions, respectively.

To illustrate this framework, let us
postulate a trip from Los Angeles to the
eastern seaboard via US 66. The driver
leaves Los Angeles in the early morning,
planning to stop overnight in Flagstaff,
Arizona, 450 miles away. He is able to
average between 50 and 60 mph. over this
stretch because he maintains a high con-
stant speed during the latter part of the
trip between Kingman and Flagstaff. As a
consequence, the driver is able to reach
his originally planned goal for the day,
Flagstaff, sooner than he had anticipated.
His early arrival, combined with his
awareness of the high average speed he
was able to maintain, particularly over
the last stretch, causes him to decide to
go on to the next "logical" stopping place,
which, in this case, would be Albuquerque,
New Mexico. Some place between Flag-
staff and Albuquerque he is involved in an
accident.

A possible explanation for this accident
would be that the driver was in an over-
fatigued state and, hence, was unable to
cope with or respond successfully to some
minor condition on the road. This over-
fatigue could have been the direct result of
his having underestimated the time and
driving effort necessary for him to reach
his new goal, Albuquerque. Moreover, 1t
could well be that he was unaware of this
encroaching overfatigue. Both the under-



estimation and the unawareness of fatigue
could have been increased bv the driver's
satisfaction with his previous accomplish-
ment. This reasoning is supported by the
work of Child and Whiting (1), who dem-
onstrated that successful performance in-
creases the aspiration level for succeed-
ing performance. A generalization of his
psychological phenomenon in the trip
situation 1s that an overestimation of the
travel time and effort necessary to cover
one leg of a trip promotes a tendency to
underestimate the time and effort needed
to complete the next leg. Thus, the ge-
ography of the terrain over which the par-
ticular trip was planned can interact with
known psychological behavior patterns to
produce a driver condition conducive to
accidents.

This is one example of a new concept
that the authorspropose to call "psychology
of trip geography." It representsa frame-
work into which the various interacting
accident-force complexes can logically be
fitted.

PSYCHOLOGY OF TRIP GEOGRAPHY

Geography, 1n the usual sense, refers
to terrain features such as desert, moun-
tains, typical weather, etc. Trip geography
includes not only these, but also such
elements as distribution of and distances
between large cities, origin and destina-
tion points, sightseeing points, desirable
eating and overnight accommodations,
filling stations, road conditions, alternate
routes, and other physical features in-
fluencing planning and execution of the
trip.

The psychological tactors involved are
over and underestimating travel time and
effort, inability or reluctance to change
plans to cope with altered trip situations,
injudiciously changing plans to meet an
altered trip situation, consistently setting
aspiration levels either too highor too low,
and general performance letdown upon
approaching the destination. This latter
point can be related to a recognized phe-
nomenon 1n work psychology in which the
performance of the individual decreases
as the end of his work period approaches
(2, 3). Some other generally recognized
factors that belong in this category are a
tendency to assign and tryto cover a
particuiarly great distance on the first
day of a long trip, a tendency to compare

accumulated travel time with that of pre-
vious trips (either the same trip or trips
of similar distance and duration), anda
tendency to change plans toward the end
of the trip by taking on an unduly high load
of travel time and effortto reach the
destination, particularly home.

Psychology of trip geography can alsc
lead to a better understanding of accidents
associated with shorter trips. Drivers
commuting over short distances habitually
allow fixed travel times between regular-
ly travelled points. When an unexpected
delay occurs, even normally cautious
drivers force themselves to make up the
lost time by increasing speed and taking
unusual chances. The military pass sit-
uation is another striking example of the
same phenomenon: military personnel
tend to maximize their time away from
base and then, faced with the stringent
necessity of being back at a prescribed
time, take undue risk on the road. Both
are examples of unsatisfactory adjustment
to unforeseen delays and of poor trip plan-
ning, even over short distances.

The psychological phenomena, in turn,
can result in driving practices and con-
ditions that can be expected to increase
accident likelihood: practices and con-
ditions like speeding up to arrive at the
time estimated, trying to cover a pre-
viously planned distance at all cost, taking
chances that are not normally taken,
driving in an overfatigued state, inter-
ruption of the physiological day-night
cycle (4, 5), general unawareness of re-
duced driving efficiency, and a general
lowering of attention and caution.

For these reasons, the authors believe
that this combination of psychology and
trip geography represents a generally
occurring phenomenon that hitherto has
not been defined, and that could readily
account for a number of accident focal
points throughout the nation for which no
other explanation has been advanced. It
can even override effects of other accident
producing conditions that have been ex-
amined very carefully in the past such as
road conditions, weather conditions, vis-
ibility, glare, driver characteristics, and
condition and type of equipment.

INTERACTING FORCES WITHIN THE
FRAMEWORK

At this point, it is 1n order to consider



how individual accident force complexes
interact within the framework provided by
psychology of trip geography. To do this,
let us turn again to US 66 in New Mexico,
first assessing it critically for prevalence
of individual force complexes, and then
examining the ways in which these forces
can interact.

The first force complex that suggests
itself is hypoxia, mn view of the fact that
this stretch of road leads through ter-
ritory with an average elevation of about
6,500 feet above sea level, with a peak of
7,300 feet at the Continental Divide. In
individuals exposed to altitudes of up to
7,300 feet above sea level, the following
psychophysiological effects of hypoxia have
been demonstrated to appear: (1) increase
in depth of breathing in some ndividuals;
(2) increase of pulse rate in some indi-
viduals (pulse rate, however, returns to
normal if the exposure is prolonged for
more than one hour); (3) shght impair-
ment of night vision and (in the low-pres-
sure chamber) a decline of twilight visual
acuity (the latter, however, is restored
to normal within 24 hours of actual ex-
posure to altitudes of about 6,500 to 10,000
feet); (4) tremor of the hands in some in-
dividuals; and (5) slight impairment of
sensitivity to pressure on the skin.

In addition tothese symptoms, a certain
percentage of the driving population can
be expected to react withslight sleepiness,
headaches, and lassitude. However,
demonstrable effects of generally impair-
ing nature occur only at higher altitudes.
This fact is the basis for the existing Air
Force regulation that oxygen equipment
is not mandatory when flying at altitudes
below 10,000 feet. Of course, the ex-
perimental results in the field of hypoxia
were obtained largely from a select group
of individuals who, with few exceptions,
were students, mountain climbers, sports-
men, and personnel of the Armed Forces.
These represent a selection of young, fit
people who can be expected to be in better
than average physical condition. The
driving population using US 66 in New
Mexico probably has a different altitude-
fitness composition. However, the extent
to which these differences are a factor in
accidents can only be conjectured at this
time. Therefore, hypoxia by itself seems
to be, at most, only a contributing factor
in the high accident rate on this highway.
A more-complete treatment of hypoxia

is presented in Appendix A.

A second force complex that was sug-
gested by the nature of the terrain is re-
lated to so-called road hypnosis. This
phenomenon seems plausible because of the
monotonous countryside and thecompar-
ative lack of curves and obvious changes of
grade. Various aspects of hypnotic effects
have been reported, including velocitiza-
tion, high-speed hypnosis, and hypnagogic
hallucinations. However, 1t would be un-
reasonable to conclude that monotony of
road and countryside is a necessary and
sufficient condition for road hypnosis, of
itself, to produce an accident focal point
since otherwise accident focal points would
prevail onall monotonous roads. A more-
complete treatment of road hypnosis is
presented in Appendix B.

Thus, both the hypoxia and the road-
hypnosis force complexes when considered
by themselves, appear to have limited
significance and probably are not re-
sponsible for any large number of acci-
dents. However, it can readily be dem-
onstrated that when considered within the
psychology of trip geography framework,
they can be appraised from a new per-
spective and, thereby, possibly achieve
significance.

There are many ways in which various
individual force complexes can combine
or interact within the framework of the
psychology of trip geography. The au-
thors believe the most important to be
related to fatigue. There are several
reasons for this: First, one of the most-
frequently occurring unsafe conditions 1n
the cross-country driver is fatigue.®
Second, as was pointed out, psychology
of trip geography can be a primary rea-
son underlying fatigue, and thus explain
it better than anyother explanation hither-
to advanced. This fatigue then acts asa
catalyst in the accident causation system,
serving to heighten the effect of otherwise
unimportant force complexes. This leads
to a consideration of plausible interac-
tions between driver fatigue and single ac-
cident force complexes.

A study has been made by Luft (6) on
the stress combination of hypoxia and
light exercise. He observed a marked
reduction in altitude tolerance and a de-
' One of the authors had on to d the dent prob-
lem on US 66 with police officers patrolling this road. The
officers volunteered the information that they frequently haa

stopped weaving cars only to find the drivers in an extremely
over-fatigued state




layed recovery from the symptoms as-
sociated with exposure to altitude during
light exercise. Since driving can be con-
sidered mild exercise, the mild hypoxia
present at altitudes between 6,500 and
7,300 feet may impair driving efficiency.
Moreover, hypoxia alone, particularly in
the healthy individual, may be unimpor-
tant, but it may assume a certain impor-
tance in combination with the fatigue re-
sulting from psychology of trip geography.

Another way in which psychology of
trip geography, through its resultant
fatigue effects, can interact with altitude
is in impairing vision. Rose (7) has ob-
served a reduction of twilight visual acuity
and of night vision upon exposure to s1m-
ulated altitudes between 6,500 and 10,000
feet (see Appendix A). A study by Petronio
(8) reports a lowering of the light stimulus
threshold and a contraction of the size of
the field of vision in fatigued subjects, and
an earlier study by Bujas (9) also reports
a narrowing of the visual field in fatigued
subjects.

Concerning the nteraction between
hypnosis and fatigue, a paper by Lahy (10),
in which he cites work by Pieron, is rel-
evant. In this study of fatigue effects on
truck drivers in relation to their work
planning (planning the hours of driving),
Lahy points out that "it is in effect neces-
sary as shown by Pieron that the physio-
logical day-night rhythms, upon which the
equilibrium of the body's recovery is
based, are not disturbed. Here we have a
most probable reason for the hypnagogic
hallucinations which plague the driver and
are, of course, likely to produce serious
road accidents.” Psychology of trip ge-
ography could result in disruption of this
physiological day-night rhythm and, con-
sequently, in increased likelihood of such
illusions and their attendant dangers.

There is another aspect of fatigue that
merits attention in this study: aeromedical
research has revealed the importance of
the body's system of mechanical senses
in the proper control of aircraft. It has
been shown that this system, and par-
ticularly the pressure sense of the skin,
affords many important cues to the pilot,
enabling him to fly properly.

The importance of the pressure sense
was demonstrated by an experiment con-
ducted by Strughold (11). He describes it
as follows:

Without the cutaneous sensations, perception
of the movements of our body in space becomes
inaccurate. This was demonstrated by an ex-
perument in 1928. I had my superficial gluteal
nerves anesthetized and took a flight 1n a small
airplane as passenger. I often had the feeling
that theaircraft had slippedaway under my body,
and I was glad to stand again on my nonanesthe-
tized feet after landing . . . The pressure
sense of the skin can be 1mpaired by pressure
itself. It has already been mentioned that be-
cause of its rapid adaptation, pressure sensa-
tion fades rapidly after a constant prolonged
deformation, because the specific stimulus s
the change 1n pressure, not the pressure as
such. Prolonged firm pressure can alsore-
duce the excitability of the tactile receptors.
Everybody has experienced numbness of his
buttocks after he has remamed in the seated
position for several hours . The de-
creased excitability of the tactile receptors is
apparently related to the interruption of blood
circulation and thus of oxygen supply. I con-
sider the effect of pressure on the pressure
sense to be of definite importance to aviation;
for, one can concewve that after long flights
downdrafts will not be recognized and com-
pensated for fully and rapidly enough by a pilot
whose buttocks have been numbed by pressure.
This may have a disastrous effect during landing.

These observations, to a certain de-
gree, also seem to apply to the driving
task, but to the knowledge of the authors,
there are no reports concerning the im-
portance of tactile cues in controlling an
automobile. ?

These tactile cues are possibly more
significant than is generally assumed.
The importance of visual cues as com-
pared to tactile and postural cues for de-
termining body position has been investi-
gated by Witkin (12). His subjects were
placed in a spatially ambiguous position
and asked to adjust both a rod and their
body position to what they perceived to be
the vertical. It was demonstrated that the
tactile and postural cues outweighed visual
cues in the determination of the body's
position in space. The author states:

The scores show that when a visual field was
present, the rod was tilted considerably less
from the upright of the field than was the body.
This finding reflects the fact that the position
of an external item such as the rod is deter-
mmed . . . predominantly on a visual basis,
1.e., by its relation tothe surrounding field.
Perception of body position, on the other hand,
depends much more upon specific body ex-
periences, which are affected by rotation, and
1s less influenced by the surrounding field.

This was first pomnted out by K Reismann 1na personal
communication.



The cues that inform us of linear and
curvilinear accelerations and decelera-
tions of the car are very strong as we can
easily demonstrate to ourselves when
riding in a car as a passenger. If one's
eyes are closed while the car is being
driven through a series of curves, stops,
and starts, the strength of the resulting
tactile and proprioceptive cues will be-
come startlingly apparent. Changes in
speed or direction are immediately per-
ceived. These sensations are received
through the tactile surface of the skin at
all those places in contact with the auto
seat, and there can be little doubt that we
make use of these kinesthetic cues in the
proper execution of the driving task. The
impending slipping of a car in a curve may
be first perceived by means of these tac-
tile cues rather than through visual cues.
Frequently, the car may still be in proper
visual alignment in its lane at the time it
begins to slip, and the visual cues alone
do not give the driver sufficient time to
detect impending slipping and to make
proper corrections.

As has been shown in the previous sec-
tion of this report, the psychology of trip
geography may cause a driver to remain
seated in his car for a rather extended
period of time.  As a result, the driver
gradually becomes less sensitive to pres-
sure and, hence, less sensitive to a source
of cues that are likely to be important to
his ability to drive safely. This effect
could further interact with mild hypoxia,
since Loewy and Wittkower (13) found that
the sensitivity to pressure on the skin is
slightly impaired at heights as low as
5,100 feet. This latter phenomenon is a
second-order interaction to be expected
on high-altitude roads.

There is another relation between tac-
tile cues for the driving task and psy-
chology of trip geography. This concerns
the sudden transfer of the driver from an
open road to a traffic situation that requires
frequent stops, starts, and turns. With
lessened tactile sensitivity, he may not
perform the traffic maneuver as skill-
fully as usual.® This may explain why
cross-country drivers become involved
in accidents in traffic situations they en-
counter en route.

Iplans are being made to nvestigate experimentally the im-
portance of tactile cues mn driving

REMEDIAL MEASURES

The authors have presented a concept,
psychology of trip geography, that was
developed entirely by deductive reason-
ing with no experimental and little empir-
ical verification. Certainly there are
many aspects of the concept that could
readily be subjected to rigorous experi-
mental scrutiny, thereby - providing in-
formation on the interaction of psych-
ological behavior patterns with trip ge-
ography specifics. In addition to verifying
the importance of the concept, such studies
would provide direction for specific reme-
dial actions. A program of this nature is
now being planned by the Institute of Trans-
portation and Traffic Engineering. Pos-
sibly other research organizations will
choose to study the same problem. Sev-
eral possible statistical plans for doing
this are presented in Appendix C.

Long-range experimental studies are
expensive and, what is more important
when lives are at stake, extremely time-
consuming. During the long periods of
time the programs would have to be in
progress before meaningful results could
be obtained, the conditions under study
would continue to cause accidents with
the accompanying loss of lives. It would
seem a strong deductive argument in-
dicating that a particular condition is con-
tributing to loss of lives should be suf-
ficient justification for proceeding with
remedial measures without waiting for
experimental verification of the argu-
ment. For this reason, the authors want
to encourage all those who are active in
accident prevention to have the concept
of psychology of trip geography in mind
as they consider their accident problems.
This, in essence, highlights the primary
objective in presenting this report at this
time, admittedly without supporting evi-
dence. Recognition of this concept can
provide meaningful direction to groups
such as motor clubs, highway officials,
traffic engineers, enforcement agencies,
company safety directors, and other per-
sons directing accident prevention pro-
grams.

To demonstrate this, let us return to
the New Mexico example. In this instance
the psychology of trip geography led us to
the following considerations: Albuquerque
will continue to be a frequently sought-
after, one-day goal of travellers starting



from Los Angeles. People who are sus-
ceptible to mountain sickness will not be
legislated off the highway and will continue
to drive over this section of the road.
Similarly, it is not likely that hypnosis-
producing aspects of the highway and the
vehicle will be altered in the foreseeable
future. Consequently, the most effective
recourse would be to create an awareness
in the driver of the nature of the psychol-
ogy of trip geography. This, in turn, would
have a positive effect on his trip planning
and his subsequent trip attitudes.

Little is known about driver attitudes
and how to influence them (14) but, again,
it is entirely in order toproceed with some
program if there is a reasonable likelihood
that it will influence trip attitudes. With
reference to psychologyof trip geography,
such a program would consist of three
stages: First, acquainting the driver with
the ways in which psycholbgy of trip ge-
ography can affect him (this is already
being done toa certain extent by motor
clubs, travel agents, gasolinecompanies,
and other groups which provide trip plan-
ning services); second, warning the driver
of the imminent hazards as he approaches
the accident focal point; and third, con-
tinually reminding the driver of the pres-
ence of hazards as he passes over the
accident stretch of the road.

Applying this procedure to US 66 would

involve the following three-point program:

(1) Groups providing trip planning serv-
ices in the Los Angeles area would point
out to drivers the nature of the possible
effects associated with the psychology of
trip geography as it applies to their pro-
posed trip. These explanations would be
similar to those presented in this paper.
(2) At the Arizona-New Mexico state line,
pamphlets repeating the information given
in the trip planning stage would be dis-
tributed to drivers. (3) Roadsigns would
be installed along the road in question,
with messages related to the pamphlet
and trip-planning information.

Some of the messages that might be
placed on the road signs could refer to
such items as: (1) the accident record of
US 66, with particular reference to out-
of-state drivers; (2) the possible ill ef-
fects of altitude, particularly as regards
those road users with asthmatic, cardiac,
and vascular histories, (3) thetendency
for drivers to be unaware of the altitude
reached on the road, due to the compara-
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tive lack of sharp curves and steep grades;
(4) the hazards of road hypnosis owing to
the monotony of the road, particularly
during the night; (5) the tendenty to as-
sume an unduly high load of travel time
and distance, and the consequent dangers
of driving in an over-fatigued state; (6)
the loss of driving efficiency, particularly
in the tactile facilities, if driving is ex-
tended beyond a reasonable time; and (7)
the possible interaction among and ac-
cumulation of the ill effects likely to occur
on this road.

Two types of road signs could be used.
One type would simply reiterate some of
the most-impressive and locally pertinent
items of information already contained in
the pamphlet; the second type would give
the elevation. The signs could bearranged
either at regular intervals along the road,
or at equal elevation increments. Both
types of signs would serve not only as
sources of information but also as re-
minders of the hazards of this road. Even
if altitude has no effect upon the accident
picture the elevation markers would never-
theless serve a purpose in that they could
be expected to focus the driver's atten-
tion upon his task in relation to this par-
ticular situation.

SUMMARY AND CONCLUSIONS

The authors deductively analyzed high-
way accident focal points in terms of pos-
sible causative factors related to driver
behavior and formulated a new concept
called psychology of trip geography.
This concept makes it possible to under-
stand how known psychological behavior
patterns can combine with the geography
of the area over which a particular trip
is planned to produce driver conditions
conducive to accidents. Some of the
recognized psychological behavior pat-
terns considered are: the setting of as-
piration levels; the rigid adherence to
previously made plans; and the general
performance letdown incident to nearing
completion of a task. Trip geography has
reference not only to terrain and weather
but also to the spatial layout of origins
and destinations, coupled with logical
stopping places en route.

The authors stated their belief that the
psychology of trip geography leads to pro-
longed driving and other unsafe driving
practices which, in turn, increase the



likelihood of an accident. In this context,
seemingly unrelated accident - causing
factors, suchas reduced tactile sensitivity,
highway hypnosis, and hypoxia (mountain
sickness), were demonstrated to fit mean-
ingfully into the framework provided by
the new concept. Arguments were then
advanced for the increased likelihood of
hypnotic, hypoxic, and reduced-tactile-
sensitivity effects resulting from prolonged
driving.
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APPENDIX A4

Hypoxia

The problem of mountain sickness or
hypoxia has been the subject of intense
studies during the past 25 years since the
exposure to altitude became routine in the
operation of aircraft, and the majority of
the problems of aviation medicine center
around this phenomenon. Most investi-
gations 1n the field of hypoxia, however,
deal with conditions existing at altitudes
over 10,000 feet above sea level;reiatively
few studies have been made of effects of
human exposure to altitudes below 10,000
feet. Enough material is available, how-
ever, topass judgment on the validity of
the hypoxia hypothesis.

The objective and subjective effects of
hypoxia are related to a drop in the oxygen
saturation of arterial blood that occurs with
exposure to altitude. The oxygen satura-
tion of the arterial blood is dependent
upon the oxygen partial pressure existing
in the air breathed by the individual. All
the quantities involved (oxygen saturation,
alveolar oxygen tension, and partial pres-
sure of oxygen in breathing air) decrease
with increasing altitude. Both the oxygen

partial pressure of atmospheric air and
that of alveolar air decrease very nearly
according to a logarithmic law, while the
oxygen saturation of arterial blood be-
haves differently (see Fig. A). The oxy-
gen saturation of arterial blood at sea
level is about 96 to 97 percent, and it
drops only slightly up to 10,000 feet:
at this level, the oxygen saturation of
arterial blood is still approximately 87 to
89 percent. This is the main reason why
a healthy organism is only slightly af-
fected by altitudes up to about 10,000 feet.

Exposure to altitudes ranging between
10,000 and 30,000 feet, on the other hand,
results 1n a steep drop of the oxygen sat-
uration of arterial blood. Itis in this
range that the typical symptoms of altitude
sickness occur. Armstrong (15) lists a
number of subjective symptoms in the
order of their frequency as they areex-
perienced at various altitudes between
12,000 and 16,000 feet (see Table A).

In general, with increasing altitude the
number and intensity of the symptoms listed
in Table A increase, and the time required
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for symptoms to develop is shortened.
There are essentially two classes of
psychological reactions to exposure to
altitude: some individuals react with out-
bursts of hilarity, uncontrollable laughter
or at least withpronounced euphoria; others
feel fatigued, depressed, and sleepy. In

the depth of breathing is increased con-
siderably. At 12,000 feet, lung ventila-
tion is apt to increase as much as 20 to
100 percent over the sea-level values.
Increase of depth of breathing becomes
noticeable in some indiyiduals at heights
of 4,000 feet. The rate of breathing, how-
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some ndividuals, exposure to altitude pro-
duces severe headaches, dizziness, a
definite feeling of sickness accompanied by
vomiting, muscular weakness, and mental
confusion or even prostration.

TABLE A
SUBJECTIVE SYMPTOMS OF ALTITUDE SICKNESS

Altitude (feet)

12,000 14,000 16,000
Sleepiness Headache Headache
Headache Altered Altered

respiration respiration
Altered Sleepiness Psychological
respiration impairment
Lassitude Psychological Euphoria
impairment
Fatigue Lassitude Sleepiness
Psychological Fatigue Lassitude
immpairment
Euphoria Euphoria Fatigue

But disregarding physiological details,
the following objective symptoms become
manifest ina human being exposed to
altitude:

Resgpiration. Upon exposure to altitude,

ever, does not exhibit any significant
increase.

Pulse. The pulse rate begins to in-
crease at a height of about 4,000 feet and
becomes rapid at altitudes of 14,000 feet.
A mean increase of 27 beats per minute is
observed at these heights. At altitudes
below 12, 000 feet, the pulse rate generally
returns to normal if the exposure is pro-
longed for more than an hour.

The Senses. Night vision is the func-
tion of the eye first affected by altitude.
This effect is demonstrable at altitudes as
low as 4,000 feet. Rose (7) studied twi-
light visual acuity at simulated altitudes
(in a low pressure chamber) and observed
a marked decline under these conditions,
but the twilight visual acuity was restored
to normal within 24 hours at actual alti-
tudes of about 6,500 to 10,000 feet. At
higher altitudes (above 15,000 feet) ac-
commodation, depth perception, and light
perception are decreased. McFarland (16)



s studied the increased latency and the
usual quality and intensity of visual after-
images observed at higher altitude. The
eviations from the normal after-image
henomena are demonstrable at altitudes
f about 9,000 to 10,000 feet and become
ronounced at altitudes of 18,000 to 20,000
eet. Hearing is not normally affected
elow 16,000 to 18,000 feet. The senses
of touch and pain are markedly dulled at
high elevations. Loewy and Wittkower
(13) found a slight impairment of sensitiv-
ity to pressure on the skin at heights as
low as 5,100 feet.
. Neuromuscular Effects. The first
euro-muscular effect to appear upon ex—
p»osure to increasing levels of altitude is
. remor of the hands. Goralewski (17) re-
 orts that 30.7 percent of a total of 58
subjects exhibited tremor when exposed to
1 height between 4,000 and 10,000 feet.
\ t higher altitudes (12,000 to 30, 000 feet)
he following symptoms appear in this
 rder: clumsiness and incoordination of
iner muscular movements, slow-down of
m ovements, cramps, and finally paralysis.
" hese phenomena have also been studied
>xtensively by other authors using hand-
w riting tests.
Psychophysical Effects. This realm of
henomena was explored in a series of
mbitious studies by McFarland (16, 18,
19) usingairplanesand during an expedition
o the Andes. The effects do not become
| emonstrable below a height of about
12,000 feet. Simple reaction in response
o an optical stimulus was impaired slightly
nly at the highest elevations (20,000
feet). The variability of response, how-
2ver, was increased at lower levels
(14,000 feet). At lower and medium al-
itudes (6,000 to 10,000 feet), a number
of authors have observed an increased
- esponse of the reflex mechanisms that
as been explainedas a first compensatory
eaction of the organism in response to
condition of mild hypoxia. McFarland
urther observed a slight decrease in
1 omentary memory and, at higher ele-
vations (14,000 to 20,000 feet) a signif-
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icant reduction in mental capacity and
volition, accompanied by mental fatigue
and mability to concentrate.

Adaptation to Altitude. After a period
of time, an organism exposed to altitude
acquires a certain degree of altitude fit-
ness. A person transposed from sea level
to altitudes of 10,000 to 15,000 feet is apt
to lose the major symptoms of altitude
sickness within a period of a few days.
Full adaptation, manifested byanincrease
1n red cells and hemoglobin concentration
in the blood, is acquired after a continu-
ous stay at altitude for periods ranging
from 2 weeks to 2 months. Upon return to
sea level, the altitude adaptation is grad-
ually lost within about the same length of
time.

Pathological Aspects. Schneider (20)
and Graybiel, et al, (21) have demonstrated
that defects of the vascular system (arterio-
sclerosis) and the heart have a pronounced
effect upon altitude fitness due to the in-
ability of impaired vascular and cardiac
systems to cope with hypoxia. Armstrong
(15) assumes thatanemias and respiratory
diseases such as asthma and pneumonia
are also apt to impair altitude fitness.

Concerning the altitudes encountered
on highways in western sections of the
United States the following can be con-
cluded: As can be expected from the
oxygen-saturation curve of arterial blood
as a function of altitude, no major dis-
turbances and symptoms of hypoxia should
be present below 8,000 to 10,000 feet.
There are, however, several passes in the
West that lead well above the 10,000 feet
altitude mark, such as Independence Pass
(12,095 feet), Iceberg Pass (11,800 feet),
and Milner Pass (10,759 feet), Red Moun-
tain Pass (10,900 feet). In California
there are a number of passes that reach
close to 10,000 feet, such as Tioga Pass
and Sonora Pass. At these altitudes the
psychophysiological consequences of hy-
poxia could indeed, for a sizeable per-
centage of the population, result ina
serious impairment of driver efficiency.
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APPENDIX B
Hypnosis

So-called hypnotic effects may be a
causative factor in accidents, particularly
single car accidents, occurring on roads
such as US 66. However, there is little
experimental evidence in the available lit-
erature on this subject. Each writer seems
convinced of the occurrence of the driver-
hypnosis phenomenon, but usually does not
go beyond anecdotal reports and conjectural
statements (22, 23, 24).

To date, there are three types of post-
ulated hypnotic effects. G.W. Williams
(25) has pointed out two types. The first,
which he calls "velocitization,” refers to
the driver's inability to appreciate his
actual speed in terms of stopping distance
when travelling at high speeds, and the
second, which he terms 'mgh-speed
hypnosis," isa state of trance brought
about by traversing mile after mile of
monotonous highway. The third effect,
"hypnagogic hallucinations,' has been dis-
cussed by A.L. Mosely (26). He reports
instances of long-distance drivers who
imagined they saw something on the road
and had to make emergency stops. This
phenomenon typically occurred: (1) at
night, (2) on long distance runs, (3) while
the vehicle was moving, (4) while the
driver activity was ata low level, (5)
while the driver was feeling fatigued and
sleepy. The hallucinated object required
an emergency stop to avoid collision,
which procedure the driver carried out
without knowing the situation wasnot real.

Most drivers have experienced vel-
ocitization when entering a low speed zone
after having driven many miles at high
speed. Under these conditions, travelling
at a low speed is usually perceived as
though one weretravelling ata still slower
pace. It is reasonable to assume that the
tendency to underestimate relatively low
speeds under these conditions is merely
an extension of a similar tendency for
underestimation that was present while
travelling at the higher speed. This as-
sumption is supported by the known ten-
dency of drivers to underestimate braking
distance as speed increases. Perhaps
velocitization is better explained as an
habituation effect in which the driver ac-
commodates to the high speed, and then

experiences a lag or delay in accommo-
dating to the reduced speed.

All that seems required for velocitiza-
tion to occur is a relatively brief period
(about 15 minutes or longer) of drivingon
a good highway ata fairly constant and
high (50 mph. or greater) speed. If ve-
locitization does occur, it could be a con-
tributing factor to highway accidents that
involve errors in braking time.

Of these three effects, high speed
hypnosis bears the greatest resemblance
to the hypnotic trance as publicly dem-
onstrated by professional entertainers.
Indeed, one of the strongest arguments
for the validity of high-speed hypnosis
is found in the similarity that exists be-
tween certain prolonged driving conditions
and known trance-inducing procedures.
For example, the driving situation often
presents such conditions as the monotonous
hum of the engine, extended stretches of
flat, tangent highway over uniform ter-
rain, highly repetitious vibration patterns,
and long periods of concentration ona
single task. These conditions have their
counterpart in the procedure often used by
hypnotists, namelyprolonged concentration
on a single aspect of the environment
such as a bright spot of light and uniform
and repetitious external stimuli (e.g., re-
maining seated in a quiet room). One
factor not encountered in the driving sit-
uation that occurs in many hypnotic pro-
cedures 1s the verbal suggestion of sleep
given by the hypnotist. However, there is
reason to believe that this factor of ver-
bal suggestion only accelerates the hyp-
notic process and that prolonged exposure
to the conditions previously mentioned
will, by itself, be sufficient to produce a
trance like state.

Many studies (27, 28, 29) have shown
that a hypnotic trance closely resembles
the waking state and is entirely different
from that of sleep. It has also been shown
that a person canperform driving functions
while he is in such a state, but that his
ability to react to sudden, unexpected roas
conditions such as a dip or curve 1n the
road, would be expected to be impaire:
(30). Thus, the increased susceptibilit
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of drivers to accidents while they are mn
a hypnotic state is apparent.

The third aspect of driver hypnosis,
specifically, hypnagogic hallucinations of
objects or persons on the highway, prob-
ably occurs more often than has been re-
ported. This 1s indicated by many in-
istances where driver 1llusions are men-
itioned in casual conversation with drivers,
especially with drivers on cross-country
trips. There are many possible reasons
'why accident reports would not be ex-
pected to contain mention of hallucinations:
(1) the haltucinating driver may be killed,
(2) the emotional shock involved may cause
unconscious forgetting or repression of
the hallucinations, (3) the possibility of
guilt may also cause such repression,
(4) the possible consequences of admit-
ting hallucination may bring about willful
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withholding of information, and (5) the
driver may never become aware of hav-
ing hallucinated. Consequently, even in
cases where they do occur and cause
accidents, it 1s quite likely that halluci-
nations will be overlooked as causualfac-
tors, making it extremely difficult to iso-
late this particular aspect of driver hyp-
nosis and establish its importance as an
accident causing factor.

It is entirely possible that any or all
of the above-mentionedaspects of hypnotic
effect on drivers can be operating on
highways and thereby contributing to the
accidents that occur. However, since
so little 1s known about tne necessary
conditions for the occurrence of these
phenomena, specific conclusions as
to their prevalence cannot be made at
present.

APPENDIX C

Some Statistical Plans

Analyses of accidents can be directed
toward a number of problems relating to
psychology of trip geography or toward
force complexes, such as hypoxia and
hypnosis, that fit into a framework pro-
vided by the concept. But whether or not
a particular analysis can be performed is
determined entirely by whether or not the
appropriate road usage information has
also been collected. For example, hy-
potheses relating to the difference between
male and female driving accidents can be
tested only when the amounts of male and
female driving are known. It is almost
axiomatic that little if anything can be
learned from accident data without the
attendant usage information, which is the
mandatory experimental control on the
accident information. Several statistical
plans will be developed here that will
demonstrate the importance of usage in
formation. The hypotheses considered
are related to psychology of the US 66
trip geography in New Mexico.

California authorities would be con-
cerned with the involvement of California
drivers in accidents on this road. Hence,
a problem of immediate interest would be
whether or not the ratio of Califorma
driver accidents to other driver accidents
is greater than the ratio of the number of

Califorma vehicles using the road to the
number of other vehicles using the road.
The same problem restated from the
standpoint of New Mexico authorities,
would be whether or not nonresident drivers
suffer a percentage of the accidents higher
than the percentage of nonresident vehicles
using the road. To solve either of these
problems, it is first necessary to weight
the accident experience of the two classes
of drivers (California versus others or
New Mexico versus others) according to
the numbers of vehicles of each particular
class using the road during the time in
question. Normally, there will be some
difference between the two weighted ac-
cident experiences. The problem to be
solved statistically is whether such an ob-
served difference 1s indicative of a real
difference between the two classes of
drivers, or whether the observed dif-
ference 18 merely the result of chance
variation. One statistical plan for solving
this problem 1s described below; it utilizes
the well known chi-square test of inde-
pendence, which 1s usually described in
detail in any statistics textbook (31).

Let Vy represent the volume of non-
resident vehicles using the road during
some period of time, and let Ap represent
the number of accidents involving these
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nonresident vehicles. Similarly, let Vy
and Ay represent respectively the volume
and number of accidents involving resident
vehicles. Vp, Ap, Vp, Ar all pertain to
the same period of time (Table B).

TABLE B
Nonresident

Total
Volume |Aceidents | Volume | Accidents | Volume | Accidents
Vr Vn v

AL An A

Fr - (4) E‘]z |-An - (&) Vn- ? (1)
Vv
4

J 2

v v—L =%
(A) 'r (A) 'n
R v

Resident

1-df

If the chi square value calculated as
shown in Equation 1 is greater than the
pertinent tabulated value, it can be con-
cluded that the difference between resi-
dent and nonresident accident experience
is greater than that which would be ex-
pected by chance; if the calculated value
18 less than the tabulated value, then 1t
can be concluded that the difference was
no greater than what would be expected
by chance. It should be noted that the
only usage information required for this
analysis is the volume of resident and
nonresident drivers using the road during
the period of time under consideration,
but without it the analysis could not properly
be performed.

Another problem of particular interest
involves the determination of whether or
not the residence of the driver involved
in an accident (resident or nonresident)
is related to his direction of travel (east-
bound or westbound). Statistically, this
hypothesis pertains to the independence
of the residence of the accident driver
from his direction of travel. The pre-
viously described chi-square procedure
can be used to test this more detailed
hypothesis, the only difference being
that more detailed usage data 1s required.

Let the subscripts e and w represent
eastbound and westbound directions of
travel respectively (Table C). Vg rep-
resents the volume of eastbound, resi-
dent drivers during some period of time.
Ayn represents the number of accidents
involving westbound, nonresident drivers,
etc. The hypothesis of 1independence
could be tested by computing the chi-
square statistics according to Equation 2.
The hypothesis would be rejected or ac-

|
cepted if the computed statistic was greater,

or less respectively than the pertinent tab-
ulated value.

TABLE C
Resident Nonresident Totals
Vol Accidents|Vol Accidents|{Volume |Accidents
[East- Aer Aen Ae
bound ver ven ve
West- Awr Awn Aw
bound vwr Vv wn Vw
A A A
Total | V_ r v, n v
[ v ] v. T
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@ w=E
- 2 2 A
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Aninteresting group of possible analyses
deals with the large number of possible
interactions between the various postulated

INCREASING ACCIDENT
LIKELIHOOD

Hypothetical effects on acca-
dent likelihood of (1) increasing time on

Figure B.

road, 1.e., fatigue, (2) attitude, and
(3) fatigue x attitude interaction.

accident-causing factors. Eachinteraction
would have to be studied separately be-
cause some might require different sta-
tistical plans than others. The interaction



of most apparent mterest in this study
deals with the relation between psychology
of trip geography and altitude since this
particular combination seems to be unique
on Highway 66.
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. Possibly, this interaction can bede-
scribed by a relation like that shown in
Figure B where, for a given road time,
there 1s a gradual increase 1in accident
rate with increasing altitude, and, for a
given altitude, there is a very sharp in-
icrease in accident rate with increasing
road time. This imphes that an increase
n fatigue greatly increases accident like-
lithood 1rrespective of altitude, but alt1-
tude 1s important only when there 1s an
attendant high fatigue level. The support-
ing arguments are: (1) as a person be-
comes more fatigued physiologically as
well as psychologically he is more likely
to have an accident, (2) time on road is a
conservative measure of fatigue, (3) hy-
poxia effects will not occur except at high-
Ler altitudes, and (4) the possible inter-
action between fatigue and hypoxia effects
previously described actually exists.
It is possible to examine this relation
more rigorously. The mean altitude of
each section of some arbitrarily decided
length of the road is known. The accident
rate there could be determined directly
'rom the usual accident and volume data.
C haracteristic road times (time spent
driving) for the drivers at the time they
reach the section could be defined as the
arithmet:cal average of the distribution of
road times of all drivers when they reach
he section. This distribution of road
himes would also allow for necessary
variability determinations:

' Since the eastbound trip geography 1s
afferent from the westbound, any single
ownt along the road would probably pro-
lvuie two different road-time distributions

i
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occurring at the same altitude, one dis-
tribution for the eastbound and another
for the westbound traffic. This 1s shown
in Figure C where Te, represents aver-
age road time eastbound at the ith section
of the road, and Ty, represents average
road time westbound at this same section.
These two averages can be paired be-
cause of their common altitude, there
being as many such pairs as there are
sections of road. This essentially would
separate out altitude effects and allow for
testing the road time (fatigue) hypothesis.

The hypothesis that there is no dif-
ference between the eastbound and west-
bound road times could be tested by using
the ""Student t'" test as follows:

Let Zi represent the difference between
the east and westbound traffic at the ith
section and let Z represent the average of
all these differences.

Zi = Ter - Twi 3)

m
Z-= 2, (4)
i=1

where m is the number of sections
The statistic t woul_c_i be:

z
t= s,/ v~ ®)

where 528 - (z2)*
Sz 7 —m-ﬂi— ©)

The hypothesis that there 1s no daf-
ference between eastbound and westbound
road times would be rejected or accepted
according to whether the computed t was
greater or less than the appropriate tab-
ulated t with m-1 degrees of freedom.
The hypothesis that there is no difference
between eastbound and westbound accident
rates could be tested by using the chi-
square statistic. @nThe following con-
clusions could be reached by combining
the results of the road time and accident
analyses:

1. When eastbound and westbound ac-
cidert rates are equal, then: (a) the dis-
covery of different average road times
would suggest that road time (fatigue) is
not contributing to accident causation at
that section of the road and (b) the dis-
covery of similaraverage road time would
not permit any conclusions as to the ef-
fects of road time on the accident rate.
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2. When eastbound and westbound
rates are different, then: (a) the dis-
covery of different average road times
would suggest that road time (fatigue)
is important, assuming these differences
are in the same direction as those of the
accident rates and (b) the discovery of
similar road times would suggest that
road time 1s not contributing to the ac-
cident situation at this section of the
highway.

This 18 necessarily a fairly complex
statistical treatment, but the key to it,
just as with the simpler chi-square tests,
is the availability of appropriate usage
information, which, in this case, 1s the
distribution of road times.

There are many more simple, enum-
erative types of statistical analyses that
could readily be performed. Such anal-
yses can give positive evidence of the

presence or absence of specific accident
causes, and an 1increased general under-
standing of the accident problem on this
section of the road. The only data re-
quirements are accident information along1
with the appropriate road usage informa-|
tion. Of course, the road usage informa-
tion must pertain to the same period of
time as the accident information. High-
way 66 seems to be particularly suited
for such statistical study. Road usage
information could be collected reason-
ably inexpensively yet accurately since
there are a minimum number of cross
roads. Because the accident experience
there is high, the effectiveness of acci-
dent prevention measures should be de-
tectable through statistical analysis, and a.
long range statistical program on thel
accident experience on this road should
produce meaningful and useful results.

Discussion

CHARLES M. NOBLE, Chief Engineer,
New Jersey Turnpike Authority — The
writer has long been interested in psycho-
logical studies pertaining to highway ac-
cidents.! It is encouraging to note the in-
creased attention being given this subject
and although progress has been slow,
greater interest and application of talent
to the problem should result in increasing
knowledge in this relatively unknown field.
It is believed that the Institute of Trans-
portation and Traffic Engineering of the
University of California could well join
forces and workclosely with the Committee
on Highway Safety Research of which Dr.
T.W. Forbes istechnical director so that
the overall effort can be effectively co-
ordinated.

The writer agrees that if accident
statistics show that certain highway areas
have a high accident rate and if the causes
of such accidents are known, a program of
corrective measures should be promptly
tried out and evaluated. Only in this way
can the psychological approach be proved
effective. Public information 1s a useful
and powerful tool in this effort so the
public can be informed where dangerous
stretches of highway are located, the

! "Thoughts on Highway Design Research as Related to Safety of
Vehicle Operations." Page 242, Proceedings of the Highway
Research Board, 1937, Vol. 17

causes of accidents in these areas and the
prevalent human errors that lead up to“
such accidents.

The policy of applying corrective mea-
sures as soon as they have been devised
has been followed by the NewJersey Turn-
pike. Everyaccident is studiedand causes
determined when possible. Then every
practical means for accident reduction is
applied. As rapidly as promising mea -
sures are developed, they are put into
effect and the results observed. To date,
the analyses indicate that human error]
and mechanical failure are responsible
rather than the design of the highway.
Augmentation of police personnel prove
an effective measure inaccident reduction.

It is interesting to compare the Ne
Jersey Turnpike 1952 and 1953 accident‘
and fatality rates. It is ewvident that th
application of safety measures has re-
sulted in lowering these rates:

|

1952 1953 {

(a) Accident rate 92.7 67.1 |
(b) Fatality rate 6.11  4.14| |
(per 100 million vehicle-miles) ‘

To date it has not been feasible to deter
mine the individual effect of each of thi
various measures utilized.

It is noted that a standard operating pro-l
cedure has been promulgated to cover
those cases mvolving restricted v1si-‘

1
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bility and other effects of adverse weather.
It is noted that the 1953 New Jersey Turn-
pike accident rate is only 9 percent of the
national rate and the fatality rate is ap-
proximately 60 percent of the national
rate.

| One of the critical accident problems
on the New Jersey Turnpike is occasioned
by rear-end collisions where one vehicle
smashes into the back of another, often
without any indication that the driver saw
the vehicle ahead. This indicates that the
driver lost depthperception and the ability
to determine how far a vehicle is ahead.
Obviously, this situation 18 more serious
at night.

~ Because of this accident experience
which seems to be widespread nationally,
the New Jersey, Pennsylvania, and Ohio
turnpike commissions recently met in
Harrisburg, at the request of the Pennsyl-
vania commission to consider the drafting
of uniform regulations concerning rear
lighting and rear bumpers for trucks. A
committee has been appointed from the
staffs of the three commissions and this
committee is now at work drafting recom-
mendations.

It is noted that newspaper publicity al-
though sometimes painful can be bene-
ficial mmasmuch as 1t serves to warn the
public that the driver after all must still
drive the car. The public generally has
become so used to the many scientific
miracles unfolded during the last 40 years
that many motorists gain the impression
‘that somehow engineers have been able to
design highways which make it unneces-
sary for the driver to actually drive the
‘car. Publicizing the continued need for
driver responsibility is a worth while
effort and the public press can also con-
tribute toward public safety by emphasiz-
ing habits which are inherently dangerous
and inevitably lead to accidents, such as
bumper riding, passing on the right,
ete.

It seems to me that a most-important
contribution by the authors of this paper
is 1n pointing out that certainareas of high-
way may be dangerous, not because of
their physical characteristics but because
of their location relative to trip origins.
'This thought deserves much consideration
-and should be the basis of effective safety
publicity.
- In conclusion, I am glad to see this
-activity in the field of driver psychology
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and hope that it will be pressed forward in
a coordinated and purposeful manner.

JAMES S. BURCH, Engimeer of Statistics
and Planning, North Carolina State Highway
and Public Works Commission — "The
authors have presented a concept — that
was developed entirely by deductive rea-
soning with no experimental and little
empirical verification."

That sentence 18 perhaps the most sig-
nificant in the 10,000-word text. The
paper employs dozens of phrases such as:
a possible explanation;the authors believe;
can only be conjectured; probably, may,
may be, could be; appear to have; seem to
apply, may explain.

The three-author paper appears to be a
psychological dissertation or postulation
on an hypothesis and, therefore, anac-
ademic discussion, rather than a research
paper. Since it isolates no variables and
develops no new knowledge, it has value
only in the field of discussions of possi-
bility.

Three readings leave this capsule im-
pression. Overfatigue is probably the
special contributing factor to this high
accident record. That fatigue contributes
to accidents is a conclusion which has
been accepted as true in the safety field
for the past 50 years or more. Drivers
who do not know this are doomedtoaccident
involvement.

To one who has spent 30 years in the
highway field, the remedial measures sug-
gested are either inadequate or impracti-
cal. If the highway officials belheve this
concept to have merit, they could have
uniformed troopers stop all out-of-state
cars moving east in the late afternoon, at
this section, and strongly adwvise a 10-

minute break, to overcome hypnosis,
hypoxia, fatigue, depressed cutaneous
sensations, and other such phenomena.

The major merit in the paper 1s stated
as follows: 'The authors want to encour-
age all those who are active in accident
prevention to have the concept of psy-
chology of trip geography in mind as they
consider theiwr accident problems. This,
in essence, highlights the primary objec-
tive in presenting this report at this time,
admittedly without supporting evidence."

It is encouraging to note that the Insti-
tute of Transportation and Traffic Engi-
neering is now planning a program to
verify the importance of the concept and
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provide direction for specific remedial
actions.

It has long been known that the weakest
aspect of the vehicle-road-driver combi-
nation involves basic shortcomings of the
driver. It is to be hoped that the study
program suggested can contribute new
and definite knowledge about such short-
comings in a way that can be reliably
accepted as true by the public and leaders
in the field of highway safety. The paper
falls far short of this goal, as stated by
the authors.

T.W. FORBES, NRC Committee on High-
way Safety Research! — The formulation
of an hypothesis for a particular problem
based on information from other areas of
scientific research is one of the funda-
mental first steps which has often led to
research in a new direction and resulted
in new information. The authors have
formulated such an hypothesis regarding
possible causes of accidents on a certain
stretch of highway in New Mexico on the
basis of fatigue and altitude effects. They
have cited a wide range of studies onsuch
effects from awiation physiology and psy-
chology and have pointed out that these
factors may be both interacting and addi-
tive. They have also called attention to
certain known perfectly normal but il-
lusory sensations which may play a part
in highway accident causation.

This hypothesis furnishes a possible
alternative explanation for what has been
widely called "highway hypnosis," wth-
out accurate formulation or verification,
and perhaps even withan aura of mystery.
As a more straightforward explanation the
authors' hypothesis seems more accept-
able scientifically. To the best of the
writer's knowledge, little valid evidence
for true hypnotic characteristics has been
shown for the wide range of driver reports
to which the term "hypnosis" has been so
generally and loosely applied.

The title "Psychology of Trip Ge-
ography'" 1s perhaps unfortunate since the
impression from the title may obscure what
seem tobe important phases of the paper.
On analysis it can be seen that the title
refers only to certain details of the hy-
pothesis, 1.e., possible reasons why
drivers become overfatigued.

!The opinions expressed are those of the author personally
and not necessarily of any orgamization with which he 1is
connected.

Inclusion of specifications tor remediali
measures also seems unfortunate since‘
this might give the impression (undoubtedly!
unintended by the authors, we are sure)
that they consider their statement of the
hypothesis sufficient without further test.
Moreover, the expedients suggested, such
as signs along the highway and pamphlets,
have not always proved very effective in
other applications where they have been
used.

Incidental mention 1n the text and Ap-
pendix Bonhypnosis somewhat uncritically
introduce *"highway hypnosis, " ""velocitiza-
tion" and "hypnagogic hallucinations, " ap-
parently implying that these are true
hypnotic effects. 1Itis not very clear
whether this is part of the hypothesis or
merely extraneous information.

As with all hypotheses, this one must
be put to experimental test, and Appendix
C gives some plansfor a statistical analy-
sis of accident records. However, it
seems improbable that this approach alone
will be sufficient to prove or disprove the
hypothesis since numerous factors of the
hypothesis may be averaged out in this
type of analysis. Such an analysis may
furmish some clues but for evaluation of
some of the factors hypothesized, other
experimental methods would seem to be
indicated.

Bearing all this in mind, however, the
formulation on a basis of measurable
variables of an alternate hypothesis to the
somewhat loose and unformulated hy-
pothesis of highway accidents caused by
"highway hypnosis" seems to the writer
an important contribution toward fresh
thinking and the stimulation of research.
If psychological explanations and true
hypnotic effects are to be included in the
hypothesis, however, the formulation
should be sufficiently definite and clear to
allow experimental evaluation.

4

SIDNEY J. WILLIAMS, Assistant to the
President, National Safety Council — We
may agree that the fatal accident rate on
this section of highway probably is un-,
usually high. We may further agree that
contributing personal factors include
hypoxia or mountain sickness, even in mild
form at these altitudes; road hypnosis in-
cluding hallucinations; and, importantly,
the cumulative effect of these and other
influences. |

The novel concept presented is, of




course, the "psychology of trip geography. "
(Is this cumbersome term necessary?
Why not "trip psychology?") Here is
postulated a driver leaving Los Angeles
for the East, intending to stop overnight
at Flagstaff, then deciding to push on to
Albuquerque; result, haste plus fatigue,
etc., equals an accident. A plausible
idea, but why didn't the authors rough-
check 1t against the record? Did many
of these accidents 1nvolve east-bound out-
of-state drivers in the late afternoon or
evening?

Apparently the psychology of trip ge-
ography boils down to this: many drivers
try to go too far, in one day, or in one
hour. Will they be dissuaded by pam-
phlets handed out at the state line, or by
road signs to be read at 70 plus? Hardly.
By advice from their trip-planning ser-
vices? Perhaps. The State of Washington
has recently found that vigorous enforce-
ment against violators (speed and other) is
a potent dissuader.

Assuredly, we all need to know more
about personal factors contributing to ac-
cidents. And knowledge generally starts
with hypotheses. Thus we are grateful
to these authors, if only for giving us
something to shoot at.

HEINZ HABER, ROBERT BRENNER,
SLADE HULBERT, Closure — The authors
are gratified by the stimulating discussion
of their paper and wish to extend their
thanks to the discussors.

Williams and F orbes question the word-
ing of the title of the concept, "psychology
of trip geography.' This concept pertains
to the manner in which psychological
aspects of driver behavior interact with
trip planning and certamn geographical
specifications of trips. It was decided
that all three terms, "psychology, " "trip, "
1 nd "'geography'’ necessarily appear in the
title. The authors recognize that the
concept title is somewhat cumbersome,
1nd therefore suggest that the concept be
referred to in the future as "PTG." For
example, one could refer to a driver's
1 dherence at all costs to a previously fixed
trip schedule as "pnor PTG adjustment."

Noble's comments support the conten-
tion that it is 1n order to proceed with
remedial techniques that hold promise of
reducing accidents. The authorsare quick
.0 agree that highway officials who are in-
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timately familiar with the problems of a
particular accident focal point are best
qualified to devise immediate remedial
methods. It is desirable that careful mea-
surements be ultimately made to verify
the effectiveness of the remedial measure.

The authors believe the remarks of
Forbes concerning highway hypnosis cor-
rectly emphasize their contention that
". . . there is little experimental evi-
dence in the available literature on the
subject . . . " and" . . . since so little
is known about the necessary conditions
for the occurrence of these phenomena
specific conclusions as to their preva-
lence cannot be made at present. "

The postulated trip to Albuquerque is
only " . . . one example of the concept
«+.." If this is not recognized, the
generality of the concept might not be fully
understood. Overfatigue is only one ac-
cident producing condition that may engulf
the driver who makes poor PTG adjust-
ments. Many other accident producing
conditions such as increased aggressive-
ness, impatience, speeding, etc., can be
expected to result from poor PTG adjust-
ments.

The authors are fully aware that the
ideas presented in this paper have not
been developed beyond the stage of hypo-
thetical thinking. Eventually, these hy-
potheses must be subjected to the scrutiny
of experimental researchand verification.
Meanwhile, however, these ideas may
serve the purpose of realigning our think-
ing and openinga newapproach to the high-
way accident problem. In the past, an
accident on the road has been looked upon
as a singular event which occurs at a cer-
tain place and at a certain time. Prac-
tically the entire work and effort that went
nto investigating the causes of an accident
were directed toward elucidating the
circumstances surrounding the vehicle,
location and time of the accident, and the
condition of the driver at the place and
time of the accident. In practically all
instances of accident investigation, the
individual accident is traced back not
more than a few hundred feet in space,
and 30 seconds or so in time. The authors
believe that accident causation should
better be traced back 400 to 600 miles in
space, and up to and possibly more than
12 hours in time. From this point of
view an automobile accident is not con-
sidered a singular event, but the sudden



20

culmination of a series of events of which
the actual accident is only the conspic-
uous end product. The extension of the
accident causuality 1n space and time, of
course, makes it relate to a much great-
er section of the mghway plant, to the
geography of the highway plant, to its op-
erational characteristics, and to the man-
ner of its use by the driving population.

In order to put the ideas surrounding
psychology of trip geography to use, in-
formation is needed on the average driv-
ng and trip planning habits of the popu-
lation. It 15 perhaps a sigmficant point
that practically no information is avail-
able in this field. This lack of informa-
tion can be explained by the fact that, in
the past, investigations of accidents were
confined to the immediate place and time
where they occurred. The only reliable
information on trip planning and execu-
tion is available through the records of
truck fleets and bus companies. We do
not know, however, how the average
private citizen executes a trip and in what
manner he uses the highway plant: mn
other words we do not know PTG be-
havior.

A second thought that comes to mind in
relation to psychology of trip geography
is the fact that the modern automobile in
conjunction with the modern road out-
performs man by a wide margin. Only 20
years ago the automobile and the road
constituted a system of only moderate
reliability. Trips exceeding 400 miles
and 12 hours could not be made with the
same ease and regularity as is possible
today at any time. Before the advent of
the modern luxury car equipped with
balloon tires, coil springs, automatic
transmissions, power steering, and power
brakes, the driver could hardly over-
extend his natural facilities of attention,
alertness, and delicate judgment. In

other words, before he could be more or
less subconsciously overcome by mental
and psychological fatigue, his natural
physical fatigue, or mechanical failure of}
his car, or road difficulties prevented him
from continuing his driving. Today, both‘
the reliability and ease of operating a
modern car on a modern highway cause
the driver to reach the limit of psycho-
physical performance long before there is
any chance that his equipment will fail.
There can be little doubt but that the great
increase in performance of vur modern|
transportation plani has influenced the
driving and trip-planning habits of the
average driver. It can be concluded that
this development makes it necessary to
put greatly increased emphasis on prob-
lems of mentaland psychophysical fatigue,
the role of tactile sensitivity in the driv-
ing task, and the natural limits of man's
performance of a physically easy, but
psychophysically strenuous task.

An avenue of approach to abetter under-
standing of the problems at hand suggests
itself. (1) collection of PTG behavior in-
formation such as trip planning and ex-
ecution by the average driver in differen
sections of the country; (2) studies on the
importance of tactile cues in the driving{
task; and (3) studies of psychophysical per-
formance and limits, in relation to the
driving task. ‘

It is to be hoped that work in these re
search areas will lead to a better under-
standing of the accident problem. Re-
search in this field requires that th
problem be considered in terms of the
geography of the entire country, the
physical and engineering characterxsticsj
of the highway plant and the vehicle, an
the peculiarities of the driving task i]{
relation to known psychological behavior
patterns.

|
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Rural Intersection Accidents

‘states in the country,

WILLIAM J. MILLER, JR., Traffic and Planning Engineer
Delaware State Highway Department

A STUDY has been made of all the rural intersections in one state to develop
information which would indicate the intersections of rural highways which have
had the highest accident frequency and also the greatest number of accidents.
This study was performed in Delaware by the Traffic and Planning Division of
the state highway department. The information obtained is being made available
for the use of enforcement agencies through state police and local police chan-
nels to engineering agencies, and educational channels.

In the study traffic-volume statistics and accident statistics for each inter-
section are gathered together, and by the use of key punch cards and tabulating
equipment, statistical information is gathered.

There were 2,914 intersections studied; 1,235 (25. 8 percent) out of the 4,784
accidents reported by state police during 1952 were studied. (these were the
accidents occurring at intersections in the state). Tabulations were made show-
ing the accident frequency in each county and also various tables were made
showing the frequency of occurrence by intersections, by accidents, by traffic
volumes, and by other features. The study pointed out the high-hazard locations
and the relatively low percentage of intersections which can expect accident oc-

currence, particularly in the low-volume groups.

as in most of the other
the increase in the
volume of traffic on highways seems to

@ IN Delaware,

‘bring with it an increase in the number of

vehicular accidents. The frequency with
which these accidents occur and the lo-
cation of the occurrences has prompted a
study to develop wnformation which would
indicate the intersections in the stateon
rural highways which have had the highest
accident frequency experience during the
year 1952.

It is intended that the information ob-
tained will be made available for the use
of enforcement agencies through state and
local police channels, to engineering
agencies, particularly the state highway
department, and to education channels
with the particular thought that pointed
publicity might better educate the motor-
ists about the intersections pointed out
in this report. Thus the three E's are
immediately covered, but considerable

‘time, study, and effort will be necessary to

effectively reduce any accident exper-
iences at these or at any other inter-
sections.

This has been a large job. Only the

| facts that Delaware is a small state and

that traffic-volume information is readily
available on each rural road and that the
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cooperation of the state police in furnish-
ing good accident information to the state
highway department have made it pos-
sible for the work to be done at all, much
less with the accuracy which we think is
reflected in the study.

It is to be pointed out that the purpose
of the study is not to develop sensationalism
concerning the accident experience or the
physical characteristics of the given inter-
sections.

We are powmting at, as best we can,
what has happened at each rural inter-
section in the state. We hope by our
analysis of the accidents and the conditions
which existed when they occurred, to be in
a position to suggest changes which may
reduce the accident frequency at the vari-
ous intersections where the frequency is
particularly alarming. Whether the sug-
gestions apply to engineering, education,
or enforcement, they are primarily in-
tended to help our state reduce the number
and severity of traffic accidents.

METHOD OF COMPILING DATA

In Delaware the highway department
has under its controlall rural roads in the
state, and the Traffic and Planning Division
of the department has kept accurate records
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NEW CASTLE COUNTY

1- 2 0181 237 237 021 08 00 03887 0177000 3 0L E of Hockessin
2- 2 0101 225 225 287 06 00 02985 0182000 3 15 W of Tyler McConnell Bridge
3- 2 0218 334 334 333 0 00 05289 0214000 3 [} General Motors Plant
4- 2 0348 387 387 026 05 01 03474 0253000 3 13 5 of Newark
5- 2 0237 033 033 008 55 00 43329 0288000 2 01 Basmn Corner
8- 2 0028 050 050 220 23 00 18952 0301000 2 13 Edgemoor
-2 0375 003 003 340 05 0o 04346 0317000 3 14 E of Christiana
8- 2 0244 006 008 340 09 01 08672 0353000 3 13 8 E of Newport
9- 2 0050 023 023 043 06 00 07077 0369000 3 13 Marsh Rd and Washington St
10- 2 0392 032 032 387 20 00 20730 0378000 2 01 Glasgow
1- 2 0240 033 055 003 35 00 37789 0394000 2 01 Hare's Corner
12- 2 0843 028 028 369 19 00 20887 0401000 2 01 Roger's Corner
18- 2 o211 011 o011 031 08 01 08785 0401000 3 14 Limestone Rd
14- 2 0214 011 011 021 11 00 11211 0409000 2 o1 Greenbank
16~ 2 0001 024 024 017 17 00 22577 0485000 2 13 Naaman's
16- 2 0324 01 011 0112 08 00 10704 0488000 3 01 N E. of Limestone Rd
17-2 0491 022 441 438 09 00 12917 0524000 2 13 N Bound Lane — Odessa
18- 2 0384 032 032 005 13 Ol 20248 0569000 2 13  Bear
19- 2 0633 o1 272 333 06 00 09727 0592000 3 15 W of Price's Corner
20- 2 0011 004 017 221 06 0o 10073 0613000 3 13 Naaman's Rd and Concord Pike
21- 2 0380 033 033 032 27 01 45941 0621000 2 01 State Road
22- 2 0388 032 032 048 10 00 17564 0641000 3 13 X Roads - W of Bear
23- 2 0054 004 004 210 08 00 10714 0652000 3 13 Murphy Rd and Concord Pike
24- 2 0248 006 006 336 08 00 16460 0751000 2 02 Newport — Mam X Roads
25- 2 0055 004 203 232 07 00 15511 0809000 3 13 Blue Ball
26- 2 0584 001 030 487 05 00 12189 0890000 3 19 Paddock Restaurant - Smyrna
- 2 0216 011 271 0112 08 00 158576 0947000 2 13 Price's Corner
8- 2 0225 033 028 033 17 00 44880 0964000 2 01 8§ of Roger's Corner on 33
20- 2 0016 024 024 050 08 00 23672 1080000 2 o1 Claymont
30- 2 0049 024 024 502 05 00 16637 1214000 2 13 Market St and Lea Blvd
31- 2 0637 056 056 018 08 00 27044 1234000 3 01 N C Avenue Overpass
32- 2 0644 033 029 369 10 00 38315 1398000 4 01 Kent Manor Inn
33- 2 0015 024 024 207 05 00 22008 1607000 2 13 Claymont
34- 2 0639 033 033 056 10 00 44960 1641000 3 01 To Memorial Bridge — Farnhurst

KENT COUNTY

0669 289 078 078 03 00 00660 0080000
0247 046 047 048 03 00 01628 0198000
0286 027 025 024 13 00 09068 0255000
0149 041 048 041 03 00 02760 0336000
0312 003 024 024 09 00 08371 0339000

0015 039 009 001 12 00 13824 0420000
0304 027 026 027 03 00 03536 0430000
0218 070 003 026 06 00 07600 0462000
0191 007 002 088 10 00 13058 0477000
0310 029 024 024 05 00 06574 0480000

0305 027 027 356 08 00 04201 0511000
0018 041 039 454 04 00 06109 0557000
0207 016 007 051 07 00 10763 0561000
0016 039 039 065 04 00 06421 0586000

15 Little Masten's Corner

01 X Roads - Hartly

01 Cooper's Corner

01 Everett's Corner

01 Betty's Lunch — 8 of Dover

13 Man X Roads — Smyrna
13 E of Rising Sun

[} Silver Lake — N of Dover
13 Markland's — N. of Dover
14 X Roads — E of Camden

14 X Roads — 8 of Moore's Lake
Pleasanton's Garage

13 Latex Corner — E of Dover
15 Smyrna — Commerce and Main

CO®E-IG WA
[ T T T T T I |

-

15 - 0701 005 006 080 05 00 08348 0609000 01 X Roads ~ E of Harrington

16 - 0608 005 034 057 05 00 08402 0613000 13 X Roads — E of Felton

17 - 0835 024 024 105 03 00 05534 0673000 14 W. of Starhll

18 - 0837 005 031 032 04 00 07568 0691000 13 X Roads — Canterbury

19 - 0124 154 1020 002 03 00 05829 0709000 14 N of Melody Club

20 - 0044 043 001 001 03 00 06008 0742000 13 Welfare Home — Smyrna

21 - 0284 o1 003 003 03 00 06250 0760000 13 Dover — Wyoming Ave & Governor'sAve
22 - 0211 007 024 007 06 00 13404 0815000 01 8. of Loockerman 8t Ext —E Dover

-t e
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0103 014 002 045 04 00 12287 1122000
SUSSEX COUNTY

13 Bishop's Corner

1-3 0474 013 013 4040 15 00 06983 0170000 3 01 S of Bridgeville

2- 3 0219 016 016 013 13 00 07124 0200000 4 13 X Roads — Greenwood

3-3 0685 024 024 248 07 00 04022 0210000 3 13 N of Millshoro Pond

4-3 0218 016 016 038 03 00 01784 0217000 3 09 E of Greenwood

5-3 1111 052 052 382 03 00 01972 0237000 3 09 Roxana

6-13 0447 013 013 040 07 02 05361 0280000 3 13 E of Bridgeville — Entire
7-3 0308 014 014 018 05 00 05186 0379000 4 01 Wescoat's Corner — Lewis
8- 3 0966 113 334 337 04 00 04320 0394000 3 14 4 Way — Millsboro and Dagsboro
9-3 0757 113 113 432 03 00 03424 0417000 3 13 W of Stockley

10 -3 0716 113 113 338 04 00 04834 0441000 3 14 § of Millsboro

1~ 3 0329 014 024 270 04 00 05115 0468000 3 08 %4 Way — Lewes and Rehoboth
12- 3 0567 113 113 018 08 00 04204 0522000 2 01 N W of Georgetown
13- 3 0586 113 113 028 03 00 04496 0547000 2 01 W of Georgetown

14 -3 0821 113 113 020 03 00 045563 0554000 4 13 N of Bett's Pond — Mullsboro
15-3 n4g4 014 014 0140 03 00 04705 0572000 3 14 W of Rehoboth
16- 3 0336 014 014 274 03 00 04831 0588000 3 13 Midway
17- 3 0922 0130 0130 485 04 00 07458 0681000 3 15 % Way — Laurel and Seaford
18- 3 1238 0130 0130 024 05 00 09950 0726000 2 13 X Roads — Center of Laurel
19- 3 0859 0130 0130 534 03 00 06006 0737000 4 14 N of Seaford
20~ 3 0627 013 013 046 03 00 06166 0750000 3 14 X Roads — N of Clear Brook —S B
21- 3 0880 0130 0130 020 04 00 10649 0972000 2 09 Blades, Delaware
22- 3 1207 0130 0130 028 03 00 09346 1137000 3 13 N. Laurel Limits
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TABLE 2
TRAFFIC AND ACCIDENT PICTURE AT ALL RURAL INTERSECTIONS
Average Number Total

Number of Number of Average Traffic  of Vehicles Number Percent of Percent of Percent of

Intersections Accidents Per Intersection per Accident of Vehicles Total Total Total
County 1952 for Year 1952 1952 1952 Intersections Accidents Vehicles
Kent 819 254 446,700 1,440, 300 365, 829,000 28.1 20 6 19 8
New Castle 625 672 1,413, 800 1,314,900 883,632,000 215 54 4 48,2
Sussex 1,470 309 398, 800 1,897,000 586,168, 000 50.4 250 31.9
Total State 2,914 1,235 629,900 1,486,300 1, 835,629,000 100.0 100.0 100.0

for several years of the traffic-volume a number. A tabulation was made which

changes which occur on these highways.

Also, for several years the Traffic and
Planning Division has received copies of
state-police records so that copies of all
accident reports are on file in this office.
When these reports are received, in their
order of occurrence, the information is
> ross-~filed sothat the number of accidents
yn specific roads is known.

Thus, we have the two-most-important
ieces of information for this study: traf-
ic volumes onrural roads and the accident

r eports for the same roads.

It is for this reason, particularly, that
he study is limitedto rural intersections.
" he study does not include intersections
n urban areas or in other large incor-
porated towns. It does not include inter-
sections where suburban streets intersect
ural highways. At these latter loca-
ions, where the accident information is
enerally available, the traffic informa-
ion is not. Also, details of accumulating
such information would be tremendous and
oeyond the scope of this project.

During the course of this study each
rural intersection inthe state was assigned

contained the county, the intersection
number, the numbers for the roads making
the intersection, the number of accidents
occurring at the intersection in 1952, the
number of fatalities occurring at the inter-
section in 1952, the 1952 24-hour annual
average traffic volume entering the inter-
section (obtained by dividing by two the
24-hour annual average volume for each
leg of the intersection, then adding these
half-leg totals together), the accident rate
or the number of vehicles entering the
intersection per year for each accident
which occurred (the yearly traffic divided
by the number of accidents which occurred),
the type of traffic controls present (stop
sign, traffic signal, etc. ), and the system
class of the intersection (two primary
road)s, a primary and a secondary road,
ete. ).

When the information was obtained for
the three counties, it was coded and then
punched on IBM punch cards for analysis
purposes. Thus, it can be seen that the
routine usedfor accumulating the informa-
tion was relatively simple and yet quite
tedious.

TABLE 3
NUMBER OF INTERSECTIONS BY NUMBER OF ACCIDENTS FOR ALL INTERSECTIONS
Average Number Total
Number of Number of Total Average Traffic of Vehicles Number Percent
Accidents Intersections Accidents Per Intersection per Accident of Vehicles Percent Percent Total
1952 1952 1952 1952 Intersections Accidents Vehicles
None 2,388 - 355, 800 - 849, 590, 000 81 90 - 46 3
1 331 331 1,210,500 1,210, 500 400,677,000 11.40 26 8 21.8
2 90 180 1,828,900 914, 400 164, 598, 000 310 14.6 90
3 36 108 2,273,500 757, 800 81, 846,000 120 817 4.5
4 19 76 2,984,600 746,100 56,707,000 .70 6.2 3.1
5 10 50 3,544,700 708,900 35, 447,000 40 4.1 1.9
6 8 48 3,520,100 586,700 28,161,000 30 3.9 1.5
ki 4 28 3,253,700 464, 800 13,015,000 10 2.3 .7
8 6 48 5,508,700 688,600 33,052,000 20 39 1.8
9 4 36 3,216,500 357,400 12, 866,000 .10 2.9 7
10 4 40 10,393,000 1,039, 300 41,572,000 .10 3.2 2.2
11 -15 6 ki4 4,164,700 324,500 24,988,000 20 6.2 1.3
- 16-20 4 73 8,954, 000 545, 400 39, 816, 000 15 5.9 2.2
21 - 30 2 50 11,843,000 473,700 23,686,000 41 1.3
31-40 1 35 13,793,000 394,100 13,793,000 28 .8
41 - 50 - - - - - 15 - -
51 - 60 1 55 15, 815, 000 287, 500 15, 815, 000 4.4 .9
Total 2,914 1,235 629,900 1,486,300 1,835,629,000 100.00 100. 00 100.0

(798, 400)
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CLASSIFICATION AND EVALUATION OF
DATA

The tabulated information which had
been punched on cards was sorted into
three county groups and, in some in-
stances, statewide groups whichwerethe
basic working arrangements. The in-
formation which follows was then obtained
from the punched cards. Obviously, other
data could be determined and still can be if
the need presents itself.

281

the intersection for each accident that oc-
curred and the last 1,122,000 cars entered
the intersection for each accident whichi
occurred.

In Sussex County the listing contains 22
intersections, representing those at which
three or more accidents were reported as
having occurred in 1952, The first inter-
section listed indicates that 170,000 cars
entered the intersection for each accident
and the last 1,137, 000.

In order to obtain workable groups and

504

KENT COUNTY

NEW CASTLE COUNTY

SUSSEX COUNTY

— PERCENT OF RURAL INTERSECTIONS IN STATE |
774 — PERCENT OF RURAL INTERSECTION ACCIDENTS IN STATE.
— PERCENT OF TOTAL VEHICLES ENTERING INTERSECTIONS IN EACH COUNTY.

Figure 1.

Table 1 lLists information by counties
showing the order of occurrence of acci-
dent frequency from the highest frequency,
or most occurrences per number of ve-
hicles entering the intersection, to the
lowest frequency.

The New Castle County listing contains
34 intersections, representing those at
which five or more accidents were reported
as having occurred in 1952. The first
intersection listed shows that 177, 000 cars
entered the intersection for each accident
which occurred, while at the lower end of
the table more than 1,641,000 vehicles
entered the intersection for each accident
which occurred.

In Kent County the listing contains 23
intersections, representing those where
three or more accidents were reported as
having occurred in 1952. The first inter-
section indicates that 80,000 cars entered

Traffic and accident picture at all rural road inter-
sections,

1952.

realistic results, it was necessary t
eliminate intersectionsfrom these listing
which showed high frequencies with per-
haps one or two accidents accompanied b
low traffic volumes. Thus, the limits
described above were arbitrarily set. Th
intersections with the low frequencies are
eliminated from this part of the study bul
not from the whole study and certainly no
from consideration when means for acci-
dent prevention are explored.

Table 2 is a traffic-and-accident table
by counties at all rural intersections show-
ing the intersections, number of accidents
average traffic per intersection, and av.
erage number of vehicles per accident1
This table shows thatthere are 2,914 rura
intersections in Delaware and that 1,23t
accidents were reported as having occurrec
at these intersections in 1952,

An analysis of the percentages show(:
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Figure 2. PRural intersections by traffic groupings showing com-
parison of percent of intersections, percent of accidents, and
percent of total vehicles, 1952.

on the table is indicated 1n Figure 1. A
close relationship exists between the per-
centage of accidents occurring at inter-
sections in each county compared with the
percentage of vehicles entering inter-

AVERAGE NUMBER OF
VEHICLES PER ACCIDENT

2,000,000 -

- 1,500,000 A

1,000,000 -

500,000

sections in the counties., There are indi-
cated close relationships between traffic
volumes and numbers of accidents but
little relationship between numbers of
intersections and numbers of accidents.

O- 1000 1000-2500 2500-5000 S000-7500 1500 -i0oco 1000018000 15000~20pa0 20000-3q00c 3000a-4Ic00 40,000~ S5q000

TRAEFIC VOLUME GROUPS ENTERING RURAL INTERSECTIONS

Figure 3. Rural intersections by traffic volume groupings showing
average number of vehicles entering intersections per accident in
each group, 1€32.
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Table 3 is a statewide table showing
the number of intersections by the number
of accidents. There were 2,388 rural
intersections (81. 9%) in the state at which
no accidents were reported as having
occurred. Of the vehicles entering inter-
sections in the state, 46. 3 percent were
represented at these accident-free inter-
sections. It also shows that the inter-
section with zero or one accident to-
gether represent 93. 3 percent of the rural
intersections in the state.

A tabulation (Table 4) where the number
of accidents are paired with the number of
intersections at which they occurred has
been made from Table 3. There is, of
course, a consistent dropoff in the number
of intersections with high accident occur-
rences and a dropoff in the number of inter-
sections with high volumes of traffic.

TABLE 4

NUMBER OF INTERSECTIONS BY NUMBER OF ACCIDENTS,
ALL RURAL INTERSECTIONS, 1952

Number of Accidents Number of Intersections

None 2,388

1 331

2 90

3 36

4 19

5 10

(] 8

7 4

8 6

9 4

10 4

11 -15 6

16 - 20 4

21 - 30 2

31 - 40 1
41 - 50 None

51 - 60 1

Total 2,914

Table 5 is a statewide table showing all
rural intersections by traffic groupings.
These traffic groups represent the 24-hour
annual average traffic entering the inter-
sections.

From Table 5 we made up Figure 2,
which indicates that there was a close re-
lation between the percentage of accidents
and the percentage of vehicles entering
intersections in the various traffic volume
groups. In the three-highest-volume
groups, the percent of accidents strays
more from the close relation indicated in
the lower groupings where the percentages
agree closely.

A point of great interest seems here to
be that the elimination of 0. 55 percent of
the intersections (16) would eliminate
20. 3 percent of the intersection accidents.

This information is more-strikingly
pointed out by Figure 3, where the average

number of vehicles entering the inter-
section per accident were paired with traf-
fic volume groups. In the study, the inter-
section with the greatest number of ve-
hicles entering intersections per accident,
asfar as traffic groups are concerned, is in
the group where 7,500-9,900 vehicles enter
per day. Also, there is adecideddropinthe
number entering per accident inthe groups
over 20,000 per day. These groups are
the 0. 55 percent of the intersections re-
ferred to a short time back where 20.3
percent of the intersection accidents
occurred.

This could be a good take off point to
set up a priority list of intersections to be
eliminated, remembering that some of
these intersections have relatively good
frequency rates and others relatively poor.
The accident-frequency occurrence, and
the related property damages and 1injuries,
plus the normal inconveniences and delays
inherent in high-volume intersections
would certainly point to a separation as the
logical solution 1in many cases.

SUMMARY

A total number of 2,914 intersections
is included 1in this study. This represents
the number of rural highway intersections
in Delaware.

The total number of accidents occur-
ring at these intersections was 1,235 in
1952: (1) Kent County had 819 inter-
sections, 254 accidents at these inter-
sections; (2) New Castle County had 625
intersections, 672 accidents at these inter-
sections; and (3) Sussex County had 1,470
intersections, 309 accidents at these inter-
sections,

The total number of vehicles in 1952
entering the 2,914 intersections was
1,835,629,000. This is an average of
629, 000 per intersection, and an average
of 1,486,300 per accident.

There were no accidents reported at
2,388 of the 2,914 intersections i1n 1952,

At the 526 intersections where at least
one accident occurred, the total number of
vehicles for 1952 was 986,039,000, an
average of 1,874,600 per intersection,
and an average of 798,400 per accident:
(1) Kent County had 134 (25.4 %) inter-
sections with at least one accident, and
20. 5 percent of the intersection accidents
occurred in this county; (2) New Castle
County had 196 (37. 3%) .intersections with



at least one accident and 54. 4 percent of
the intersection accidents occurred in
this county; and (3) Sussex County had
196 (37.3%) intersections with at least
one accident, and 25.1 percent of the
intersection accidents occurred in this
county,
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cent of the accidents, and 9.6 percent of
the total vehicles of all intersections. All
of these intersections are in New Castle
County.

The study, so far as it has gone, has
determined the intersections in each county
which have had the most accident occur-

TABLE 5
NUMBER OF INTERSECTIONS BY TRAFFIC GROUPINGS FOR ALL INTERSECTIONS

Average Number

Total

Traffic Average Traffic of Vehicles Number Percent
Groups Number of Accidents Per Intersection per Accident of Vehicles Percent Percent Total
- Daily - Intersections 1952 1952 1952 1952 Intersections Accidents  Vehicles
Less than
1,000 1,987 145 111,700 1,530,300 221, 892,000 68 20 11.7 12.1
1,000-2,499 382 139 567, 100 1,558, 400 216,617,000 13 10 11 3 11.8
2,500-4,999 244 189 1,272,900 1,644,700 310, 584, 000 8.37 15.3 16.9
5,000-7,499 133 171 2, 223, 400 1,728,300 285,715,000 4,56 13.8 16.1
7,500-9, 999 72 116 3,038, 700 1, 886, 100 218, 786, 000 2.47 9.5 11.9
10,000-14,999 55 136 4,412,200 1,784,400 242,673,000 1.89 1 0 13.2
15,000-19,999 25 88 6,182,400 1,756,400 154, 559, 000 86 71 8.4
20,000-29,999 10 97 8,164,600 841,700 81,646, 000 .34 7.9 45
30,000-39,999 2 45 13, 889,000 617,300 27,778,000 07 3.6 15
40, 000-49,999 4 109 16, 344, 800 599, 800 65,379,000 14 88 3.6
50,000-59,999 — - - - - - — -
Total 2,914 1,235 629,900 1,486,300 1,835,629,000 100 00 100.0 100.0
Of the 2,914 intersections there were rences in 1952 and, also, those inter-

1,987 (68.2%) where less than 1,000 ve-
hicles entered the intersection daily.
Only 145 (11. 7%) accidents at these inter-
sections: (1) In Kent County 648(79.1%)
intersections out of 819 had an average
daily traffic of less than 1,000; there
were 54 (21, 3%) accidents at these inter-
sections; an average of 1,298,900 ve-
hicles per accident for 1952. (2) In New
Castle County 290 (46.4%) intersections
out of 625 had an average daily traffic of
less than 1,000; there were 30 (4.5%)
accidents at these intersections; an av-
erage of 1,145,900 vehicles per accident
n 1952, (3) In Sussex County 1, 049 (71.4%)
intersections out of 1,470 had an average
daily traffic of less than 1, 000; there were
61 (19. 7%) accidents at these intersections,
an average of 1,924,200 vehicles per
accident for 1952,

There was a total of 4,784 accidents
reported by state police during 1952;
1,235 (25.8%) of these accidents were at
intersections, not including accidents oc-
curring in Wilmington.

New Castle County, with a figure of
910, 100, had the highest number of vehicles
entering intersections per accident of the
three counties. The state average was
798,400, Intersections with accidents
only.

Statewide intersections with an average
daily traffic of over 20,000 represented
L% percent of the intersections, 20,3 per-

sections where the frequency of accidents
has been greatest. The information is
intended to enable us to concentrate our
best efforts to reduce or eliminate any
vehicle hazards or conditions which could
cause the accidents, and to advise as
many people in and out of our state to op-
erate their vehicles in accordance with
the conditions which exist particularly at
these locations, as well as on all other
roads in the state. It is not felt that the
accident experience in Delaware for inter-
sections canbe considered bad. The study
indicates 93. 3 percent of the intersections
had one or less accidents in 1952, It
would be well if this could be said for all
the intersections. It is for this type of
performance which we strive.

CONCLUSION

The results of the Delaware 1952 Rural
Intersection Accident Study were pre-
sented to the people in Delaware ina
somewhat different form than that which
is being presented here. For the local
purposes the five intersections ineach
county which had the most-serious acci-
dent frequencies were discussed in detail
and sketches of the intersections were
presented showing the number and types
of accidents which occurred.

In Delaware as a result of the study it
was recommended that the state police be
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furnished copies of the report and that
they be instructed to keep under constant
surveillance the activities of the motor-
vehicle operators as they approach the
intersections which have the highest ac-
cident frequencies in each county.

It was recommended that the state high-
way department promptly act upon the
intersections which can be assisted by
good engineering practices. Particular
attention should be given to the construc-
tion of separate roadways where heavy
traffic volumes cross. The campaign for
having controlled access legislation in
the states should be vigorouslypursued,
since the report indicated that this type
of highway construction will positively
reduce the number and frequency of ac-
cidents on Delaware highways.

It was recommended that copies of the
report be made available to the press,
radio and television stations, to the Del—
aware Safety Council, to the Governor' s
Highway Safety Committee, and to other
interested commercial and industrial
industries in order that widespread interest
and knowledge concerming the conditions
at the intersections studied might be at-
tained. |

In the end the responsibility for ac-
cidents rests primarily with the driver.
The accidents are caused. They do not
just happen. This is merely another phase
1n the education of the motor-vehicle op-
erator. He now knows 1n Delaware the
intersections at which most accidents have |
occurred and should be 1n a better pos1t10n
to adjust himself accordingly.



Effect of Shoulder Width on Accidents on

Two-Lane Tangents

D.M. BELMONT, Associate Research Engineer
Institute of Transportation and Traffic Engineering

University of California

California accident records for 1948 were examined for the relation between

shoulder width and accident occurrence on two-lane tangents.

traffic volumes,

For similar

shoulders 6 feet wide were safer than narrower shoulders

and, also, (at volumes over 5, 000 vehicles per day) safer than wider shoulders.

@ THE purpose of this study was to ex-
amine the relation between highway shoul-
der widths and accident occurrence on two-
lane tangents. The California Division of
Highways made the study possible by pro-
viding, for two-lane roads of the California
Interstate Highway System, the number of
accidents reported for 1948, the cor-
responding shoulder and lane widths, and
estimates of traffic volume,

The data used were for rural road sec-
tions, with 55-mph. speed limit, of bi-
tuminous or concrete pavement,without
structures or intersections (except private
driveways), and predominantly straight
and level. Some curves are included,
but sections containing many or severe
curves have been eliminated. The study
is limited to paved or treated shoulders,
some being of concrete but the large
majority bituminous. It is believed that
in all cases the shoulders were visually
distinguishable from the roadway proper.
Included are 533 miles of road, on which
1,333 accidents were reported for 1948,

The road sections were grouped by
traffic volume and shoulder width as
shown in the Table. (Groups with a mile-
age of less thana mile have been omitted. )
From the 46 points listed, the following
regression equations' were obtained:

VA =.4766 + . 02202 v¥m (1)

VA = -, 0567 +.02287 vvym +.3175 vm
(if S<6') (2)

vA=.,1018 + . 01971_‘va +.4514 +vm
(if S<6') + .005485vvm (if S>6', and v>
5000) (3)

lThe square root of the number of accidents was chosen as the
dent variable b of its nearly constant variance,
very desirable in regression analysis.

Where A = number of accidents
v = average daily traffic volume
m = length of the road section
S = shoulder width

Values of VA givenby Equation 1, which
does not give effect to shoulder width, and
by Equation 3, which does, are shown in
Table 1 for comparison with the observed
values of VA.

For Equations 1, 2, and 3, the values of
the correlation mdex R are 0 824, 0, €56,
and 0. 900 respectively. The d1fference in
the first two values shows a significant® ten-
dency, in the data analyzed, for accident
rates to be lower on roads having shoul-
ders of 6 feet or more than on roads with
narrower shoulders. The difference in the
last two values shows that, for traffic of
over 5,000 vehicles per day, accident
rates were significantly lower with 6-
foot shoulders than with wider shoulders.

The analysis considers only three
shoulder widths: less than 6 feet, 6 feet,
and more than 6 feet. (Preliminary in—
vestigation indicated that the data are too
erratic to permit study of finer distinc-
tions in width). It should be emphasized
that the comparison is between 6-foot
shoulders and the entire group of widths
below, or above 6 feet. It cannot be di-
rectly deduced that the 6-foot shoulders
were safer than 5-foot or 7-foot shoulders.

Figure 1 shows the observedrelation
between accident rates and the three cate-
gories of shoulder width, consolidating the
data of Table 1. The corresponding values
given by Equation 3 are shown in Figure
2. A warning may be useful: Even if the
2 The F test shows thatthe difference 1n R® 1s significant at th

0 Ol-level for Equations 1and 2 and at the 0. 001-level for
Equations 2 and 3.
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theoretical relations are fundamentally
sound, the values found for the constants
in the equations are subject to error be-
cause of the large difference between re-
ported and actual accident rates.

It may be seen in Figure 1 that for
comparable traffic volumes, accident
rates for 6-foot shoulders were (1) uni-
formly lower than for narrower shoul-
ders and (2) at volumes over 5,000 ve-
hicles per day, lower than for wider
shoulders.

Preliminary investigation indicated
that the data would not yield an effect of
lane width on accidents. Table 1 indi-
cates lane widths (showing pavement
widths as rounded averages per mile),

to show that the effects attributedto shoul-
der width are not due to differences in
lane width.

It is easy to find reasons why shoulders
of about 6 feet should be safer than nar-
rower shoulders. Very narrow shoulders
may induce drivers to keep away from the
pavement edge (2) reducing clearance
between passing vehicles. Narrow shoul-
ders certainly restrict emergency ma-
neuverability. Shoulders narrower than
about 6 feet may prevent parking off the
roadway. But these reasons do not imply
much gain in shoulders wider than about
6 feet. It is true that trucks may need as
much as 8 feet for parking, and that addi-
tional width may be useful in working on a

and a glance at the column may suffice disabledvehicle. But shoulderswider than
TABLE 1
ACCIDENT DATA GROUPED BY TRAFFIC VOLUME AND SHOULDER WIDTH
Average Shoulder Average No of Miles Accidents
Daily Traffic Width Pavement Accidents Per Mile .
ft. Width VA from VA from
v s L A m A/m vA Equation 1 Equation 3
500-900 8 24 1 5.7 2 .0 1.9 1.3
1,000-1,400 2 22 3 4,0 T 17 2,0 2.4
10 20 1 3.2 3 10 1.8 1.3
11 22 2 7.5 .3 1.4 2.6 20
1,500-1, 900 2 21 7 6.1 11 26 2.7 3.2
3 21 44 223 2.0 66 4.8 61
4 22 7 3.0 2,3 2.6 2,0 23
5 20 22 10 7 20 4.7 3.4 43
8 22 50 68 4 T 71 8,0 6.8
2, 000-2, 900 3 20 49 12,6 3.9 7.0 4,2 50
4 20 7 5.7 1.2 2.6 2,9 3.4
5 22 22 14,2 1.6 4.7 4,4 5.3
] 21 10 14 7 T 32 4.6 3.8
7 20 3 11 2.6 L7 16 L1
8 24 25 56 8 .4 5.0 8.3 7.1
3, 000-3, 900 4 22 21 13.5 1.6 46 5.2 6.0
5 27 14 6.5 2.2 3.7 39 43
6 20 39 26 8 15 8.2 7.0 6.0
8 21 49 346 14 70 8.0 6. 8
4,000-4, 900 4 28 14 49 2.9 3.7 36 3.9
5 16 11 217 40 3.3 3.0 3.1
6 23 35 111 31 5.9 5.3 44
7 21 2 12 1.6 14 2.1 L5
8 20 52 24 3 2,1 72 7.8 6.7
5, 000-6, 400 3 20 41 86 48 64 5.6 6.0
6 36 26 9.5 2,7 51 5.4 4.5
7 20 36 94 3.8 6.0 5.7 6.0
8 21 84 20 9 4.0 9.2 8.1 8.8
6,500-7,900 2 20 12 1.0 12 0 35 2.3 2,2
3 18 51 9.5 5.4 7.1 6.3 6.7
4 21 15 35 4,2 39 4.1 4.2
5 22 15 2.6 5.8 39 3.6 3.6
7 22 57 8 4 6.8 7.5 6.0 6.4
8 20 64 175 3.7 8.0 8.3 90
10 20 9 L5 6.0 3.0 2.8 217
8, 000-9, 400 2 20 35 5.5 6.4 59 5.3 5.5
3 19 53 99 5.3 7.3 6.9 7.2
4 20 10 3.6 2,8 3.2 4.3 4.3
6 20 35 7.9 4.5 5.9 6, 2 5.2
8 20 110 22,7 4.8 10,5 10.1 11,1
9 20 9 3.4 2,6 3.0 4.2 4.3
10 20 15 17 8.6 3.9 3.2 3.2
9,500-10,900 8 20 138 18.2 76 1L 7 9.9 10.9
11,000-12, 400 2 20 8 L1 7.1 2.8 2.9 2.8
6 20 12 3.2 3.8 3.5 4.8 4.0
10 20 8 L1 7.5 .8 3.0 3.0
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widths.

about 6 feet may have serious disadvan-
tages. For example, in congested traf-
fic they may be used for passing on the
right,

Such considerations lend support to the
conclusions reached by the -statistical
analysis. The data analyzed contain, how-
ever, several weaknesses — some curves
are included, for example, and there is a
scarcity of 6-foot shoulder points at high
volumes. The conclusions must there-
fore be regarded as being far from def-

initely established. It may be noted that
they receive considerable confirmation
from Raff's results (1), which also point
to an optimum shoulder width somewhere
between 5 feet and 8 feet. The negative
conclusions reported by Raff are ap-
parently based on the absence of a sig-
nificant linear relationship between acci-
dent rates and shoulder widths., This
would be quite compatible with the more-
complicated relationship found in the
present paper.
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Effect of Enforcement on Vehicle Speeds

JAMES STANNARD BAKER, Director of Research

Traffic Institute, Northwestern University

As a deterrent to people whowould otherwise drive faster thanthe law permits,
police activity on the highway is believed to work in three ways: (1) the visible
presence of a patrol unit presents the immediate possibility of enforcement
against violators at that time and place; (2) the general belief that speed laws
are enforced on a highway will deter drivers from exceeding the legal speed
limits, even if no patrol unit is known to be in the vicinity; (3) a general belief
that traffic laws are enforced in a community or other area will stimulate com-
pliance with the speed laws in that community.

Pilot studies have been made at the Traffic Institute, Northwestern Uni-
versity, in a cooperative project with the Bureau of Public Roads to explore
questions raised by the first and third effects of enforcement on speeds men-
tioned above.

Various methods of measuring the speeds of vehicles were studied, and it
was found that two types of recording speed meters were suitable.

Of six different means of describing speed considered, it was decided that
the most practical for the purpose of the study is the average excess speed,
which is the sum of the amount by which each vehicle exceeds the speed limit
divided by the total number of vehicles.

Studies were made of the effects on average excess speed of both a standing
patrol unit and a moving patrol unit for traffic within limited distances from the

unit.

Studies also were made of vehicle speeds in Chicago before and after a

substantial increase in the level of law enforcement.

@ TRADITIONALLY the legislative branch
of government has established maximum
speeds for various types of roadways; the
executive branch, as represented by police
agencies, has the responsibility of arrest-
ing drivers who exceed these speeds; and
the judicial branch has had the duty of
penalizing such violators. In some places
the establishment of speed zones has been
delegated by the legislative branch of
government to traffic engineers in the
executive branch,

From the administrative (police) stand-
pomnt, we are imnterested in knowing how
much and what kind of activity will be
necessary to fulfill the obligations im-
posed by legal speed limits on the admin-
istrative and judicial agencies and what
effect such enforcement will have on the
accidents which speed laws are intended
to prevent.

As a deterrent to people who would
otherwise drive faster than the law per-
mits, police activity on the highway is be-
lieved to work in three ways:

1. The visiblepresence of a patrol unit
presents the immediate possibility of en-

i3

forcement against violators at that time
and place. A question arisesas to how far
from the patrol unit such influence ex-
tends; in other words, what is the "halo"
of law observants surrounding a standing or
moving patrol unit. A secondary question
arises as to the relative effectiveness of
patrol units of various degrees of recog-
nized ability.

2, The belief on the part of drivers
that speed laws are enforced on a highway
will deter some drivers from exceeding
the legal speed limits, even if no patrol
unit is known or believed to be in the
vicinity. How much enforcement is nec-
essary to produce such a belief to the ex-
tent necessary to get a given degree of
compliance with the law? A second ques-
tion arises as to how long it will take after
enforcement is applied for driver behavior
to be affected and how long the law ob-
servance will continue after enforcement
activity has ceased.

3. A belief that traffic laws are en-
forced in a community or other area, will
stimulate compliance with all laws, in-
cluding the speed laws, in that community.
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How much change in general traffic law
enforcement will secure a given change in
speed law observance? What effect will 1t
have on accidents?

To findfactual answers to questions like
those raised indiscussions of the effect on
speed of enforcement is not easy. The

conditions under which measurements or
observations must be made are difficult to
control, and units of measurement of en-

forcement,
quency of apprehension,

which include not only fre-

but severity of

penalty, are difficult to devise.
Pilot studies have been made at the
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traffic institute 1n a cooperative project
with the Bureauof Public Roads to explore
questions raised by the first and third ef-
fects of enforcement on speeds mentioned
above, namely: (1) the effect of a patrol
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Figure 3. Fffect of patrol motorcycle mov-

ing at speed limt on vehicles within sight.

unit on speeds of nearby vehicles and (2)
effect of increased enforcement on ve-
hicle speeds in Chicago.

MEASUREMENTS OF SPEED LAW
VIOLATIONS

Much of the effort inthese studies went
into finding suitable means of measuring
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the amount of law violation. First there
was a problem of economically measuring
vehicle speeds with enough accuracy, par-
ticularly at the higher speeds which are of
primary interest in studies of this kind.
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Figure 4. FEffect of patrol motorcycle mov-

ing at 5 mph. below speed limit on vehicles
within saight.

Hand timing with stop watches was found
unsatisfactory, especially where traffic
volumes are high. Two types of record-
ing speed meters appeared to be most
suitable: (1) the radar meter where traf-
fic volume is low and (2) a specially de-
signed device, not commercially available,
operating from road tubes. Automatically
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and accidents.

recording meters are almost a necessity
in such studies as these.

Six different means of describing speeds
were considered: (1) mean or arithmetic
average, which may be influenced little
by enforcement which acts most strongly
on the few high-speed drivers; (2) median
or 50-percentile, which is subject to the
same difficulty as the mean; (3) 85-per-
centile; (4) vehicles per hundred exceeding
the speed limit; (5) excess speed per ve-
hicle or average excess speed, 1.e., the
sum of the amount by which each vehicle
exceeds the limit divided by the total num-
ber of vehicles; and (6) gquadratic mean
of the excess speed per vehicle, which
gives additional emphasis onthe extremely
high speeds.

Of all these, the most practical for the
purpose is the average excess speed, or
excess speed per vehicle., It reflects re-
ductions 1n high speeds much better than
either the 85-percentile or the percentage
of vehicles exceeding the limit. Itis
easier to compile than the quadratic mean

TABLE 1
CHANGE IN EXCESS SPEED PER VEHICLE FROM NORMAL

With Standing Patrol Unit
§rpeed Tamit 35 miles per hour

Change mn Excess Speed
Patrolman Patrolman Normal
Position Inside Giving Ticket Excess
no
Patrol
Present
300 feet before
over taking 0.0 1.5 decrease
330 feet after 2,6
over taking 2. 1 decrease 2. 0 decrease
330 feet before
meeting 4, 1 increase 1. 1 increase
300 feet after .42
meeting 1. 4 increase 0, 1 decrease

which 1s, of course, the aim of enforce-

ment.

EFFECT OF STANDING PATROL UNITS
ON SPEEDS OF NEARBY VEHICLES

In all cases the observations were made
on a long, straight level stretch of road
without view obstructions or marginal
interference. The changes in the excess
speed per vehicle from a normal estab-
lished when no patrol unit was present
are shown. Completely to suppress vi-
olations, the excess speed per vehicle
would have to be reduced to zero.

The effect of a patrol unit standing by
the side of the road on the excess speed
per vehicle when vehicles are about100
yards before overtaking and meeting, and
about the same distance after overtaking
and meeting, are shown in Table 1. The
effect of a highway patrol car not con-
spicuously marked standing by the road-
side with a patrolman waiting at the wheel
are shown separately from those of the
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Figure 6. Night speeds reflect increased
enforcement more than day speeds.



same patrol unit in which the officer ap-
pears to be giving a ticket to a stopped
driver.

These figures suggest some slowing of
traffic overtaking the standing patrol unit
both before and after overtaking, but little
effect on traffic in the opposite direction.
We would logically expect that drivers
would be more influenced by the likelihood
of a patrol car giving pursuit when it was
headed the same way than when it was head-
ed in the opposite direction. However, the
figures obtained 1in this pilot study cannot
be considered significant. Each condition
reported represents fewer than 50 ve-
hicles observed and the standard error of
the differences is in no case less than a
third of the difference., Hence larger
samples must be studied to get truly sig-
nificant data. It was estimated that from
150 to 200 cars would have to be observed
to get reilable data.

EFFECT OF MOVING PATROL UNIT ON
SPEEDS OF NEARBY VEHICLES

A similar pilot study was made of the
effect of a motorcycle patrolman in mo-
tion. The location was a long stretch of
dual highway. The patrolman passed the
check pomnt at a predetermined speed
about every 8 minutes in one direction. He
couldbe seen by cars as much as half a
mile behind him and a quarter of a mile
ahead. For each vehicle passing the
check point two things were recorded: (1)
its speed and (2) the number of seconds
by which it preceeded or followed the
patrolman. With the patrolman at a con-
stant known speed, his distance ahead of or
behind the observed vehicle could be
computed.

The observations of vehicles with
respect to the patrol vehicle for anumber
of passes of the patrol vehicle were com-
bined. The observations made when the
patrolman was moving at exactly the
posted speed limit of 35 miles per hour
are shown in Figure 1. Each point rep-
resents one vehicle observed. Normally
(that is when the patrolman was not in
sight), more than half of the cars exceed-
ed the speed limit and of those which did
so half exceeded it by more than 5 mph.
This 1s shown by the points at the extreme
right and left (more than 20 seconds ahead
of or behind the patrolman). Just behind
the patrol unit the number of vehicles
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exceeding the limit seems to be reduced
a little, but for about 1,000 feet ahead
few exceed the limit, and of those only one
exceeded it by more than 5 mph. The high
speed of this one suggests that it may have
been an error in observation.

A similar (but larger) number of ob-
servations was made with the patrolunit
moving 5 mph. lower than the posted
limit. These are shown in Figure 2 and
even more clearly indicate that the effect
of the unit is limited toabout 1, 000 feet or
less ahead and only a few-hundred feet
behind. The increased number of cases
immediately following the patrolman and
the decreased number ahead shows that
traffic normally going faster hesitates to
overtake and forms a tail or que behind
the patrolman,

The same data can be shown by speed-
distribution curves for vehicles observed
when the patrolman was in sight compared
to the normal curve when he was not in
sight (Figs. 3 and 4). Note that there's
a substantial difference in the speeds of
the vehicles in sight ahead: less for those
following; for those in sight but about
1,000 to 2,000 feet behind, almost no dif-
ference. Table 2 gives the effect of the
moving patrol unit in terms of decrease
in average excess speed for intervals
before and after patrol.

All of these data are from short pilot
studies in which the volume of data were
insufficient to be conclusive, Full-scale
studies should be made which would show
more precisely the effect on speeds of the
presence of a patrol vehicle at a greater
range of distances from the vehicle and,
also, for different degrees of conspicuous-
ness of the vehicle,

EFFECT OF INCREASED ENFORCE-
MENT ON VEHICLE SPEEDS IN
CHICAGO

To get some 1dea of what effect over-
all enforcement has on behavior and ac-
cidents, a special study was made.

In connection with a substantial increase
ir the level of law enforcement in Chicago,
speed observations were made by day and
night, at eight selected typical locations,
before enforcement was increased and the
first and third year following. Figure 5
shows how the increase in arrests for
speed (which remained a fairly constant
percentage of arrests for all hazardous
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traffic violations) resulted, either alone
or in connection with arrests for other
offenses in reductions in excess speed per
vehicle, and a similar but smaller reduc-
tion 1n the traffic-accident death rate.
Thus, somewhat more than doubling arrests
for hazardous traffic law violations results
i slightly less than halving the excess
speed per vehicle. The death rate also
dropped but not quite so much.

Figure 6 shows how the night speeds
responded more to the additional enforce-
ment than day speeds did. At the eight
points studied the average excess speed at
night was, tobegin with, considerably high-
er thanby day, nearly athird, infact. Pos-
sibly this may have been because there
was little night enforcement. With the
mcrease 1n enforcement there was a con-
spicaous, but not specifically recorded,
improvement in selectivity of enforce-

ment, which increased the amount of night
enforcement more than the day enforce-
ment. How important this effect is, we
do not know. The apparent effect on speed
seemed to have no comparable effect on
accidents by night and day. The percent
of total fatal accidents between 8 p. m, and
6 a. m. was 46 in 1948 and'47, 44, and 42
respectively in the three following years.

No records were available to show what
changes there were in the severity of
penalties. Further studies of this sort
should be repeated when suitable oppor-
tunity presentsitself in communities which
are prepared to make substantial and con-
tinuing increases in city-wide enforcement,
As aresult of such studies, it is to be
hoped that some kind of formula might be
devised which would permit some esti-
mate of the amount of enforcement nec-
essary to securea given level of accideuts.



Automobile-Barrier Impacts

D. M. SEVERY and J. . MATHEWSON

Department of Engineering, University of California

This paper describes thefirst of a series of proposed tests through which (1) the
protective or restraining features of an automobile chest-type, lap-type and
shoulder-type safety belt will be evaluated and (2) an engineering analysis of the
collapse characteristics of an automobile structure on impact will be made.
The study of the collision properties of the car should lead to a better under-
standing of the nature of deceleration by collision and the causes of departure
of collision-deceleration patternsfrom the theoretically ideal pattern of uniform
deceleration, There should follow the determination of those structural mod-
ifications which, in the case of headon type collision, will provide automobiles

with 1improved progressive collapse characteristics.
The automobile used in this test was a 1937 Plymouth which had been instru-
mented with mechanical and electrical accelerometers and electrical strain

gages.
safety belt to an instrumented seat.
pushmg, guided by remote control,

@AS a general economy measure, the
research engineer attempts to reduce the
system under analysis to a laboratory
model where observations may be made
under conditions which are more-easily
controlled. After considering a variety of
laboratory models, it was decided that none
of them could be developed to accurately
duplicate all of the possible reactions of
the automobile under impact without ex-
ceeding the time and cost of full-scale in-
vestigation. Full-scale automobile impact
studies eliminate the unknown factors
which appear when attempting to interpret
the laboratory findings in terms of their
application to the full-scale device.

With these problems in mind, crashing
test cars into a fixed barrier appeared to
be the system which provided the best ex-
perimental control without deviation from
the concept that the tests should duplicate
the physical conditions common to the
severe impact, A barrier 8 feet high and
14 feet wide was constructed of large-di-
ameter utility poles backed by suitable
cross members and braces and several
tons of dirt.

An instrumented anthropometric dummy was secured by a chest-type

The instrumented car was accelerated by

and allowed to coast into a fixed barrier.
The barrier was constructed of large diameter utility poles backed up by dirt
so as to provide an essentially nonyielding wall.

A high-speed motion-picture camera and several accessory movie cameras
were directed at the point of impact. The instrumentedor crash car was suitably
calibrated with visual markers to facilitate accurate evaluation of the decelera-
tion pattern of the car during impact through subsequent film analysis.
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A track was used to pusn the instru-
mented car up tothe desired speed, to pro-
vide a mobile position for the remote-
control operator, and for carrying the
Hathaway 12-channel recording oscillo-
graph. The truck -pulled the trailer used
to carry the portable power uhit. An
electrical cable which could be paid out
rapidly from the pushing vehicle linked
the instruments in the two vehicles. The
car was guided by remote control to crash
into the barrier. Electronic, mechanical,
and photographic instrumentation were
used to record decelerations, strains, and
the other dynamic phenomena under ob-
servation during the impact.

An instrumented human subject and an
instrumented anthropometric dummy, se-
cured by a chest-type safety belt, simulated
the drivers of this 1937 Plymouth test
car for the low- and high-speed tests,
respectively.

The first impact test was made at ap-
proximately 10 mph. with a human sub-
ject as well as the dummy in the car. Both
the subject and dummy were restrained by
safety belts which passed horizontally
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The test car and dummy.

Figure 1.

across their chests and under their arms
to rigid anchorages behind them. The
belts were made of 3-inch nylon webbing
attachedto 40-Ghardware. In the interests
of safety it was considered inadvisable to
use a human subject at higher speeds. The
test to destruction was executed at a speed
of 25 mph. The dummy sustained some
damage to the neck and arms at the peak
deceleration of approximately 24 G, but the
failures were essentially those associated
with construction details not corrected
during the dummy's modification for these
tests. The restraining device gave a
satisfactory performance..

The barrier-impact technique provides
apractical means for studying the reactions
of automobiles and motorists under de-
structive impact conditions. For the par-
ticular car used in the test, the bumper
and its fastenings were crushed in a dis-
tance of 12 inches without absorbing any
significant amount of energy. The frame
of the car absorbed on impact less than a
fourth ofthe car's kinetic energy. The
deceleration pattern indicated a higher G
loading than there would have been if the
automobile design hadprovided energy ab-
sorption upon impact by the progressive
collapse of the forward structure. The
intact portions of the car frame appear to
reach peak rates of deceleration some-
what higher than the adjacent upper parts
of the automobile body. One of the more-
significant contributions of this crash-
injury program to date has been the de-
velopment of a testing technique suitable
for conducting controlled automobile
crashes which yield adequate and rea-
sonably accurate scientific data without
hazard to research personnel.

THE TEST CAR

A 1937 four-door Plymouth sedan was
modified for the crash in the following
manner:

1. The front and rear doors on the
driver side were removed to provide an
unobstructed view of the dummy (Fig. 1).
This provision allowed the dummy's move-

ments during impactto be photographed by |

the high-speed camera. The removal of
the doors did not affect the car's struc-
tural properties significantly. Experience
has shown that doors frequently fly open
under similar conditions of impact, and
the cabin structure of the automobile was
not subjected to decelerative forces suf-
ficient to produce a permanent set in the
cabin structure, even without the doors.

2. Windshield and window glass were
removed.

3. The front and rear seats of the car
were removed.

4. A specially designed seat and seat
support were installed in place of the
standard car seats. The purpose of this
structure was to provide a rigid mount
for the seat which would allow the strain
elements attached to the seat to be free
from detecting the unrelated, complex,
high-frequency vibrations which generally
mask the principal forces of deceleration
in this type of crash.

The two seat and foot rest supports
were secured to two parallel 4-by-6-inch
steel I beams mounted longitudinally on the
floor of the car (Fig. 1). This permitted

the loading of the seat and footrest during
impact to be detected by electric strain
gages.

5. A vertical I-beam member secured

Figure 2. Remote control steering apparatus.



to the horizontal member provideda T
post to which the terminal mounts and
strain gage elements of the safety belt
were secured.

6. Remote steering was provided by
| a large pulley bolted to the steering wheel
- and, as shown in Figure 2, actuated by a
cable joining it to the pulley of a selsyn,
" mounted on the horizontal I beam between
the legs of the dummy. This selsyn was
connected electrically with a similar unit

on the instrument truck used for remote
control.

7. The test-car parking brake was
rigged sothat it could be actuated mechan-
ically from the instrumented truck.

8. All items in the car cabin which
were inadequately secured were removed
or bolted down to prevent their shifting
forward during impact.

THE INSTRUMENTED TRUCK AND
TRAILER

A 1'%%-ton Chevrolet carryall was used
to push the test car into the barrier and to
carry the electrical recording equipment
(Fig. 3). A horizontal deck, 4 feet deep
and 6 feet wide was built over the engine
hood of the truck to provide an area on
which to lay the excess length of instru-
mentation wires used to connect the test
car with the instrument truck. The wires
were bound together to form a cable, and
this cable was laid onthe deck in a manner
which prevented itfrom snagging as it was
drawn rapidly from the decelerating truck
by the test car coasting on intothe barrier.

The wires from the test-car steering
selsyn were routed through the common

Figure 3. 1%-ton carryall used to push
test car into barrier.
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Twelve-channel recording oscil-
lograph.

cable to the instrument-truck control selsyn

and power source. The control selsyn

was operated from a vantage point on the

cable deck of the instrument truck.

The instrument truck carried a Hath-
away 12-channel recording oscillograph
and accessory equipment (Fig. 4) and
pulled a 6-foot, two-wheel trailer which
carried the portable 115-volt power unit.

Figure 4.

THE ANTHROPOMETRIC DUMMY

The phase of this research project
concerning the development and eval-
uation of devices appropriate for restrain-
ing the motorist against the effects of
crash deceleration suggested the need for
a test dummy. This seemed advisable
owing to the small amount of information
known about the deceleration pattern of the
crashing automobile and the effects of
such irregularities on the human body
secured by restraints of new design.
Eventual evaluation of the voluntary limits
of such protective devices must, of course,
be made by human subjects, possibly
preceded by tests made on live animals
having anatomy comparable withthe human
body, e.g., apes.

The anthropometric dummy developed by
the Institute of Transportation and Traffic
Engineering, University of California, will
be referred to for simplicity as the ITTE
Dummy. In addition to the requirement
that this dummy should have the physical
appearance of man, it was considered
necessary that it should have a total weight
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TABLE 1

CALCULATION OF MEAN PERCENTAGE FOR WEIGHT DISTRIBUTION OF THE HUMAN BCDY AND
ITS COMPONENT PARTS

Mean % Dummy |Dummy
Segment Cadaver Cadaver Cadaver Arithmetic | of Total Weight ¢ [Weight ¢
11 Bl IV. Average Body (Grams) [ (1b.)
Total % % %
Body Gms 5, 100 100 60, 750 100 55,700 100 63, 850 100 71,214 157
1b. 165. 6 133.9 122. 8 140.-8 100 154
Head 5,350 7.1 4,040 6. 65 3,930 7.06 4,440 7.Q 4,985 11.0
Trunk B6,020 48 28, 850 66. 5 23,780 42. 8 29,550 46, 2 32,901 72.5
Intact Arm?2 | 4, 870 6.5 3,515 B 3,615 6.5 4,000 6.3b 4,486 9.9
Upper Arm | 2,570 3.4 1,935 322 1,875 3.4 2,127 3.4 2,421 5.3
Forearm &
Hand 2,300 3.1 1,575 2.6 1,740 3.1 1,872 2.9 2,065 4.6
Forearm | 1,650 2.2 1,085 1.8 1,270 2.3 1,350 2.1 1,495 3.3
Hand 645 . 86 485 . 86 470 .85 533 0.8 570 1.3
Intact Leg 12,005 16 10,450 17.2 10,380 187 10,945 17.1 12,180 26.8
Upper Leg | 7,475 9.9 6,450 10. 6 6,450 11. 6 6,792 10.7 7,620 16. 8
Lower Leg
& Foot 4,485 3,965 3,930 7.1 4,127 4,558 10.0
Lower Leg 3, 265 3 2, 875 4.7 2,935 5.3 3,025 4,7 3,347 7.4
Foot 1,130 L5 1,075 1.8 995 1.8 1,067 L7 1,211 2.7

2 Remainder of this column gives the arithmetic average of right and left body components.

Remainder of column applies to percentage weight of one side of body only, e.g. 6.3% x 2 = 12, 6%, the percentage weight of botharm

UCLA Dummy.

comparable to man and that the distribu-
tion of this weightamong the various com-
ponents of the body follow that of man. It
was further considered essential that the
weight distribution among the various com-
ponent parts of the body be adjusted so that
the center of gravity of each body segment
approximate that of man. The specifica-
tions used in determining these factors

were based on the cadaver studies by
Braune and Fischer (1). A final spec-
ification was that this™ dummy possess a
degree of joint fixation in the principal
joints of the body which approximates that
of an average strength individual alerted
to an impending crash.

Such additional refinements as the
provision of tissue compressibility and

Figure 5.

Modifications made in dummy leg to resemble human leg.
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tissue resiliency, as well as muscle re-
turn, could not be incorporated in this
experimental model, since this would
involve the expenditure of time and funds
far in excess of practical limits.

TABLE 2

MEAN PERCENTAGE FOR
CENTER OF GRAVITY LOCATION
(After W. Braune and O. Fischer)

Segment P roximal Distal
Total Body : :
Head ¢ c
Trunk (and neck) d
Intact Arm 0, 94 0, 08
Upper Arm .47 .53
Forearm and Hand . 47 .53
Forearm .42 e .58 e
Hand (slightly flexed
Intact Leg .89 f .11
Upper Leg .44 .56
Lower Leg and Foot .52 .48
Lower Leg .42 .58
Foot .43 .57

:1 cm under Promontory, 4 cmin front of 2nd Sacral vertebra.
In the fossa tarin: 0.7 behind the Sella turcica, exactly in
Sagittal plane.

C At first Lumbar vertebra (near the medial plane),

In upper arm just above elbow axis, 1.5 cm 1n front of bone.
5.5 cm p, 1 cm in front of the center of ITT Meta carpal near
skin of the palm.

To knee joint, although entire leg is being considered.

An unusually well-designed articulated
manikin was purchased and modified along
the lines already indicated. This was
necessary, since there was no commer-
cially produced anthropometric test dummy
on the market at that time. The principal
modifications were those concerning the
strength and weight distribution of the
dummy. An example of such a revision
is shown by Figure 5. The lower leg was
reinforced by the addition of “4-by-2-inch
iron stock of a length sufficient to allow it
to serve the purpose of the tibia in the
human counterpart. The other segments
of the dummy were strengthened as re-
quired. Access doors were provided for
the mounting of accelerometers in the head
and chest cavities. Theplaster-cardboard
covering of the head and trunk were re-
surfaced with a tough fiberglass boat
cloth. This was securely bonded to the
plaster surfaces with an application of
cold-cure boat resin.

Data for the ITTE Dummy

Table 1 provides the data upon which
the weight distribution of the dummy was
based. Table 2 supplies the mean per-
centage for center of gravity location,
and Table 3 gives the data on articulation
of the dummy,
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INSTRUMENTATION

Photographic, electronic, and me-
chanical systems of instrumentation were
used to record decelerations, strains,
and the other dynamic phenomena under
observation during this impact test. An
attempt was made to overlap these re-
cording systems wherever possible, so
duplication of data could be obtained for
verification purposes and for guarding
against complete loss of some phase of
essential data due to equipment failure
during the impact.

The principal source of photographic
data was obtained with the use of an East-

TABLE 3
ARTICULATION OF ITTE DUMMY

This dummy 18 provided with joints enabling motion com-
parable with the principal joints of the human body. It will be
noted that some of the degrees of freedom of human jomts
have been omitted since they play no sigmficant part in body
dynamics during crash deceleration.

Angle
Body Segment Motion (Deg.)
Head-(relative to Forward flexion 44
trunk) Backward flexion 26

Sideward flexion (either side) 25
Rotation {either side) 90

Arm (relative to Forward flexion 180
shoulder) Backward flexion 180
Abduction 140

Forearm (at elbow) Forward flexion 119

Hand (relative to Forward flexion 90
forearm) Backward flexion 90

Hand (relative to Rotation (either side) 90
elbow)

Torso Deflection Forward flexion 25
(Shoulders relative  Backward flexion 15
to pelvic girdle) Rotation to either side 60

Thigh (relative to Forward flexion 110
pelvis) Backward flexion 25

Lower leg (relative to Backward flexion 108
thigh) Rotation (either side)® 90

Foot (relative to Forward flexion 30
ankle) Backward flexion 30

2 Not an anatomically correct articulation since this motion
accomplished the rotation of the dummy's foot relative to
the ip by motion at the knee rather than at the hip as with
the human.

man high-speed camera, Type III, which
was operated at approximately 1,000
frames per second. A 60-cps. timing
light built into the camera recordeda
timing signal on the edge of the high-
speed film so that allowance could be
made for the acceleration of this film. In
addition, two checkerboard patterns were
painted on the car at an accurately meas-
ured distance of 3 feet apart for the
purpose of providing a precise length
measurement in the field of the camera
at-the distance of the test car. As may be
seen in Figure 6, this calibrated ref-
erence was placed above the car doors and
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Figure 6.

Checker board pattern on car for calibration with photo-

graphic film.

was used for length calibration of the film
at the instant just before the car impact
occurred. Other reference markers were
painted onthe side of the car and calibrated
marker boards were mounted on a fence
behind the car and inview of the cameras.
This film was subjected to a frame-by-
frame analysis using a Bausch and Lomb
optical comparator’ to provide accurate
information on the deceleration of the car
and dummy. A Kodak 16-mm. Ciné Spe-
cial II operated at 64 frames per second
and a 4-by-5-inch Speed Graphic camera
provided additional photographic records.

Car-to-car head-on collision.

Figure 7.

The electronic portion of the instrumen-
tation consisted of a Hathaway 12-channel
recording oscillograph which received
signals from Hathaway accelerometers
!This system produced only an error of 2.2 percent, de-
scribed by the paper '"Controlled Test to Evaluate the Ac-
curacy of Accelerations Derived from the Analyses of High

Speed Camera Film Using a Bausch and Lomb Optical Com-
parator,' D. Severy and P. Barbour. Unpublished.

mounted in the chest cavity and head of the
dummy as well as on the forward surface
of the chest belt. The oscillograph also
received signals from strain gages mounted
to record the impact forces the dummy
exerted on the foot rest, on the seat, and
on the chest-level safety belt. The cables
from these detectors were bound to the
cable connecting the selsyn motor to the
remote steering selsyn. The other end of
this 100-foot cable was connected to the
recording and control equipment in the in-
strument truck. The excess cable was
stored on the truck in the manner already
described.

TEST SITE AND BARRIER

Because of the hazardous and unusual
nature of this investigation, it was nec-
essary tosecure the use of a test site which
was located in an unpopulated, fenced-in
section having a roadway at least 800 feei
long. Arrangements were made with the
Los Angeles Department of Water and
Power to use a portion of its facilities at
the Valley Steam Plant. This department
also prepared the necessary dirt roadway
and constructed a barrier at one end of the
road. As may be seen in Figure 6, the
barrier, which was 8 feet high and 14 feet
wide, was constructed of large-diameter
electric-utility poles. These were sunk to
a depth of 8 feet in the ground and backed
by suitable cross members and braces to
provide a rigid structure. The mass of
the barrier was augmented by placing dirt
against the rearward side of the structure.

The barrier was inspected directly
following the high-speed impact. There



Accelerometer mounted on crash
helmet.

was no indication of significant displace-

Figure 8.

ment of the barrier. The timber retained
a deformation of approximately Y4 inch in
several small areas. Although there was
no doubt that significant energy was ab-
sorbed upon impact, it seems reasonable
to conclude that the severity of the col-
lision was not reduced significantly by
yielding of the barrier.

The barrier impact imposes a more-
rigorous test of the protective qualities
of a motorist restraint thanwould generally
be encountered in a car-to-car head-on
collision. In the latter there would be
mutual penetration, as shown by Figure 7,
and cansequently, a lower deceleration rate
than wouldbe the case withthe car-barrier
impact in which one of the two colliding
objects is essentially nonyielding and non-
penetrable.

TEST PROCEDURE

Immediately preceding the experimental

Colibroted Reference Boords

Fence
/_ ]

CONTROL CAR
REMOTE STEERING GONTROL

Turn area
Ia—‘

) ligh speed camera

S_JBODM Special (for panning)

Figure 9. Plan of test setup.
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impact, the test car was slowly pushed
until the front bumper rested against the
barrier. The high-speed camera was
placed at a point 30 feet from the car,
directly opposite -its front door. The
high-speed camera was adjusted at this
position, and other photographic equip-
ment was grouped around it and adjusted

for operation. The procedure which
proved to be the most practical was to
utilize remote-control steering, push the
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Figure 10. (Top) Head oscillation with re-

spect to deceleration pattern of car and
belt. (Bottom) Deceleration-time relation-
ship for gross accelerometers.

test car up to the desired speed, and allow
it to coast into the barrier. Needless to
say, numerous dry runs were made before
the first impact in order to perfect op-
erational procedures. Following these,
the test car was backed away from the
barrier about 400 feet in preparation for a
low-velocity impact involving the use of a
human observer. A Hathaway accel-
erometer was mounted on the crash helmet
(Fig. 8) and a similar unit was secured to
the forward surface of the horizontal chest
belt used to restrain the human (Fig. 1).
The initial impact speed of 10 mph. proved
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to be the limiting velocity of impact for
the volunteer subject under the rigorous
conditions imposed by this particular
barrier crash.

An impact speed of 25 mph. was con-
sidered advisable for the high-speed test,
using an instrumented dummy, so that the
data obtained could be compared directly
with a previous study (unpublished) con-
ducted by this institute of a headon col-
lision staged at approximately the same
speed. Trial runs showed that if the test
car were pushedto a speed of 30 mph. until
it was 100 feet from the barrier, it would
decelerate, while coasting, to 25 mph. just
as it passed to one side of the barrier.
This break-away distance of 100 feet en-
abled the instrument truck whichwas doing
the pushing to break away and decelerate
at a moderate rate and stop 40 feet short
of the barrier while the test car pulled
the instrumentation cable from the cable
deck of the truck as it coasted into the
barrier at 25 mph. (see Fig. 9). The
practical runs familiarized each member
of the research team with their respon-
sibilities, and enabled operational problems
and equipment failures to be observed and
corrected. At the test run speed of 30
mph. , the operator experienced some dif-
ficulty in remotely controlling the test car
by the relat1ve1y low-torque selsyn. For-
tunately, appropriate corrections were
possible so that the car struck the middle
of the barrier at 24. 9 mph. (Fig. 6).

TEST RESULTS

Head Oscillations and Other Responses of
the Body to Crash Decelerafion Under Re-
strained Conditions

Analysis of the motion-picture film
revealed that the head of both the human
sub]ect and the dummy passed through a
1'4-cycle oscillation. In both cases, the
head appeared to be forced as far forward
as the neck would flex during the first
phase of the impact and, subsequently, as
far backwards as the neck would flex. An
illustration of head oscillation with respect
to the deceleration pattern of car and belt
is shown in Figure 10. In the human test
the subject reported that during the low-
velocity impact his head whipped forward
so abruptly that he could hear a succession
of snapping sounds which he attributed to
the sound from the flexing of the cervical

vertebrae reaching the audioreceptive
organ through the medium of bone con-
duction. A mild pain in the vicinity of the
neck persisted for one day. Inthe mon-
umental work of Stapp (2) the danger of
head-whip was averted by having the
subject's head and neck flexed forward as
nearly horizontal as possible before im-
pact. It is not believed that such pre-
positioning would, however, be feasible
for motorists because of the special train-
ing required. It is also true that this
special collision posture would make it
impossible for a driver to see ahead and
to apply corrective action up to the in-
stant of impact and thereby reduce the
severity of the collision. Thus, since
motorists cannot be expected to assume
this more-favorable-posture during an
impending collision, it was decided not to
introduce such a protective measure into
this investigation, at least until the effects
without it were observed. The relatively
heavy, protective helmet carrying a 1-1b.
accelerometer attachment worn by the
volunteer subject unquestionably increased
the severity of this head-whip phenomenon.

Restraining Capacity of the Belt

The chest-type belt was anchored to the
rear, on each side of both the subject and
the dummy. The belt passed under the
arms and across the chest horizontally.
At the chest level, this device restrained
both the subject and the dummy against
any observable forward movement under
the influence of deceleration.

Photographic analysis showed that on
impact the dummy slid forward in his
seat approximately 12 inches. This would
have put his knees near or against the in-
strument panel if his seat had been the
usual distance from the instrument panel,
but his head and shoulders still would have
remainedclear of the steering wheel under
such conditions. Actually, the knees did
strike the steering wheel, causing mom-
entary elastic deformation of the wheel.
The feet were placed on an inclined sur-
face which simulated the usual floor board
arrangement of the automobile. They re-
mained in this position during the impact.

Figure 6 shows the dummy's position
shortly after the instant of maximum de-
celeration. The arms of the dummy were
thrown forward and upward from the lap
position in a flailing motion despite the



preimposed joint fixation. This whip action
snapped the left armfree from the shoulder
and caused the right hand of the dummy to
pull loose at the wrist. The arm failure
occurred because there was only % sq. in.
of wood available to support this average
weighted arm against the combined ef-
fects of deceleration, which increased the
effective weight of the arm on the order
of 20 times, and the bending moment at
the shoulder which developed due to the
preimposed joint fixation. In the case of
the dummy's hand, the spring-loaded ball-
pin locking device should have been re-
placed by apositive locking device to make
it correspond more closely to the strength
of its human counterpart.

Although there is experimental evidence
that human arms do not tear loose from
decelerations far in excess of 20 G, the
arm of the dummy which remained intact
was tested to destruction experimentally.
Static loading designed to approximate the
dynamic conditions of the barrier impact
produced failure for a longitudinal load of
103 1b. and a transverse load of 90 1lb.
The resultant loading of 137 lb. could be
accommodated by an adult male without
the occurrence of accidental amputation.

Under the forces of deceleration, the
inertia of the dummy's head overcame the
resistance of the neck-jomnt fixation and
the head snapped forward against the limit
pad with sufficient force to fracture the
dummy's neck joint at a location which
would correspond to the first thoracic
vertebra of the human body. Since this
neck joint had not been strengthened for
the impact test, it is not reasonable to

TABLE 4

DATA ON THE GROSS MODEL-C
MECHANICAL ACCELEROMETERS

(1) Recording: Accomplished by a jeweled stylis on a rotating
smoked rotor.

(2) Bidirectional: Records on two axis, 90 degree opposed.

(3) Natural undamped frequency. 70 cps

(4) Damping coefficient. 0.6 to 0.7

- (5) Release mechamism: Adjustable trigger threshold

(6) Range: +50G
(7) Calibration method: Dynamic and static calibration over
the range to be measured.

Unmt Direction Reference | Maximum
Number Recorded Location Figure eading, G
3 Frontal Vertical|Frame 2(C), Left 26.0
4 " " Rear Trunk Deck| — 5'de 20.0
6 " " Frame 2(C), Righy 30.5

side

conclude that comparable injury would have
been sustained by a human body subjected
to the same deceleration pattern.

There were no signs of damage or strain
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to the dummy which would suggest that a
corresponding injury might have taken
place if a human subject had been de-
celerated in place of the dummy. It should

TABLE 5
Impact Data.
Iem
Num- Derived
ber(g Description from_ _ JAmount Units
1 [Year and make of car | Data 1937
Plym.
2 [Body type Data 4 dr. Sedan
3  |Measured weight with
dummy Data 3,077 1b
4 |Velocity before impact] Film 36.5 ft/sec
5 [Velocity after impact | Film -5.8 ft/sec
6 |Peak deceleration rate| Analysis 19.0 G
7 |Duration of impact Film 0. 250 sec
8 [Maximum amount of
collapse Film 2,3 ft
9 [Mass (W/g) #3/¢ 95, 6 slugs
10 |Momentum before
1mpact (4 x#9) | 3,490 1b-sec
11 [Momentum after
1mpact (#5 x #9) | -554 1b-sec
12 [Total change 1
velocity [ ] 42,3 ft/sec
13  [Kwnetic energy before
impact Y( 99)(#4)%63,680 | ft-1b
14 Knetic energy after |
impact “a(#9)(#5)" -1,608 | ft-lb
15  [Poefficient of resti-
tution 5/#4| 0,16 -
16 [Change n momentum {#10 - #11| 4,043 ([ Ib-sec
17  Loss of kinetic energy
during 1mpact #13 -#14| 65,290 | ft-lb
18 Average force acting
on car #6/#17] 16,170 | b
19 Average rate of energy #17/#7 | 261,170 | ft-1b/sec
dissipation
20 [rash horse power #19(60) | 475 hp

be emphasized, however, that the ITTE
Dummy does not have flesh and chest-
compressibility properties which tend to
reduce slightly the deceleration rate for a
human subject in one respect, but which
would, in another respect, permit the
generation of destructive shear forces
that might produce serious or even fatal
injury. This matter will be given special
attention in subsequent tests.

Lap Versus Chest Type Safety Belts

A review of Accident Facts (3) will
show that the only statistically significant
sources of injury to the motorist result
from collision or other sources of de-
structive and rapid deceleration of the
automobile. A motorist secured by a
safety belt in a vehicle under the usual
conditions of vehicular motion, can have
only one principal reactionary force prevail
during an accident or rapid deceleration
which canbe anticipated. This is the force
of the body against the restraining device
as the body attempts to continue along the
original path of motionunder a condition in
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which this motion is being decelerated.
Regardless of the gyrations and distortions
which the automobile, and consequently its
occupants, may suffer during accidental
deceleration, the law of conservation of
energy states that the human body must
dissipate its kinetic energy (of forward
motion) by a reactive force on the body
through a distance which represents the
total work equivalent to the body energy
of forward motion.

Those collisions which generate forces
from the lateral, vertical, or rearward
directions or combinations of these forces
with the known forward restraining forces
produce unpredictable forces because
they do not exist until the peculiarities
of a particular accident develop. It there-
fore seems unrealistic at this point to
develop specialized protective passenger
restraints to counteract any but the most-
frequently encountered force, namely
that which restrains the motorist from
being thrown against the forward surfaces
of the car's interior or, in that general
direction, through open doors or through
the windshield.

For the average front seat, the lap-
type safety belt provides this protection
only for the less-vulnerable portion of the
anatomy, leaving the vital parts, par-
ticularly the head, to destructive decel-
eration.

The chest-type safety belt, while prob-
ably not the final solution to this problem,
does provide effective restraint against the
only predictable forces of deceleration
which can develop during the accident,
namely, those which tend to decelerate
both the car and the motorist.

A common category of accidents are
those in which a relatively minor oblique
impact from the opposing vehicle or fixed
object results in superficial damage to the
car. In such accidents, however, the
intial impact serves to disorient the
driver, causing him to lose control of
the car, so that a secondary andfre-
quently severe collision occurs. Circum-
stances such as these suggest that a prop-
erly designed motorist-restraining de-
vice should keep the driver and other
occupants in their normal seating positions
within the car in order to: (1) prevent
vital parts of the anatomy from being sub-
jected to injurious impact; (2) prevent the
driver and passengers from being thrown
from the car; and (3) guard against loss of

control of the car following impact.

A simplified shoulder harness is cur-
rently being tested which shows promise
of providing a more-effective restraint and
of overcoming some of the objectionable
features of a chest-level belt.

Deceleration Characteristics of Auto-
Barrier Collision

The test car was provided with visual
reference targets to facilitate a frame-
by-frame analysis of the high-speed-cam-
era film which recorded the motion of the
car during impact. For the chest-level
belt and the intact portion of the car body,
Figure 10 portrays the changes in the de-
celeration with respect to time.

The curves show the abrupt onset of
deceleration, which is characteristic of
barrier and headon collisions, foliowed by
a less abrupt recovery from the peak de-
celeration value. The double peak of the
safety-belt deceleration curve is attributed
to the mass spring characteristic of the
system. This explanation is supported by
the fact that comparison of the integrals
of these two curves shows a mean devia-
tion of only 1 percent. These curves,
of course, are based on photographic ob-
servations of points on the car and belt at
approximately the same distance behind
the front bumper. The final peaking of de-
celeration at about 180 milliseconds is
attributed to the forces of restitution.

Three determinants of the limits of
survival for the properly restrained sub-
ject exposed to rapid deceleration are:
(1) rate of onset of deceleration, (2) the
maximum deceleration, and (3) duration
of the deceleration period. For this
test, the rate of onset of deceleration for
the dummy was approximately 600 G per
sec., and the dummy was exposedto a
maximum deceleration of 24 G. The total
deceleration period was 250 millisec-
onds. These values are substantially be-
low the voluntary tolerance limits for
humans as determined by Stapp. Ref-
erence to Figure 11 will show the car to
be accelerating with a reverse velocity,
or away from the barrier, at time 180
milliseconds, which is the logical result
of the action of restitutional forces.

It is interesting to note that the head
was pitched forward a maximum amount
following the second deceleration peak of
the belt. It took akout 40 milliseconds



for the first deceleration peak, applied
through the chest, to force the head fully
forward. The average velocity of the
head at this time was about 15 ft. per
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Figure 11. (Top) Rate of acceleration with

reverse velocity from barrier. (Bottom)

Rate of collapse of forward structure of
car with respect to time.

sec. and assuming, conservatively, that
at peak ‘G the belt had zero velocity, the
center of gravity of the head would have
moved about 7 inches during the 40 milli-
seconds. This corresponds approximately
with the flexure limits of the dummy's
head. Since both the car top and safety
belt had the same initial and final veloc-
ities, the areas under the curves of Fig-
ure 10 ghould be the same. As already
stated these areas have a mean devia-
tion of only 1 percent.

The velocity curve of Figure 11 has
been included to show, relative to the
common time axis: (1) the portion of each
deceleration curve of Figure 10 which
corresponds with the car at zero velocity
and (2) the fact that although the velocity
of the car has been reversed in direction,
the decelerative forces remain positive.
Thus, deceleration in the forward direc-
tion is the same as acceleration in the
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reversed direction. This latter point is
at once apparent when one refers to Fig-
ure 6 and sees that the forces on the intact
portion of the car, as well as on the re-
strained dummy, are the same whether
these bodies are being decelerated from a
forward velocity or accelerated in a rear-
ward direction.

At this stage of experimental investiga-
tion, positive conclusions cannot be reached
concerning desired structural modifica-
tions. But to the extent that these curves
are representative of the modern automo-
bile, they do suggest the need for struc-
tural changes which will produce a more-
uniform deceleration by reducing the peak
deceleration to a level which can be more-
safely endured by restrained motorists.
These changes would, of course, apply
forward of the firewall and would obviously
have to be compatible withstructural
design limitations. It should be pointed out
that the trend in modern automotive design
toward shortening the space between the
front bumper and driver and expanding
the trunk space 1s a sacrifice of space
which could be utilized in safer design.
Shortening the length of collapsible struc-
ture between the driver and front bumper
results in the driver being decelerated
during a frontal impact at a proportionately
increased rate under conditions otherwise
comparable. It is suggested that a safer
design would be to place some of the
storage facilities in a compartment be-
tween the firewall and engine.

A maximum deceleration value of 19
G for the intact portions of the car was
derived from frame-by-frame analysis
of the film taken by the highspeed camera.
Figure 3 shows the reference targets
painted on the side and top of the car body
which were used in this analysis. The top
portion of the car was decelerated ata
rate exceeding 10 G for a period of 53
milliseconds and 15 G for 19 millisec-
onds. It is interesting to note that the
automobile becomes a flexible structure
when subjected to the abnormal stresses
of crash deceleration. The deceleration
of the intact portion of the car body at or
near the top of the car may be expected
to be somewhat less than the deceleration
measured at the frame at the same dis-
tance back from the front of the car. This
condition was verified, since a peak de-
celeration of 19 G was measured at the
top of the car by photographic means,
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while the peak readings of two Gross
Model C mechanical accelerometers
secured to intact portions of the frame
of the car were 26 G and 30 G. A third
Gross accelerometer secured to the car
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Figure 12. (Top) Permanent deformation of
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frame with respect to distance from front
bumper.

body registered 20 G. The peak read-
ings were of sufficient duration to be of
practical significance, both from engi-
neering and physiological viewpoints.

Figure 10 gives the deceleration-time
relationship for the Gross accelerometers.
In addition to the photographic and mechan-
ical systems for securing deceleration
patterns, a third system involving elec-
tronic devices was used, but a readable
record was not obtained.

Figure 11 shows the curve of the rate
of collapse of the forward structure of the
car with respect to time. The high-speed-
camera film was used to provide the data.
A target painted on the side of the car 8
feet behind the front bumper was used as
the reference point, because no perma-

nent collapse of the structure was ob-
served for this section of the car. Neg-
lecting the flexing of the car body rela-
tive to the frame, the data of Figure 11
indicates that the frontal structure of the
car collapsed 2.3 feet following contact
with the barrier.

Frame Deformation Analysis

Figure 12 shows diagrammatically the
permanent deformation of the car frame.
The graph depicts the deformation of the
car frame with respect to distance from
the front bumper inasmuch as the ab-
scissa is drawn to the scale of the car.

Figure -13.

Marking frame to determine per-
manent deformation of different sections.

In order to determine the permanent
deformation of different sections of the
car frame, positions on each side of the
frame were marked with metal screws at
points approximately 1, 2, 3, 4, and 6
feet back from the front edge of the bum-
per (Fig. 13).> The dotted lines of Fig-
ure 12 show the deformation of the frame
for the 10 reference points measured.
The frame of the car was deformed by
amounts which varied approximately in-

*The procedure followed in calibrating the frame consisted
of driving the car onto a wide sheet of %-inch plywood and
projecting onto the latter, by the plumbbob technique, the points
defined by the metal screws. Measurements were then made
on the plywood surface. It was found that the marker points
could be located with a' reproducibility which did not vary
more than 0. 05 inch. Following the barrier crash, the car
was again placed on the sheet of plywood, and the same ref-
erence points on the frame were projected, measured, and
recorded. Since there was no evidence of deformation at the
6-foot point, this station was used as the base in evaluat-
ing the deformation of the other points.



versely with distance from the front bum-
per. The bumper collapsed completely
without contributing appreciably to the de-
celeration of the car.

The frame-deformation pattern il-
lustrates the positions of the frame of the
car before and after impact but gives no clue
as to the order and rate of assumption of
these positions during impact. Thus, for
exawple, if the first two stations to the
rear of the front bumper were to yield
completely under a relatively low loading,
this would use up a major portion of the
total collapsible length of the car without
contributing significantly to the absorp-
tion of the car's kinetic energy. Most of
the energy would, therefore have to be
absorbed by the remaining small length of
structure between Station 2 and the fire-
wall. This could be accomplished only at
an excessively high rate of deceleration.

Possibly a more-ideal collapse pattern
would be a rectangular one in which the
frame exclusive of the minor contribution
of the bumper would resist collapse until
a given loading was reached and then the
entire length of frame forward of the fire-
wall would fail at a rate which maintained
this loading until either the precrash
energy was entirely dissipated or the
frontal portion of the frame was totally
collapsed. The frame would be designed
to fail under a uniform loading which
represented the estimated physiological
tolerance limit of an average motorist
wearing a specific restraint or whichwould
uniformly absorb all of the kinetic en-
ergy estimated to be released from an
average crash, whichever was least. In
the next test an attempt will be made to
further investigate this phenomena.

CALCULATIONS

1, Total Kinetic Energy of Car Imme-
diately Prior to Impact

Velocity, v = 36. 5 ft. per sec. ;
Weight W = 3077 Ib.
3077

KE =% mv* = % Egv’ = (A) ygg (36.5)"
- 63,680 ft. -1b.

2. First Approximation of the Amount of
Precrash Kinetic Energy Absorbed by

Permanent Deformation of the Car

Frame
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(a) Average total longitudinal deforma-
tion of car frame, S = 3. 4 inches =
0. 283 feet

{b) Average deceleration rate of car
frame during impact = 285 ft. per
sec. per sec.

(c) KE (absorbed) = Work = (F) (S)

= (ma)(s) =(vaa) (s)
(3077 x 285)

(. 283)
= 7707 t. -1b.

3. Estimate of Percentage of Pre-Crash
Kinetic Energy Absorbed by the Car
Frame, Using Average Deceleration
Rate of Frame

1 _KE KE

Total - Absorbed
KE Total

63680 - 7707
63680

(100)

=100 - (100) = 12%

4. Estimate of Pre-Crash Kinetic Energy
Absorbed by Permanent Deformation
of Car Frame, Using Maximum De-
celeration Rate of Frame

KE = work = gﬂa (S) =(w)(. 283)

32.2
= 26,440 ft. -1b.

100 - [93&693%5209@] (100) = 429

DISCUSSION OF CALCULATORS 3 AND 4

The 12-percent value for the percentage
precrash kinetic energy absorbed by the
car frame as shown in Calculation 3 was
obtained using the average rate of decel-
eration for the impact period. In this
calculation the assumption is made that the
frame will assume permanent deformation
for the loading developed by the average
deceleration rate of 285 ft. per sec. per
sec. The authors have no experimental
evidence upon which to base this assump-
tion, and it is therefore possible that the
observed 0. 283 feet permanent deforma-
tion resulted from only the peak and near
peak deceleration loadings.

Using the peak deceleration rate, an
estimated value of 42% of total kinetic
energy is calculated to be absorbed by the
car frame. This estimate is high for two
reasons:
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First, the peak of 30G was maintained
for only about a millisecond which suggests
that deceleration rates substantially below
this value also contributed to permanent
deformation. This becomes apparent
when one considers that if the frame be-
came permanently deformed at a rate equal
to the maximum velocity of the car, i.e. ,
36. 5 ft. per sec., it would require 8 milli-
seconds to produce the 0. 283 feet perma-
nent deformation. Actually, a much
greater period is necessary since the frame
was deformed elastically as well as plas-
tically and again because after the instant
of contact, the velocity, and therefore the
rate, of deformation was very much less
than 36. 5 ft. per sec. These factors sug-
gest that the frame of this car absorbed
significantly less than 42 percent of the
gross kinetic energy. This information
may be of value in designing the forward
third of the car to be a better energy-
absorbing structure.

Secondly, not all of the total weight of
the car reacted to load the frame of the
car, even though this weight was used to
provide aconservative estimate. Possibly
as little as half of the gross weight of the
car serves to actually load up the frame,
since the front-wheel assembly, front
fenders, grill, radiator, and other frontal
elements of the car tend to carry their
own apparent weight by direct contact
with the barrier. As soon as these ele-
ments have been crushed in by a few
inches, the engine also may carry its own
weight by direct contact with the opposing
force. This latter statement appears to be
true in this crash test, since the engine
was decelerated rapidly enough to cause
the firewall to be forced around it. At
least during the later stages of decelera-
tion, it appeared that the engine supported
its own crash weight. From this dis-
cussion, it may be estimated that the frame
of the car absorbed no more than a third
of the precrash kinetic energy.

5. Estimate of Accuracy of: G-t Curves

Procedure: The preimpact velocity
obtained from the integral of, or summa-
tion of the areas under, each G-t curve
has been compared with the observed vel-
ocity of 36.5 ft. per sec. and the per-
centage deviation is given in Column 6 of
Table 6.

Discussion of Table 6

The errors listed in Column 6 are not
excessive in that only a portion of these
values may be related to the G-t data.
The remaining error may be attributed to
the graphical integration process used to
approximate the G-t curve error.

Column 7 shows close agreement (1%
error) between the areas under the G-t
curves plotted from independent data. The
greater magnitude of error in area agree-
ment (6%), for the gross accelerometer
curves, is attributed, at least in part, to
the fact that the onset portion of these
curves (Fig. 10) had to be extrapolated in
order to provide the area information nec-
essary. The onset portions of the gross
accelerometer curves are missing be-
cause these mechanical devices are pre-
set to trigger off at higher deceleration
values than those inadvertently encountered
during handling and mounting operations.

6. Determination of Percentage Error Be-~
tween the Change of Momentum and
Impulse During Impact for the Purpose
of Checking the Accuracy of Evaluating
High-Speed Film Data

(a) Change in Momentum maAv =
Impulse, FT

g (va - v1) = maT =gaT,

where "a" is the average accelera-
tion for the total time of impact T

(b) Thus, vz - v; = aT
[36.5 ft. per sec. - (-4.5 ft. per sec. )]t
167. 5 ft. per sec. per sec. (. 250 sec.)
41. 0 ft. per sec. t41, 8 ft. per sec.

(c) Percentage Error equals
(&—2{.—3&)(100) -2.0%

This error is small considering the
quantity of data which must be handled and
the manipulations necessary to develop the
S-t, V-t and G-t curves.

FINDINGS AND CONCLUSIONS

1, This study represents, as far as
can be determined by the authors, the
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TABLE 6

(1) (2) (3) ) (5) (6) Y}

Curve Area under Total time Average Velocity, vo Percentage Percentage Mean Deviation
curve, units of event, sec. a, ft = (4)(3) ft_ error, % of Areas
sec® sec

Safety Belt 13,13 0. 250 165 41,2 12.9 1%
Car Top 13.48 0. 250 170 42.5 16.4
Gross Frame 15, 85 0. 149 -285 42.5 16.4
Gross Car 6%

Trunk 14. 04 0. 152 285 43.3 18.8

21 unit of area = 3. 24 ft. per sec.

initial test of a motorist-restraining device
by experimental collision techniques.
The results should, therefore, be re-
garded as approximate until other tests
have been conducted to substantiate these
findings.

2. Oneof the more-significantfeatures
of this crash injury project to date has
been the development of a testing tech-
nique suitable for conducting controlled
automobile crashes which yield reason-
ably accurate scientific data without hazard
to research personnel.

3. The barrier-type impact test pro-
vides a practical and realistic means for
studying the performance of automobiles
and the effectiveness of motorist-re-
straining devices under crash conditions.
The barrier appears to impose a more-
severe test for motorist-restraining de-
vices than does the headon collision type
impact for comparable preimpact con-
ditions.

4, When a motorist driving 25 mph. is
effectively restrained by a safety belt,
be could experience a maximum rate of
deceleration as low as 25 G during im-
pact even with a nonpenetrating fixed
object, such as the barrier used in this
test. Since deceleration rates in excess
of 40 G have been voluntarily tolerated,
the problem of avoiding injury from acci-
dents with this degree of severity appears
to be one of developing an adequate re-
straining device which will meet -with the
approval of the motoring public and which,
of itself, will not cause injury.

5. While the restuls of this test are
not conclusive in terms of human re-
sponses, the postcollision evaluation of
the damage to the dummy suggests the
improbability of any serious injury had a
human subject wearing a similar chest
belt been decelerated in place of the dum-
my. Observation of film from the high-
speed camera showed that on impact the
dummy shifted forward about 12 inches
from the waist down. This movement

placed the chest belt high across the
sternum, causing itto press upwards
under the arms. This shift, which oc-
curs during impact, appears to be ad-
vantageous, since it places much of the
load on the stronger shoulder skeletal
structure, rather than only on the rib
cage.

6. For this test, the rate of onset of
deceleration for the dummy was 595 G
per sec. and the dummy was exposed to a
maximum deceleration of 24 G. The over-
all deceleration period was 250 milli-
seconds. These values are substantially
below the voluntary tolerance limit for
the human being, as determined by Stapp.

7. The chest-level safety belt is an
effective means for restraining the body
against the forces of impact which, in the
absence of such a device, would result in
the body being hurled against the forward
surfaces of the car's interior. However,
the possibility of injury resulting from (1)
an excessive compressive loading of the
chest, (2) an acute flexure of the spine,
and (3) an extreme excursion of the head
(i. e. , "head-whip") cannot be overlooked
and is currently being investigated.

8. The vertical acceleration of the car
body structure during headon and barrier
impacts showed no tendency in this test
to disorient the dummy relative to the
horizontal chest-level belt. Observations
based on this test do not support the be-
lief of some observers that this vertical
acceleration would disorient the motorist
relative to the chest-level safety belt and
cause it to apply a restraining force to
some less-favorable part of the anatomy,
such as the abdomen. Both a headon and
barrier-type collision have revealed max-
imum vertical accelerations amounting to
less than 2 G. Accelerations of this mag-
nitude have no significant influence toward
belt-body disorientation when, as for the
conditions of this test, the body is load-
ing the belt more than 10 times this a-
mount as a result of forward deceleration.
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9. Without overlooking the benefits
which may be derived from the use of a
lap-type belt for rear-seat occupants in
cases where there is sufficient forward
clearance, it would appear that if the
front-seat injury and death toll is to be
reduced appreciably, a device which ef-
fectively restrains the head and chest, as
demonstrated in this test, must be pro-
vided. Even with alap belt, the out-
thrust arms cannot be expected to resist
the forward forces of the upper torso,
which exceeded 2,000 lb. in the 25- mph.
impact. For front-seat usage, the lap-
type belt provides impact protection only
for the less-vulnerable portions of the
anatomy, leaving the vital parts (head and
upper torso) exposed to gross destructive
deceleration.

10. A properly designed motorist-re-
straining device should: (1) restrain the
body in such a manner as to prevent the
vital parts of the anatomy from being sub-
jected to injurious impact, (2) maintain
driver and occupants in their proper seat-
ing position in order to prevent loss of
control of the car following impact, (3)
prevent driver and passengers from being
thrown from the car and being injured or
killed (a) by impact with fixed objects, (b)
by crushing by their own vehicle, or (c)
crushing by other vehicles.

11, The bumper collapsed completely
during impact without contributing sig-
nificantly to the deceleration of the car.

12, Under the stresses of severe
impact, the automobile responds as a
somewhat-flexible structure. A previous
headon impact study (4) as well as the
barrier-type impact study indicate that
the intact portions of the car frame may
reach peak rates of deceleration somewhat
higher than the adjacent upper parts of the
automobile body. Further study of this
phenomenon will provide data suggesting
the structural member of the car most
suitable for securing the anchorages for
restraining devices.

13. The deceleration pattern of the
crashing car suggests that the severity of
a crash would be reduced significantly if
the frame of the car was designed with an
energy-absorbing section capable of re-
ducing the peak deceleration by about 30
percent. To what extent, if any, this prob-

lem has been met in automobiles of more-
recent design than the test car used will
be evaluated in subsequent tests.

14, Calculations based on this crash
test indicate that the frame of this car ab-
sorbed appreciably less than 42 percent of
the preimpact kinetic energy. As an esti-
mate, based on the discussion of the text
of this paper, not more than a third of the
preimpact kinetic energy was absorbed by
the frame of the car. The amount of per-
manent deformation of the frame decreased
approximately linearily from the front
bumper to firewall, as shown by Figure 13.
This information may be useful to those
interested in designing the frontal portion
of a car to be a more-effective energy-
absorbing medium.

15. The deformation pattern of the test
car frame appears to be triangular, with
maximum deformation occurring at the
bumper and decreasing nearly linearly
from the front section of the frame towards
the firewall. Additional investigation is
necessary to determine to what extent this
pattern deviates from an ideal collapse
pattern, as well as the extent to which late-
model cars deviate from the ideal.

16. In the past, the coefficient of
restitution for the crashing automobile
was estimated as being nearly zero. The
coefficient of restitution for the auto-
mobile-barrier impact was 0.16. The
coefficients of restitution for two headon
collision studies were 0.03 and 0. 10,
These coefficients are valuable in prob-
lems concerning the calculation of the
estimated preimpact speed of vehicles.
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HE NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN-
CIL is a private, nonprofit organization of scientists, dedicated to the
furtherance of science and to its use for the general welfare. The

ACADEMY itself was established in 1863 under a congressional charter

signed by President Lincoln. Empowered to provide for all activities ap-

propriate to academies of science, it was also required by its charter to
act as an adviser to the federal government in scientific matters. This
provision accounts for the close ties that have always existed between the

ACADEMY and the government, although the ACADEMY is not a govern-

mental agency.

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY
in 1916, at the request of President Wilson, to enable scientists generally
to associate their efforts with those of the limited membership of the
ACADEMY in service to the nation, to society, and to science at home and
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their
appointments from the president of the ACADEMY. They include representa-
tives nominated by the major scientific and technical societies, repre-
sentatives of the federal government designated by the President of the
United States, and a number of members at large. In addition, several
thousand scientists and engineers take part in the activities of the re-
search council through membership on its various boards and committees.

Receiving funds from both public and private sources, by contribution,
grant, or contract, the ACADEMY and its RESEARCH CoUNCIL thus work
to stimulate research and its applications, to survey the broad possibilities
of science, to promote effective utilization of the scientific and technical
resources of the country, to serve the government, and to further the
general interests of science.

The HIGHWAY RESEARCH BOARD was organized November 11, 1920,
as an agency of the Division of Engineering and Industrial Research, one
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL.
The BOARD is a cooperative organization of the highway technologists of
America operating under the auspices of the ACADEMY—-COUNCIL and with
the support of the several highway departments, the Bureau of Public
Roads, and many other organizations interested in the development of
highway transportation. The purposes of the BOARD are to encourage
research and to provide a national clearingliouse and correlation service
for research activities and information on highway administration and
technology.
e —



